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oocyte  growth in scallops exposed to different  t empera-  
tures was examined  a t  in tervals  to de termine  the  influence 
of t empera tu re  on growth  (Figure). On day 15 the  oocytes 
were in the  cytoplasmic  growth phase (34 ~x) at  bo th  10 ~ 
and 15~ Oogonia and oocytes in the  vitel logenesis 
growth phase were also present.  The  oocytes were pre- 
dominan t ly  in the  vi tel logenesis  growth phase (63.03 • 
21.69 tx at  10~ and 59.04=]=27.49 tz at  15~ on day 30. 
However ,  the  oocytes complet ing  the vitel logenesis growth 
phase were dis integrat ing at  these 2 tempera tures .  On 
day  45 oocytes complet ing  the  cytoplasmic  growth phase 
were p redominan t  at  bo th  tempera tures .  Oogonia  and 
oocytes in the  vitel logenesis growth phase were also 
present.  The  oocytes complet ing  vitel logenesis growth 
phase and dissolution of germinal  vesicle were disinte- 
grating. At  15 ~ only oogonia were present  on day 60. 

The  scallops held a t  20 ~ were comple t ing  the  cyto-  
plasmic growth phase (42.07 • 28.37 ~) on day 15. Oogonia 
and oocytes in the  vi tel logenesis  growth phase and dis- 
in tegra t ing  oocytes were observed.  On day  45 and 60 a t  
these 2 tempera tures  only oogonia and oocytes a t  the  
beginning of cytoplasmic  growth phase were observed.  

When  summer  scallops wi th  oocytes in the  cytoplasmic  
growth phase are exposed to colder tempera tures ,  the  
oocytes s eem to complete  vi tel logenesis  bu t  then  dis- 
in tegrate  while addi t ional  oogonia develop (Figure). The  
cycle of oocyte  growth  and dis in tegra t ion occurs more 
rapid ly  a t  20 "C than  at  the  o ther  2 exper imenta l  t em-  
peratures.  
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Oocyte growth response in summer scallops exposed to different 
temperatures. Vertical lines show the standard deviation from the 
mean. The decrease of mean ooeyte diameter after initial increase 
is due to disintegration of ooeytes completing the vitellogenesis 
growth phase. 

The oocyte  growth response in winter  scallops indicates 
t h a t  the  cytoplasmic  growth phase begins when food is 
present  and when tempera tu res  exceed a m i n i m u m  
threshold t emperah i r e  level< Another  threshold tem-  
perature,  higher  t han  t h a t  required for cytoplasmic  
growth, is necessary for oocytes to reach the stage of 
fert i l izable eggs 5. In  the gonad deve lopment  of scallops, 
the  ini t ia t ion of cytoplasmic  growth and the  ma tu ra t ion  
of oocytes are apparen t ly  2 control  points  at  which the  
env i ronment  exerts  its influence over  oogenesis. The 
response of scallops to these control l ing envi ronmenta l  
factors regulates the  period of oogenesis wi th in  the  year.  

In  summer,  scallops wi th  oocytes a l ready in the  cyto-  
plasmic growth phase, the  fur ther  deve lopment  ~o dis- 
solution of the  germinal  vesicle seems to occur even 
though  the oocytes are exposed to t empera tu res  below 
the  threshold level  for ac t iva t ion  of growth.  Apparent ly ,  
the  beginning of the  cytoplasmic  growth phase is con- 
t rol led by a t r iggering stimulus. In  mar ine  b iva lve  mol- 
luscs, a neurosecret ion absent  dur ing the  neutra l  s ta te  is 
released at  the  beginning of oogenesis, reaching a m a x i m u m  
concent ra t ion  as the  oocytes ma tu re  6-s. I t  seems likely, 
t ha t  the  neurosecret ion produced and released when the 
scallops are exposed to a m i n i m u m  threshold t empera tu re  
and to food migh t  s t imula te  the  oogonia to begin the  
cytoplasmic  growth phase. The  oocytes, once s t imula ted  
cannot  be s topped f rom fur ther  deve lopment  to  com- 
plet ion of the  vitel logenesis growth phase even though  
exposed to tempera tures  below those needed to t r igger  
thei r  growth.  

This p re l iminary  repor t  m a y  provide  an approach for 
s tudying  the  env i ronmenta l  regulat ion of neurosecretory 
ac t iv i ty  and its control  of oogenesis in mar ine  b iva lve  
molluscs 9. 

