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ABSTRACT

OOGENESIS IN TUBULARIA LARYNX AND 
TUBULARIA INDIVISA (HYDROZOA,ATHECATA)

by

BARRY W. SPRACKLIN 

U n iv e rs ity  o f New Hampshire, Septem ber, 1984

In  T u b u la ria  laEY-ME and £ . IfldlyA sa. i n t e r s t i t i a l  c e l l s  

p r o l i f e r a t e  in  th e  ectoderm  o f th e  gonophore s t a l k  and peduncle o f th e  

racem e and m ig ra te  in  th e  endoderm to  th e  apex o f th e  young gonophore 

buds where they  p r o l i f e r a t e  in  th e  endoderm to  form  th e  entocodon and 

germ c e l l  mass. Eggs a re  produced s e q u e n t ia l ly  in  th e  gonophores o f 

bo th  sp e c ie s . Each egg i s  th e  r e s u l t  o f  fu s io n  o f  1200-2000 c e l l s  

in te rc o n n e c te d  by cy to p lasm ic  b r id g e s  in to  a la rg e  complex. At th e  

c e n te r  o f  each complex a r e  15-18 m o rp h o lo g ica lly  s im i la r  c e l l s ,  a l l  o f 

w hich beg in  m e io s is  and form  g erm in a l v e s ic le s  and a re  considered  

o o cy tes . Toward th e  end o f  v i te l lo g e n e s i s ,  th e  o o cy tes  fu se  to  form  a 

s in g le  la rg e  oocy te  w ith  on ly  one g e rm in a l v e s ic le  s u rv iv in g  and 

co m ple ting  m e io s is . The rem ain in g  c e l l s  o f  each complex en la rg e  and 

produce y o lk , b u t do no t develop a g e rm in a l v e s ic le .  These c e l l s  a re  

t ru e  nu rse  c e l l s ,  connected by cy to p la sm ic  b r id g e s  to  th e  oocy tes. The 

n u rse  c e l l s  a re  en g u lfed  by th e  o o cy te s  and tran sfo rm ed  in to  shrunken 

c e l l s  a s  t h e i r  cytoplasm  i s  in c o rp o ra te d  by th e  oocytes. The 

o rg a n iz a tio n  o f  th e  o o cy te -n u rse  c e l l  com plexes i s  v a r ia b le . As many 

a s  th re e  oocy tes  in  each complex have fo u r  cy to p lasm ic  b rid g e s . C e lls

v i i



w ith  fo u r  b r id g e s  may be th e  r e s u l t  o f  c e l l u l a r  fu s io n  a s  both  o o cy tes  

and n u rse  c e l l s  in  many com plexes c o n ta in  two n u c le i .  An o o cy te -n u rse  

c e l l  complex i s  produced from  one i n i t i a l  oogonium by m ito t ic  

p r o l i f e r a t i o n  and th e  subsequent com plexes in  each gonophore a re  

probably  from  o th e r  oogonia. O lder po lyps o f  X. la rv n x  a re  f re q u e n tly  

h erm ap h ro d itic  w h ile  X. in d iv is a  i s  s t r i c t l y  d io e c io u s .

v i i i



INTRODUCTION

-Qggansa&a

O ogenesis in  long  l iv e d  an im als  such a s  v e r te b ra te s  i s  a complex 

p ro cess , synchron ized  by hormones, and in v o lv in g  th e  co o p e ra tiv e  

in t e r a c t io n  o f  many o rgan  system s. However, even w ith  a l l  o f  th e  

com plex ity  and c a p a b i l i t i e s  o f  th e  v e r te b ra te  body, o o g en esis  can be a 

r a th e r  slow p ro cess . In  c e r t a in  f ro g s  each oocy te  r e q u ire s  th re e  

co n secu tiv e  y e a rs  to  com plete o o g en esis. Human o o cy tes  a re  a r r e s te d  in  

d ip lo te n e  o f th e  f i r s t  m e io tic  d iv is io n  i n  th e  fo u r th  month o f f e t a l  

l i f e  (Baker, 1963)* w h ile  th e  f i r s t  egg i s  n o t no rm ally  read y  fo r  

f e r t i l i z a t i o n  f o r  12 to  14 more y e a rs . P o s t le th w a it  and S h irk  (1981) 

observed th a t  "people in v e s t  n e a r ly  two decades in  p ro v id in g  su sten an ce  

and in s t r u c t io n  to  t h e i r  o f fs p r in g , bu t in s e c ts  o f te n  spend on ly  a few 

days in  equ ipp ing  t h e i r  eggs w ith  n u t r ie n t  r e s e rv e s  and developm ental 

in s t r u c t io n s  s u f f i c i e n t  to  s u s ta in  l i f e  and program developm ent.” In  

a d d it io n  to  in s e c ts ,  s p e c ie s  in  th e  c la s s  Hydrozoa, m ost o f  which have a 

b r ie i  seaso n a l e x is te n c e  and a r e l a t i v e ly  s im p le  l e v e l  o f  t i s s u e  

o rg a n iz a tio n , a ls o  manage to  accom plish  th e  e n t i r e  o o g e n e tic  p ro cess  in  

a r e l a t iv e ly  s h o r t  p e rio d . T u b u la ria  la ry n x  po lyps can r e le a s e  

a c t in u la e  w ith in  24 days o f  l a r v a l  s e tt le m e n t (P yefinch  and Downing, 

1949) and £ . c ro cea  r e le a s e s  a c t in u la e  on ly  s ix  to  e ig h t  days a f t e r  

gonophores f i r s t  appear (M ackie, 1966). G am etogenesis in  Hydra ca rn ea  

i s  com pleted in  on ly  fo u r  days (Honegger, 1981). To accom plish  t h i s  

ra p id  developm ent h y d ro id s  employ a number o f modes o f germ c e l l  

fo rm atio n , oocy te  n u t r i t io n ,  and la r v a l  developm ent. C onsidering  th e
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v a r ie d  developm ental s t r a t e g i e s ,  range  o f body form s, p h o to p erio d  

c o n tro l,  lo c a l  abundance, and ea se  o f c o l le c t io n  o f  many sp e c ie s , 

hydrozoans a re ,  i n  many ways, e x c e l le n t  s u b je c ts  f o r  g am eto g en e tic  and 

em bryogenetic s tu d ie s .

The r e s u l t  o f  o o g en esis  i s  a  h ig h ly  s p e c ia l iz e d  c e l l ,  th e  egg, 

w hich i s  d ev e lo p m en ta lly  to t i p o t e n t  and has th e  c a p a c ity  to  produce a 

m u l t i c e l lu la r  organism  form ed o f  v a r ie d  c e l l u l a r  ty p es. However, w ith  

a l l  o f  i t s  l a t e n t  c a p a c ity  and raw m a te r ia ls ,  th e  h a p lo id  egg i s  

no rm ally  in ca p ab le  o f  f u r th e r  developm ent and i s  m erely  a  t r a n s i t i o n a l  

s ta g e  betw een two g e n e ra tio n s . Exoept in  p a r th e n o g e n e tic  s p e c ie s , sperm 

p e n e tr a t io n  and p ro n u c le a r  fu s io n  a re  re q u ire d  b e fo re  th e  egg can  beg in  

m ito s is  and ex p re ss  i t s  developm ental p o te n t ia l  d u rin g  subsequent 

developm ent. S ince sperm c o n tr ib u te  only  chromosomes and o f te n  a  p a i r  

o f  c e n t r io le s ,  th e  egg i s  e s s e n t i a l l y  a s e lf - c o n ta in e d  u n i t .  S u f f ic ie n t  

yo lk , RNA, and o th e r  m a te r ia ls  m ust be produced and s to re d  d u rin g  

o o g en esis  to  l a s t  u n t i l  em bryogenesis proceeds to  th e  p o in t  a t  which 

endogenous p ro d u c tio n  commences and a fu n c tio n a l fe e d in g  s ta g e  can 

u t i l i z e  an exogenous supply  o f  food. In  most s p e c ie s , th e  p ro cess  o f 

yo lk  p ro d u c tio n  and rib o so m al s y n th e s is  r e q u ire s  a  s ig n i f i c a n t  

ex p en d itu re  o f energy and n u t r ie n t s  by th e  p a ren t organism . 

V ite l lo g e n e s is ,  th e  p ro d u c tio n  and s to ra g e  o f  y o lk , i s  th u s  one o f th e  

m ajor p a r ts  o f  o o g en es is , ex cep t i n  mammals and o th e r  organism s where 

p la c e n ta l  n u t r i t io n  s u s ta in s  developm ent from e s s e n t i a l l y  y o lk le s s  eggs.

V ite l lo g e n e s is  o ccu rs  in  d i f f e r e n t  sp e c ie s  o f an im als  by one o f 

th re e  methods. These in c lu d e , a u tc s y n th e s is ,  in  which th e  oocyte 

produces i t s  own y o lk  from b a s ic  n u t r ie n t s  p rocessed  by th e  so m a tic  

c e l l s  o f  th e  organism ; h e te ro s y n th e s is ,  in  which th e  y o lk  m a te r ia ls  a r e
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sy n th e s iz ed  by so m atic  c e l l s  o r o th e r  g e rm -lin e  c e l l s  and then  

tra n s p o r te d  to  th e  oocy te ; and by a  com bination  o f th e  two methods 

r e f e r r e d  to  as  h e te ro s y n th e s is  (Schechtm an, 1955; Anderson, 1974).

There i s  a la r g e  amount o f v a r i a t io n  in  each o f th e se  th re e  b a s ic  

methods in  th e  type  and amount o f  y o lk  produced by d i f f e r e n t  an im als . 

Anderson (1974, pg. 39) observed  " th a t  n a tu re  has r ic h ly  e la b o ra te d  on, 

and in  d iv e rse  ways, th e  m echanisms o f  v i t e l lo g e n s i s ,"  and th a t  th e re  

has n o t appeared  "some common p a t te r n  t h a t  would make i t  an  easy  ta s k  to  

fo rm u la te  a c l a s s i f i c a t i o n  o f v i t e l lo g e n e s i s  from an e v o lu tio n a ry  p o in t 

o f  view ." There a re  exam ples o f  a u to s y n th e s is  from a number o f  phyla 

in c lu d in g  th e  C n id a ria , and acco rd in g  to  Hisaw (1963) t h i s  was p robably  

th e  p r im i t iv e  s i tu a t io n .  However, e a r ly  in  th e  e v o lu tio n a ry  developm ent 

o f  many a n im a ls , th e  v i te l lo g e n ic  re q u ire m e n ts  exceeded th e  c a p a c ity  o f 

a s in g le  oocy te  d u rin g  a  b reed in g  season . B e r r i l l  and Karp (1976, pg. 

100) r e p o r t  th a t  " in  m ost an im als  -  though many e x c ep tio n s  e x i s t  -  th e  

developm ent o f th e  oocy te  ta k e s  p lace  w ith  th e  a id  o f  a n o th e r  type o f 

c e l l ,  an accesso ry  c e l l . "

A la rg e  number o f  d i f f e r e n t  te rm s a r e  used to  r e f e r  to  th e  v a r io u s  

ty p es  o f c e l l s  a s s o c ia te d  w ith  o o cy te s  d u rin g  v i t e l lo g e n e s i s ;  a l l  o f 

th e se  a re  in c lu d ed  under th e  te rm , accesso ry  c e l l .  T his term  em braces 

both  accesso ry  c e l l s  o f  so m a tic  o r ig in ,  c a l le d  f o l l i c l e  c e l l s ,  and 

accesso ry  c e i l s  o f  g e rm -lin e  o r ig in ,  c a l le d  n u rse  c e l l s  ( B e r r i l l  and 

Karp, 1976; Browder, 1980). F o llow ing  Anderson (1974) I  w i l l  u se  th e  

term  nurse  c e l l  to  in c lu d e  on ly  th o se  c e l l s  d e riv ed  a long  w ith  th e  

s u c c e ss fu l o o cy te  from  a s in g le  oogonium. A ll such c e l l s  a re  

in te rc o n n e c te d  by cy to p la sm ic  b r id g e s  t h a t  r e s u l t  from Incom ple te  

c y to k in e s is . In  h y d ro id s , g e rm -lin e  accesso ry  c e l l s  th a t  la c k
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cy to p lasm ic  b r id g e s  a re  term ed  n u t r i t i v e  o o cy tes . Examples o f n u t r i t i v e  

g e rm -lin e  c e l l s  t h a t  a re  a c t iv e  d u rin g  o o g en esis  a re  known from  many 

in v e r te b ra te  phyla  and n u rse  c e l l s ,  in  p a r t i c u la r ,  appear to  have 

evolved in d ep en d en tly  many tim es. The "nurse c e l l s "  re p o r te d  in  sponges 

by F e l l  (1969, 1974) a re  n o t connected by cy to p la sm ic  b r id g e s  to  th e  

oocyte and a re , in  d i f f e r e n t  s p e c ie s ,  am oebocytes, choanocytes, o r c e l l s  

d e riv ed  from choanocytes. W ith th e  d isco v e ry  o f n u rse  c e l l s  in  

T u b u la ria  d u rin g  th e  co u rse  o f t h i s  in v e s t ig a t io n ,  th e  c la s s  Hydrozoa o f 

th e  phylum C n id a ria  i s  now th e  e v o lu t io n a r i ly  m ost p r im it iv e  g rade in  

which nu rse  c e l l s  have been seen  and may be s ig n i f i c a n t  to  our 

u n d e rs tan d in g  o f th e  e v o lu tio n  and fu n c tio n  o f n u rse  c e l l s .

Hydrolds

W ith in  th e  c la s s  Hydrozoa th e re  i s  a  w ide ran g e  o f  v a r i a t io n  in  th e  

type o f l i f e  cy c le , th e  s iz e ,  and th e  l i f e  span  e x h ib ite d  by d i f f e r e n t  

sp e c ie s . Some s p e c ie s  a re  s t r i c t l y  po lypo id , o th e rs  s t r i c t l y  m edusoid, 

and some s p e c ie s  have b o th  po lypo id  and medusoid phases in  t h e i r  l i f e  

h is to ry .  In c lu d ed  in  th e  c la s s  a re  th e  i n t e r s t i t i a l  a c t in u l id s ,  

chondrophores, t r a c h y l in e s ,  and th e  polym orphic po lypoid-m edusoid  

siphonophores. Among th e  polyps a re  in c lu d ed  th e  sm a ll hydras and th e  

seven fo o t  t a l l  B ra o h io c e r ia n th u s  in asra faag : th e  medusae in c lu d e  th e  

sm a ll, 3 h o rt l iv e d  medusae o f M illep o ra  w hich su rv iv e  fo r  on ly  a  few 

hours a f t e r  r e le a s e  (Hyman, 1940), and th e  medusae o f Aouorea aouorea 

which may l i v e  s ix  o r  seven months in  th e  p lan k to n  and grow to  20 cm in  

d iam eter (R u sse ll ,  1953).

W hile hydrozoans a r e  s t r u c t u r a l l y  s im p le , w ith  on ly  a  t i s s u e  le v e l  

o f o rg a n iz a tio n  and two c e l l u l a r  la y e r s ,  a w ide range o f  d iv e r s i ty  i s  

seen  in  th e  developm ent o f  hydrozoans and th e  involvem ent o f accesso ry
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c e l l s  su p p o rtin g  th e  grow th o f th e  o o cy te  d u rin g  v i t e l lo g e n e s i s .

Mergner (1971) l i s t s  f iv e  d i f f e r e n t  c leavage  ty p e s  and s ix  methods o f 

germ la y e r  fo rm a tio n . In  many h y d ro id s , and in  c n id a r ia n s  in  g e n e ra l,  

accesso ry  c e l l s  a re  n o t in v o lv ed  d u rin g  gam etogenesis  (Cam pbell, 197*0 

and v i te l lo g e n e s i s  i s  e n t i r e ly  a u to s y n th e t ic .  At th e  o th e r  ex trem e a re  

th e  sp e c ie s  in  w hich thousands o f  g e rm -lin e  accesso ry  c e l l s  su p p o rt th e  

p ro d u c tio n  o f a  few o r  even a s in g le  s u c c e s s fu l  o r d e f in i t i v e  o o cy te .

S p ec ies  in  th e  o rdef's  Anthomedusae (A thecata) and Leptomedusae 

(Thecata) a re  commonly r e f e r r e d  to  a s  h y d ro ids (a th e c a te  and th e c a te )  

and a re  th e  m ost g e n e ra l ly  r e p re s e n ta t iv e  groups in  th e  c la s s  Hydrozoa 

which a lso  c o n ta in s  th e  s iphonophores, t r a c h y l in e s ,  and th e  i n t e r s t i t i a l  

a c t in u l id s .  Many s p e c ie s  o f  a th e c a te  and th e c a te  h y d ro id s  e x h ib i t  th e  

c l a s s i c  a l t e r n a t io n  betw een po lypo id  and m edusoid phases in  t h e i r  l i f e  

h is to ry .  W hile th e  th e c a te  h y d ro id s  a re  a l l  c o lo n ia l  and have on ly  a 

p la n u la  la rv a ,  th e  a th e c te  h y d ro id s  a re  much more v a r ia b le .  Both 

s o l i t a r y  and c o lo n ia l  s p e c ie s  a r e  p re se n t in  th e  A th eca ta  and w h ile  m ost 

sp e c ie s  have a p la n u la  la r v a  ty p ic a l  o f  th e  phylum C n id a ria , many 

sp e c ie s  develop  an a c t in u la  la rv a .  There a re  even s p e c ie s  in  th e  

a th e c a te  fa m ily  M argelopsidae w ith  p e la g ic  po lyps th a t  have no a tta c h e d  

phase in  t h e i r  l i f e  h i s to r y .

Most s tu d ie s  o f  hydrozoan germ c e l l  developm ent and em bryogenesis 

have been accom plished  u s in g  s p e c ie s  w ith  a tta c h e d  gonophores. T his i s  

p a r t ly  because th ey  a re  u s u a lly  e a s ie r  to  c o l l e c t  in  a  re p ro d u c tiv e  

c o n d itio n  in  th e  f i e l d  o r  e a s ie r  to  m a in ta in  in  th e  la b o ra to ry .

However, th e  m a jo r i ty  o f s p e c ie s  o f h y d ro id s  have no f r e e  swimming 

medusoid phase w ith  fe ed in g  t e n ta c le s ,  a  fu n c tio n a l  mouth, and sen so ry  

organs, bu t in s te a d  develop  a tta c h e d  re p ro d u c tiv e  s t r u c tu r e s  c a l le d
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gonophores w hich do n o t feed  and have no senso ry  s t r u c tu r e s .  The 

gonophores have been co n sid e red  by m ost in v e s t ig a to r s  to  r e p re s e n t  

s ta g e s  in  th e  r e d u c tio n  o f  medusae th a t  no lo n g e r d e tach  (Kuhn, 1910, 

1913; England, 1926; Hyman, 1940). There a re , however, no b a s ic  

developm ental d i f f e r e n c e s  betw een them and th e  s p e c ie s  which r e le a s e  

f r e e  medusae.

T u b u la ria . a genus o f  a th e c a te  h y d ro id s  t h a t  la c k s  a  f r e e  medusa in  

i t s  l i f e  h is to r y ,  i s  a  member o f th e  su p e rfa m ily  T ubu laro idea  (Rees, 

1957) w hich in c lu d e s  Hybocodon. A aaH llg» Corvmorpha. JBuptosjU 

M arg e lo p sis . B ra n c h lo c e ria n th u s . and Pelagohvdra. J^friO acia  I s  th e  b e s t  

known genus in  th e  su p e rfa m ily  and T. in d iv is a  L inneus, 1758 i s  th e  type 

sp e c ie s  o f th e  fa m ily  T u b u la r iid a e  Allman, 1864. T u b u la ria  i s  one o f 

th e  m ost th o ro u g h ly  in v e s t ig a te d  genera  o f m arine h y d ro id s  and th e  f re s h  

w a te r  hydras may be th e  o n ly  h y d ro id s  to  have re c e iv e d  more a t t e n t io n .  

Abundance and ease  o f  c o l le c to n  a r e  among th e  f a c to r s  t h a t  have le d  many 

in v e s t ig a to r s  to  s tu d y  d i f f e r e n t  sp e c ie s  o f T u b u la ria  and the  polyps 

have been d e sc rib e d  by A gassiz (1862), Allman (1871)* K ingsly  (1910), 

F ra se r  (1944), and C alder (1974). S tu d ie s  on v a r io u s  a s p e c ts  o f  th e  

b io lo g y  o f T u b u la ria  have in c lu d ed  autotom y o f hydranth3  (Morse, 1909)» 

ecology (F enchel, 1905; P yefinch  and Downing, 1949), b e h a v io ra l 

physio logy  (Josephson , 1965; Josephson  and Mackie, 1965), grow th and 

c u l tu re  (M ackie, 1966), and r e g e n e ra tio n  (B arth , 1940; B e r r i l l ,  1948; 

Davidson and B e r r i l l ,  1948; F u lto n , 1959; T arden t, 1963; Rose, 1974; 

Tw eedell, 1974).

S p ecies  o f  T u b u la r ia  (F ig . 1) form la rg e , c o lo r fu l  c o lo n ie s  on 

f lo a t s ,  buoys, and boat h u l l s  a long  th e  New England c o a s t and in  many 

p a r ts  o f  th e  w orld  they  a re  im p o rta n t fo u lin g  organ ism s h ig h ly
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r e s i s t a n t  to  copper p o iso n s  (B arnes, 1948). Polyps o f  X. in d iv ls a  

L innaeus, 1758, one o f  th e  l a r g e r  sp e c ie s , may reach  a h e ig h t o f 12 

in ch es  (H incks, 1868) and have 40 f il ifo rm m  te n ta c le s  in  th e  p rox im al 

w horl and o v er 40 in  th e  d i s t a l  w horl (F ra se r , 1944). X- la rv n x  E l l i s  

and S o lander, 1786 i s  n o rm a lly  2-3  in ch es  in  h e ig h t w ith  about 20 

te n ta c le s  in  each w horl (F ra s e r ,  1944). S ex u a lly  m ature po lyps o f 

T u b u la ria  b ea r a  r in g  o f  racem es o f re p ro d u c tiv e  buds or gonophores 

betw een th e  two w h o rls  o f  te n ta c le s .  Fenchel (1905) re p o rte d  a normal 

maximum o f  abou t 16 racem es on each polyp w h ile  Allman (1871) re p o r te d  

over 30 racem es on some po lyps o f  X. la ry n x . Most o f  th e  polyps 

c o l le c te d  f o r  t h i s  r e s e a rc h  had 6 -8  f u l l y  developed racem es c o n ta in in g  

m ature gonophores and a  v a r ia b le  number o f im m ature racem es. Polyps o f 

X. la rv n x  u s u a lly  p o ssessed  100-300  gonophores w h ile  th e  polyps o f  Xe 

in d iv is a  had 400-800; The o ld e s t  and most m ature  gonophores a re  

lo c a te d  a t  th e  d i s t a l  end o f a racem e which e lo n g a te s  a s  new gonophores 

form a t  th e  base o f th e  s t a l k  o r  peduncle o f th e  racem e. A ll o f  th e  

polyps o f  X. in d iv ls a  exam ined w ere s t r i c t l y  d io ec io u s  w h ile  o ld e r  

fem ale  gonophores o f  X* la ry n x  were o f te n  p ro to g y n ic , which was 

re p o r te d  in  X* cro cea  by L iu and B e r r i l l  (1948).

G,omp.hp,r e s  m  fisca  C e lls  

The fe m a le  g o n o p h o re s  (F ig s .  3 , 4) o f  bo thX * la r y n x  and X. 

in d iv is a  a re  eum edusoid (Rees, 1957) which means t h a t  they  develop a l l  

o f  th e  c e l l u l a r  la y e r s  o f a  f r e e  medusa (Broch, 1915; T e is s ie r ,  1926), 

bu t f a i l  to  form  te n ta c le s ,  sen so ry  organs, o r a fu n c tio n a l mouth. In  

T u b u la ria  th e  germ c e l l s  s e g re g a te  a t  a  very  e a r ly  s ta g e  from th e  c e l l s  

o f  th e  entocodon (Liu and B e r r i l l ,  1948) which form s th e  in n e r  ectoderm  

in  a eumedusoid gonophore or  th e  su b u m b re lla r and m anubria l ec toderm al
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la y e r s  in  a  f r e e  medusa (Hyman, 1940). The sp a d ix  i s  a  f in g e r - l i k e  

p ro je c t io n  o f  endoderm al c e l l s  in to  th e  gonophore and th e  lumen o f th e  

sp ad ix  i s  con tin u o u s w ith  th e  e n te ro n  o f th e  racem e and polyp. In  

m ature gonophores th e  germ c e l l s  a r e  t i g h t l y  packed in to  a  horseshoe­

shaped m ass (F ig . 4), th e  germ c e l l  mass (L iu and B e r r i l l ,  1948), th a t  

surrounds th e  spad ix . S e p ta l c e l l s  a r e  s c a t te r e d  w ith in  th e  germ c e l l  

mass and in te rc o n n e c t  th e  m anubria l la y e r  o f th e  in n e r  ectoderm  w ith  

th e  sp ad ix  (L iu and B e r r i l l ,  1948). When th e  f i r s t  egg i s  produced 

w ith in  a gonophore i t  r u p tu re s  th e  m an u b ria l la y e r  o f  th e  in n e r  

ectoderm  and s im u lta n e o u s ly  moves in to  and c re a te s  a  space betw een th e  

m anubria l and su b u m b re lla r  la y e r s  ( B o e ls te r l i ,  1975). This space , 

where f e r t i l i z a t i o n  and em bryonic developm ent to  an  a c t in u la  la r v a  

occu r, i s  th e  su b u m b re lla r  c a v ity  ( B o e ls te r l i ,  1975) and i s  e q u iv a le n t 

to  th e  su b u m b re lla r  space in  a f r e e  medusa (Fig. 13).

