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I N T R O D U C T I O N

P e r io d ic a l  d e c lin e  in  th e  p ro d u c tiv e n e s s  o f  o y s te r  b ed s  is a  
w o rld -w id e  fe a tu re . P ra c t ic a l ly  e v e ry  o y ste r  p r o d u c in g  re g io n  
h a s  n o t  o n ly  seen  p ro s p e r i ty  b u t  a lso  a d v e rs ity . O v e rf ish in g , 
en e m ie s , u n u s u a l  m o r ta l i ty  a n d  in a d e q u a te  sp a tfa lls , m a y  r a p id ly  
d e c re a se  th e  p o p u la t io n  o f  th e  o y s te r  b ed s  a lm o s t to  e x t in c t io n  
p o in t .  A t  su c h  tim es , w h e n  th e  fu tu re  looks v e ry  g lo o m y  a n d  
u n c e r ta in  to  th e  o y s te r  fa rm e rs , th e  G o v e rn m e n t u su a lly  w ill le n d  
a  h e lp in g  h a n d .  S c ien tif ic  in v e s tig a tio n s  w ill b e  m a d e  to  f in d  
th e  w a y  to  re s to re  n o rm a l c o n d itio n s .

A  v e ry  im p o r ta n t  c h a n g e  w a s  e ffec ted  in  th e  se co n d  h a l f  o f  
th e  n in e te e n th  c e n tu ry  b y  s to p p in g  th e  fre e  f ish e ry  o n  th e  
n a tu r a l  o y s te r  b ed s  a n d  b y  b e g in n in g  a  re a l o y s te r  c u l tu re , o f
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w h ic h  th e  p r in c ip a l  fe a tu re s  a re  th e  r e g u la tio n  o f  th e  fish ery  
a n d  th e  p ro v is io n  o f  a  s u ita b le  c u l tc h  fo r th e  y o u n g  fry . T h e  
o y s te r  g ro u n d s  w e re  w ith d r a w n  f ro m  th e  fre e  f ish e ry  a n d  a  
le a s in g  sy s tem  p assed  th e se  g ro u n d s  o n  to  p r iv a te  u se . T h e  
d e c lin in g  p ro d u c t io n  r e n d e re d  th e se  m e a su re s  n e c essa ry  a n d  
sc ien tists  in  m a n y  c o u n tr ie s  r e c o m m e n d e d  th e  m e asu res  to  b e  
ta k e n  a n d  u r g e d  to  ta k e  p r o m p t  a c tio n . F ra n c e  w as th e  firs t 
c o u n try  to  e ffec t th is  c h a n g e  o f  p a r a m o u n t  im p o r ta n c e  to  a  
r e a l  o y ste r c u l tu r e ,  w h ic h  w as to  r e s u l t  in  a n  u n e x p e c te d  re v iv a l 
o f  th e  o y s te r  in d u s try .  A b o u t  i8 6 0  P ro fesso r C o s t e  (1861) w as 
th e  c h a m p io n  in  F ra n c e ,  re d isc o v e r in g  th e  I t a l i a n  m e th o d s  o f  
sp a t-c o lle c tio n  a n d  a p p ly in g  th e m  o n  a  la rg e  sca le . T h e  u n e x ­
p e c te d  g o o d  re su lts  w e re  th e  ca u se  o f  a  r a p id  c h a n g e  in  o y s te r  
c u l tu re  in  m a n y  c o u n tr ie s  o f  E u ro p e  a n d  in  A m e r ic a , a n d  th e re  
a re  b u t  few  p la c e s  in  c iv ilised  c o u n tr ie s  n o w a d a y s , w h e re  th e  
o y s te r  in d u s t ry  s till c lings to  th e  o ld  fre e  f ish e ry  w ith o u t  som e 
fo rm  o f  o y s te r  c u l tu re .

T h is  c h a n g e  d id  n o t  so lve a ll p ro b le m s , fo r i t  so o n  a p p e a re d  
t h a t  a  d e c lin e  o f  o y s te r  b e d s  w as s till possib le . T h u s  th e  o y s te r  
p r o d u c in g  re g io n s  o f  F ra n c e  as w e ll as th o se  o f  E n g la n d  w e re  
u p  a g a in s t  a  v e ry  h ig h  m o r ta l i ty ,  w h ic h  le d  to  a n  a lm o s t c o m p le te  
e x h a u s tio n  o f  th e  o y s te r  g ro u n d s  in  th e  y e a r  1921.

M o re o v e r  th e  c o u n tr ie s  in  th e  n o r th e r n  p a r ts  o f  th e  r a n g e  o f  
th e  o y ste r o f ten  su ffe re d  f ro m  in a d e q u a te  sp a tfa ll. C o n t in u e d  
fa ilu re s  o f  s p a tfa ll  o v e r  se v e ra l co n se c u tiv e  seasons is d isa s tro u s  
fo r  o y ste r c u l tu re .

A n  in c re a se  in  th e  p r o d u c t io n  o f  s p a t  is th e  b e s t  w a y  to  g e t 
o u t  o f  th e se  d ifficu lties . S u c h  a n  in c re a se  c a n  b e  a c h ie v e d  b y  
m o re  in te n s iv e  a n d  m o re  e ffic ien t m e th o d s  o f  sp a t-c o f ie c tio n , 
w h ic h  r e q u ir e  a  th o r o u g h  k n o w le d g e  o f  th e  b io lo g y  o f  th e  o y s te r  
a n d  th e  o y s te r  la rv a e  a n d  o f  th e  d e m a n d s  th e se  o rg a n ism s  m a k e  
u p o n  e n v iro n m e n ta ]  c o n d itio n s .