Zusamme~z[assung. Tempera tu r -  und Fut tere inf luss  auf 
das GonadenwaCchstum yon Winter -  nnd S o m m e r k a m m -  
muscheln Aequipecten irmdians Lamarck .  
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T o n o f i l a m e n t  A ~ r e g a t i o n s  i n  U l t i m o b r a n c h i a l  G l a n d  C e l l s  o f  Rana temporaria L. 

Recen t ly  it  has been suggested tha t  the  anuran u l t imo-  
branchia l  gland m a y  be impl ica ted  in water  drive phen- 
omena  associated wi th  the  breeding period 1. Owing to 
the  pauc i ty  of publ ished u l t ras t ruc tura l  observat ions  on 
anuran  u l t imobranchia l  glands, which have  been restr ic ted 
to 2 species, viz. : Rana pipiens 2-4 and Xenopus laevis 5, 
all inves t iga t ion  was performed to de termine  the  'normal '  
u l t ras t ruc ture  of u l t imobranchia l  (UB) secretory cells of 
some common Bri t ish frogs and toads dur ing and following 
the  breeding season. Dur ing the  course of this s tudy,  which 
will be repor ted  in detai l  elsewhere 6, v e r y  large volumes  
of tonof i laments  were encountered ill the  frog U B  secretory 
cells. I n  v iew of the  current  widespread interest  in calci-  

ton in  and wi th  the  s t rong possibi l i ty t ha t  these cells may  
be producing a calci tonin-l ike factor,  the  presence of 
large volumes  of tonof i laments  wi th in  these cells is of 
especial interest.  

Material and methods. Unt rea t ed  adul t  Rana temporaria 
L. and Bu/o bu/o L. were obta ined f rom a commercia l  
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source  7 over  t he  per iod  f rom t h e  b e g i n n i n g  of M a r c h  to 
m i d - J u n e .  U B  g lands  were dissected f rom the  frogs a n d  
toads  a n d  f ixed in ice-cold 3% g l u t a r a l d e h y d e  in 0 . 1 M  
sod ium cacody la t e  buf fe r  (pH 7.2) fol lowed b y  seconda ry  
f ixa t ion  in ve rona l  ace t a t e -bu f fe red  1% o s m i u m  t e t r o x i d e  
pr io r  to  e m b e d d i n g  in E p o n  812. Sect ions  were s t a ined  
br ie f ly  w i t h  lead c i t r a t e  a n d  u r a n y l  a ce t a t e  p r io r  to  exam-  
i n a t i o n  in an  A E I  E M 6 B  e lec t ron  microscope.  

Results and discussion. The  g lands  c o n t a i n  severa l  fol- 
licles, t he  m a i n  cells of which  are  cha rac t e r i zed  b y  t h e  
presence  of large n u m b e r s  of cy toplasmic ,  m e m b r a n e -  
bound ,  dense ly - s t a in ing  sec re to ry  granules  of a b o u t  

Fig. 1. Typical ultimobranehial cells of untreated male frog in mid- 
March showing juxtanuclear aggregations of tonofilaments and the 
characteristic secretory granules. Scale, 2 [zm. 

100 n m  d iamete r .  I n  add i t ion ,  m u c h  la rger  l ipid-l ike 
droplets ,  up  to 2 izm in d iamete r ,  are also found  b u t  in 
m u c h  sparse r  number s .  V i r t u a l l y  eve ry  U B  sec re to ry  cell 
in R. temporaria con ta in s  large aggrega t ions  of tonof i la -  
m e n t s  in  j u x t a n u c l e a r  loca t ions  (Figures  1 a n d  2). The  
t o n o f i l a m e n t s  are  ve ry  u n i fo rm  in size be ing  a p p r o x i m a t e l y  
6 n m  t h i c k  an d  a t  h igh  magn i f i ca t ions  seem to possess 
a del ica te  beaded  a p p e a r a n c e  a long the i r  l ength .  The  tono-  
f i l amen t s  seem to  be  organized  in s inuous  b a n d s  (Figure 2). 
Some of t h e  cha rac te r i s t i c  secre tory  granules  are found  
e m b e d d e d  w i t h i n  t h e  t o n o f i l a m e n t  masses  as are t h e  r a r e r  
l ipid- l ike inclus ions  on  wh ich  t o n o f i l a m e n t s  seem to 
t e r m i n a t e  or or ig inate .  