An unusual a sp e c t o f  gam etogenesis  in  th e  fem ale gonophores o f 

T u b u la ria  i s  th e  s e q u e n tia l  p ro d u c tio n  and m a tu ra tio n  o f  s e p a ra te  

c lu s te r s  o r g e n e ra tio n s  o f o o cy tes  (F igs. 12, 13* 15, 16). B efore th e  

f i r s t  egg has been produced from th e  germ c e l l  mass an o th e r  c lu s te r  o f 

oocy tes b eg in s  to  e n la rg e  to  form  a second egg (Liu and B e r r i l l ,  1948). 

As th e  eggs m atu re  they  a r e  f e r t i l i z e d  and develop  w ith in  th e  gonophore 

which r e s u l t s  in  th e  r e le a s e  o f  a s e r i e s  o f  a c t in u la e  from each 

gonophore. fhe t o t a l  number o f eggs and a c t in u la e  no rm ally  produced by 

each gonophore i s  n o t known.

Many o f th e  c h a r a c t e r i s t i c s  o f T u b u la ria  a re  advantageous d u rin g  

s tu d ie s  o f gonophore and germ c e l l  developm ent. C o lon ies o f T u b u la ria  

can be r a is e d  in  th e  la b o ra to ry  (M ackie, 1966), th e  polyps grow and 

q u ick ly  beg in  to  produce gonophores and germ c e l l s  (P yefinch  and
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Downing, 1949; M ackie, 1966), each polyp has numerous gonophores a t  

v a r io u s  s ta g e s  o f  developm ent, one o r  more sp e c ie s  a r e  abundant a t  many 

la o c a tio n , and a t  a l l  t im e s  a t  l e a s t  some o f th e  po lyps o f a  colony a re  

re p ro d u c tiv e  (P yefinch  and Downing, 1949). However, o th e r  f e a tu re s  make 

T u b u laria  a d i f f i c u l t  r e s e a rc h  an im al fo r  developm ental s tu d ie s .  One o f 

th e se  f e a tu r e s  i s  t h a t  i t  i s  n o t an  easy  an im al to  m a in ta in  in  th e  

la b o ra to ry  and has been used a s  a  w a te r  q u a l i ty  in d ic a to r  in  c lo sed  

seaw ate r system s. West and Renshaw (1970) found t h a t  X. o rocea would 

shed i t s  hyd ran ths b e fo re  o th e r  h y d ro id s  were a f f e c te d  by poor w ate r 

q u a li ty .  T h is has m eant t h a t  m ost developm ental s tu d ie s  have r e l i e d  on 

f r e s h ly  c o l le c te d  m a te r ia l ,  no t c o lo n ie s  t h a t  have been under long  term  

o b se rv a tio n . The la rg e  number o f gonophores a t  d i f f e r e n t  developm ent-'l 

s ta g e s  makes i t  d i f f i c u l t  to  fo llo w  th e  p ro g re ss  o f  in d iv id u a l  

gonophores and th e  w a ll  o f  th e  gonophore and th e  la r g e  mass o f germ 

c e l l s  in  each gonphore o b scu res  th e  o b se rv a tio n s  o f germ c e l l s  in  l iv in g  

an im als. S e r ia l  s e c t io n s  o f f ix e d  m a te r ia l  a ls o  have d isad v an ta g es  

in c lu d in g  th e  problem s a s s o c ia te d  w ith  d e c ip h e rin g  con tin u o u s, dynamic 

p ro cesses  such as  grow th , engulfm ent, o r  fu s io n  from  p re p a ra tio n s  o f 

d i f f e r e n t  gonophores and d i f f e r e n t  an im als . The la rg e  number o f germ 

c e l l s  in  each fem ale  gonophore, c o n s is t in g  o f g roups a t  d i f f e r e n t  

developm ental s ta g e s , a ls o  add to  th e  con fusion , n o t to  m ention th e  

problem o f  h e rm ap h ro d itic  gonophores. As a r e s u l t ,  even though many 

in v e s t ig a to r s  have s tu d ie d  th e  re p ro d u c tiv e  b io lo g y  o f s p e c ie s  o f 

T u b u la ria . much co n fu sio n  and co n tro v e rsy  rem ain s  and in te r p r e ta t io n s ,  

even w ith in  th e  same s p e c ie s ,  d i f f e r  a t  l e a s t  somewhat.

Most o f th e  work on germ c e l l  developm ent and gonophore fo rm a tio n  

o f T u b u la ria  has been rev iew ed  by Lowe (1926) and Liu and B e r r i l l  (1948)
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w h ile  th e  l i t e r a t u r e  concern ing  l a r v a l  developm ent was sum m arized by 

Nagao (1965). There i s  s t i l l  no com plete  agreem ent on th e  o r ig in  o f  th e  

entocodon, th e  s i t e  o f th e  i n i t i a l  d i f f e r e n t i a t i o n  o f th e  germ c e l l s ,  

nor th e  c e l l u l a r  type from which th e  germ c e l l s  o f  T u b u la ria  develop. 

This i s  in  a d d i t io n  to  th e  co n fu sio n  abou t v a r io u s  a s p e c ts  o f th e  

fo rm a tio n  o f  a  m ass o f about 2000 c e l l s  in  each fem ale  gonophore and 

t h e i r  subsequen t fu s io n  in to  a s in g le  o o cy te .

S ince th e  work by A gassiz (1860) m ost in v e s t ig a to r s ,  in c lu d in g  

Weismann (1880), H a rg i t t  (1904), A llen  (1900), and H a rg i t t  (1909)» have 

co n s id e red  t h a t  th e  entocodon form s in  th e  ectoderm  o f th e  gonophores 

o f  T u b u la ria  by th e  p r o l i f e r a t i o n  o f  lo c a l  ec to d erm al c e l l s .  They a lso  

co n sid e red  th e  germ c e l l s  to  develop  from  th e  in n e r  la y e r  o f  th e  

entocodon w ith o u t c e l l u l a r  m ig ra tio n . B enoit (1925) and L iu and 

B e r r i l l  (1948) a ls o  found no ev idence o f c e l l u l a r  m ig ra tio n , bu t 

re p o r te d  th e  entocodon to  form by th e  p r o l i f e r a t i o n  o f  endoderm al c e l l s  

a t  th e  apex o f th e  e v a g in a tin g  gonophore. A ccording to  B en o it, th e  

e n t i r e  entocodon form ed by th e  p r o l i f e r a t io n  o f a s in g le  i n t e r s t i t i a l  

c e l l  ( I - c e l l ) .  There have a ls o  been ad v o ca tes  fo r  a  m ig ra tio n  o f th e  

germ c e l l s  to  t h e i r  f i n a l  p o s i t io n  in  th e  gonophore. B rauer (1891) and 

Lowe (1926) concluded t h a t  th e  c e l l s  o f  th e  entocodon, in c lu d in g  th e  

germ c e l l s ,  o r ig in a te  from I - c e l l s  th a t  have m ig ra te d  from  th e  ectoderm  

o f  th e  s ta lk ' o f  th e  gonophore. Dupont (1942) co n s id e red  th e  germ c e l l s  

and entocodon to  have independent o r ig in s  and acco rd in g  to  Campbell 

(1974, pg. 145), th e  germ c e l l s  "m ig ra te  in to  o r  w ith  th e  entocodon" 

and (pg. 148) " in  w e ll-d ev e lo p ed  medusae, gam etogenesis  does n o t occur 

fo r  some tim e  a f t e r  medusa l ib e r a t io n ."  Even a llo w in g  fo r  th e  

p ro b a b i l i ty  th a t  the  developm ent o f germ c e l l s  and gonophores i s  n o t
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id e n t i c a l  in  d i f f e r e n t  s p e c ie s  o f T u b u la ria . th e  v a r i a t io n  in  th e  

o p in io n s  o f  d i f f e r e n t  in v e s t ig a to r s  i s ,  a t  th e  l e a s t ,  d i s t r a c t in g .  Liu

and B e r r i l l  w ro te  (1948, pg. 39), "Inasmuch a s  th e  c o n c lu s io n s  in  th e

p re se n t paper a re  i n  marked d isag reem en t w ith  th e  more im p o rta n t 

c o n c lu s io n s  both  o f Dupont and o f  B en o it ( '25 ), whom Dupont a lso

c r i t i c i z e s ,  i t  i s  o p t im is t i c  to  hope th a t  t h i s  w i l l  be th e  l a s t . "

B o e l s t e r l i  (1975), th e  l a t e s t  in v e s t ig a to r  o f th e  developm ent o f  germ 

c e l l s  in  T u b u la ria . avoided th e  problem  by s t a r t i n g  w ith  oogonia 

a lre a d y  p re s e n t  in  th e  gonophore and ig n o rin g  th e  problem  o f e a r l i e r  

developm ental s ta g e s .

W hile rev ie w in g  th e  l i t e r a t u r e  on hydrozoan o o g en esis  i t  i s  

a p p a ren t th a t  h y d ro ids (a th e c a te  and th e c a te )  may be se p a ra te d  in to  two 

groups based on th e  p ro p o rtio n  o f  fem ale  g e rm -lin e  c e l l s  t h a t  com plete  

developm ent o r  th e  number o f accesso ry  c e l l s  su p p o rtin g  th e  grow th o f 

each oocyte . In  th e  f i r s t  group o f h y d ro id s  th e re  i s  no r e a l  

developm ent o f  accesso ry  c e l l s  and m ost o o cy tes  com plete developm ent, 

w h ile  in  th e  second group a trem endous o v erp ro d u c tio n  o f  germ c e l l s  

o ccu rs  and th e se  a re  u t i l i z e d  a s  accesso ry  c e l l s .  Somewhat s im i la r  

co n c lu s io n s  w ere o b ta in ed  by Van de Vyver (1967, 1968a,b) who se p a ra te d  

th e  a th e c a te  h y d ro id s  in to  th re e  groups, th e  F i l i f e r a ,  co ryn id  

C a p ita ta , and tu b u la r id  C a p ita ta . These groups d i f f e r e d  in  th e  type o f 

la rv a ,  amount o f  y o lk  in  th e  eggs, and th e  number o f ex cess  germ c e l l s .

The f i r s t  o f  my two groups o f hydrozoans in c lu d e s  th e  m a jo r ity  o f 

hydrozoan s p e c ie s , none o f  w hich a re  s t r i c t l y  s o l i t a r y ,  and in c lu d e s  th e  

F i l i f e r a  and some o f th e  corynoid  C a p ita ta  o f Van de Vyver. In  t h i s  

group, a l l ,  o r  a t  l e a s t  a la rg e  p ro p o rtio n , o f th e  fem ale  g e rm -lin e  

c e l l s  t h a t  d i f f e r e n t i a t e ,  com plete  oogenesis  and th e r e  i s  l i t t l e  o r
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on ly  m oderate o v e rp ro d u c tio n  o f o o cy tes . A ccording to  B e r r i l l  (1961) 

a l l  o f  th e  oogonia t h a t  d i f f e r e n t i a t e  in  th e  gonophores o f H v d rac tin ia  

e c h in a ta  and A aelo m arls  ia;Lt-g-M ll develop  in to  o o cy tes  w ith o u t 

p r o l i f e r a t io n .  A ll o f th e se  o o cy tes  com plete oogenesis  and no 

a ccesso ry  c e l l s  a re  p re se n t. V ite l lo g e n e s is  in  th e se  s p e c ie s  i s  

p robably  a u to s y n th e t ic  a s  th e  n u t r ie n t s  r e s u l t in g  from e x t r a c e l lu l a r  

d ig e s t io n  o f exogenous food re so u rc e s  a re  c a r r ie d  a long th e  con tinuous 

e n te ro n  to  th e  gonophores and passed  a c ro ss  th e  m esoglea and th e  

endoderm al c e l l s  o f  th e  sp a d ix  to  th e  o o cy tes . Josephson  and Mackie 

(1965) and L enhoff (1968) d e sc rib e d  th e  p re s s u re  changes t h a t  move food 

p a r t i c l e s  to  th e  gonophores in  th e  po lyps o f  T u b u laria . In  sp e c ie s  

t h a t  do n o t x; c l  ease  f r e e  medusae, th e  n u t r i t i v e  sp ad ix  i s  re so rb e d  a t  

th e  end o f o o g en es is  w h ile  th e  embryo i s  brooded.

S p ec ies  in  w hich th e re  i s  a m oderate o v e rp ro d u c tio n  o f o o cy tes  a re  

a ls o  in c lu d ed  in  th e  f i r s t  group o f hydro ids. A ccording to  Campbell 

(1974), w h ile  on ly  a few eggs develop  in  each gonophore, about s ix  o r 

seven o o cy te s , a l l  o f  w hich a re  capab le  o f com pleting  developm ent, a re  

produced f o r  each egg t h a t  a c tu a l ly  m atures. He re p o r te d  t h a t  (pg.

161), "Most hydrozoan gonads beg in  w ith  more o o cy te s  th an  w i l l  

e v e n tu a lly  r ip e n , and f re q u e n tly  only  a s in g le  ovum develops in  each 

gonad. The o th e r  o o cy te s  a re  expended in  th e  p ro cess  o f fe ed in g  th e  

s u c c e s s fu l  oocy te ."  Some o f th e se  oocy tes  rem ain  w here they  o r ig in a l ly  

d i f f e r e n t i a t e  and l a t e r  d eg en e ra te , w h ile  th e  r e s t  m ig ra te  in to  th e  

gonophores. In  m ost o f  th e se  h y d ro id s  th e re  i s  l i t t l e  grow th  o f any but 

th e  su c c e s s fu l  o r d e f in i t i v e  o o cy te  which Van de Vyver (1968a) c a l l s  

" l ’oocy te  p r iv le g ie ."  The ex cess  o o cy tes  may se rv e  as  a  p a r t i a l  source 

o f food f o r  th e  d e f in i t iv e  o o cy tes  (M ergner, 1957). However, ex cep t fo r
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th e  d eg e n e ra tio n  and p o s s ib le  r e s o r p t io n  o f th e se  r e l a t i v e ly  few excess 

o o cy tes , v i t e l lo g e n e s i s  i s  s t i l l  b a s ic a l ly  a u to sy n th e tic .  The eggs o f 

th e  s p e c ie s ,  in c lu d in g  C lava le p to s tv la  (F ig . 2), which produce few 

ex cess  o o cy tes  a r e  r e l a t i v e l y  sm a ll. The l a r g e s t  eggs re p o r te d  in  

th e se  s p e c ie s  w ere produced by JH vdractin ia e c h ln a ta  and w ere 168 um in  

d iam e te r.

A more complex and i n t e r e s t i n g  system  o f o o g enesis  i s  found in  th e  

second group o f h y dro ids w hich in c lu d e s  th e  tu b u la r id  C a p ita ta  and m ost 

o f  th e  co ryn id  C a p ita ta  o f Van de Vyver. In  t h i s  group th e r e  i s  a 

trem endous o v e rp ro d u c tio n  o f germ c e l l s .  The la rg e ,  s o l i t a r y  a th e c a te  

h y d ro id s  and some c o lo n ia l  s p e c ie s  produce la r g e ,  yolky eggs and many 

brood th e  r e s u l t i n g  embryo to  an  advanced l a r v a l  s ta g e , th e  a c t in u la  

(F ig . 11). In  gonophores o f  th e se  h y d ro id s , which in c lu d e  T u b u la r ia . 

Hvdra. and P ennaria . hundreds to  thousands o f ex cess  o r  n u t r i t i v e  

o o cy tes  a r e  produced and u t i l i z e d  a s  food in  th e  developm ent of 

r e l a t i v e ly  few d e f in i t iv e  o o cy tes . In  th e  s p e c ie s  th a t  produce an 

a c t in u la  la rv a ,  u s u a lly  only  one i s  p re se n t in  each gonophore a t  a 

tim e , a lthough  a sequence o f a c t in u la e  may be brooded and re le a s e d . 

B eno it (1925), w orking w ith  X. mesembryanthemum. and B o e l s t e r l i  (1975), 

w orking w ith  X* crocea . have r e p o r te d  two o r  th re e  eggs o r e a r ly  

embryos i n  a  s in g le  gonophore, b u t th e r e  a re  no r e p o r ts  o f  two o r  more 

a c t in u la e  s im u lta n eo u s ly  p re se n t in  a s in g le  gonophore. The n u t r i t i v e  

o o cy tes  may be d i r e c t ly  engu lfed  o r  may d is in te g r a te ;  in  any case , th e  

r e s u l t in g  n u t r ie n t s  a re  absorbed by th e  d e f in i t iv e  oocy tes . B efore 

be ing  en g u lfed , th e  n u t r i t i v e  o o cy tes  in  T u b u la ria  sp e c ie s , Hvdra 

(Z ih le r ,  1972), and P en n aria  (Cowden, 1964) produce y o lk  and ribosom es 

th a t  w i l l  be in c o rp o ra te d  by th e  d e f in i t iv e  oocy tes.
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There i s  a  la rg e  amount o f  v a r i a t io n  in  th e  s iz e  o f th e  o o cy tes  and 

germ in a l v e s ic le s  o f d i f f e r e n t  h y d ro id s  and two e a r l i e r  in v e s t ig a to r s ,  

Jo rg en sen  (1913) and H a rg i t t  (1919)» a ttem p te d  to  c o r r e la te  th e  

d i f f e r e n t  m ethods o f oocy te  n u t r i t i o n  w ith  r e l a t i v e  n u c le a r  s iz e .  

Jo rg en sen  proposed th a t  o o cy te s  t h a t  absorb  t h e i r  food d i r e c t ly  from  th e  

su rro u n d in g  f l u i d  have r e l a t i v e l y  la rg e  n u c le i ;  o o cy tes  which a re  fed  by 

s p e c ia l  n u rse  c e l l s  o r  f o l l i c l e  c e l l s  o r  e n g u lf  o th e r  c e l l s  have 

r e l a t i v e ly  sm a ll n u c le i. He b e lie v e d  th a t  th e  n u c le i  o f th e  accesso ry  

c e l l s  governed th e  grow th o f th e  oocy te  and th a t  th e  n u c le i  o f  th e  

o o cy tes  rem ained r e l a t i v e ly  in a c t iv e  u n t i l  th e  end o f th e  prophase of 

m e io s is  one. An ex trem e exam ple o f t h i s  type o f oocy te  n u t r i t i o n  was 

re p o r te d  by Pianka (1974) in  th e  ctenophore , B o lin o p s is  m io ro p te ra . in  

which th e  oocy te  n u cleu s does n o t e n la rg e  a t  a l l  d u rin g  v i t e l lo g e n e s i s .

H a rg i t t  (1919) observed  t h a t  in  hydrozoans th e re  a r e  two d i f f e r e n t  

methods o f oocy te  n u t r i t i o n  w hich seem to  o v e rlap  in  c e r ta in  sp e c ie s .

In  some h y d ro id s , food i s  absorbed d i r e c t ly  by o o cy tes  from th e  e n te ro n  

o r  from  th e  endoderm al c e l l s  o f  th e  sp ad ix , w h ile  in  o th e r s  th e  o o cy tes  

absorb  o r  e n g u lf  o th e r  c e l l s ,  u s u a lly  e x t r a  o r n u t r i t i v e  o o cy tes . In  

an a tte m p t to  q u a n tify  Jo rg en sen 's  p ro p o sa l, H a rg i t t  made m easurem ents 

o f  th e  oocy tes  o f 14 hydrozoans and o b ta in ed  r e s u l t s  c o n s is te n t  w ith  

Jo rg en sen 's  p re d ic tio n s . In  s p e c ie s  th a t  a re  n o u rish ed  d i r e c t ly  from 

th e  e n te ro n , ' th e  r a t i o  o f  oocy te  volume to  n u c le a r  volume was found to  

range  from  16:1 to  73:1. In  sp e c ie s  w ith  o o cy tes  th a t  e n g u lf  o th e r  

c e l l s  o r  have some form  of n u t r i t i v e  o o cy tes , th e  r a t i o  ranged from  about 

284:1 f o r  Corvroorpha pendula to  about 6000:1 fo r  1 . QrpQ.e.a, In  a l l  o f 

th e se  sp e c ie s , th e  germ ina l v e s ic le  o f th e  d e f in i t iv e  oocy te  e n la rg e s  

d u rin g  oocyte  grow th. This connection  betw een o o c y te -n u c le a r  volume and
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th e  mode o f oocy te  n u t r i t i o n  i s  presum ably r e l a t e d  to  th e  e x te n t  o f  

p a r t i c ip a t io n  o f th e  oocyte n u c leu s  in  v i t e l lo g e n e s i s .

W hile th e  e n t i r e  p ro c e ss  o f o o g en es is  i s  r a p id  in  T u b u la ria . Hvdra. 

and o th e r  h y d ro id s  w ith  n u t r i t i v e  o o cy tes , in  many an im als  o f d i f f e r e n t  

phyla, th e  m e io tic  prophase has a  lo n g  d u ra tio n . The in s e c ts  w hich 

p o ssess  nu rse  c e l l s  (m e ro is t ic  o o g en esis) a ls o  have a s h o r t  m e io tic  

prophase. Davidson (1968) h y p o th esized  th a t  th e re  m ust be some r a t e  

l im i te d  s y n th e t ic  a c t i v i t y  t h a t  can be accom plished  i n  a few days by th e  

co n certed  e f f o r t s  o f  p o ly p lo id  n u rse  c e l l s  o f  in s e c ts ,  bu t w hich 

no rm ally  ta k e s  a  s o l i t a r y  oocyte  c o n s id e rab ly  lo n g er. A ccording to  

Davidson (pg. 183), " the  m o lecu les  in  q u e s tio n  cannot be y o lk , s in c e  yo lk  

and o th e r  such p ro d u c ts  a re  ty p ic a l ly  accum ulated in  th e  cou rse  o f  a 

r e l a t i v e ly  b r ie f  p e rio d  o f  th e  d ip lo te n e  s ta g e ."  Work on Xenopus by 

Perkowaka jet .a l, (1968) re v e a le d  th a t  th e  l im i t in g  f a c to r  in  th e  r a t e  o f 

o o g en esis  i s  n o t th e  p ro d u c tio n  o f  y o lk , bu t th e  p ro d u c tio n  o f 

ribosom es. The n u c le i  o f  Xenopus la e v is  oocy tes  c o n ta in  1400 to  1600 

n u c le o l i  and about 5200 n u c le o la r  DNA c o re s  o r r in g s  w h ile  th e  norm al 

number o f n u c le o li  o f so m atic  c e l l s  in  Xenopus i s  two. C a lc u la tio n s  

in d ic a te  th a t  w ith o u t a m p l i f ic a t io n  o f th e  ribosom al c i s t r o n s  and 

n u c le o li ,  about 1.7x10^ days o r  about 466 y ea rs  would be re q u ire d  f o r  

th e  o o cy te s  to  s y n th e s iz e  an e q u iv a le n t number o f ribosom es on t h e i r  own. 

W hile th e re  a re  no r e p o r ts  o f  gene a m p l i f ic a t io n  in  th e  C n id a ria , th e  

same r e s u l t  i s  ach ieved  in  th e  second group o f hyd ro ids in  w hich many 

g e rm -lin e  c e l l s ,  each w ith  genes f o r  ribosom e RNA, produce m a te r ia ls  

th a t  a re  e v e n tu a lly  in c o rp o ra te d  by th e  d e f in i t iv e  o o cy te s .

Mi0£p3.<?.QP.y, .aM  A utoradiography 

A la rg e  number o f  l i g h t  m ic ro sc o p ic a l o b se rv a tio n s  have been made
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on hydrozoan o o g en es is , in c lu d in g  iv e s t ig a t io n s  o f s p e c ie s  th a t  produce 

la rg e  numbers o f  ex cess  germ c e l l s .  Van de Vyver (1968) found th a t  

oo g en esis  i n  Arum co ck si in v o lv e s  th e  grow th o f one " c e l lu le  p r iv i le g ie "  

by th e  engu lfm ent o f th e  o th e r  o o cy tes  in  th e  gonophore. While t h i s  i s  

th e  s i t u a t io n  in  many h y d ro id s  w ith  n u t r i t i v e  o o cy te s , i t  i s  r e a d i ly  

a p p a ren t t h a t  th e r e  i s  much v a r i a t io n  i n  th e  o o g en e tic  p ro c e ss  in  th e se  

hydrozoans. In  a d d i t io n  to  th e  a b so rp tio n  o f th e  n u t r i t i v e  o o cy tes , 

H a rg i t t  (1917) r e p o r te d  t h a t  th e re  w ere in d ic a t io n s  o f  fu s io n  o f  th e  

o o cy tes  in  Hvbocodon p r o l i f e r .  Mangan (1909) su g g ested  th a t  in  

M ille p o ra  th e  c e l l  membranes betw een th e  d e f in i t i v e  oocyte  and th e  

su rro u n d in g  n u t r i t i v e  o o cy tes  d is s o lv e  and a plasmodium form s. In  

Eudendrium J h a r a i t t i .  a  s p e c ie s  w ith  a la rg e  o o c y te -n u c le a r  volume 

r a t i o ,  bu t w ith o u t n u t r i t i v e  o o cy tes , Congdon (1906) re p o rte d  

engulfm ent o f so m a tic  ec to d erm al c e l l s  by th e  oocy tes . True nu rse  c e l l s ,  

w ith  d i r e c t  cy to p la sm ic  co n n ec tio n s  to  th e  d e f in i t i v e  o o cy tes , a re  a lso  

p re se n t i n  h y d ro id s  and have been found in  T u b la r la  la rv n x  and X* 

in d iv is a  by S p ra c k lin  (1978, 1980). I t  i s  e n t i r e ly  p o s s ib le  t h a t  th e  

ex cess  germ c e l l s  o f  o th e r  h y d ro id s  a re  a ls o  n u rse  c e l l s ,  bu t w here 

cy to p lasm ic  b rid g e s  do n o t e x i s t ,  o r  have n o t y e t  been found, th e se  

c e l l s  a re  a p p ro p r ia te ly  c a l le d  n u t r i t i v e  o r  a b o r t iv e  o o cy tes .

More e x te n s iv e  in v e s t ig a t io n s  o f o o g en es is  in v o lv in g  hydro ids w ith  

n u t r i t i v e  o o cy tes  have been done on sp e c ie s  in  a  number o f genera 

in c lu d in g  P en n aria . Hvdra. and T ubu laria . O ogenesis in  P ennaria  

t i a r e l l a  has been in v e s t ig a te d  by Smallwood (1899)> H a rg it t  (1900), 

B e r r i l l  (1961), and Cowden (1964). In  t h i s  s p e c ie s  the  p r im o rd ia l germ 

c e l l s  p r o l i f e r a t e  to  produce s e v e ra l  thousand o o cy te s  in  each gonophore. 

A pproxim ately 10 o o cy tes  i n  each gonophore grow a t  an a c c e le ra te d  r a t e
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and consume th e  re m a in in g  n u t r i t i v e  o o cy tes . The n u c le i  o f  th e  consumed 

c e l l s  p e r s i s t  u n t i l  th e  l a r v a l  ectoderm  d ev elo p s.

Even though i t  i s  som etim es d i f f i c u l t  to  induce s e x u a l i ty  in  Hvdra 

h e ld  in  th e  la b o ra to ry , th e  e a se  o f  m a in ta in in g  t h i s  f re s h  w a te r  hydro id  

and i t s  a v a i l a b i l i t y  have le d  many in v e s t ig a to r s  to  use i t  e x te n s iv e ly  

f o r  in v e s t ig a t io n s  o f  o o g en es is  in c lu d in g  B rauer (1891), B rien  

(1950a,b, 1961, 1963)> B rien  and R eniers-D ecoen (1949, 1951), Downing 

(1909)> K o ro tn e ff  (1878), McConnell (1933)> T annreu ther (1908, 1909), 

and Wagner (1909). Z ih le r  (1972), who was th e  f i r s t  to  r e p o r t  

u l t r a s t r u c t u r a l  o b s e rv a tio n s  o f  o o g en esis  i n  t h i s  genus, d iv id ed  

oo g en esis  in  Hvdra a t te n u a ta  and jj. o ircu m o in ta  in to  f iv e  s ta g e s . In  

s ta g e  I ,  groups o f  oogonia develop  from i n t e r s t i t i a l  c e l l s  and 

p r o l i f e r a t e  in  th e  ectoderm  o f th e  polyp. In  s ta g e  I I ,  a f t e r  th e  

oogonia I  have grown somewhat, one oogonia in  each group develops in to  

an oocy te . D uring s ta g e  I I I ,  th e  o o c ty e  in  each group e n g u lfs  th e  

rem ain in g  oogonia. The rem a in s  o f  th e  en g u lfed  oogonia a re  very  

d i s t i n c t iv e  s t r u c tu r e s  c a l le d  "p seudozellen" o r "shrunken c e l ls " .  In  

s ta g e  IV, th e  la r g e  o o cy tes  from th e  o r ig in a l  groups fu se  to  form  a 

s in g le  la rg e  o o cy te  w hich m atu res  to  form th e  egg in  s ta g e  V.

S ince A gassiz (i8 6 0 ), o o g en esis  and gonophore developm ent in  th e  

genus T u b u la r la  have been in v e s t ig a te d  by numerous re s e a rc h e rs  

in c lu d in g , most r e c e n t ly ,  L iu and B e r r i l l  (1948), Nagao (1965), Van de 

Vyver (1968), and B o e l s t e r l i  (1965). L iu and B e r r i l l  re p o r te d  th a t  a 

germ c e l l  mass o f s e v e ra l  thousand c e l l s  was form ed by a  ra p id  

p r o l i f e r a t io n  o f th e  p r im o rd ia l germ c e l l s  and B o e l s t e r l i  found th a t ,  as 

in  Hydra, a  sm a ll number o f o o cy tes  beg in  to  grow and su b seq u en tly  

e n g u lf  th e  su rro u n d in g  n u t r i t i v e  o o cy tes . In  each gonophore, th e



18

grow ing, o r d e f in i t i v e ,  o o cy te s  fu se  to  form  a s in g le  la rg e  oocy te  t h a t  

com pletes m e io s is .

The rem a in s  o f  th e  engu lfed  n u t r i t i v e  o o cy tes , th e  p se u d o c e lls , 

p e r s is te d  in  th e  o o c y te s  o f bo th  T u b u la ria  (F igs. 10, 11, 33) and 

Hvdra. Wager (1909) r e a l i z e d  t h a t  a t  l e a s t  some o f th e  p seu d o ce lls  

were th e  shrunken rem a in s  o f  w hole c e l l s  and Z ih le r  (1971) in tro d u ce d  

th e  more d e s c r ip t iv e  te rm , shrunken c e l l s .  B o e l s t e r l i  (1975) was th e  

f i r s t  to  d em o n stra te  th a t  th e  p se u d o c e lls  i n  T u b u la ria  o o cy tes  w ere no t 

d e g n e ra tin g  n u c le i ,  bu t th e  shrunken rem ain s  o f  th e  en g u lfed  n u t r i t i v e  

o o cy te s , com plete  w ith  a  sm a ll amount o f cy top lasm , membranes, y o lk , 

and d e g e n e ra tin g  m ito ch o n d ria . A ccording to  Nagao (1965), most o f th e  

shrunken c e l l s  p e r s i s t  f o r  s e v e ra l  days a f t e r  f e r t i l i z a t i o n  in  

T u b u la ria  and a  few can s t i l l  be found a t  th e  b a sa l p a r t  o f th e  

hypostome in  th e  s e t t l e d  a c t in u la  s ix  days a f t e r  f e r t i l i z a t i o n .

W hile l i g h t  m icroscopy has been used e x te n s iv e ly  in  th e  

in v e s t ig a t io n  o f germ c e l l  developm ent in  th e  Hydrozoa, on ly  a sm a ll 

number o f papers  have appeared  on th 6  u l t r a s t r u c tu r e  o f  hydrozoan 

o o g en esis . Very l i t t l e  a d d i t io n a l  work has been p u b lish ed  s in c e  

B o e l s t e r l i  (1977, Pg. 267) w ro te , "Whereas l i g h t  m icroscopy s tu d ie s  o f  

o o g en esis  in  h y d ro id s  and hydromedusae a re  q u i te  num erous, r e l a t i v e ly  

l i t t l e  in fo rm a tio n  i s  a v a i la b le  on th e  u l t r a s t r u c tu r a l  a s p e c ts  o f 

gam etogenesis."  The o n ly  a d d it io n s  I  have to  add to  B e o l s t e r l i 's  l i s t  

o f  u l t r a s t r u c tu r a l  p apers  a r e  Van de Vyver (1964, 1967, 1968), Tucker 

and W yttenback (1974), and Honegger (1981). Van de V yver's papers w ere 

la r g e ly  concerned w ith  l i g h t  m icroscopy and TEM o f th e  em bryo log ica l 

developm ent o f  f iv e  a th e c a te  h y d ro id s , bu t d id  in c lu d e  some in fo rm a tio n  

on gam etogenesis. Tucker and W yttenback in c lu d ed  some in fo rm a tio n  on
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th e  p r im o rid a l egg c e l l s ,  and Honegger’s work Invo lved  scan n in g  e le c tro n  

m icroscopy (SEM) o f  sperm and egg r e le a s e  and th e  em bryotheca, and th e  

tra n s m is s io n  e le c t r o n  m icroscopy  (TEM) o f f e r t i l i z a t i o n  in  Hvdra carnea . 

T his sm a ll c o l le c t io n  o f  u l t r a s t r u c tu r a l  papers, some o f w hich a re  

ex trem ely  l im i te d  in  scope and c o n ta in  m inim al u l t r a s t r u c tu r a l  

in fo rm a tio n , has produced on ly  a  s u p e r f i c i a l  p ic tu r e  o f hydrozoan 

o o g en esis  a t  th e  u l t r a s t r u c u t r a l  le v e l .  In  a d d it io n , th e se  papers 

c o n s id e r  only a  few o f th e  many g en era  and s p e c ie s  w ith  n u t r i t i v e  

o o cty es. Van de Vyver (1968a) p u b lish e d  a s in g le  m icrograph  o f  .£• 

ce ra to g y n e ; B o e l s t e r l i  (1975) worked w ith  T. o ro cea ; Z ih le r  (1972) 

in v e s t ig a te d  Hvdra a t te n u a ta  and H. c lrc u m c in c ta : and Honegger (1981) 

observed ft. c a r n e t .

W hile th e  u l t r a s t r u c tu r a l  in fo rm a tio n  on hydrozoan o o g en esis  i n  th e  

l i t e r a t u r e  i s  s p a rs e , a u to ra d io g ra p h ic  in fo rm a tio n  i s  n o n -e x is te n t.  

A u to rad io g rap h ic  te c h n iq u e s , w hich have proven v a lu a b le  re se a rc h  to o ls  

in  th e  study  o f o o g en es is  in  o th e r  o rganism s, have n o t been used to  s tudy  

o o g en esis  in  hy d ro id s . In  o th e r  an im als  au to rad io g rap h y  has been used, 

w ith  g re a t  su ccess , to  fo llo w  ev en ts  such a s  th e  a m p l i f ic a t io n  o f 

n u c le o la r  RNA in  Xenopus la e v is  o o cy tes  (Perkouska, M acgregor and 

B e r n s t ie l ,  1968) and to  id e n t i f y  th e  s i t e s  o f s y n th e s is  o f  th e  v a rio u s  

y o lk  p ro te in s  packaged in  th e  eggs o f  D rosoph ila  m e lan o g aste r (G u tz e it, 

1980). I s o to p ic a l ly  la b e le d  compounds have been e s p e c ia l ly  u s e fu l  in  

u n d e rs tan d in g  th e  fu n c tio n  o f th e  nurse  c e l l s  in  th e  m e ro is t ic  o v a r ie s  

o f in s e c ts .  B ie r  (1963, 1965) produced s t r i k in g  d e m o n stra tio n s  o f  th e  

p ro d u c tio n  o f p ro te in s  and RNA by th e  nu rse  c e l l s  o f  D rosoph ila  and 

subsequen t t r a n s f e r  o f th e se  p ro d u c ts  to  the  o o cy tes . A u to rad iog raph ic  

s tu d ie s  w ith  h y d ro id s  has been concerned w ith  th e  in c o rp o ra t io n  o f
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la b e le d  compounds (B u rn e tt .§£ .aL , 1962), hydrozoan developm ent (Haynes, 

Summers, and K ess le r , 1974), DNA s y n th e s is  and c e l l  movement d u ring  

re g e n e ra tio n  (T w eedell, 1974), c e l l u l a r  p r o l i f e r a t io n  (Cam pbell, 1965), 

th e  s y n th e s is  o f  n u c le ic  a c id s  and p ro te in s  (C larkson, 1969), and th e  

sy m b io tic  r e la t io n s h ip  betw een a lg a e  and hydro ids (M uscatine and Lenhoff, 

1963; Sznant,1971» E is e n s ta d t ,  1971).

In  th e  p re se n t s tudy  I  exam ine th e  o rg a n iz a tio n  and u l t r a s t r u c tu r e  

o f th e  o o c y te -n u rse  c e l l  com plexes in  2 . la ry n x  and 2> in d iv is a .  

propose a method o f  fo rm a tio n  o f th e  com plexes, and e x p lo re  hydrozoan 

oocy te  n u t r i t i o n .



MATERIALS AND METHODS

Mgfafe MJLfi.cflaaaiaL
C olon ies o f  T u b u la r ia  la ry n x  and £ . I f ld lv ls a  were c o l le c te d  from 

f l o a t s  lo c a te d  a t  th e  mouth o f th e  P isca ta q u a  R iver in  Portsm outh , New 

Hampshire; from t id e  p o o ls  a t  E ast P o in t, Nahant, M assach u se tts , and 

E a s tp o r t, Maine; and from  th e  s u b t id a l  a t  th e  I s l e  o f S hoals, New 

Hampshire. For ro u tin e  l i g h t  m ic ro sc o p ic a l h is to lo g y  m ost specim ens 

w ere f ix e d  In  B ouin 's f ix a t i v e ,  a lth o u g h  H e lly 's , Zenker’s , O rth 's , 

S usa 's, AFA, S a n fe l ic e 's ,  and 10$ fo rm a lin -s e a  w a te r  f ix a t iv e s  w ere 

a lso  used. During th e  w a te r  r in s e  racem es w ere removed from  th e  f ix e d  

polyps w ith  m ic ro d is s e c tin g  s c is s o r s  and s e p a ra te d  in to  in d iv id u a l 

gonophores o r sm a ll c lu s t e r s  o f gonophores. To observe very  young 

gonophores, sm a ll polyps w ere f ix e d  in  B ouin 's f ix a t iv e ,  th e  te n ta c le s  

removed, and th e  rem ain d er o f th e  polyp c u t in to  two o r fo u r  p iec e s .

The gonophores and p ie c e s  o f polyps w ere dehydrated  in  a  graded s e r i e s  

o f  e th a n o l (two 10 m inu te  r in s e s  each o f  70$, 85$, 95$ and 100$) and, 

a f t e r  an o v e rn ig h t i n f i l t r a t i o n  a t  37°C o r 42°C, were embedded in  

p o ly e th y len e  g ly c o l 400 o r  600 d i s t e a r a t e  mixed 10:1 w ith  c e ty l  a lco h o l. 

S p ec im en s  w ere  s e c t io n e d  a t  2 , 4 , 6 , 8 , 10, 12, 15t o r  20 pm. S l i d e s  

w ere s ta in e d  w ith  M allo ry-H eidenhain  Rapid S ta in  (Humanson, 1972), 

H eidenhain I ro n  H em atoxylin, T hion in-M ethyl Green, o r Azan, and mounted 

w ith  Permount c o n ta in in g  10$ te r p in e o l  to  reduce c raz in g . Gonophores 

f ix e d  in  Z enker's  f ix a t iv e  w ere se c tio n e d  and t r e a te d  w ith  th e  Feulgen 

and P e r io d ic  A c id -S c h iff  (PAS) r e a c t io n s .  Whole mounts w ere made o f 

gonophores o r  racem es from polyps f ix e d  in  B ouin 's o r  Z enker's

21
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f ix a t iv e s  and w ere s ta in e d  w ith  Lynch’s  p r e c ip i ta te d  borax  carm ine o r 

P ro ech e r 's  c o e le s t in e  b lue  B -lak e  (R ise r , 1950). A pproxim ately 16,000 

gonophores o f  i  la rv n x  and 4,000 gonophores o f  T. in d iv is a  w ere 

s e r i a l l y  s e c tio n e d  and ap p ro x im a te ly  500 whole mounts w ere made of 

gonophores o f  each  s p e c ie s .

V arious te ch n iq u e s  w ere t r i e d  to  produce sh rin k ag e  o r s w e llin g  to  

p e rm it b e t t e r  o b s e rv a tio n  o f th e  i n t e r c e l l u l a r  b r id g e s  and th e  o o cy te - 

n u rse  c e l l  com plexes in  th e  gonophores o f bo th  s p e c ie s  by sp read in g  o u t 

th e  c e l l s  o f th e  com plexes. Gonophores w ere f ix e d  in  Bouin’s  f ix a t iv e  

la c k in g  a c e t ic  a c id , in  s a tu r a te d  aqueous p ic r ic  a c id , in  70? and 90? 

e th y l  a lc o h o l, and in  85? e th y l  a lco h o l mixed 5:1 w ith  a s o lu t io n  o f 

s a tu r a te d  aqueous p i c r ic  a c id , and w ere s e c tio n e d  on a  r o ta ry  m icrotom e 

a t  10 pm. Squash p re p a ra tio n s  w ith  f a s t  g reen  w ere made o f u n tre a te d  

gonophores and gonophores t h a t  w ere opened and th en  p a r t i a l l y  d ig e s te d  

w ith  t r y p s in  o r papain. Whole gonophores and th o se  broken open w ith  

d is s e c t in g  n e ed le s  w ere a ls o  s u b je c te d  to  th e  m a c e ra tio n  tech n iq u es  o f 

David (1972) and Schmid e t  a l .  (1981).

To prov ide  specim ens to  compare w ith  T u b u la ria . a  sm a ll number o f 

re p ro d u c tiv e , fem ale  po lyps o f A cauli3  p r im a r is .  R hlzogeton fu sifo rm i.a . 

Eudendrlum ramosum and gJLaza JLwAoafaEla w ere c o l le c te d  and f ix e d  in  

B ouin 's f ix a t iv e .  The gonophores w ere embedded in  p o ly e th y len e  g ly c o l 

400 d i s t e a r a te ,  s e c tio n e d  a t  10 um and 3 ta in e d  w ith  M ailo ry-H eidenhain  

Rapid s t a in .

A utoradiography

The v o lu m e tr ic  c a p a c ity  o f th e  po lyps was determ ined  by in je c t in g  

a s o lu t io n  o f  m ethylene b lue  sea  w a te r  (0.1?) d i r e c t ly  through  th e  

mouth o f th e  polyp in to  the  e n te ro n  w ith  a number 33 n eed le  (0.008 inch
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O.D.) and a  100 p i sy rin g e . Polyps o f  2 . la rv n x  could  r e t a i n  about 15 

u l o f s t a i n  w ith o u t s ig n i f i c a n t  leak ag e  w h ile  th e  l a r g e r  po lyps o f  T. 

ln d lv ls a  could  r e t a i n  ab o u t 100 p i .  Ten hydran ths o f  each  s p e c ie s  w ere 

removed, b lo t te d  p a r t i a l l y  d ry , and w eighed to  a llo w  c a lc u la t io n  o f 

th e  amount o f is o to p e  re q u ire d  fo r  a  dosage o f  2 pCi/gm w et w eigh t.

T his amount was th e n  doubled to  a llo w  fo r  la b e l  l o s t  to  th e  s tem s and 

s to lo n s .  The v a r ia b le  le n g th  o f th e  s tem s and th e  e n c ru s t in g  m a te r ia l  

on th e  s to lo n s  made i t  im p o ss ib le  to  a c c u ra te ly  w eigh th e se  p a r t s  o f 

th e  c o lo n ie s .

For each ex p erim en t u s in g  au to rad io g rap h y , la rg e  c o lo n ie s  o f  2* 

la rv n x  and 2» in d iv is a  w ere c o l le c te d  from  Portsm outh  Harbor. P o r tio n s  

o f  fem ale  c o lo n ie s , each c o n s is t in g  o f  about 20 po lyps, w ere k ep t in  

f in g e r  bowls. The s o lu t io n s  o f ^H -labeled  u r id in e  (5 ,6 -3 h) and 

thym id ine  (methyl-3H) w ere d i lu te d  to  0.0625 p C i/u l w ith  s t e r i l e ,  

M il l ip o re  f i l t e r e d  (0.22 pm) sea  w a te r. Under a d is s e c t in g  m icroscope, 

^H -lab e led  u r id in e  o r thym id ine  was in je c te d  d i r e c t ly  in to  th e  en te ro n  

through  th e  mouth o f each  polyp. I n je c t io n s  w ere i n i t i a t e d  about one 

hour a f t e r  c o l le c t io n  o f  th e  c o lo n ie s .

Polyps o f 2 . la rv n x  re c e iv e d  4 p i  (0.25 pCi) o f  s o lu t io n s  o f

u r id in e  o r thym id ine w h ile  polyps o f 2» in d iv is a  re c e iv e d  10 p i  (0.625 

uCi) o f u r id in e . U n in jec ted  c o n tro l po lyps from  th e  o r ig in a l  la rg e  

c o lo n ie s  w ere p laced  in  B ouin 's f ix a t iv e  a t  th e  co m p le tio n  o f  th e  

in je c t io n s .  In je c te d  po lyps w ere f ix e d  a f t e r  2, 5, 12, 24, and 45 

hours o f  in c u b a tio n .

The f i r s t  s e r i e s  o f  polyps was in cu b a ted  on February 10, 1980 a t

4°C. A second s e r i e s  o f po lyps, th a t  d id  n o t in c lu d e  a 45 hour sam ple,

was in cu b a ted  on J u ly  7, 1980 a t  8°C ( to  match th e  warm er w a te r



tem p e ra tu re  a t  th e  c o l le c t io n  s i t e ) .  Racemes were removed from  th e  

f ix e d  po lyps and c u t in to  e i t h e r  sm a ll c lu s te r s  o f  young gonophores o r 

in d iv id u a l  la rg e  gonophores. The gonophores w ere embedded in  

p o ly e th y len e  g ly c o l 400 d i s t e a r a t e  (mixed 10:1 w ith  c e ty l  a lco h o l) . 

Specim ens w ere s e c tio n e d  a t  4 urn o r  10 urn, mounted on g la s s  s l id e s ,  and 

w ere co a ted  w ith  Kodak NTB-3 N uclear Track Em ulsion. R e su ltin g  s l i d e s  

w ere exposed f o r  12 days fo r  th e  f i r s t  in c u b a tio n  and 30 days f o r  th e  

second in c u b a tio n , developed f o r  two m inu tes  in  Kodak D-19 a t  19°C, and 

c o u n te rs ta in e d  f o r  two m in u tes  w ith  M allo ry-H eidenhain  Rapid s t a in .

El_e_otron M icroscopy 

Sm all p o r tio n s  o f c o lo n ie s  o f X. la rv n x  and X* in d iv is a  w ere 

c o l le c te d  from f l o a t s  in  Portsm outh  Harbor. Male and fem ale  polyps o f 

both  s p e c ie s  w ere im m ed ia te ly  p laced  in  2,5% phosphate b u ffe red  

g lu ta ra ld e h y d e  fo r  two h ours  fo llo w ed  by p o s t f ix a t io n  in  2% osmium 

te t r o x id e  f o r  one hour (Cloney and F lo rey , 1968). F ix a tio n  was c a r r ie d  

o u t  a t  pH 7 .4 , 7 .6 , o r  7 .8  a t  room te m p e r a tu r e  (20 -25°C ) and a t  4°C. 