T h e  vo lume  of t o n o f i l a m e n t s  in  the  frog U B  cells d id  
n o t  change  app rec i ab ly  d u r i n g  t h e  per iod  of the  inves-  
t i ga t i on ;  moreover ,  no sex differences  could be  de tec ted .  
IROBERTSON a n d  BELL 2 descr ibed  t h e  presence  of tono-  
f i l amen t s  in U B  g land  cells of adu l t  Rana pipiens e x a m i n e d  
in October ,  b u t  d id  n o t  show t h e  eno rmous  vo lume  of 
t o n o f i l a m e n t s  descr ibed  here  in  R. temporaria. I t  is pos-  
sible the  n u m b e r s  or v o l u m e  of these  t o n o f i l a m e n t s  m a y  
be  re la ted  to seasonal  a c t i v i t y  of t h e  g lands  t o g e t h e r  w i t h  
cor re la ted  changes  in m e t a b o l i c  ac t iv i ty .  I n  Bufo bufo 
U B  gland  cells t o n o f i l a m e n t s  were on ly  occas ional ly  
found  an d  r e m a i n e d  fa i r ly  inconspicuous .  The re  would  
t h u s  a p p e a r  to  be  qu i te  d i s t inc t  species differences  in  t he  
a m o u n t  a n d  possible  me tabo l i c  role of t o n o f i l a m e n t s  in  
a n u r a n  U B  cells. 

PEARSE8 has  r ecen t ly  sugges ted  t h a t  one of t h e  u l t r a -  
s t r u c t u r a l  cha rac te r i s t i c s  of C cells is t h e i r  t e n d e n c y  to  
p roduce  f ine p ro t e in  microf ibr i ls .  T h e  o b s e rv a t i o n s  de- 
scr ibed here  on  R. temporaria U B  cells give added  s u p p o r t  
to  t h e  hypo thes i s  t h a t  these  are in fac t  C cells an d  homo-  
logous w i t h  m a m m a l i a n  C cells t h o u g h  t h e  func t i on  of 
t o n o f i l a m e n t s  in  such  cells r e m a i n s  to  be  es tab l i shed .  

FAWCETT 9 br ie f ly  reviews t h e  presence  of s imi la r  tono-  
f i l amen t  aggrega t ions  in a v a r i e t y  of cell t ypes  an d  con-  
s iders  such  f i l amen t s  m a y  r ep re sen t  a class of f ib rous  
pro te ins ,  t h o u g h  f rom t h e  va r ious  s tud ies  c i ted  l i t t l e  can  
be  deduced  as to  t h e i r  f unc t iona l  s ignif icance.  This  is 
exempl i f ied  b y  one of t h e  cell t ypes  ci ted,  t h e  i n t e r s t i t i a l  
cells of p igeon test is ,  wh ich  are  special ized for t h e  p roduc-  
t i on  of androgen ic  h o r m o n e s  an d  also co n t a i n  t o n o f i l a m e n t  
aggregat ions .  Such  cells are n o t  a p p a r e n t l y  mobi l e  and  
h a v e  no  a p p a r e n t  need  for a specia l ly  deve loped  cyto-  
ske le ta l  f i l amen t o u s  sys tem.  Thus ,  one is led to conc lude  
t h a t ,  as yet ,  t h e r e  is e x t r e m e l y  l i t t l e  i nd i ca t i on  as to  t h e  
s t r u c t u r a l  or phys io logica l  s ignif icance of t o n o f i l a m e n t  
aggrega t ions  in  cells an d  th i s  is especial ly  t r u e  of U B  
cells 10, ~1. 

Rdsumd. O b s e r v a t i o n s  u l t r a s t r u c t u r a l e s  sur  les corps 
u l t i m o b r a n c h i a u x  des grenoui l les  adu l t e s  (Rana tempo- 
raria) an  p r i n t e m p s  o n t  m o n t r 6  des a c c u m u l a t i o n s  de 
microf ibr i l les  cy top lasmiques .  
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Fig. 2. Portion of a typical tonofilament aggregation in an untreated 
female frog in mid-March; characteristic secretory granules with 
associated mierotubules can be observed in the bottom left region 
of the micrograph. Scale, 1 ~zm. 
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