D uring th e  f i r s t  b u f fe r  wash racem es w ere removed and c u t in to  sm a ll 

c lu s t e r s  o f  young gonophores o r  in d iv id u a l  la rg e  gonophores. Specimens 

w ere embedded in  S p u rr’s  medium (S purr, 1969; Ladd R esearch In d u s t r ie s ,  

In c .) , Epon 812 (Ladd), and Epon 812 -A ra ld ite  506 (M ollenhauer, 1963; 

P o ly sc ien ce s). DMP-30 was th e  c a ta ly s t  norm ally  used w ith  Epon 812, 

a lth o u g h  DMP-10 was a l s o  used a long  w ith  prolonged i n f i l t r a t i o n  to  

im prove th e  i n f i l t r a t i o n  o f y o lk  and shrunken c e l l s  in  th e  la rg e  

o o cy tes  and embryos. S e c tio n in g  was c a r r ie d  o u t u s in g  g la s s  k n ives on 

a S o rv a ll  MT-1 o r a R e ic h e rt 0MU3 u ltram ic ro to m e . Some s e c t io n s  were 

mounted on form var co ated , 100 mesh, copper g r id s  and s ta in e d  8 m inu tes 

w ith  s a tu ra te d  aqueous u ran y l a c e ta te  and 8 m inu tes  w ith  Reynold’s  le a d
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c i t r a t e  (1963)* O ther s e c t io n s  w ere mounted on 200 and 300 mesh g r id s  

and s ta in e d  8 m in u tes  w ith  s a tu r a te d ,  aqueous u ran y l a c e ta te  and 10 

m in u tes  w ith  vanadium m olybdate (C allahan  and H orner, 1964). A ll 

s e c t io n s  w ere exam ined w ith  a P h i l ip s  200 tra n sm is s io n  e le c t r o n  

m icroscope. One m icro m eter th ic k  p l a s t i c  s e c t io n s  were s ta in e d  w ith  

R ichardson’s  s t a i n  (R ichardson  e t  a l . .  1960), to lu id ln e  b lue (1% 

s o lu t io n  in  1£ aqueous borax), o r Azure I I  (1$ aqueous). S ec tio n s  w ere 

mounted i n  im m ersion  o i l  and th e  cover s l i p s  rimmed w ith  c le a r  n a i l  

p o l is h  to  y ie ld  perm anent p re p a ra t io n s .



RESULTS

L ig h t Misr.p,3.Q.QML 

M allory-H eidenhain  ra p id  s t a i n  and Bouin’s f ix a t iv e  produced th e  

b e s t o v e ra l l  r e s u l t s  and provided  th e  m ost in fo rm a tio n  fo r  ro u tin e  l i g h t  

m icroscopy, in c lu d in g  o b se rv a tio n s  o f th e  i n i t i a l  germ c e l l s ,  gonophore 

developm ent, and th e  o o cy te -n u rse  c e l l  com plexes. These te ch n iq u e s  w ere 

e s p e c ia l ly  u s e fu l  in  o b se rv a tio n s  o f very  young gonophores. M ito tic  

f ig u r e s  w ere commonly found in  th e  ec to d erm al I - c e l l s  in  s e c t io n s  o f 

both  s p e c ie s  from th e  base o f racem es where th e  new gonophores form . 

I d e n t ic a l  c e l l s ,  some w ith  m i to t ic  f ig u r e s ,  w ere found among th e  

endoderm al c e l l s  o f  th e  s ta lk  and in  a  c lu s t e r  a t  th e  apex o f very  young 

gonophore buds (F ig s. 2 ,3 ). The s m a lle s t  a p ic a l  c lu s t e r  o f I - c e l l s  

c o n s is te d  o f 17 c e l l s ,  2 o f which had m ito t ic  f ig u re s .  Numerous o th e r  

gonophores w ere found w ith  20-25 a p ic a l  I - c e l l s  and 1 o r 2 m i to t ic  

f ig u re s ,  but no oocy tes. At t h i s  s ta g e  in  gonophore developm ent, th e re  

was no v i s ib l e  d i s t i n c t io n  betw een th e  d i s t a l  c e l l s  o f  th e  a p ic a l  

c lu s te r  th a t  would form  th e  entocodon and in n e r  ectoderm  and th e  

proxim al c e l l s  th a t  would develop in to  th e  germ c e l l s .  The c e l l s  o f 

th e  entocodon i n i t i a l l y  form a b la s tu l a - l i k e  b a l l  w hich f l a t t e n s  o u t to  

form th e  two la y e r s  o f th e  in n e r  ectoderm . The space o r g lockenhohle 

w ith in  th e  entocodon i s  u su a lly  occluded when th e  entocodon f l a t t e n s  

o u t. The opening rea p p ea rs  (F ig. 13) when th e  f i r s t  egg fo rc e s  th e  

la y e r s  o f th e  in n e r  ectoderm  a p a r t  c re a t in g  th e  su b u m b re lla r space.

The s m a lle s t  gonophore in  which an oocy te  was found co n ta in ed  o n ly  26 

c e l l s  in  th e  a p ic a l  mass.

26
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In  o ld e r , l a r g e r  gonophore buds th a t  c o n ta in  about 200 a p ic a l  

c e l l s ,  th e re  a re  60-75 oogonia w ith  n u c le i 7.5-8.0 pm in  d iam e te r , w h ile  

th e  rem ain in g  a p ic a l  c e l l s ,  which a re  c e l l s  o f th e  entocodon, have 

n u c le i  6.0-7.5 pm in  d iam ete r. In  a  gonophore o f t h i s  s iz e  as many as 

5 o o cy tes  (F ig . 5) have been counted. Oocytes a t  t h i s  tim e have n u c le i 

9.0-10.0 pm in  d iam e te r. There a re  a ls o  a t  l e a s t  2 and a s  many as  5 

m i to t ic  f ig u r e s  among th e  germ c e l l s  w hich a re  now organ ized  in to  a 

r e l a t i v e ly  d i s t i n c t  s t r u c tu r e ,  term ed th e  germ c e l l  mass.

The number o f  o o cy tes  in c re a s e s  a s  th e  c e l l s  o f  th e  germ c e l l  mass 

p r o l i f e r a t e  m i to t i c a l ly  and gonophores e n la rg e  (F igs. 6, 10).

D if fe re n t  gonophores have been found to  c o n ta in  a maximum o f 15-18 

oocy tes  in  th e  f i r s t  germ c e l l  mass. E ig h teen  oocy tes w ere counted in  

a germ c e l l  mass a s  sm a ll as  240 c e l l s .  Only th e  o o cy tes  develop th e  

ch rom atin  netw ork in d ic a t in g  th e  s t a r t  o f  m e io sis  and develop  d i s t i n c t  

g erm in a l v e s ic le s .  The p e r ip h e ra l  germ c e l l s  o r  oogonia co n tinue  to  

p r o l i f e r a t e  m i to t i c a l ly  and form  a germ c e l l  mass o f 1200-2000 c e l l s .

The n u c le i  o f  th e  p e r ip h e ra l  c e l l s  e n la rg e  and appear s im i la r  to  a 

sm a ll germ ina l v e s ic le .  However, t h e i r  n u c le i show no s ig n s  o f th e  

ch rom atin  o rg a n iz a tio n  seen  in  th e  o o cy tes  as  they  begin  prophase o f 

m e io s is  I .  These p e r ip h e ra l  germ c e l l s  a re  nu rse  c e l l s  t h a t  can be 

shown w ith  TEM to  be in te rc o n n e c te d  by i n t e r c e l l u l a r  b r id g e s  (F igs 8, 

28) .

B efore th e  f i r s t  egg has been produced in  a  gonophore, a second 

group o f 15-18 o o cy tes  and t h e i r  a s so c ia te d  nu rse  c e l l s  beg in  to  

develop (Fig. 12) in  th e  d i s t a l  p o r tio n  o f  th e  germ c e l l  mass. The 

i n t e r c e l lu l a r  b r id g e s  in  t h i s  second group o r g e n e ra tio n  o f germ c e l l s  

a re  too  sm a ll (0.55-0.70 pm) to  be re so lv e d  w ith  l i g h t  m icroscopy, bu t
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they  have been observed  w ith  TEM. A s in g le  gonophore o f  X  la rv n x  may 

c o n ta in  up to  fo u r  s e p a ra te  g roups o f germ c e l l s  o r  embryos a t  

d i f f e r e n t  developm ental s ta g e s :  p r o l i f e r a t i n g  oogonia, v i te l lo g e n ic

o o cy tes , e a r ly  c leav ag e , a c t in u la .  The much l a r g e r  gonophores o f  T. 

in d iv is a  have been found to  c o n ta in  a s  many a s  f iv e  d i f f e r e n t  

developm ental s ta g e s :  p r o l i f e r a t i n g  oogonia, sm a ll v i te l lo g e n ic

o o cy tes , la r g e  v i t e l lo g e n ic  o o cy tes , e a r ly  c leavage , a c t in u la .

Numerous o b s e rv a tio n s  o f  w hole m ounts and l iv in g  an im als  have re v ea le d  

no gonophores o f e i t h e r  s p e c ie s  c o n ta in in g  more th an  one a c t in u la .

Many gonophores o f  X  in d iv i s a  c o n ta in  two eggs and one had th re e .

Nurse c e l l  n u c le i  appear to  have a  dense la y e r  o f m a te r ia l  (F igs. 

6, 14) on th e  in s id e  o f  th e  n u c le a r  membrane when they  a re  f ix e d  and 

s e c tio n e d  f o r  l i g h t  m icroscopy. This dense la y e r ,  which i s  no t p re se n t 

in  th e  oocy tes (F igs. 9, 14) o r p r o l i f e r a t i n g  oogonia, was tho u g h t to  

re p re s e n t  th e  e a r ly  fo rm a tio n  o f h e te ro c h ro m a tin  w hich i s  abundant in  

th e  shrunken c e l l s ,  bu t i t  d id  n o t s t a i n  w ith  th e  Feu lgen  r e a c tio n .

The dense la y e r  was prom inent in  th e  n u rse  c e l l s  o f both  X  la rv n x  and 

X  in d iv is a  when B ouin 's and Zenker’s  f ix a t iv e s  w ere used and was 

d is t in g u is h a b le  w ith  th e  o th e r  f ix a t iv e s  fo r  l i g h t  m icroscopy, excep t 

O rth’s. No la y e r  was seen  on th e  in s id e  o f th e  n u c le a r  membrane o f th e  

n u rse  c e l l s  th a t  w ere f ix e d  f o r  TEM, e i t h e r  in  th e  m icrographs o r in  

one m icrom eter th ic k  p l a s t i c  s e c t io n s  (F igs. 31 * 32).

When th e  f i r s t  group o f o o cy tes  com plete v i t e l lo g e n e s i s  and 

commence to  fu se  in to  a s in g le  la rg e  oocy te , th e  c e n t r a l ly  lo c a te d  

n u rse  c e l l s  c lo se  to  th e  o o cy te s  have n u c le i  m easuring  about 15 pm in  

d iam ete r. The s m a lle r ,  p e r ip h e ra l  nurse c e l l s  have n u c le i  9-10 pm in  

d iam eter. B efore su sp en s io n  o f m i to s is  in  th e  second group o f germ
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c e l l s  in  a  gonophore, th e re  i s  no condensed la y e r  on th e  in s id e  o f  the. 

n u c le a r  membranes o f th e  p e r ip h e ra l  nu rse  c e l l s  and t h e i r  n u c le i a re  

ap p ro x im a te ly  7.5 pm in  d iam e te r. These c h a r a c t e r i s t i c s  a llow  th e  

d i f f e r e n t i a t i o n  and co u n tin g  o f  th e  c e l l s  o f  a d ja c e n t groups in  th e  

germ c e l l  mass o f a  gonophore. No s p e c ia l  in te rv e n in g  la y e r  o r 

cy to p la sm ic  b r id g e s  w ere found betw een a d ja c e n t groups o f germ c e l l s  a t  

d i f f e r e n t  s ta g e s  o f developm ent.

During grow th o f th e  f i r s t  g e n e tic  c o h o rt o f germ c e l l s  w ith in  a 

gonophore, th e  o o cy tes  a re  u s u a lly  s i tu a te d  a d ja c e n t to  th e  sp ad ix . 

However, in  th e  second and subsequen t groups to  develop  in  a gonophore, 

o o cy te s  a re  d isp e rse d  among t h e i r  n u rse  c e l l s  and numerous n u rse  c e l l s  

a re  p o s it io n e d  betw een th e  o o cy tes  and th e  sp ad ix . As th e  o o cy tes  o f 

each co h o rt o f  germ c e l l s  e n la rg e  d u rin g  v i t e l lo g e n e s i s ,  they  fo rc e  

n u rse  c e l l s  away from and to  th e  o p p o s ite  s id e  o f th e  spadi:% As a 

r e s u l t ,  i t  ap p ears  th a t  th e re  a re  few er c e l l s  in  th e  germ c e l l  mass on 

th e  s id e  o f th e  sp ad ix  w here th e  o o cy tes  develop  because th e  o o cy tes  a re  

l a r g e r  th an  th e  n u rse  c e l l s .  The o o cy tes  end up a d ja c e n t to  th e  sp ad ix  

which i s  presum ably th e  sou rce  o f n u t r ie n t s  w h ile  th e  n u rse  c e l l s  a re  

moved away from d i r e c t  c o n ta c t w ith  th e  sp ad ix  (F ig . 31)*

Near com ple tion  o f  th e  v i te l lo g e n ic  phase o f o o g en esis  s e v e ra l 

p ro cesses  o ccu r more o r  l e s s  s im u lta n e o u s ly  in  each  o o c y te -n u rse  c e l l  

complex, a lth o u g h  t h e i r  i n i t i a t i o n ,  d u ra tio n , and co n c lu s io n  a re  

somewhat v a r ia b le .  Two o f th e se  p ro cesses  a re  th e  engu lfm ent o f nu rse  

c e l l s  and tra n s fo rm a tio n  o f  nu rse  c e l l s  in to  shrunken c e l l s  a s  they  

d isch a rg e  t h e i r  cy top lasm , presum ably in to  th e  oocy tes . These 

p ro cesses  u s u a lly  occur s im u lta n eo u s ly , bu t in  a few gonophores o f 

polyps o f both  sp e c ie s  20-25? o f th e  n u rse  c e l l s  d isch a rg ed  t h e i r
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cytoplasm  b e fo re  engu lfm en t. T his has  on ly  been observed  in  th e  

p e r ip h p e ra l nu rse  c e l l s .  Engulfm ent o f  nurse  c e l l s  (F ig. 10) u s u a lly  

commences a f t e r  v i t e l lo g e n e s i s  i s  com plete and th e  o o cy tes  have s ta r t e d  

to  fu se  in to  a s in g le  oocy te. In  bo th  sp e c ie s , however, shrunken c e l l s  

have been observed  in  v i t e l lo g e n ic  o o cy tes  b e fo re  th e re  a re  any 

in d ic a t io n s  o f  oocy te  fu s io n . In  gonophores o f X* la rv n x . v i t u a l ly  a l l  

o f  th e  n u rse  c e l l s  appear to  be en g u lfed  by th e  oocy tes . Those no t 

en g u lfed  presum ably do n o t p e r s i s t  long  enough to  be d e te c te d  in  

s e c tio n e d  gonophores. In  1 . in d iv is a  m ost o f th e  n u rse  c e l l s  a re  

en g u lfed , but th e  ex cess  nu rse  c e l l s  from s e v e ra l  g e n e ra tio n s  o f 

o o cy te -n u rse  c e l l  com plexes accum ulate  w ith in  th e  gonophore a t  th e  base 

o f  th e  spad ix . The th i r d  s im u lta n e o u s ly  o c c u rrin g  p ro c e ss  i s  th e  

fu s io n  o f th e  15-18 o o cy tes  o f th e  complex in to  one la rg e  oocy te  

c o n ta in in g  a s in g le  germ ina l v e s ic le .  When th e  o o cy tes  beg in  to  fu se , 

th e  i n t e r c e l l u l a r  b r id g e s  (F ig. 7)» which re ac h  5-7 pm in  d ia m e te r  

d u rin g  v i te l lo g e n e s i s ,  expand and g ra d u a lly  d isap p ea r. When th e  fu sed  

oocyte  o f X* I n d iv is a  ru p tu re s  th rough  th e  in n e r  ectoderm  in to  th e  

su b u m b re lla r space, about 100-150 shrunken nurse  c e l l s  rem ain  a t  th e  

base o f th e  sp ad ix  along  w ith  th e  s e p ta l  c e l l s  th a t  w ere in te rm ix ed  

w ith  th e  germ c e l l s  o f  t h a t  complex. In  some gonophores o f X* in d iv is a  

th e re  a re  a lso  one o r two la rg e  a n u d e a te  c e l l u l a r  frag m en ts  (30-55 pm 

d iam ete r) t h a t  may re p re s e n t  p o r tio n s  o f oocy tes  th a t  d id  no t 

s u c c e s s fu l ly  f u s e .

At th e  base o f th e  sp ad ix  in  some gonophores o f X- in d iv is a .  th e r e  

a re  what appear to  be th e  rem ain s  o f ex cess  oocy te  n u c le i ,  which a re  

surrounded by a  sm a ll amount o f cytoplasm . In  T u b u la ria  only one o f th e  

n u c le i  o f th e  fu s in g  o o cy tes  s u rv iv e s  to  com plete m e io sis . The g e rm in a l
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v e s ic le s  o f th e  fu s in g  o o cy te s  seem to  d isap p e a r g ra d u a lly  and o n ly  5 o r 

6 o f  th e  o r ig in a l  15-18 a re  found in  s e r i a l  s e c t io n s  o f  oocy tes  th a t  

have a lm ost com pleted  fu s io n . No t r a c e  o f a b o r tiv e  g erm in a l v e s ic le s  

has been found in  th e  gonophores o f  1 . la ry n x . However, up to  12 o f 

w hat appear to  be vo ided  g e rm in a l v e s ic le s  have been found a t  th e  base o f 

th e  sp ad ix  i n  gonophores o f  2 . iM l v l s a . These "germ inal v e s ic le s "  a re  

n o t found in  gonophores in  w hich th e  l a t e s t  embryo has developed to  an 

a c t in u la  a lthough  th e  d isc a rd e d  s p e ta l  c e l l s  and n u rse  c e l l s  from 

se v e ra l o o c y te -n u rse  c e l l  com plexes may be found a t  th e  base o f  th e  

sp ad ix .

T rea tm en ts  used in  a t te m p ts  to  in c re a s e  th e  v i s i b i l i t y  o f th e  

i n t e r c e l l u l a r  b r id g e s  in  th e  o o c y te -n u rse  c e l l  com plexes w ere 

m a rg in a lly  s u c c e s s fu l  in  2 . in d iv is a  (F ig . 8), bu t f a i l e d  w ith  th e  

gonophores o f  2> la rv n x . Rapid d eh y d ra tio n  ( d i r e c t ly  from  w a te r to  95$ 

e th y l  a lco h o l) som etim es h ig h lig h te d  sm a ll  s e c t io n s  o f  th e  p e r ip h e ra l  

n u rse  c e l l s  i f  th e  gonophores were opened b e fo re  t r a n s f e r  to  a lco h o l.

The germ c e l l s  a r e  t i g h t l y  packed i n  th e  gonophores o f  2* la rv n x  and 

only s h o r t  s e c t io n s  o f  3-4 o o cy tes  could be a c c u ra te ly  mapped, even in  

s e r i a l  s e c tio n s . The germ c e l l s  a r e  much more lo o s e ly  packed in  th e  

gonophores o f  2 . in d iv is a  which a re  much la r g e r  th a n  th o se  o f 2* 

la rv n x . The l a r g e s t  o o c ty e -n u rse  c e l l  com plexes mapped in  2 . in d iv is a  

co n ta in ed  20j 22, and 45 c e l l s  a lth o u g h  many sm a lle r  s e c t io n s  o f o th e r  

com plexes w ere mapped (F igs. 18-21).

In  most o f  th e  o o cy te -n u rse  c e l l  com plexes each o f th e  ooctyes and 

c e n tr a l  n u rse  c e l l s  w ere connected by i n t e r c e l lu l a r  b r id g e s  to  3 o th e r  

c e l l s .  In  one in s ta n c e  2 o f th e  o o cy tes , no t connected to  each o th e r , 

w ere each connected to  4 o th e r  o o cy tes . In  a few o th e r  in s ta n c e s ,  one
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o ocy te  w ith  4 i n t e r c e l l u l a r  b r id g e s  was found in  each complex, b u t in  

m ost ca ses  th e  c e n te r  m ost and l a r g e s t  oocy te  o f a complex had only  3 

i n t e r c e l l u l a r  b r id g e s . In  some o f th e  com plexes th a t  w ere mapped, 

oocy tes  and nu rse  c e l l s  w ere found t h a t  co n ta in ed  2 n u c le i. Nurse 

c e l l s  th a t  a re  d i r e c t ly  connected to  o o cy tes  have l a r g e r  n u c le i  than  

p e r ip h e ra l  nu rse  c e l l s  and in  some ca se s  w ere d i f f i c u l t  to  d is t in g u is h  

from  oocyte n u c le i. The l a r g e s t  n u c le i  w ere u s u a lly  found in  o o cy tes  

in  th e  c e n te r  o f an o o cy te -n u rse  c e l l  complex.

The o o cy te -n u rse  c e l l  com plexes o f both  s p e c ie s  o f  T u b u la ria  

co n ta in ed  ap p ro x im ate ly  1200-2000 c e l l s .  S ince each oocyte  o r nurse 

c e l l  no rm ally  had on ly  one n u c le o lu s , counts w ere made o f th e  n u c le o li  

in  10 jam s e r i a l  s e c t io n s  o f  6 v i te l lo g e n ic  o o cy te -n u rse  c e l l  com plexes 

in  each sp e c ie s . In  X, la rv n x . com plexes con ta in ed  1233-1920 n u c le o l i  

(avg. 1521) and in  X  in d iv is a .  com plexes co n ta in ed  1293-1965 n u c le o li  

(avg. 1570). The e a r ly  embryos (20 c e l l s  o r le s s )  th a t  w ere observed 

co n ta in ed  a  s m a lle r  number o f shrunken c e l l s .  Seven embryos o f X  

la rv n x  co n ta in ed  798-2054 shrunken c e l l s  (avg. 1285) and th e  6 embryos 

o f X  in d iv is a  co n ta in ed  989-1532 shrunken c e l l s  (avg. 1287).

A utoradiography

The movement o f la b e le d  m o lecu les  from th e  en te ro n  o f in je c te d  

po lyps to  germ c e l l s  was much slo w er th an  expected  and was h ig h ly  

i r r e g u la r  in  both  o f th e  ex p erim en ts  u t i l i z i n g  t r i t i u m  la b e le d  

n u c le o tid e s . Two hours a f t e r  in je c t io n ,  none o f th e  la b e le d  n u c le o tid e s  

had reached  th e  racem es. At subsequent f ix a t io n  tim es  some racem es 

s t i l l  showed l i t t l e  o r no evidence o f r a d io ia c t iv e  m olecu les w h ile  

o th e rs  w ere h e a v ily  la b e le d . The i r r e g u la r  movement o f la b e le d  

m olecu les i s  p a r t i a l l y  c o n s is te n t  w ith  th e  r e s u l t s  from  th e  p r a c t ic e



F ig u re  1. X  l arynx* U nderw ater photograph (20 f e e t )  o f  sm a ll  colony. 
(X 1•5)
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F ig u re  2 . C laya l e p to s tv la .  L ig h t m icroscopy photograph o f 
gonophore c o n ta in in g  a  s in g le  o o cy te . (X 3300)
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F ig u re  3 la ry n x . L ig h t m icroscopy photograph o f  a  young gonophore 
c o n ta in in g  a sm a ll germ c e l l  mass (GCM), endoderm la m e lla  
(EL), and in n e r  ectoderm  (IE) w ith  a  m ig ra tin g  I - c e l l  in  th e  
endoderm. The sp ad ix  has  n o t y e t  pushed in to  th e  germ c e l l  
m ass. (X 600)
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Figure 4 . 2-  la ry n x . L ig h t m icroscopy photograph o f  a gonophore w ith  
a horseshoe-shaped  germ c e l l  mass (GCM) and sp ad ix  (SP).
(X 220)
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F ig u re  5 . J£. la ry n x . L ig h t m icroscopy photograph o f  two young
gonophores; one w ith  s e v e ra l o o cy te s  in  th e  e a r ly  prophase 
o f  m e io s is  (a rrow s) and th e  o th e r  w ith  a sm a ll germ in a l 
v e i s c le .  (X 670)
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F ig u re  6 . 2 .  i n d iv i s a . L ig h t m icroscopy photograph o f  an o o cy te -n u rse  
c e l l  oomplex th a t  c o n ta in s  a  s in g le  la rg e  oocy te  (0), 
s m a lle r  o o cy tes  (SO), and numerous nurse  c e l l s  (NC). A 
dense la y e r  (arrow ) i s  seen  on th e  in s id e  o f  th e  n u c le a r  
membrane. (X 730)
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F ig u re  7 2 ,  la rvm c. L ig h t m icroscopy photograph o f  an i n t e r c e l l u l a r  
b rid g e  between two o o c y te s . (X 800)
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F ig u re  8 X* in d iv ia a . L ig h t m icroscopy photograph o f a gonophore in  
which sh rin k ag e  has h ig h lig h te d  th e  i n t e r c e l l u l a r  b r id g e s  
(arrow s) betw een nurse  c e l l s .  (X 980)

i





F ig u re  9 . X. i n d iv i s a .  L ig h t m icroscopy photograph o f  an oocy te  w ith  
two n u c le i  (a rro w ). (X 620)
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F ig u re  10. £ .  la ry n x . L ig h t m icroscopy photograph o f a  gonophore
engu lfm ent o f  th e  shrunken c e l l s  (arrow ) by th e  o o cy tes  has 
begun. (X 300)
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F ig u re  11. X* la ry n x . A c tin u la  la r v a  c o n ta in in g  numerous shrunken 
c e l l s  (arrow ) w ith in  th e  endoderm. (X 260)
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F ig u re  12. 2 .  i n d l v i s a . L ig h t m icroscopy photograph o f  a  gonophore
c o n ta in in g  a  v i t e l lo g e n ic  o o cy te -n u rse  c e l l  complex (ONC) 
and two o o cy te s  o f  a young o o c y te -n u rse  c e l l  complex.
(X 500)
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F ig u re  13 . J£. la rv n x . L ig h t m icroscopy photograph o f  a gonophore
c o n ta in in g  an a c t in u la  (A) and egg (E) w ith in  th e  
su b u m b re lla r  space (SC) and a develop ing  o o c y te -n u rse  c e l l  
complex (ONC) on th e  sp a d ix . (X 166)
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F ig u re  14. X. i n d i v i s a . L ig h t m icroscopy photograph o f  a g erm in a l 
v e s ic le  (GV) a t  p e rip h e ry  o f  an oocy te . The la y e r  o f  
m a te r ia l  on th e  in s id e  o f  th e  n u c le a r  membrane o f  th e  nu rse  
c e l l s  (NC) i s  n o t seen  i n  th e  germ inal v e s ic le s .  (X 800)
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F ig u re  15. X. la r y n x . L ig h t m icroscopy photograph o f  a  gonophore th a t  
has ceased  p ro d u c tio n  o f  o o c y te -n u rse  c e l l  com plexes.
S e p ta l c e l l s  and unengulfed  n u rse  c e l l s  rem ain  on th e  
sp a d ix . (X 700)
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F ig u re  16. £ .  la ry n x .  L ig h t m icroscopy photograph o f  th e  m ale (M) and
fem ale gonophores o f  a  h erm ap h ro d itic  po lyp . (X 130)
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Figure 17 . JE. i n d lv ia a . L ine draw ing  o f  43 c e l l s  o f  an o o c y te -n u rse  
c e l l  complex. Three c e l l s  co n ta in ed  two n u c le i  and th re e  
c e l l s  had fo u r  I n t e r c e l l u l a r  b r id g e s .

( In  each l i n e  d raw ing th e  s iz e s  o f  th e  n u c le i  a re  in  
m icrom eters . The c e l l s  a r e  drawn to  show approx im ate  
r e l a t i v e  c e l l u l a r  volum e.)
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F ig u re  18. X. i n d iv i s a . L ine draw ing o f  22 c e l l s  o f  an o o cy te -n u rse  
c e l l  complex.
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F ig u re  19. X. i n d iv i s a .  L ine draw ing  o f  20 c e l l s  o f  an o o c y te -n u rse  
c e l l  complex.
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F ig u re  20. £  I n d iv is a .  L ine draw ing o f  17 c e l l s  o f  an o o cy te -n u rse
c e l l  complex.



2 1 .5

1 9 .0

20.0
1 6 .5

2 1 .5

23 .0
1 9 .5

20.0

2 4 .0

3 1 .0

1 9 .5

2 1 .5
1 9 .5

20.0

15-5



73

F ig u re  21. £ .  I n d iv i s a . L ine draw ing o f  13 and 11 c e l l s  o f  o o cy te -
n u rse  c e l l  com plexes.
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in je c t io n s  o f m ethylene b lu e -se a  w a te r  d u r in g  w hich some racem es w ere 

u n s ta in e d  w h ile  o th e rs  w ere h e a v ily  s ta in e d . However, d u rin g  p r a c t ic e  

in je c t io n s ,  m ethylene b lue  u s u a lly  reach ed  some o f th e  racem es o f each 

polyp w ith in  20 m inutes. There w ere no n o tic e a b le  d i f f e r e n c e s  i n  

r e s u l t s  o f  th e  two la b e l in g  ex p erim en ts  ru n  a t  d i f f e r e n t  te m p e ra tu re s ; 

o b se rv a tio n s  from both  experim en ts  have been combined.

Movement o f th e  3 H -labeled  u r id in e  to  th e  gonophores and germ c e l l s  

was ex trem ely  slow . No la b e le d  u r id in e  was d e te c te d  in  any o f th e  

racem es 2 hours a f t e r  in je c t io n .  A fte r  5 hours o f  in c u b a tio n , m ost 

r a d io a c t iv i ty  was lo c a l iz e d  in  th e  endoderm o f th e  s t a l k  and th e  sp ad ix  

o f th e  gonophore. Labeled m a te r ia l  appeared  to  be lo c a l iz e d  in  th e  

la rg e  v e s ic le s  o f  food and in  th e  cytoplasm  o f  th e  endoderm al c e l l s .  In  

a few gonophores te rm in a te d  a f t e r  5 hours o f in c u b a tio n , r a d io a c t iv i ty  

was d e te c ta b le  in  th e  cytoplasm  o f th e  f i r s t  g e n e ra tio n  o f  germ c e l l s  o f  

younger gonophores and in  th e  v i te l lo g e n ic  g e n e ra tio n  o f germ c e l l s  o f 

o ld e r  gonophores. No d e te c ta b le  d if f e r e n c e s  w ere noted betw een th e  

gonophores te rm in a te d  a f t e r  12 and 24 hours o f in cu b a tio n . At both  

sam ple p e rio d s  some o f  th e  gonophores w ere la b e le d  w h ile  o th e rs  w ere 

no t. A sm a ll amount o f la b e l  was s t i l l  p re se n t in  th e  sp ad ix  o f  th e  

la b e le d  gonophores w h ile  m ost la b e l  was in  th e  germ c e l l s .  Labeled 

u r id in e  became d e te c ta b le  in  th e  o o cy tes  and n u rse  c e l l s  a t  th e  same 

tim e  and no r a d io a c t iv i ty  was d e te c te d  in  th e  shrunken c e l l s .

Some o f th e  gonophores f ix e d  a f t e r  45 hours o f  in c u b a tio n  w ere 

s e c tio n e d  and s ta in e d  f o r  ro u tin e  h is to lo g y , b u t w ere no t coated  w ith  

em ulsion. These polyps w ere fed  f r e s h ly  ha tched  b r in e  shrim p a f t e r  24 

hours o f in cu b a tio n , but w ere in  poor c o n d itio n  a f t e r  45 hours. The 

gonophores th a t  were s e c tio n e d  showed s ig n s  o f d eg e n e ra tio n .



As in  th e  case o f u r id in e ,  no 3H -thym idine was d e te c te d  i n  th e  

gonophores o f  polyps f ix e d  a f t e r  2 hours o f in c u b a tio n . A la rg e  amount 

o f  la b e le d  n u c le o tid e  had reach ed  th e  gonophore a f t e r  5 hours o f 

in c u b a tio n , bu t m ost o f  i t  was s t i l l  in  th e  spad ix . A fte r  5, 8, 12, 

and 24 hours o f in c u b a tio n , n u c le i  o f  th e  p r o l i f e r a t i n g  germ c e l l s  in  

young gonophores fo rm ing  th e  f i r s t  o o c y te -n u rse  c e l l  complex (F igs. 22, 

23) w ere h e a v ily  la b e le d . In  th e  o ld e r  gonophores, on ly  th e  n u c le i  o f  

th e  p r o l i f e r a t in g ,  p r e - v i te l lo g e n ic  g e n e ra tio n  w ere la b e le d . No 

d if f e re n c e s  w ere noted  betw een th e  la b e l in g  o f th e  n u c le i  o f  th e  n u rse  

c e l l s  and o o cy tes  and no la b e l in g  was d e te c te d  in  th e  shrunken c e l l s .  

Label was d e te c te d  in  th e  eggs and e a r ly  c leavage  s ta g e s  o f  £ , 

in d iv is a .  bu t i t  was n o t p o s s ib le  to  d e te rm in e  i f  th e  la b e l  was on th e  

su rfa c e  membrane o f th e  d en se ly  packed v e s ic le s  o f  y o lk  o r in  th e  

cytoplasm  su rro u n d in g  th e  v e s ic le s  (F ig. 24).

Jteflnan i flgi pn E le c tro n  M icroscopy 

M o d ific a tio n s  in  th e  f ix a t io n ,  embedding, and s ta in in g  p ro ced u res  

produced some v a r ia t io n s  in  th e  u l t r a s t r u c tu r a l  appearance o f the  

gonophores and germ c e l l s .  B est o v e r a l l  r e s u l t s  w ere o b ta in ed  w ith  

gonophores th a t  w ere f ix e d  a t  pH 7.4 o r 7.6 and embedded in  EPON 812 

u s in g  DMP-10 as  th e  a c c e le r a to r .  The cytoplasm  was much l e s s  g ra n u la r  

and b e t t e r  p rese rv ed  a t  pH 7.4 o r  7.6; th e  m a tr ix  betw een th e  c r i s t a e  in  

m ito ch o n d ria  was u s u a lly  b e t t e r  p rese rv ed  a t  pH 7.8. I n f i l t r a t i o n  o f 

shrunken c e l l s  and y o lk  was g e n e ra lly  poor w ith  th e  EPON 8 1 2 -A ra ld ite  

506 m ix tu re  and th e  lum en o f  th e  sp ad ix  was o f te n  empty o f p la s t i c .  

S purr’s embedding medium, w hich was expected  to  y ie ld  th e  m ost r a p id  

p e n e tra t io n  o f t i s s u e  a s  a  r e s u l t  o f i t s  low v is c o s i ty ,  p e n e tra te d  

poorly  and p rov ided  th e  w o rs t su p p o rt. B est i n f i l t r a t i o n  and t i s s u e
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F ig u re  22 . X. la r y n x . A utorad iograph  o f  a  young gonophore from  a
polyp I n je c te d  w ith  Hj - thym id ine. The p r o l i f e r a t i n g  germ 
c e l l s  w ere la b e le d  (a rro w ). (X l|40)
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F ig u re  23 . .1. i n d i v i s a . A u to rad iograph  o f  a gonophore from  a  polyp 
in je c te d  w ith  H 3-thym idine. The p r o l i f e r a t in g  c e l l s  o f 
a  young o o c y te -n u rse  c e l l  complex w ere la b e le d  (a rro w ). 
(X 680)
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F ig u re  24 . X. in d i j r l s a . A u to rad iog raph  o f  an egg from  a polyp la b e le d  
w ith  H 3-thym idine. L abel (arrow ) i s  a s so c ia te d  w ith  yo lk  
v e s ic le s .  (X 730)
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su p p o rt was o b ta in e d  w ith  EPON 812 and pro longed i n f i l t r a t i o n  u s in g  DMP- 

10, a lth o u g h  th e  shrunken c e l l s  o f te n  moved s l i g h t l y  d u rin g  s e c tio n in g . 

No d i f f e r e n c e s  betw een f ix a t io n  a t  4°C and room te m p e ra tu re  (20-25°C) 

were n o ted .

Membrane bound d ro p le ts  2 .0-8.5 pm in  d ia m e te r , assumed to  be 

n u t r i e n t  m a te r ia l ,  w ere found in  th e  e n te ro n  (F ig . 25) o f th e  s t a l k  o f 

th e  gonophore and spad ix . The c e l l s  o f  th e  sp ad ix  a r e  f i l l e d  w ith  

th e se  v e s ic le s  and many v e s ic le s  a re  found p a r t i a l l y  en g u lfed  (o r 

p a r t i a l l y  e je c te d ) .  The lu m in a l su rfa c e  o f  th e  c e l l s  o f  th e  sp ad ix  

have numerous m ic r o v i l l i  (0 .5-2 .0  pm long) and f l a g e l l a  a re  

o c c a s io n a lly  p re se n t (F ig . 34). The lu m in a l ends o f a d ja c e n t 

endoderz a l  c e l l s  a re  connected  by a  ju n c t io n a l  complex. D isco id a l 

co a ted  v e s ic le s  a r e  abundant in  th e  cytoplasm  o f  th e  endoderm al c e l l s .

A homogeneous la y e r  o f cy toplasm  i s  u s u a lly  p re se n t in  th e  base o f th e  

c e l l s  o f  th e  sp ad ix  a d ja c e n t to  th e  secondary  m eso lam ella  th a t  

s e p a ra te s  th e  sp ad ix  from th e  germ c e l l  mass. The secondary  

m eso lam ella  i s  about 0.2 pm th ic k  and i s  p e n e tra te d  by pores 0.22-0.28 

pm in  d iam ete r. Sm all v e s ic le s  o f homogeneous cy top lasm  0.25-0.50 pm 

in  d ia m e te r  a re  d isp e rse d  among th e  germ c e l l s  and may form  a la y e r  

betw een them and th e  secondary  m eso lam ella  (F ig . 27). These v e s ic le s  

appear to  p ass  th rough  th e  p o res  i n  th e  secondary  m eso lam ella  (Fig.

26).

D uring th e  developm ent o f th e  o o cy te -n u rse  c e l l  com plexes, fo u r 

c a te g o r ie s  o f  germ c e l l s  a re  d is t in g u is h a b le  m o rp h o lo g ica lly  u s in g  

tra n sm is s io n  e le c t r o n  m icroscopy. These a r e  th e  p r e -v i te l lo g e n ie  germ 

c e l l s ,  v i t e l lo g e n ic  n u rse  c e l l s  w ith  sm a ll v e s ic le s  o f y o lk , 

v i te l lo g e n ie  o o cy tes  w ith  la rg e  v e s ic le s  o f  y o lk , and th e  en gu lfed  n u rse
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c e l l s  o r  shrunken c e l l s .  O b se rv a tio n s  o f  p r e - v i te l lo g e n ic  germ c e l l s  

app ly  to  th e  o o cy tes  and to  th e  n u rse  c e l l s .  These c e l l s  a re  

in d is t in g u is h a b le  u n t i l  v i t e l lo g e n e s i s  b eg in s  and th e  d if f e re n c e  in  th e  

s iz e  o f t h e i r  v e s ic le s  becomes a p p a re n t (F ig s . 31 , 3 2 , 3 5 ).

The p r e - v i te l lo g e n ic  germ c e l l s  o f  T u b u la r ia  a re  id e n t i c a l  to  

hydrozoan I - c e l  I s .  They a re  8 .0-8.5 pm in  d ia m e te r  and have n u c le i  3 .5-

4.0 pm in  d ia m e te r  w ith  1.5-1.7 pm n u c le o l i .  There i s  u s u a lly  no G olgi 

a p p a ra tu s  and th ey  have on ly  a few m ito ch o n d ria , and many ribosom es. As 

th e  p r e - v i te l lo g e n ic  germ c e l l s  o r  oogonia o f complex p r o l i f e r a t e  by 

m ito s is ,  they  do n o t com plete  c y to k in e s is  bu t rem ain  in te rc o n n e c te d  by 

cy to p lasm ic  b r id g e s  (F ig s . 28, 29) w ith  a  d iam e te r  o f  0.55-0.70 pm. 

L o n g itu d in a l s e c t io n s  o f i n t e r c e l l u l a r  b r id g e s  o f te n  re v e a l th e  

p resence  o f s e p ta te  desmosomes co n n ec tin g  th e  cy to p lasm ic  membranes o f 

th e  two c e l l s .  The s e p ta te  desmosomes betw een germ c e l l s  w ere only  

found in  c lo se  p ro x im ity  to  an i n t e r c e l l u l a r  b rid g e . W hile some 

s e c t io n s  o f  b r id g e s  la c k in g  a s s o c ia te d  desmosomes w ere encoun tered , 

most b r id g e s  betw een th e  p r e - v i te l lo g e n ic  germ c e l l s  had a t  l e a s t  one 

s e p ta te  desmosome; th re e  b r id g e s  w ere observed to  have a  desmosome on 

each s id e . In  one th in  s e c t io n ,  a s e p ta te  desmosome was encoun tered  

betw een a  very  e a r ly  v i te l lo g e n ic  germ c e l l  and one o f th e  c e l l s  o f  th e  

in n e r  ectoderm . Numerous b r id g e s  w ere d e te c te d  betw een sp e rm a tid s  in  

m ale gonophores, bu t no desmosomes w ere v i s ib le .  No c ro ss  s e c t io n s  o f 

i n t e r c e l l u l a r  b r id g e s  w ere en co u n tered  u s in g  TEM and th e  number and 

arrangem ent o f th e  desmosomes a s s o c ia te d  w ith  each i n t e r c e l l u l a r  b rid g e  

i s  n o t known. No desmosomes w ere d e te c te d  betw een la r g e r ,  v i t e l lo g e n ic  

germ  c e l l s  (F ig . 30).

Yolk was n o t seen  in  germ c e l l s  s m a lle r  th an  9.5 pm in  d iam e te r.
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These c e l l s  have n u c le i  4 .2-4.5 Jim and n u c le o l i  2 .0-2 .2  Jim in  d ia m e te r . 

I t  was n o t p o s s ib le  to  d is t in g u is h  betw een n u rse  c e l l s  and oocy tes  a t  

t h i s  s ta g e . In  young n u rse  c e l l s  th e  v e s ic le s  o f  y o lk  a re  0.24-0.40 Jim 

in  d iam e te r. As th e  n u rse  c e l l s  e n la rg e  they  e v e n tu a lly  produce 

v e s ic le s  th a t  a re  up to  1.4 Jim in  d iam e te r. In  th e  n u rse  c e l l s  th e re  

a re  no in d ic a t io n s  o f fu s io n  o f  th e se  v e s ic le s .  As v i te l lo g e n e s i s  

commences in  an o o c y te -n u rse  c e l l  complex th e re  i s  an  in c re a s e  i n  the  

number o f G olgi a p p a ra t i  and m ito ch o n d ria  in  th e  nu rse  c e l l s .  At t h i s  

tim e , th e  n u c le i  o f  th e  n u rse  c e l l s  a r e  o f te n  lo c a te d  n ear th e  p e rip h e ry  

o f  th e  c e l l  on th e  s id e  fa c in g  away from th e  o o cy tes . M itochondria  a re  

commonly found in  one o r  two c lu s t e r s  and th e  numerous G olgi a p p a ra t i  

a r e  c lu s te r e d  in  groups o f  f iv e  o r  l e s s .  Each G olgi ap p a ra tu s  i s  0 .7 -

1.0 pm long , c o n s is ts  o f  5-7 la m e lla e  abou t 0.2 Jim th ic k , and produces 

v e s ic le s  0.05-0.06 Jim in  d iam e te r . The i n t e r c e l l u l a r  b r id g e s  betw een 

th e  n u rse  c e l l s  n o rm ally  in c re a s e  in  d iam e te r  to  a maximum o f abou t 1.8-

2.1 jun, a lthough  one i n t e r c e l l u l a r  b rid g e  was 3 .4  um.

U sing TEM, th e  p rim ary  o o cy te s  and n u rse  c e l l s  a re  d is t in g u is h a b le  

when th e  v e s ic le s  o f  y o lk  commence to  fu se  in  th e  o o cy tes . There a re  

two s iz e  c la s s e s  o f  v e s ic le s  in  th e  o o cy tes  once fu s io n  s t a r t s .

S m a lle r  v e s ic le s  a r e  0 .5-1.6 Jim in  d ia m e te r  (F ig. 35) and a re  m ost 

abundant a t  th e  p e rip h e ry  o f th e  o o cy te s  n ea r th e  n u rse  c e l l s .  In  a 

l a rg e  prim ary  oocy te , m ost o f  th e  l a r g e r  v e s ic le s  a re  3.5-8.0 jim in  

d iam e te r  w ith  a few ap p ro x im a te ly  10 Jim. In  th e  o o cy te s , v e s ic le s  th a t  

a r e  in te rm e d ia te  betw een th e  two s iz e  c la s s e s  a r e  surrounded by a 

c lu s t e r  o f sm a ll v e s ic le s  (F ig . 36). As v i te l lo g e n e s i s  p ro g re sse s , th e  

oocy tes  become d en se ly  packed w ith  la rg e  v e s ic le s  o f y o lk  which a re  

e v e n tu a lly  se p a ra te d  by on ly  a  very  th in  la y e r  o f cytoplasm . In  one
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m icrom eter th ic k  p l a s t i c  s e c t io n s  o f th e  gonophores o f  X. la rv n x  th e re  

i s  a  d i s t i n c t  d i f f e r e n c e  i n  th e  s ta in in g  r e a c t io n s  o f  th e  two s iz e  

c la s s e s  o f  y o lk  v e s ic le s .  The s m a lle r  v e s ic le s  in  bo th  th e  n u rse  c e l l s  

and oocy tes  s t a i n  s tro n g ly  w ith  to lu id in e  b lue , w h ile  th e  l a r g e r  

v e s ic le s  in  th e  o o cy tes  o f th e  same p l a s t i c  s e c t io n  s ta in e d  l i g h t l y  or 

n o t a t  a l l  (F ig . 31). T his d i f f e r e n t i a l  s ta in in g  was n o t n e a r ly  as  

pronounced i n  X. in d iv is a  in  w hich th e  s m a lle r  v e s ic le s  d id  n o t s t a i n  

v e ry  s tro n g ly .

Engulfed n u rse  c e l l s  o r  shrunken  c e l l s  (F ig. 33) w ere found in  th e  

la rg e ,  fu s in g  o o c y te s  and la rv a e , and w ere en c lo sed  by a membrane.

Most o f  th e  shrunken c e l l s  view ed by TEM had been en g u lfed  s in g ly ,  b u t 

up to  th re e  w ere found w ith in  a s in g le  v e s ic le .  S e r ia l  p o ly e s te r  

s e c t io n s  re v e a le d  up to  12 shrunken c e l l s  in  a s in g le  v e s ic le  a lth o u g h  

m ost v e s ic le s  c o n ta in  1-M. The shrunken c e l l s  co n ta in ed  a  la r g e  amount 

o f h e te ro c h ro m a tin  in  t h e i r  n u c le i  and a  sm a ll amount o f cytoplasm  w ith  

a few v e s ic le s  o f  y o lk  0.5-0 .7  pm in  d iam ete r.

The m ic r o v i l la r  la y e r  found on th e  su rfa c e  o f th e  embryo app ears  

to  beg in  to  develop b e fo re  th e  o o cy tes  com plete fu s io n  and th e  s in g le ,  

fu sed  oocy te  ru p tu re s  th rough  th e  m anubria l la y e r  o f  th e  in n e r  ectoderm  

in to  th e  su b u m b re lla r  space . The m ic r o v i l la r  la y e r  on th e  s u rfa c e  o f 

th e  embryo i s  0.8-1.2 pm th ic k  and i s  m o rp h o lo g ica lly  id e n t i c a l  to  th e  

la y e r  o f periderm  on th e  o u ts id e  o f the gonophore. The two la y e r s  o f 

in n e r  ectoderm  have a  s im i la r  m ic r o v i l la r  la y e r  th a t  i s  0.5-0.70 pm 

th ic k  and i s  som etim es v i s i b l e  b e fo re  th e  opening o f  th e  su b u m b re lla r  

space. Both X* la ry n x  and X. ln d iv ls a  c o n ta in  s t r i a t e d  m uscle f ib e r s  

n o t found in  th e  m an u b ria l la y e r  o f th e  in n e r  ectoderm  covering  th e  

germ c e l l s .  The s e p ta l  c e l l s ,  which a t ta c h  th e  m anubria l la y e r  o f th e
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in n e r  ectoderm  to  th e  m eso lam ella  o f th e  sp ad ix , a re  commonly seen 

among th e  germ c e l l s  in  s e c t io n s  o f  th e  germ c e l l  mass. The s p e ta l  

c e l l s  a re  much l e s s  e le c tro n  dense th an  th e  germ c e l l s  (F ig . 28).



F ig u re  25 . X* la r y n x . E le c tro n  m icrograph  showing engu lfm ent o f
n u t r i e n t s  (N) by th e  c e l l s  o f  th e  sp ad ix  and th e  secodary  
m eso lam ella  (ML) s e p a ra t in g  th e  germ c e l l s  (GC) and sp ad ix  
(S P). (X 1800)
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F ig u re  26 . l a r y n x . M icrograph showing m a te r ia l  (arrow ) p a ss in g  
from th e  sp ad ix  to  th e  germ c e l l  mass (GCM). (X 2900)
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F ig u re  27 . 1 .  la r y n x . M icrograph o f  n u t r ie n t  v e s ic le s  (NV) n ex t to  
th e  secondary  m esolam ella.



w&siMSBSBmBm

. < ' I  !c • :r '- ;



94

F ig u re  28. 2 . la ry n x . M icrograph o f  i n t e r c e l l u l a r  b r id g e s  (arrow s)
betw een p r e v i te l lo g e n ic  germ c e l l s  and a  c ro s s  s e c t io n  o f  a 
s e p ta l  c e l l  (SC). (X 5400)
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F ig u re  29 . X. la ry n x . M icrograph o f  an i n t e r c e l l u l a r  b rid g e  w ith  a  
s e p ta te  desmosome (a rro w ). (X 10,800)
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F ig u re  30. £ .  la ry n x . M icrograph o f  an i n t e r c e l l u l a r  b rid g e  betw een
young v i t e l lo g e n ic  germ c e l l s .  (X 6700)
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F ig u re  31 • £ •  i n d iv i s a . One m icro m eter th ic k  p l a s t i c  s e c t io n  o f  nurse  
c e l l s  (NC) w ith  sm a ll v e s ic le s  o f  y o lk  and an o ocy te  (0) 
w ith  la rg e  and sm all v e s ic le s .  (X 830)
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F ig u re  32. X. la ry n x . M icrograph o f  a  n u rse  c e l l  (NC) w ith  sm a ll
v e s ic le s  o f  y o lk  and o o cy tes  (0) w ith  both  la rg e  and sm a ll 
v e s ic le s .  (X 3600)
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F ig u re  33. .1. la ry n x . M icrograph o f  a  shrunken c e l l  w ith  a  n u cleu s 
c o n ta in in g  h e te ro c h ro m a tin . (X 7000)
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F ig u re  34 . X. la r y n x . M icrograph o f  th e  sp ad ix  w ith  m ic r o v i l l i  and 
d is c o id a l  co a ted  v e s ic le s  (CV). (X 16,500)
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Figure 35. JE. laEZBX. M icrograph o f  e a r ly  v i te l lo g e n ic  germ c e l l s .  
(X 4300)
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F ig u re  36. £ .  la ry n x . M icrograph o f  an oocy te  in  w hich th e  sm a ll y o lk
v e s ic le s  appear to  fu se  to  form  th e  la rg e  y o lk  v e s ic le s  
found on ly  i n  th e  o o cy te s . (X 6100)
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DISCUSSION

A fte r  Weismanns work (1883) i t  seemed d e f in i t e ly  e s ta b l is h e d  th a t  

in  th e  Hydrozoa th e  germ c e l l s  have an  ec to d erm al o r ig in  and m ig ra te  to  

th e  gonophores, a lth o u g h  th e  germ c e l l s  have endoderm al o r ig in  in  th e  

Scyphozoa and Anthozoa acco rd in g  to  Cam pbell (1974), S zm an t-F ro e lich  jgt 

a l .  (1980), and Larkman (1983). O ther work on v a r io u s  hy d ro id s , 

in c lu d in g  s p e c ie s  o f T u b u la ria  by Koch (1876), H a rg i t t  (1909)» Liu and 

B e r r i l l  (1948), and B e r r i l l  (1961), seemed to  in d ic a te  th a t ,  i n  a t  

l e a s t  some h y d ro id s , germ c e l l s  have an  endoderm al o r ig in .  G oette  

(1907) concluded th a t  th e  sp erm ato g o n ia  in  Clava m u lt ic o rn ls  had an 

ec toderm al o r ig in  w h ile  th e  oogonia w ere d e riv ed  endoderm ally .

My o b s e rv a tio n s  on th e  fem ale  gonophores o f la rv n x  and £  

in d iv is a  in d ic a te  th a t  th e  oogonia a r e  d e riv ed  from u n d if f e r e n t ia te d  

c e l l s  ( I - c e l l  a) th a t  p r o l i f e r a t e  in  th e  ectoderm  o f th e  s t a l k  o f th e  

gonophore and w hich m ig ra te  in  th e  endoderm to  an a p ic a l  p o s i t io n  i n  th e  

gonophore bud. This c o n t r a s t s  sh a rp ly  w ith  th e  work o f Liu and B e r r i l l  

(1948) on 2 . c ro cea  and B en o it (1925) on 1 . BiesembryantliemujBi who 

re p o r te d  th e  d i r e c t  co n v ersio n  o f endoderm al c e l l s  in to  germ c e l l s  

w ith o u t m ig ra tio n . My o b se rv a tio n s , fo r  th e  most p a r t ,  ag ree  w ith  those  

o f Lowe (1926) who re p o r te d  th e  p r o l i f e r a t io n  o f I - c e l l s  in  th e  ectoderm  

o f th e  gonophore s t a l k  and subsequen t m ig ra tio n  to  th e  gonophore. 

However, she re p o r te d  th a t  th e  m ig ra tio n  o f I - c e l l s  o ccu rred  in  th e  

ectoderm  w h ile  I  found an  endoderm al m ig ra tio n . I t  i s  i n t e r e s t i n g  to  

co n s id e r th a t  th e  m ig ra tio n  o f th e  p r im o rd ia l germ c e l l s  from th e  

endoderm a t  th e  base o f  th e  a l l a n t o i s  and y o lk  sac  to  th e  germ ina l r id g e

112



113

in  v e r te b ra te s  i s  w e ll  e s ta b l is h e d ,  w h ile  i n  th e  " p r im itiv e "  and 

s t r u c tu r a l ly  s im ple hydrozoans th e  problem i s  b a s ic a l ly  u n reso lv ed .

Weismann’s (1883) d isco v e ry  o f germ c e l l  m ig ra tio n  in  h y d ro ids 

helped  to  s h i f t  th e  em phasis from th e  c e l l u l a r  la y e r  in  which 

rec o g n iza b le  germ c e l l s  f i r s t  appear, to  a ls o  in c lu d e  th e  c e l l u l a r  type 

from which they  o r ig in a te .  The o r ig in  o f hydrozoan germ c e l l s  has  been 

a c o n tro v e rs ia l  to p ic  and th e  s u b je c t  o f  numerous s tu d ie s  by many 

in v e s t ig a to r s .  The s o lu t io n  to  t h i s  problem  has been made e s p e c ia l ly  

d i f f i c u l t  s in c e  th e  s tu d ie s  have invo lved  in t e r p r e t a t i o n s  o f  a dynamic 

p ro cess  based la r g e ly  on th e  in fo rm a tio n  based on f ix e d  and s e c tio n e d  

m a te r ia l .  Even w here modern in v e s t ig a to r s  have ag reed  th a t  th e  c e l l s  

th a t  w i l l  form a gonophore bud o r  medusa bud a re  d e riv ed  from I - c e l l s ,  

th e re  i s  th en  th e  q u e s tio n  o f th e  o r ig in  o f th e  I - c e l l s .  B ierbach  and 

Hofmann (1973) argued t h a t  th e  lo c a l iz e d  accu m u la tio n s  o f I - c e l l s  th a t  

produce meudsa buds a re  d e riv e d  form I - c e l l s  p re se n t in  th e  ectoderm  o f 

th e  s to lo n s . B o u illo n  and W erner (1965)> on th e  o th e r  hand, co n sid e red  

th a t  lo c a l  so m atic  c e l l s  d e d i f f e r e n t ia te d  to  form th e  I - c e l l s  f o r  medusa 

developm ent.

In  th e  C n id a ria , acco rd in g  to  Campbell (1974, p. 152), "Germ c e l l s  

and t h e i r  accesso ry  c e l l s  a r i s e  from  i n t e r s t i t i a l  c e l l s ."  A dult 

hydrozoans m a in ta in  a  p r o l i f e r a t i n g  p o p u la tio n  o f  I - c e l l s  in  th e  

ectoderm  (Hyman, 1940; B o u illo n , 1968), however, th e se  I - c e l l s  o r ig in a te  

from th e  la r v a l  endoderm d u rin g  e a r ly  c leavage in  a t  l e a s t  some 

hydro ids. A ccording to  Nagao (1965) and Summers and Haynes (1969)» th e  

s m a lle r  c e l l s  produced from unequal d iv is io n s  o f  th e  la rg e  endoderm al 

c e l l s  become th e  I - c e l l s  and m ig ra te  to  th e  ectoderm  o f th e  la rv a .

W hile i t  i s  c le a r  from re c e n t  work on Hvdra th a t  th e  ec to d erm al I - c e l l s ,



r e g a rd le s s  o f  t h e i r  l a r v a l  o rg in , produce th e  germ c e l l s  under norm al 

c o n d itio n s  (B u rn e tt, D avis and R uffing , 1966; T arden t, 1974; Honegger, 

1981), t h i s  does n o t ho ld  in  th e  la b o ra to ry . Normandin (1960), Haynes 

and B u r n e t t  (1963)» D av is  _§£_&!.. ( 1966) ,  and B u r n e t t  (1966)  have

dem onstra ted  th e  d i f f e r e n t i a t i o n  o f  I - c e l l s  from  endoderm al c e l l s  under 

la b o ra to ry  c o n d itio n s . B u rn e tt a l .  (1964), a f t e r  t h e i r  work w ith  

Hydra v i r i d i s .  concluded th a t  th e re  can be no s e p a ra te  l i n e s  o f 

i n t e r s t i t i a l  c e l l s  to  form  th e  c n id o b la s ts ,  neurons, o r  germ c e l l s  

s in ce  endoderm al g land  c e l l s  can d e d i f f e r e n t i a t e  and produce a norm al, 

s e x u a lly  m ature polyp.

In  T u b u la ria . en larg em en t o f th e  o o cy tes  t h a t  have e n te re d  th e  

prophase o f m e io s is  I  does no t beg in  u n t i l  a f t e r  th e  m ig ra tin g  I - c e l l s  

reach  th e  apex o f  th e  gonophore. This makes i t  d i f f i c u l t  to  s e p a ra te  

th e  I - c e l l s  which develop in to  germ c e l l s  from  th e  I - c e l l s  which w i l l  

d i f f e r e n t i a t e  in to  n e m a to b la s ts , e s p e c ia l ly  when bo th  p ro cesses  occur in  

th e  same re g io n  o f th e  polyp. Lowe (1926) a ls o  no ted  t h i s  problem  in  ! ,  

l arynx and in  some o f my s e c t io n s  o f both  X- la ry n x  and T. in d iv i s a  

nem atocy tes w ere found among th e  germ c e l l s  in  young gonophores. A 

p o te n t ia l  s o lu t io n  to  t h i s  problem  may be to  s tu ay  h y d ro id s  in  w hich th e  

oocy tes  d i f f e r e n t i a t e  and beg in  th e  grow th phase o f m e io s is  I  d u rin g  or 

even b e fo re  m ig ra tio n . In  C lava le p to s tv la .  o o c ty es  w ith  a d i s t i n c t  

germ ina l v e s ic le  a re  f i r s t  d is t in g u is h a b le  in  th e  endoderm o f the  polyp, 

b e fo re  they  reach  th e  gonophores where they  m ature and a re  f e r t i l i z e d  

(H a rg it t ,  1906; H a rg i t t ,  1916; p e rso n a l o b se rv a tio n s ) . W assertha l 

(1973) found Eudendrium armatum an even b e t t e r  s p e c ie s  to  study  s in c e  

th e  o o c ty es  beg in  to  e n la rg e  b e fo re  m ig ra tio n  commences. He found the  

young o o cy tes  grow ing in  th e  ectoderm  o f th e  hyd rocau lus ( s t a lk  o r  stem
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of the  polyp) su rrounded  by n em atocy tes  in  v a r io u s  s ta g e s  o f  nem atocyst 

developm ent. L a te r  s ta g e s  o f oocy te  grow th w ere found in  th e  ectoderm  

o f the  gonophore s ta lk ,  b u t a t  some lo c a t io n  they  p e n e tra te  the  

m eso lam ella  o f th e  gonophore and com plete  o o g enesis  in  th e  endoderm o f  

the  gonophore.

David and C h a llo n er (1974) used th e  t h io l a c e t i c  a c id - le a d  n i t r a t e  

s ta in in g  tech n iq u e  o f Lentz and B u rn e tt (1961) to  lo c a te  th e  develop ing  

nem atocytes in  i n t a c t  hydra. I t  m ight be p o s s ib le  to  develop  a  s im i la r  

h is to c h e m ic a l tech n iq u e  to  d i f f e r e n t i a t e  th e  n em a to b la s ts  and 

nem atocytes from th e  e a r ly  germ c e l l s .  T his i s  e s p e c ia l ly  f e a s ib le  in  a 

hydroid  such as  Eudendrium armatum where a m orpho log ical d i s t i n c t io n  

betw een th e  two ty p es  develops q u ick ly . This tech n iq u e  could  th e n  be 

a p p lie d  to  h y d ro ids such  a s  T u b u la rla  in  w hich th e re  seem to  be no 

m orpholog ical c h a ra c te r s  o r  s im p le  s ta in in g  te c h n iq u es  to  d i f f e r e n t i a t e  

young germ c e l l s  and n em a to b la s ts . I t  m ight then  be p o s s ib le  to  

d e te rm in e  young germ c e l l s  and n em a to b la s ts . I t  m ight th en  be p o s s ib le  

to  d e te rm in e  th e  lo c a t io n  o f germ c e l l  o r ig in  in  l iv in g  T ubu larla . 

Campbell (1974, p. 152) co n s id e red  th e  problem  o f th e  germ ina l 

i n t e r s t i a l  c e l l s  and concluded th a t ,  " i t  i s  g e n e ra lly  im p o ss ib le  to  

a s se s s  th e  o rg in  o f  a  c e l l  type w hich cannot be d is t in g u is h e d  from o th e r  

i n t e r s t i t i a l  c e l l s ,  a t  l e a s t  by c l a s s i c a l  h i s to lo g ic a l  tech n iq u es  

em ployed."

In  a d d it io n  to  th e  q u e s tio n  o f th e  lo c a t io n  o f o r ig in  o f  th e  germ 

c e l l s ,  a number o f o th e r  problem s concern ing  hydrozoan re p ro d u c tio n  have 

n o t been re so lv e d , in  s p i t e  o f numerous s tu d ie s .  These q u e s tio n s  

in c lu d e  th e  c e l l u l a r  type from  which germ c e l l s  o r ig in a te  and w hether 

o r no t th e  germ c e l l s  a c tu a l ly  m ig ra te  to  th e  gonophores and a re  no t
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fo rm a tio n  o f  th e  entocodon. In  many sp e c ie s  i t  i s  no t known i f  th e  

entocodon develops in  th e  ectoderm  o r  endoderm and w hether the  germ 

c e l l s  develop  from  th e  entocodon o r  have a  s e p a ra te  o r ig in .  W hile 

th ese  to p ic s  a re  no lo n g e r  a s  c o n tro v e rs ia l  as  they  w ere in  th e  l a t e  

1800's and e a r ly  1900's, th e  w ide v a r ie ty  o f  r e s u l t s ,  som etim es w ith  

the  same s p e c ie s , i s  troublesom e. R eso lu tio n  o f th e  in c o n s is te n c ie s  in  

th e  in t e r p r e t a t i o n s  have been made d i f f i c u l t  s in c e  a l l  o f th e  

in v e s t ig a to r s  have used f ix e d  and se c tio n e d  m a te r ia l  to  i n t e r p r e t  

dynamic p ro cesses .

The p re se n t r e s u l t s  on germ c e l l  movement and o r ig in  a re , 

u n fo r tu n a te ly , a ls o  based on c ir c u m s ta n t ia l  ev idence and 

in te r p r e ta t io n s  o f  f ix e d  and s e c tio n e d  m a te r ia l .  E xam ination  o f  my 

specim ens o f £ . la ry n x  and £ . in d lv ls a  has in d ic a te d  th a t  th e  m ajor 

s i t e  o f  I - c e l l  p r o l i f e r a t i o n  i s  th e  ectoderm  a t  th e  base o f th e  

gonophores. Between th e  s i t e  o f  I - c e l l  p r o l i f e r a t io n  and th e  apex o f 

th e  gonophore bubs, s in g le  and groups o f 2 -4  I - c e l l s  a re  abundant in  

th e  endoderm. These endoderm al I - c e l l s  appear to  be in  th e  p ro cess  o f  

m ig ra tin g  to  th e  apex o f th e  gonophore bud a f t e r  having  been produced 

in  th e  ectoderm  a t  the  base o f th e  gonophore. Endodermal I - c e l l s  were 

r a r e  in  o th e r  a re a s  o f  th e  polyps in c lu d in g  th e  d i s t a l  p o r tio n s  o f  th e  

racem es which c o n ta in  on ly  o ld e r  gonophores. At th e  apex o f th e  

gonophore buds th e  I - c e l l s  accum ulate  and p r o l i f e r a t e  in  th e  endoderm 

on th e  in s id e  o f  th e  m eso lam ella  th a t  s e p a ra te s  th e  endoderm and 

ectoderm . The entocodon and germ c e l l  mass which form th e se  a p ic a l  I -  

c e l l s  a re  t h u s b o t h  endoderm al s t r u c tu r e s .  B rauer (1981), w orking  w ith  

1. mesembryanthemum. and Lowe (1926), w orking w ith  T. la n m x , a ls o
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re p o rte d  th a t  th e  germ c e l l s  o r ig in a te  in  th e  ectoderm  a t  th e  base o f 

th e  gonophores. However, both o f th e se  in v e s t ig a to r s  a ls o  agreed  th a t  

the  entocodon and th e  germ c e l l s  developed in  th e  ectoderm  a t  the  apex 

o f th e  gonophores. W hile B rauer re p o rte d  th a t  th e  germ c e l l s  m ig ra ted  

in  th e  endoderm, Lowe found an ec to d erm al m ig ra tio n  in  X, la ry n x , one o f 

th e  sp e c ie s  in  w hich I  am r e p o r t in g  an endoderm al m ig ra tio n .

O bviously, b e t t e r  tech n iq u es  and more than  c ir c u m s ta n t ia l  ev idence a re  

re q u ire d  to  re so lv e  t h i s  problem .

T u b u la rla  la ry n x  and £ . I M l v l s a  produce la rg e ,  yolky eggs {about 

410 pm and 700 pm re s p e c t iv e ly )  and brood th e  embryo w ith in  the  

gonophore to  an a c t in u la  b e fo re  th e  la r v a  i s  r e le a se d . The r e s u l t s  o f 

H a rg it t  (1919) and Rees (1957) in d ic a te  th a t  th e  sp e c ie s  o f  h y d ro ids 

w ith  la rg e  polyps produce r e l a t i v e ly  la rg e  eggs, u s u a lly  g r e a te r  than  

200 pm in  d iam ete r. These sp e c ie s  in c lu d e  c o lo n ia l  hydro ids such as  

P ennaria . Hvbocodon and T u b u la rla  which Rees c o n s id e rs  to  be 

e s s e n t i a l ly  s o l i t a r y ,  and th e  s o l i t a r y  hydro ids in c lu d in g  Corvmorpha 

and Hydra. On th e  o th e r  hand, m ost o f  th e  c o lo n ia l  s p e c ie s , in c lu d in g  

O belia . C am panularia.- _Claya. O onothyrea. and Jfcdr.ag.UJi a > have sm a ll 

polyps and produce r e l a t i v e ly  sm a ll eggs th a t  a re  l e s s  th an  170 pm in  

d iam eter. H a rg it t  (1919) a lso  noted  th a t  d u rin g  o o g en esis  in  th e  

sp e c ie s  t h a t  produce la rg e  eggs, numerous excess o o cy tes , which a re  a 

type o f accesso ry  c e l l ,  a re  produced and consumed by th e  r e l a t i v e ly  few 

grow ing o o cy tes  in  each gonophore. However, th e  sp e c ie s  th a t  produced 

sm all eggs a re  ap p a re n tly  no u rish ed  d i r e c t ly  from th e  e n te ro n  w ith o u t 

any accesso ry  c e l l s .

A v a r ie ty  o f accesso ry  c e l l s  have been d esc rib ed  and th e  

p a r t ic ip a t io n  o f accesso ry  c e l l s  o f so m atic  o r ig in ,  o r  f o l l i c l e  c e l l s ,
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e s p e c ia l ly  d u r in g  v i t e l lo g e n e s i s ,  i s  known in  many a n im a ls , in c lu d in g  

v e r te b ra te s .  B alinsky  (1975) re p o r te d  f o l l i c l e  c e l l s  and o o cy tes  w ith  

i n t e r d i g i t a t i i n g  p ro cesses  in  a l l  v e r te b ra te s  th a t  have been s tu d ie d , 

w ith  th e  oocyte s u rfa c e  ty p ic a l ly  p o sse ss in g  numerous m ic ro v i l la r  

p ro je c tio n s  (Anderson, 197*0. These p ro je c t io n s  in c re a s e  th e  s u rfa c e  

a re a  o f c o n ta c t betw een th e  p lasm a membranes o f th e  oocyte  and i t s  

f o l l i c l e  c e l l s  w hich p rov ide  an  exogenous so u rce  o f  yo lk . A ll o f  th e  

m a te r ia l  u t i l i z e d  by th e  o o cy tes  a re  no t produced by th e  f o l l i c l e  c e l l s  

which may a c t  a s  a b a r r i e r  betw een th e  oocy tes  and o th e r  exogenous 

sou rces o f n u t r ie n ts .  B e l la i r s  (1965, p. 215) re p o r te d , "In  th e  a d u lt  

hen each oocy te  i s  surrounded  by a cap su le  o f  f o l l i c l e  c e l l s  and a l l  

th e  raw m a te r ia ls  t h a t  e n te r  th e  o o cy tes  m ust p ass  th rough  th i s  

c a p s u le ."

Not a l l  o f th e  so m atic  a ccesso ry  c e l l s  develop  in t e r d l g i t a t i o n s  

w ith  th e  o o cy tes  fo r  th e  passage o f n u t r i e n t s .  At l e a s t  some l i z a r d s  

develop an o th e r  type o f f o l l i c l e  c e l l ,  th e  p y rifo rm  c e l l  (Naeves, 1971; 

Taddei, 1972). P yrifo rm  c e l l s  a re  unusual in  th a t ,  w h ile  they a re  

som atic  c e l l s ,  they  develop  i n t e r c e l l u l a r  b r id g e s  w ith  th e  oocytes. 

These b rid g e s  w ere n o t found in  sm all f o l l i c l e s  and a re  though t to  form  

se co n d a rily , as  th e  o o cy tes  grow, and n o t a s  a r e s u l t  o f incom ple te  

c y to k in e s is . Neaves re p o r te d  a system  o f  about 10,000 py rifo rm  c e l l s  

su rround ing  each oocyte and su g g ested  th a t  th e  p y rifo rm  c e l l s  fu n c tio n  

in  th e  m ain tenance o f dorm ant o o cy tes  s in c e  they  d isa p p e a r  b efo re  th e  

o n se t o f  yo lk  accum ulation .

W hile accesso ry  c e l l s  o f  germ l i n e  o r ig in ,  u s u a lly  term ed n u rse  

c e l l s ,  have no t been re p o r te d  in  v e r te b ra te s ,  numerous in v e s t ig a to r s  

have re p o rte d  i n t e r c e l l u l a r  b r id g e s  betw een th e  o o cy tes  in  mammalian
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o v a rie s . Such i n t e r c e l l u l a r  a s s o c ia t io n s  have been re p o r te d  in  humans 

(S tegner, 1967; Gondos, 1973)* m ice (Ruby s i  M.** .1969), r a t s  (F ranch i 

and Mandl, 1962), h am ste rs  (Weakly, 1966, 1967), and r a b b i t s  (Zamboni 

and Gondos (1968). Zamboni and Gondos su g g est t h a t  th e  i n t e r c e l l u l a r  

b rid g es  may accoun t f o r  th e  synchronoous d i f f e r e n t i a t i o n ,  m a tu ra tio n , 

and d e g e n e ra tio n  o f groups o f germ c e l l s  and th a t  s y n c y tia  o f germ 

c e l l s  may form in  a l l  mammals. They a lso  s p e c u la te  th a t  th e  o o cy tes  

th a t  su rv iv e  may be th e  ones t h a t  com plete  c y to k in e s is .  Baker (1963) 

re p o rte d  th a t  in  humans l e s s  th an  one o o cy te s  in  20 s u rv iv e s  to  th e  age 

o f seven y e a rs . McReynolds £ t  j_i. (1984) re p o r te d  th e  p resence o f 

m ito ch o n d ria  and ribosom es in  th e  cy top lasm  o f th e  b r id g e s  and 

suggested  th a t  they  may a llo w  th e  exchange o f o rg a n e lle s  and n u t r ie n ts .

I t  i s  in te r e s ln g  to  s p e c u la te  th a t  perhaps one oocy te  in  each c lu s t e r  

su rv iv e s , w h ile  th e  rem ain in g  o o cy tes  fu n c tio n  a s  nu rse  c e l l s  b e fo re  

d eg en e ra tin g .

A wide v a r ie ty  o f ty p es  o f accesso ry  c e l l s  o f  germ l i n e  and 

so m atic  o r ig in  a re  known from d i f f e r e n t  groups o f in v e r te b ra te s ,  

in c lu d in g  a s c id ia n s  which have been s tu d ie d  by Tucker (1942), K essel 

and Kemp (1962), and B e r r i l l  (1975). A scid ians develop both  an o u te r  

f o l l i c u l a r  e p ith e liu m  and a  la y e r  o f t e s t  c e l l s  d u rin g  oogenesis. The 

p rim ary  f o l l i c l e  c e l l s  a re  d e riv e d  from th e  germ in a l e p ith e liu m , from 

which th e  o o cy tes  a ls o  d i f f e r e n t i a t e .  The t e s t  c e l l s  d i f f e r e n t i a t e  

from the  c e l l s  o f th e  p rim ary  f o l l i c l e  and p e n e tra te  in to  the  

s u p e r f ic ia l  cy toplasm  o f th e  oocy te , in c re a s in g  th e  su rfa c e  a re a  o f 

co n tac t. Both th e  t e s t  c e l l s ,  w hich a re  e v e n tu a lly  ex tru d ed  from  th e  

oocyte , and th e  f o l l i c l e  c e l l s  pass n u t r i t i v e  m a te r ia l  to  th e  oocyte. 

S ince th e  u n s p e c ia liz e d  germ in a l e p ith e liu m  produces th e  o o cy te s  and
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th e  f o l l i c l e  c e l l s ,  B e r r i l l  (1961) c o n s id e red  th e  f o l l i c l e  c e l l s  to  be 

descenden ts o f  a b o r t iv e  o o cy tes . I f  t h i s  re a so n in g  w ere a p p lie d  to  

hydrozoans, th e  c n id o b la s ts  could  be co n sid e red  to  be descended from 

a b o r tiv e  o o cy tes  s in c e  th ey  a ls o  d i f f e r e n t i a t e  from I - c e l l s .  However, 

B e r r i l l  (1975) re p o r te d  th a t  t o t i p o t e n t  c e l l  ty p es  e x i s t  in  tu n ic a te s  

and no d i s t i n c t  germ l i n e  had y e t  been dem onstra ted .

P ro je c tio n s  o f f o l l i c u l a r  c e l l s  p e n e tra te  in to  th e  o o cy te s  o f  th e  

copepod, L ab idocera  a e s t ly a .  acco rd in g  to  B lad es-E ck e lb a rg e r and 

Youngbluth (1984), bu t a  much more e x te n s iv e  p e n e tra t io n  i s  found in  

th e  decapod cephalopoda. Arnold and W illiam s-A rn o ld  (1977) re p o rte d  

th a t  th e  c e l l s  o f  th e  f o l l i c u l a r  e p ith e liu m  p r o l i f e r a t e  m i to t i c a l ly  and 

th a t  f o ld s  o f  t h i s  t i s s u e ,  c o n s is t in g  o f  numerous f o l l i c l e  c e l l s ,  

p e n e tra te  deep ly  in to  th e  o o cy tes . The i n t e r d i g i t a t i o n s  trem endously  

in c re a se  th e  s u rfa c e  a re a  o f c o n ta c t betw een th e  f o l l i c u l a r  e p ith e liu m  

and th e  plasm a membrane o f th e  oocy te . In  a d d it io n , th e  f o l l i c l e  c e l l s  

develop m u lt ip le  n u c le o l i  and a l a r g e r  nuc leu s  to  cy toplasm  r a t i o  and 

e v e n tu a lly  form  a syncytium  su rro u n d in g  th e  o ocy te . A utoradiography 

w ith  3r- le u c in e  was used by Selman and W allace (1972) to  dem o n stra te  

th a t  th e  f o l l i c l e  c e l l s  a re  th e  m ajo r s i t e  o f p ro te in  s y n th e s is  in  th e  

f o l l i c l e  c e l 1 -oocy te  complexes in  L o lig o  p j i a l s i .

In  some s p e c ie s  o f tu r b e l l a r i a n s  and in  a few narcom edusae, th e  

f o l l i c u l a r  e p ith e liu m  has been reduced to  a s in g le  a cesso ry  c e l l  which 

su rrounds th e  oocy te . Newton (1970), w orking w ith  a f re s h w a te r  

tu r b e l la r ia n ,  Hvdrolim ax g r is e a .  found th a t  one o f th e  accesso ry  

parenchym al c e l l s  com ple te ly  en v elo p s a grow ing oocy te  and th a t  bo th  

n u t r i t i o n  by d i f f u s io n  and f e r t i l i z a t i o n  tak e  p lace  through  th e  

accesso ry  c e l l .  A s im i la r  developm ent was n o tic e d  in  th e  m arine
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tu r: s l l a r i a n ,  A lau rin a  eom poalta (p e rso n a l o b se rv a tio n ) . B e r r i l l  

(1950) d e sc rib e d  work by a  number o f in v e s t ig a to r s  in c lu d in g  Bigelow 

(1909) on .EgganfcM sm arvgd ina  and M etsch n ik o ff (1886) on _Cunina 

probosc ldea . both  o f w hich a re  narcom edusae. In  bo th  s p e c ie s  a 

s p e c ia l iz e d  "nurse c e l l " ,  th e  phorocy te , whose o r ig in  i s  unknown, 

su rrounds th e  oocy te  and e a r ly  em bryonic s ta g e s . The n u cleu s o f  th e  

phorocyte o f  Cunina was l a t e r  in c o rp o ra te d  in to  th e  embryo. The 

phorocy tes o f Pegantha become m u lt in u c le a te ,  bu t t h e i r  f a t e  was no t 

d esc rib ed . Davidson (1968) m entioned th a t  c e r ta in  a n n e lid s  develop  two 

"nurse c e l l s "  w ith  p o ly ten e  n u c le i  a lo n g  w ith  each oo cy te , bu t d id  no t 

m ention the  s p e c ie s .

The a ccesso ry  c e l l s  d e sc rib e d  above have n o t been d em o n stra ted  to  

come from th e  same c e l l  l i n e  a s  th e  o o cy tes  w ith  w hich they  a re  

a s s o c ia te d  and, a lth o u g h  th ey  a re  som etim es r e f e r r e d  to  a s  n u rse  c e l l s ,  

a re  more a c c u r ra te ly  co n s id e red  f o l l i c l e  c e l l s  ( B e r r i l l  and Kapp,

1976). However, numerous exam ples a ls o  e x i s t  o f a ccesso ry  c e l l s  o f  

germ l in e  o r ig in  th a t  p a r t i c ip a te  in  th e  n u t r i t i o n  o f  th e  oocy te  o r 

embryo.

Thorson (1950) re p o r te d  exam ples o f embryos w ith  n o n -p e lag ic  

developm ent th a t  feed  on n u rse  eggs in  c r in o id s ,  o p h iu ro id s , 

p o ly ch ae ts , nem erteans, and prosobranchs. In  t h i s  method o f  em bryonic 

n u t r i t io n ,  a  la rg e  number o f  eggs a re  d e p o s ited  to g e th e r ,  bu t only  a 

few develop in to  embryos. The nu rse  eggs a re  devoured by th e  embryos 

b e fo re  they ha tch . The extrem e exam ple was th e  prosobranch  m o llusc , 

V o lu to p sis  no rveg ica . in  w hich he re p o r te d  t h a t  50,000-100,000 nurse  

eggs a re  consumed by a s in g le  embryo.

In  o th e r  in v e r te b ra te s ,  th e  o o cy tes  t h a t  do n o t com plete
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development a re  used  as nourishm ent fo r  th e  develop ing  o o cy te s .

P o llo ck  (1975) m entions t h i s  p ro c e ss  in  ta r d ig r a d s  and d e s c r ib e s  th e  

a b o r tiv e  o o cy tes  fu n c tio n in g  as "nurse c e l l s "  w h ile  F e l l  (1969) r e p o r ts  

th a t  th e  oocy tes  in  th e  sponge, H a lic lo n a  e c b a s is . e n g u lf  whole nurse 

c e l ls .  However, in  both  ta r d ig r a d s  and sponges th e  en g u lfed  c e l l s  w ere 

no t d i r e c t ly  connected  to  th e  o o cy tes  by i n t e r c e l l u l a r  b r id g e s . I f  we 

d e fin e  th e  term  n u rse  c e l l  to  in c lu d e  on ly  th o se  c e l l s  o f germ l i n e  

o r ig in  and connected  by i n t e r c e l l u l a r ,  cy to p la sm ic  b rid g e s  to  th e  

s u c e s s fu l  oocy te  (Anderson, 197^, B e r r i l l  and Kemp, 1976; Browder,

1980), th en  we a r e  l e f t  needing a term  fo r  th e  accesso ry  c e l l s  o f  germ 

l i n e  o r ig in  w hich la c k  i n t e r c e l l u l a r  b r id g e s  to  th e  o o cy te s  and have 

n o t com pleted  m e io s is . P o llo ck  (1975) used th e  term  a b o r tiv e  o o cy te s  

w h ile  Raven (1961) c a l le d  them n u rse  c e l l s  o r  n u tr im e n ta ry  eggs and 

co n sid e red  them to  be a b o r t iv e  germ c e l l s .  H a rg it t  (1919) a ls o  

m entioned th e  problem  o f  accesso ry  c e l l s  which a re  c a l le d  n u rse  c e l l s ,  

but w hich a re  "consumed in s te a d  o f  p re p a rin g  food", b u t d id  n o t su g g est 

an a l t e r n a t iv e .  The te rm , n u t r i t i v e  o o cy tes , which has a lre a d y  been 

used (S p ra ck lin , 1978), s t i l l  appears a p p ro p r ia te  s in c e  i t  im p lie s  

both th e  fu n c tio n  and th e  s ta g e  o f m e io s is .

The most h ig h ly  o rg an ized  developm ent o f accesso ry  c e l l s  i s  found 

in  th e  sp e c ie s  in  which t ru e  n u rse  c e l l s ,  p o sse ss in g  i n t e r c e l l u l a r  

b r id g e s  to  th e  oocy te , a r e  produced d u rin g  o o g enesis  and p rov ide  th e  

o o cy tes  w ith  n u t r ie n ts .  This type of germ c e l l  n u t r i t i o n  i s  b e s t  known 

from th e  in s e c ts  w hich have evolved two d i f f e r e n t  ty p es  o f m e ro is t ic  

o v a r ie s , p o ly tro p ic  and t e lo t r o p ic ,  as  w e ll  as  th e  p a n o is t ic  o v a r ie s  

which do no t c o n ta in  nu rse  c e l l s  (Davidson, 1968). In  th e  t e lo t r o p ic  

o v a r ie s  th e  n u rse  c e l l s  a re  connected to  th e  oocy tes  by a long
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n u t r ie n t  cord. W oodruff and Anderson (1984) have used m ic ro in je c te d  

dyes to  d em o n stra te  th e  p h y s io lo g ic  c o n tin u ity  betw een th e  oocy tes  and 

nurse c e l l s  th a t  i s  p rov ided  by th e  co rds, movement o f dye a long  th e  

cord, and th e  co u p lin g  o f  th e  o o cy tes  and f o l l i c l e  c e l l s ,  presum ably by 

gap ju n c tio n s . In  th e  p o ly tro p ic  o v a r ie s , o f  w hich D rosoph ila  

m elanogaste r i s  a  ty p ic a l  exam ple, a  s e r i e s  o f c e l l  d iv is io n s ,  w ith  

incom plete  c y to k in e s is ,  p roduces a complex o f an oocy te  and a  sp e c ie s  

s p e c i f ic  number o f nu rse  c e l l s .  In  D rosoph ila , a  s e r i e s  o f  fo u r 

d iv is io n s  produces a complex c o n s is t in g  o f a c e n tr a l  oocy te  and 15 

in te rc o n n e c te d  n u rse  c e l l s  (Brown and King, 1964; King and Aggarwal, 

1965; Koch and King, 1966). Growth o f th e  oocy te  in  D rosoph ila  i3  

su p p o rted  by th e  nu rse  c e l l s  and th e  cy to p lasm ic  volume o f th e  oocyte 

can in c re a se  by 90,000 tim es  in  o n ly  3 days. A fte r  th e  fo u r  c y c le s  

o f m ito s is  w ith  in co m p le te  c y to k in e s is ,  each o f th e  two c e n tr a l  c e l l s  

o f  th e  o o cy te -n u rse  c e l l  complex have 4 i n t e r c e l l u l a r  b r id g e s , a 

common one and 3 each to  n u rse  c e l l s .  The o th e r  14 c e l l s  have a 

maximum o f  3 b r id g e s  each. The two c e n tr a l  c e l l s ,  which Koch e£  .aL

(1967) r e f e r  to  a s  p ro -o o c y te s , beg in  sy n a p s is  o f  m e io s is  I . Synapsis 

i s  l a t e r  a r r e s te d  in  one o f  th e  two p ro -o o cy tes  which develops in to  

a n o th e r n u rse  c e l l ,  w h ile  th e  rem ain in g  p ro -o o cy te  becomes th e  

s u c c e s s fu l  oocy te . They found th a t  no o o cy tes  develop in  abnorm al 

com plexes in  which no c e l l  has 4 i n t e r c e l l u l a r  b r id g e s , but w ere l e f t  

w ith  th e  q u e s tio n  o f  w hat f a c to r  d e te rm in es  which o f th e  p ro -o o cy tes  

becomes th e  oocy te .

Davidson (1968) re p o r te d  t h a t  chromosome d im in u tio n  o ccu rs  du rin g  

nu rse  c e l l  fo rm a tio n  in  some b e e t le s  th a t  a lso  produce an o o cy te -n u rse  

c e l l  complex o f 15 nurse  c e l l s  and 1 oocyte. Only th e  oocy tes r e t a i n
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th e  norm al chromosomal com plem ent In  th e se  sp e c ie s . In  D rosophila,, th e  

nurse c e l l s  a c tu a l ly  become h ig h ly  p o ly p lo id  as  t h e i r  DNA co n ten t 

reach es  a  maximum o f  1024C and t h e i r  n u c le i  in c re a se  in  volume up to  

6000-fo ld  (Koch and King, 1966). T his may a c tu a l ly  re p re s e n t  

a m p lif ic a t io n  o f on ly  a sm a ll p o r tio n  o f th e  genome, s im i la r  to  what 

has been re p o r te d  in  th e  o o cy tes  o f Xenoous l a e v is  by Perkkowska f i t  f il .

(1968). In  Xenoous o o cy te s  th e  number o f co p ies  o f th e  rib o so m al DNA 

i s  in c re a se d  by 2500 tim e s  and 1400 to  1600 n u c le o l i  a re  produced in  

th e  germ inal v e s ic le .

As v i t e l lo g e n e s i s  p ro g re s se s  in  D ro so p h ila , th e  germ ina l v e s ic le s  

e n la rg e  and may in c re a s e  to  900 tim es  t h e i r  o r ig in a l  volum e; how ever, 

th e  nu rse  c e l l  n u c le i  a r e  much la r g e r .  Raven (1961) re p o r te d  t h a t  th e  

n u c le i  o f  o o cy tes  o f  a n im a ls  w ith  n u rse  c e l l s  a re  g e n e ra lly  s m a lle r  

th an  th e  oocyte n u c le i o f  s im i la r  sp e c ie s  th a t  do no t form  nu rse  c e l l s .  

Pianka (1974) has r e p o r te d  an  an im al in  w hich th e  ooctye n u c le i  do no t 

en la rg e  a t  a l l  d u rin g  o o g en es is . In  th e  c tenophore , B o lin o p s is  

m ic ro p te ra . th e  oocy te  i s  p a r t  o f  a complex o f  about 100 c e l l s ,  

in c lu d in g  99 nu rse  c e l l s  and 1 oocyte. In  c o n tr a s t  to  th e  4 

i n t e r c e l lu l a r  b r id g e s  o f each  D rosoph ila  oocy te , each oocy te  and the  

in n e r  nurse  c e l l s  o f  B o lin o p s is  have on ly  3 i n t e r c e l l u l a r  b rid g es . 

However, in  each o f th e  3 c lu s t e r s  o f n u rse  c e l l s  a t ta c h e d  to  each 

oocyte , th e  7 nu rse  c e l l s  c lo s e s t  to  th e  oocyte  became h ig h ly  

p o ly p lo id . A ccording to  P ianka, " a l l  m ajor s y n th e t ic  fu n c tio n s  o f 

oogenesis  in  B o lin o p s is  a re  a p p a re n tly  perform ed by th e  nu rse  c e l l s ,  

and no t by th e  o o c y te .w

Hydroids d isp la y  a  w ide range in  th e  s t r u c tu r a l  com plex ity  o f th e  

gonophores and in  th e  invo lvem en t o f  accesso ry  c e l l s  d u rin g  o o g en esis .
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The s t r u c t u r a l ly  s im p le s t  a re  th e  s ty lo id  gonophores, whose w a lls  a re  

only  c o n tin u a tio n s  o f  th e  ectoderm  and endoderm o f th e  polyp (Kuhn, 

1913; T e is s ie r ,  1926; Hyman, 1940). The gonophores o f Eudendrium 

armatum a re  ty p ic a l ly  s ty lo id .  Each gonophore c o n ta in s  only  a  s in g le  

oocyte and no accesso ry  c e l l s  o f  any k ind , a lth o u g h  th e  sp ad ix  i s  w e ll  

developed and w raps abou t two t h i r d s  o f th e  way around th e  oocyte  

(W asse rth a l, 1973). The o th e r  ty p e s  o f  hydrozoan gonophores, 

heterraeduso id , cryptom edusoid , and eum edusoid, a re  in c re a s in g ly  complex 

and develop a d d i t io n a l  c e l l u l a r  la y e r s ,  an endoderm la m e lla  and in n e r  

ectoderm , bu t th e re  has been no su g g e s tio n  th a t  any of th e se  c e l l s  

fu n c tio n  a s  f o l l i c l e  c e l l s .  However, in  many h y d ro id s , c e l l3  o f germ 

l i n e  o r ig in  a re  used a s  food o r  to  produce n u t r i e n t s  fo r  th e  develop ing  

oocy tes . P en n aria  t i a r e l l a  has been in v e s t ig a te d  by Smallwood (1899), 

H a rg i t t  (1900), H a rg i t t  (1909, 1919), B e r r i l l  (1952, 1961), and Cowden 

(1964). In  th e  gonophores o f t h i s  s p e c ie s , s e v e ra l  thousand o o cy tes  

d i f f e r e n t i a t e  in  each gonophore, bu t on ly  6-10 o f th e  o o cy tes  com plete 

m e io sis . The rem ainder o f th e  o o cy te s  a re  absorbed  o r en g u lfed  and 

q u ick ly  d ig e s te d  by th e  grow ing o r d e f in i t iv e  o o cty es. No t r a c e  o f th e  

engu lfed  o o cy tes  rem ains a t  the  com ple tion  o f m e io s is . S im ila r  

exam ples o f  t h i s  form o f oocy te n u t r i t io n ,  which Cowden (1964) r e f e r r e d  

to  a s  th e  "most p r im it iv e  form  o f n u tr im e n ta ry  o o g en esis" , have been 

re p o r te d  in  o th e r  s p e c ie s  o f  hydro ids. Large numbers o f  n u t r i t i v e  

o o cy tes  have been re p o r te d  in  th e  gonophores o f  A cau lis  p r im a r la  by 

B e r r i l l  (1952), R hizoaeton f u s ifo rm ls  by S p ra c k lin  (1975), and in  

M illep o ra  by Mangan (1909). In  a l l  o f  th e se  s p e c ie s ,  th e  ex cess  o r 

n u t r i t i v e  oocy tes  a re  en g u lfed  and q u ic k ly  d ig e s te d  and no t ra c e  o f  th e  

engu lfed  o o cy tes  rem ain s  in  th e  eggs. I n t e r c e l l u l a r  b r id g e s  have no t
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been re p o r te d  among th e  o o c y te s  in  any o f  th e se  s p e c ie s .

In  o th e r  h y d ro id s  i n  w hich la rg e  numbers o f  n u t r i t i v e  o o cy tes  a re  

consumed by a  few s u c c e s s fu l  o o c y te s , th e  rem ains o f  th e  en g u lfed  c e l l3  

p e r s i s t  th rough  em bryonic developm ent and a re  known as  p seu d o ce lls  

(B rauer, 1891) o r shrunken c e l l s  (Z ih le r ,  1972). May (1903) re p o rte d  

t h a t  s in g le  n u t r i t i v e  o o cy te s  and c lu s t e r s  o f  up to  7-8  a r e  en g u lfed  

and en c lo sed  in  v acu o les  in  th e  eggs o f £ . o rocea  w h ile , d u rin g  t h i s  

re se a rc h , as many as 12 shrunken c e l l s  w ere found in  a  vacuo le  in  e a r ly  

cleavage  s ta g e s  o f  X. in d iv is a .  The shrunken c e l l s  have been re p o r te d  

in  a l l  o f th e  sp e c ie s  o f  T u b u la ria  and Hydra th a t  have been 

in v e s t ig a te d ,  m ost r e c e n t ly  by Lowe (1926), Nagao (1965), and 

B o e l s t e r l i  (1975) in  T u b u la ria . and by Z ih le r  (1972) and T arden t (1974) 

i n  Hvdra. Z ih le r  d em onstra ted  c o n c lu s iv e ly  th a t  th e  shrunken c e l l s  

w ere th e  rem ain s  o f  en g u lfed  w hole c e l l s ,  and n o t s im p ly  th e  rem ain s  o f 

n u c le i .

During o o g en es is  in  bo th  .T ubularia  and Hydra, a s in g le  egg i s  

produced in  each re p ro d u c tiv e  s t r u c tu r e  from  th e  o r ig in a l ly  la rg e  

number o f germ c e l l s  t h a t  d i f f e r e n t i a t e .  There a re  i n i t i a l l y  over 1200 

germ c e l l s  in  each gonophore o f  T u b u la ria  and, acco rd in g  to  Z ih le r ’s 

f ig u r e s ,  a t  l e a s t  100 in  Hvdra. Based on th e  work on Hvdra 

o iro u m cin o ta  by Z ih le r  and T arden t, oo g en esis  in  each  Hvdra ovary 

b eg in s  w ith  th e  accu m u la tio n  o f  a v a r ia b le  number ( a t  l e a s t  3) o f 

c lu s te r s  o f  I - c e l l s  w hich d i f f e r e n t i a t e  in to  th e  i n i t i a l  germ c e l l s ,  

c a l le d  OOgonia I .  The Oogonia I  develop in to  Oogonia I I ,  which grow 

and s y n th e s iz e  yo lk . One o f th e  Oogonia I I  in  each c lu s t e r  becomes a 

p rim ary  oocyte and e n g u lfs  th e  rem ain in g  Oogonia I I ,  tra n sfo rm in g  them 

in to  shrunken c e l l s .  A ll o f  th e  o o cy tes  then  fu se  to  form  a s in g le
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la rg e  o o c ty e  which com ple tes  m e io s is . Only one o f th e  oocy te  n u c le i  

su rv iv e s . T ard en t found i n t e r c e l l u l a r  b r id g e s  betw een th e  Oogonia I I  

in  a  c lu s t e r ,  b u t made no m ention  o f  th e  number o r arrangem ent o f 

b r id g e s . B u rn e tt jgt .a l. (1966) re p o r te d  th e  m i to t ic  p r o l i f e r a t i o n  of 

I - c e l l s  to  form  s y n c y tia l  n e s ts  o f  up to  32 c e l l s ,  which d i f f e r e n t i a t e  

in to  c n id o b la s ts  o r  sperm atogon ia . The i n t e r c e l l u l a r  b r id g e s  in  th e  

c lu s te r s  o f  Oogonia I I  su g g es t th a t  each c lu s te r  i s  descended from  a 

s in g le  I - c e l l .  However, n e i th e r  in v e s t ig a to r  found i n t e r c e l l u l a r  

b r id g e s  between th e  prim ary o o cy te s .

There have been some p rev io u s  in d ic a t io n s  o f  in co m p le te  

cy to p lasm ic  d iv is io n s  d u rin g  o o g en es is  in  two s p e c ie s  o f  T u b u la ria . 

Lowe (1926), w orking w ith  X- la ry n x , su sp ec ted  th a t  th e  cy to p lasm ic  

d iv is io n s  th a t  produced th e  germ c e l l s  w ere in co m p le te  s in c e  th e  

shrunken c e l l s  w ere en g u lfed  in  g roups, b u t d id  n o t see  th e  b rid g e s . 

B o e l s t e r l i  (1975), r e p o r t in g  on 2> c ro cea . in c lu d ed  one e le c tro n  

m icrograph o f an i n t e r c e l l u l a r  b rid g e  betw een oogonia and in  F ig u re  15 

in c lu d ed  draw ings o f c lu s t e r s  o f  young o o cy te s  in te rc o n n e c te d  by 

cy to p lasm ic  b r id g e s . B o e l s t e r l i  b e liev ed  th a t  m ost o f  th e  o o cy tes 

d is in te g r a te d  and w ere in c o rp o ra te d , through some unknown p ro cess , by 

th e  ap p ro x im a te ly  15 grow ing o o cy tes  which fu sed  to  form  one la rg e  

oocyte. He a lso  b r i e f ly  re p o r te d  on egg fra g m e n ta tio n  ex p erim en ts  w ith  

T u b u la ria  and Hydra. His account i s  n o t ex trem ely  s p e c i f ic ,  bu t he 

confirm ed th a t  th e  g e rm in a l v e s ic le s  o f  th e  o o cy tes  w hich fu se  to  form  

th e  s in g le  Hydra oocy te  p e r s i s t  u n t i l  j u s t  b e fo re  th e  c o n tin u a tio n  o f 

m e io sis . However, he r e p o r te d  th a t  s im i la r  ex p erim en ts  f a i l e d  w ith  

T u b u la ria . These r e s u l t s  seem to  in d ic a te  t h a t  th e  oocy tes  w hich fu se  

in  Hvdra to  produce th e  egg a re  e s s e n t i a l ly  i d e n t i c a l  c e l l s ,  w h ile  th e
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c e l l s  which fu se  to  produce an  egg in  T u b u la ria  a re  n o t id e n t i c a l .

The c u r re n t  r e s e a rc h  on 1 . la ry n x  and X. in d iv is a  has re v ea le d  an 

e x te n s iv e  netw ork  o f  i n t e r c e l l u l a r  b r id g e s  among th e  germ c e l l s  in  

th e  fem ale gonophores o f  bo th  sp e c ie s . The cytoplasm  o f 1200 to  200 

germ c e l l s  i s  in c o rp ro a te d  in to  a  s in g le  oocy te  which com pletes 

m e io s is , and i t  ap p ears  t h a t  a l l  o f th e se  c e l l s  a r e  in te rc o n n e c te d  in to  

a s in g le  complex by i n t e r c e l l u l a r  b r id g es . I t  can be h ypo thesized  th a t  

each complex, c o n s is t in g  o f  a t  l e a s t  1200 c e l l s ,  i s  form ed by th e  

p r o l i f e r a t io n  o f one i n i t i a l  c e l l ,  s in c e , ex cep t fo r  the  py rifo rm  c e l l s  

o f  l i z a r d s ,  i n t e r c e l l u l a r  b r id g e s  n o rm ally  form only  as a  r e s u l t  o f 

in co m p le te  cy to p la sm ic  d iv is io n . The l i z a r d  py rifo rm  c e l l s  a lso  

r e p re s e n t  a  much s im p le r  system , w ith  each p y rifo rm  c e l l  d i r e c t ly  

connected to  th e  oocy te . I t  i s  hard  to  im agine a mechanism by which 

secondary  c e l l  c o n ta c t could  r e s u l t  in  th e  re p e a te d  fo rm a tio n  o f 

e s s e n t i a l ly  id e n t i c a l  com plexes o f c e l l s ,  in te rc o n n e c te d  by cy to p lasm ic  

b rid g e s  in  a  h ig h ly  o rg an ized  p a t te rn .  S ince they  a re  a l l  descended 

from a s in g le  c e l l  and connected  to  th e  oocyte by i n t e r c e l l u l a r  

b r id g e s , th e  1200 to  2000 c e l l s  in  each complex th a t  a re  engu lfed  and 

tran sfo rm ed  in to  shrunken c e l l s  m eet even th e  h ig h ly  r e s t r i c t e d  

d e f in i t io n  o f nu rse  c e l l s  used h e re .

W hile th e  m a jo r i ty  o f th e  c e l l s  in  th e  germ c e l l  com plexes o f 

T u b u la rla  a re  n u rse  c e l l s ,  th e  15-18 cen te rm o st c e l l s  p re se n t a 

problem , a lth o u g h  a t  l e a s t  one o f them has to  be co n s id e red  a p rim ary  

oocyte . A ll p rev io u s  in v e s t ig a to r s  have co n sid e red  th e  c e n tr a l  c e l l s  

to  be o o cy tes ; however, th e  e x is te n c e  o f th e  i n t e r c e l l u l a r  b r id g e s  was 

p re v io u s ly  unknown. H a rg i t t  (1909) noted  th a t  h e re  w ere two d i f f e r e n t  

ty p es  o f  oocy te  n u c le i  in  th e  gonophores o f  X. c ro cea  and b e lie v e d  th a t



129

only th e  o o cy tes  w ith  a p a r t i c u la r  ty p e  o f n u c leu s  ( th e  c e l l s  s t a r t i n g  

m eio sis )  en la rg ed  and form ed th e  egg. In  bo th  2> la rv n x  and 2 . 

in d iv is a ,  th e  n u c le i  o f th e  c e n tr a l  c e l l s  show changes ty p ic a l  o f 

m e io sis  I ,  and l a t e r  a l l  develop  germ in a l v e s ic le s  which a re  id e n t i c a l  

ex cep t fo r  s l i g h t  d i f f e r e n c e s  in  s iz e .  These germ ina l v e s ic le s  a re  

d i s t i n c t l y  d i f f e r e n t  from th e  n u c le i  o f  th e  nu rse  c e l l s .  In  a d d it io n , 

th e  o o cy tes  produce la r g e  v e s ic le s  o f y o lk  and fu se  to g e th e r  a t  th e  

co m ple tion  o f v i t e l lo g e n e s i s ,  w h ile  th e  nu rse  c e l l s  c o n ta in  on ly  th e  

s m a lle r  type o f y o lk  v e s ic le s  and a re  en g u lfed  and tran sfo rm ed  in to  

shrunken c e l l s .  Koch g t  j 2 .  (1967) re p o r te d  t h a t  one o f  th e  two pro­

o o cy tes  th a t  form ed sy n ap tin em al com plexes r e v e r te d  back and became a 

nu rse  c e l l  in  D rosoph ila . This does n o t appear to  happen in  T u b u la ria  

in  w hich a l l  15-18 c e n t r a l  c e l l s  a re  m o rp h o lo g ica lly  in d is t in g u is h a b le .  

T herefo re , w h ile  only  one o f th e  germ ina l v e s ic le s  w i l l  p e r s i s t  i n  th e  

fu sed  p rim ary  oo cy te , th e r e  a re  grounds f o r  co n tin u in g  to  r e f e r  to  a l l  

o f  th e  c e n tr a l  c e l l s  a s  p rim ary  oocy tes. An a l t e r n a t iv e  would be to  

s e p a ra te  each complex in to  a s in g le  oocy te , about 15 la rg e  n u rse  c e l l s ,  

and about 1200 sm a ll n u rse  c e l l s .  S ep a ra tin g  th e  c e l l s  o f  th e  

com plexes o f T u b u la ria  in to  th re e  c a te g o r ie s  seems cumbersome and i t  i s  

no t e n t i r e ly  c le a r  w hich oocy te  w i l l  c o n tr ib u te  th e  su rv iv in g  germ ina l 

v e s ic le .

The o o cy te -n u rse  c e l l  com plexes found in  2 . Xaxsrux  and 2- in d iv ls a  

a re  s im i la r  to  th o se  re p o r te d  by P ianka (1974) in  th e  ctenophore , 

B o lin o p s is , a lthough  th e re  a r e  some m ajor d if fe re n c e s .  The com plexes 

in  T u b u la ria  a re  over 10 tim e s  a s  la rg e ,  each i n i t i a l l y  has more than  1 

oocy te , and th e  o o cy tes  a r e  l a r g e r  and have la r g e r  n u c le i  th a n  th e  

n u rse  c e l l s .  A ttem pts to  re s o lv e  and map th e  in te rc o n n e c tio n s  in  th e
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complexes o f  T u b u la rla  have produced some co n fu sin g  r e s u l t s .  Most o f  

th e  com plexes co n ta in ed  o o cy te s  w ith  a maximum o f 3 i n t e r c e l l u l a r  

b rid g es  on each c e l l  and th e  l a r g e s t  g erm in a l v e s ic le  was in  a c e l l  a t  

th e  c e n te r  o f th e  complex. However, some com plexes w ere found to  

co n ta in  o o cty es w ith  4 b r id g e s  and 2 germ in a l v e s ic le s .  These oocy tes  

w ere p robably  produced by e a r ly  fu s io n  o f th e  o o cy tes , which no rm ally  

does no t occur u n t i l  th e  end o f  v i te l lo g e n e s i s  when a l l  o f  th e  o o cy tes  

fu se  to g e th e r . I f  two c e l l s  w ith  3 b r id g e s  a p ie c e , in c lu d in g  1 common 

b rid g e , fu se  to g e th e r ,  th e  r e s u l t i n g  c e l l  w i l l  have 4 b rid g e s  and 2 

n u c le i. U n fo rtu n a te ly , some o o cy te s  w ere seen  th a t  had 4 b r id g e s  and 

only a s in g le  n u c leu s , and th e  l a r g e s t  g erm in a l v e s ic le  was no t alw ays 

in  a  c e n tr a l  c e l l  o f th e  complex. The l a r g e s t  com plex th a t  was mapped 

c o n s is te d  o f 43 c e l l s  and co n ta in ed  3 oocy tes  w ith  4 b r id g e s , bu t on ly  

2 o f  th e se  o o cy tes  had 2 n u c le i. The l a r g e s t  g e rm in a l v e s ic le  in  t h i s  

complex was in  one o f th e  p e r ip h e ra l  o o cy tes  w ith  2 n u c le i ,  a lth o u g h  i t  

was no t th e  l a r g e s t  oocy te  o f th e  complex. The f a c to r s  which d e te rm in e  

th e  r e l a t i v e  grow th o f th e  o o cy tes  and t h e i r  g e rm in a l v e s ic le s  and may 

a ls o  s e le c t  th e  s u rv iv in g  g erm in a l v e s ic le  a re  n o t known. I t  i s  

p o s s ib le  th a t  a l l  o f the  g e rm in a l v e s ic le s  a re  i n i t i a l l y  e q u iv a le n t and 

th a t  th e  one which w i l l  su rv iv e  may be g ra d u a lly  de term ined  d u rin g  

v i t e l lo g e n e s i s .

The co o p e ra tiv e  e f f o r t  o f  th e  la rg e  number o f  c e l l s  o f  th e  o o cy te - 

nurse  c e l l  com plexes o f  T u b u la rla  r e s u l t s  in  th e  p ro d u c tio n  o f  la rg e  

eggs which develop  in to  a c t ln u la e .  The a c t in u la  la r v a  o f th e  

T u b u la rild ae  i s  a ls o  found in  o th e r  f a m il ie s  o f  h y d ro ids, in c lu d in g  th e  

M argelopsidae, Corymorphidae and M y rio th e lid a e , as  w e ll  as  in  o th e r  

hydrozoans in c lu d in g  th e  Trachymedusae, Narcomedusae, and Chondrophora
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(T otton , 1954). G arstang  (1946, p. 154) c o n s id e rs  th e  a c t in u la  "m erely  

a p la n u la  w ith  p rec o c io u s  a d u l t  c h a r a c te r i s t i c s . "  Rees (1957) observed  

th a t  an a c t in u la  i s  p re se n t in  th e  more p r im it iv e  f a m il ie s  o f h y d ro ids 

and many a u th o rs , in c lu d in g  Swedmark and T e is s ie r  (1966) and Rees 

(1966) have proposed th a t  th e  a n c e s t r a l  hydro id  was an a c t in u la .  W hile 

i t  i s  i n t e r e s t i n g  to  s p e c u la te  about th e  e v o lu tio n a ry  im p lic a t io n s  o f 

n u t r i t i v e  o o c y te s , shrunken c e l l s  and a c t in u la e  and to  make 

com parisons, many p ie c e s  o f  th e  p u zzle  a re  s t i l l  m iss in g . The 

re p ro d u c tiv e  b io lo g y  o f  many h y d ro id s  i s  poo rly  known and few a u th o rs  

in c lu d e  s u f f i c i e n t ly  d e ta i le d  in fo rm a tio n  on b o th  o o g en esis  and l a r v a l  

developm ent.

Shrunken c e l l s  a r e  w e l l  known in  Hvdra (Z ih le r ,  1972) and have 

a lso  been found i n  A cau lis  p r im a r is  ( B e r r i l l ,  1952). Hyman (1940) 

re p o rte d  t h a t  th e  en cy sted  la rv a e  o f Hvdra h a tch  i n  a  r e l a t i v e ly  

advanced c o n d itio n , w ith  in d ic a t io n s  o f t e n ta c le s ,  and Brinkman-Voss 

(1970) re p o rte d  a s im i la r  p ro cess  in  A cau lis  jL lionae: how ever, th e s e  

sp e c ie s  do n o t develop  an a c t in u la .  The la rv a e  o f  Corymorpha palm a 

(Torrey, 1907) and £ , n u tan s  (Rees, 1937) a r e  a ls o  en cy sted  and develop  

d i r e c t ly  in to  po lyps, w ith o u t a  free-sw im m ing  p la n u la  s ta g e , b u t in  

th e se  s p e c ie s  th e r e  a re  no in d ic a t io n s  o f shrunken c e l l s .  W hile a l l  o f 

th e  sp e c ie s  whose eggs c o n ta in  shrunken c e l l s  do n o t develop a c t in u la e ,  

th e  converse does appear to  hold . According to  Van De Vyver (1968a,b) 

th e  f a m il ie s  o f  h y dro ids th a t  develop an a c t in u la  la r v a  have la rg e  

eggs, which d ig e s t  n e ig h b o rin g  o o cy tes , and w hich accum ulate  shrunken 

c e l l s .  There a re  no re p o r te d  ex cep tio n s  to  t h i s  g e n e ra l iz a t io n .

H a rg i t t  (1919) found th a t  m ost o f th e  s p e c ie s  t h a t  u t i l i z e  

la rg e  numbers o f a c c e sso ry  c e l l s  a re  s o l i t a r y  s p e c ie s  o r c o lo n ia l
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s p e c ie s  w ith  la r g e  p o ly p s, and th e  eggs produced a re  a t  l e a s t  200 um in  

d iam eter. JSudendrium ramosum o o cy tes  e n g u lf  la rg e  numbers o f  so m atic  

accesso ry  c e l l s ,  w h ile  a l l  o f  th e  o th e r  h y d ro id s  u t i l i z e  germ l i n e  

accesso ry  c e l l s  (H a rg it t ,  1919). Rees (1957) re p o rte d  a  s im i la r  

phenomenon and found th a t  s o l i t a r y  s p e c ie s  produced la rg e  eggs, w h ile  

c o lo n ia l  s p e c ie s  produced r e l a t i v e l y  sm a ll eggs. O ther h y d ro id s  w ith  

la rg e  eggs and numerous germ l i n e  accesso ry  c e l l s ,  in  a d d it io n  to  

th e  sp e c ie s  r e p o r te d  by H a r g i t t  and Rees, in c lu d e  A cau lis  i l io n a e  which 

has 190 pm eggs (Brinkm an-Voss, 1970), M ille p o ra  w ith  210-275 pm eggs 

(Mangan, 1909), E o to p leu ra  du m o r t ie r i  w ith  350 pm eggs (A urich and 

W erner, 1954), and A c a u lis  n r im a r is  w ith  eggs 200-225 pm in  d ia m e te r  

( B e r r i l l ,  1952). W hile th e  eggs o f  Ec_tPPXeur_a d u m o rtie r i  a re  

r e l a t i v e ly  la r g e  when compared to  m ost h y d ro id s , they  a re  th e  s m a l le s t  

eggs o f  any hydro id  re p o r te d  to  produce an a c t in u la .

There a re  two m ajor advan tages to  o o g en es is  in  w hich many sm a ll 

n u t r i t i v e  o o cy tes  o r  n u rse  c e l l s  su p p o rt th e  grow th  o f a r e l a t i v e l y  few 

d e f in i t iv e  o o cy tes . The f i r s t  i s  th e  r e l a t i v e l y  la rg e  s u rfa c e  a re a  to  

volume r a t i o  o f  many c e l l s  which in c re a s e s  th e  amount o f s u rfa c e  a re a  

a v a i la b le  fo r  food a b s o rp tio n  a s  compared to  a s in g le  la rg e  c e l l .

There i s  a ls o  th e  trem endous in c re a s e  in  th e  amount o f DNA a v a i la b le  to  

code f o r  rib o so m al RNA. Each accesso ry  c e l l  h as  a t  l e a s t  th e  norm al 2C 

DNA co n te n t and i f  they  a r e  germ l i n e  a ccesso ry  c e l l s  t h a t  have s t a r t e d  

m e io s is  t h e i r  DNA co n ten t w i l l  be a t  l e a s t  4C. The n u t r i t i v e  o o cy tes  

and nu rse  c e l l s  e f f e c t iv e ly  in c re a s e  th e  r a t e  o f  s y n th e s is  o f  ribosom es 

fo r  th e  d e f in i t iv e  o o cy te s  s in c e  each c e l l  has  a t  l e a s t  one n u c le o lu s  

where rib o so m al RNA p ro d u c tio n  o ccu rs. The n e t r e s u l t  i s  th e  

a c c e le ra te d  developm ent o f  la rg e  eggs re p o rte d  by Van de Vyver (1968a)
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in  th e  f a m il ie s  o f  h y d ro id s  w ith  a c t in u la e .

Cam pbell (197*0 re p o r te d  t h a t  gam etogenesis  in  th e  C n id a ria  

u s u a lly  does n o t in v o lv e  accesso ry  c e l l s .  However, r e g a rd le s s  o f th e  

type o f oocy te  n u t r i t io n ,  th e  eggs o f hyd ro ids w ith  s e s s i l e  gonophores 

a re  u s u a lly  f e r t i l i z e d  i n t e r n a l ly  and develop in  o r on th e  gonophores. 

The sp e c ie s  o f  h y d ro id s  w ith  sm a ll eggs produce many o f them in  each 

gonophore and brood them to  a  p la n u la  b e fo re  r e le a s e ,  w h ile  th e  s p e c ie s  

t h a t  produce r e l a t i v e l y  few , la rg e  eggs in  each gonophore brood 

them to  more advanced s ta g e s . A ccording to  P earse  (1979) th e  b rood ing  

sp e c ie s  o f  c h ito n s  a re  o f te n  r e l a t i v e l y  sm a ll  compared to  th e  non- 

b rooders . Chia (1974) a t t r i b u t e s  b rooding  by sm a ll s p e c ie s  o f  

in v e r te b r a te s  to  energy l i m i t i a t i o n s .  In  g e n e ra l, brooding r e q u ir e s  a 

g r e a te r  in v es tm e n t in  s to re d  n u t r i e n t s  f o r  each embryo th an  fo r  

p la n k to tro p h ic  s p e c ie s  in  w hich th e  egg i s  f e r t i l i z e d  a f t e r  being  

re le a s e d  by th e  p a re n t and developm ent i s  e x te rn a l .  However, b rooding  

in c re a s e s  th e  l a r v a l  s u rv iv a l  r a t e  by d e c rea s in g  th e  tim e  a  p la n k to n !c  

la r v a  i s  exposed to  f i l t e r  fe e d e rs . Brooding s p e c ie s  th e re fo re  have to  

r e le a s e  many few er la rv a e  th an  p la n k to tro p h ic  s p e c ie s  to  produce th e  

same number o f  la rv a e  t h a t  su rv iv e  to  s e t t l e  and m etam orphose. T his 

may reduce th e  t o t a l  yo lk  req u irem en t d u rin g  a re p ro d u c tiv e  p erio d .

The a c t in u la e  o f  T u b u la rla  may have a very  s h o r t  p la n k to n ic  e x is te n c e  

and o f te n  s e t t l e  c lo se  to  th e  colony th a t  r e le a s e d  them (P yefinch  and 

Downing, 1949).

An a l t e r n a t iv e  view o f  b rooding  i s  p rov ided  by Menge (1975) who 

su g g es ts  th a t  i n t e r n a l  space  l im i t a t i o n s  p rev en t sm a ll sp e c ie s  from  

producing  and b ro a d c a s tin g  th e  n e c e s s a r i ly  la rg e  numbers o f 

p la n k to tro p ic  la rv a e  and th a t  th ey  th e re fo re  c o n c e n tra te  on p roducing  a
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r e l a t i v e ly  sm a ll number o f  l e c i th o t r o p h ic  la rv a e  w ith  a la r g e  y o lk  

supply. H ydroids ap p ear to  do th e  o p p o s ite . A ll o f  th e  la rg e  

s o l i t a r y  s p e c ie s  produce r e l a t i v e l y  la rg e  eggs and many brood them to  

an a c t in u la  la r v a  b e fo re  r e le a s e .  The c o lo n ia l  sp e c ie s  w ith  sm a ll 

polyps produce r e l a t i v e l y  sm a ll eggs w h ile  P en n a r ia  t i a r e l l a f a 

c o lo n ia l  sp e c ie s  w ith  la rg e  p o lyps, broods la rg e  eggs w hich a r e  

produced by th e  u t i l i z a t i o n  o f many n u t r i t i v e  o o c ty es . In  g e n e ra l, 

among h y d ro id s , th e  fe w e s t eggs p e r  gonophore and th e  l a r g e s t  eggs a re  

produced by th e  l a r g e s t  s p e c ie s . Rees (1957> p. 481) may have provided 

th e  answ er in  h i s  su g g e s tio n  t h a t  th e  la rg e  eggs o f th e  s o l i t a r y  

hydro ids "may o n ly  r e f l e c t  th e  minimum s iz e  a t  w hich such a polyp can 

become s e l f  su p p o rtin g  and a t  th e  same tim e  be a m in ia tu re  o f th e  

a d u lt ."  This type o f argum ent may a lso  be a p p lie d  to  th e  eggs th a t  

develop  in to  a c t in u la e .  The eggs o f  Ecto jaleura d u m o rtie r i .  which a re  

360 pm in  d ia m e te r , may r e p re s e n t  th e  minimum s iz e  a t  which an egg 

c o n ta in s  enough m a te r ia l  to  form  an a c t in u la .  The eggs o f  Hvdra a re  

on ly  s l i g h t l y  s m a lle r ,  340 pm acco rd in g  to  H a rg it t  (1919)» and produce 

an advanced, en cy s ted  la r v a ,  b u t do n o t form an a c t in u la .

W hatever th e  ad v an tag es th a t  a re  in vo lved  in  o o g en esis  when 

hundreds o r thousands o f  germ l i n e  accesso ry  c e l l s  su p p o rt th e  

p ro d u c tio n  o f a la r g e  egg, i t  i s  a p p a re n tly  a method u t i l i z e d  by many 

sp e c ie s  o f  a th e c a te  h y d ro ids. W hile m ost o f  th e se  s p e c ie s  a re  c a p i ta te  

h d y ro id s , a t  l e a s t  one s p e c ie s ,  R hizogeton fu s f fo rm is , i s  i n  th e  

su b o rd er f i l i f e r a .  These sp e c ie s  may be se p a ra te d  in to  two g e n e ra l 

groups depending on th e  p resence  o r  absence o f shrunken c e l l s  in  th e  

eggs. During t h i s  in v e s t ig a t io n ,  i n t e r c e l l u l a r  b r id g e s  and nu rse  c e l l s  

w ere d isco v ered  in  X. la ry n x . X. in d iv is a ,  and A cau lis  p r lm a r is .  a l l
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sp e c ie s  which produce shrunken c e l l s .  The r e p o r ts  o f b r id g e s  i n  X. 

c ro cea  by B o e l s t e r l i  (1975) and in  Hydra by T arden t (1974), bo th  

s p e c ie s  th a t  produce shrunken c e l l s ,  makes i t  l i k e ly  t h a t  th e  accesso ry  

c e l l s  in  th e se  s p e c ie s  a r e  a ls o  nu rse  c e l l s .  On th e  b a s is  o f  t h i s  

in fo rm a tio n , i t  i s  a lso  p o s s ib le  to  make two o th e r ,  more g e n e ra l, 

p re d ic t io n s .  The f i r s t  o f  th e se  i s  t h a t  th e  shrunken c e l l s  o f  o th e r  

s p e c ie s , in c lu d in g  E o to p leu ra  and Hybocodon. w i l l  a lso  prove to  be 

nurse  c e l l s  and t h a t  i n t e r c e l l u l a r  b r id g e s  w i l l  be found among th e  germ 

c e l l s  o f th e se  s p e c ie s . The second p re d ic t io n , w hich i s  sim ply  th e  

converse o f th e  f i r s t ,  i s  t h a t  no b r id g e s  w i l l  be found among th e  germ 

c e l l s  o f s p e c ie s  t h a t  la c k  shrunken c e l l s  and th a t  th e  accesso ry  c e l l s  

o f th e se  sp e c ie s  a r e  n u t r i t i v e  o o c ty es .
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