I n  th o se  c o u n tr ie s  w h e re  th e  n a tu r a l  c o n d itio n s  d o  n o t  r e g u ­
la r ly  e n su re  a  su ffic ie n t sp a tfa ll  a t te m p ts  w e re  m a d e  to  effec t 
a n  a r tif ic ia l p r o d u c t io n  in  en c lo sed  se a -p o n d s  o r  in  sp e c ia lly  
p r e p a re d  p its . I t  does n o t  se em  v e ry  p ro b a b le  t h a t  a r tif ic ia l 
o y s te r  c u l tu re  w ill  so o n  b e  c a r r ie d  o u t  o n  a  la rg e  c o m m e rc ia l 
sc a le , fo r th o u g h  i t  p ro v e d  to  b e  p o ss ib le , a f te r  a  g r e a t  m a n y  
v a in  a t te m p ts ,  th u s  to  p ro d u c e  a  p ro fu se  s e ttle m e n t, th is  sy s tem  
re q u ire s  so m u c h  la b o u r  a n d  ex p en se  t h a t  c o m p e ti t io n  w ith  th e  
n a tu r a l  sy s tem  d o e s  n o t  se em  p o ss ib le  as y e t. I m p o r ta t io n  o f
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seed  oysters f ro m  re g io n s  w h e re  th e  b re e d in g  g ro u n d s  a re  m o re  
su ita b le  is as y e t m o re  e c o n o m ic a l.

I t  h as  b e e n  sh o w n  th a t  o n e  o f  th e  m o s t successfu l m e th o d s  
to  in ten sify  th e  n a tu r a l  s p a tc o lle c tio n  is th e  p ro v id in g  o f  th e  
c u ltc h  a t  th e  r ig h t t im e . C le a n  c u l tc h  la id  o u t  ju s t  a t  th e  m o m e n t 
w h e n  th e  m a tu r e  o y ste r  la rv a e  a re  o n  th e  p o in t  o f  s e t t in g  ensu res 
a  sp a tfa ll m a n y  tim es  la rg e r  th a n  a  c u l tc h  im m e rse d  m a n y  days 
p rev io u s  to  th e  s e ttin g . A lre a d y  W in s l o w  (1884) d e c la re d  th a t  
“ th o u sa n d s  o f  d o lla rs  w o u ld  b e  sa v ed  a n n u a ly  b y  th e  oyster- 
m e n  i f  th e y  w o u ld  d e te rm in e  w ith  a n y  a p p ro x im a te  a c c u ra c y  
th e  d a te  w h e n  a t ta c h m e n t  o f  th e  y o u n g  oysters w o u ld  o c c u r” .

E sp ec ia lly  in  F ra n c e ,  s in c e  th e  crisis in  1921, a n d  in  A m e ric a  
ex ten s iv e  in q u ir ie s  h a v e  b e e n  m a d e  in to  th e  p e r io d ic ity  in  th e  
p ro d u c tio n  o f  o y ste r la rv a e  a n d  in to  th e  w a y  o f  fo re c a s tin g  w ith  
som e a c c u ra c y  th e  m o m e n t  o f  sp a tfa ll, i f  possib le  o n  lo n g  te rm . 
E a c h  se aso n  th e se  in v e s tig a tio n s  a r e  c a r r ie d  o u t  in  m a n y  im p o r ­
t a n t  seed  p ro d u c in g  c e n tre s  a n d  b u lle tin s  a re  issu ed  to  c o m m u n i­
c a te  th e  r ig h t  t im e  fo r th e  p la n t in g  o f  c u l tc h  a n d  co llec to rs .

T h e  y ea rs  fo llo w in g  1930 w e re  e x tre m e ly  h a r d  fo r  th e  o y ste r 
fa rm e rs  in  H o lla n d .  A n  e x tra o rd in a r i ly  r a p id  p r o p a g a t io n  o f  th e  
s lip p e r  l im p e t,  Crepidula forn ica ta , o n  th e  o y s te r  g ro u n d s  in  
H o lla n d , w h e re  i t  h a s  fo u n d  a  v e ry  c o n g e n ia l h o m e , m a d e  i t  
im p o ss ib le  to  c o n t in u e  w ith  th e  a p p l ic a tio n  o f  Cardium -shells 
as c u ltc h -m a te r ia l .  A fte r  th e  t r e m e n d o u s  ex te n s io n  in  th e  E n g lish  
o y ste r g ro u n d s , w h e re  Crepidula w as im p o r te d  w ith  oysters f ro m  
A m e ric a  in  a b o u t  1880, th e  s l ip p e r - l im p e t c a m e  to  th e  w a te rs  
o f  H o lla n d  in  a b o u t  1925, p ro b a b ly  o n  th e  sea  c u r re n ts ,  a t ta c h e d  
to  w re ck a g e  o r  se a -w e ed . I  fo u n d  a  p ie c e  o f  w re c k a g e  co v e red  
w ith  m a n y  la rg e  A c tin ia  a n d  a b o u t  tw e n ty  liv in g  s lip p e rs  o n  
th e  b e a c h  n e a r  Z a n d v o o r t  in  1926. T h e  d isa s tro u s  e x te n s io n  in  
H o lla n d  b e g a n  a b o u t  1930. T h e  s l ip p e r  d id  n o t  re a c h  th e  F re n c h  
o y s te r  re g io n s , as th e  d ir e c t io n  o f  th e  p re v a ilin g  s e a c u rre n ts  
s a fe g u a rd  th e  F re n c h  sh o re  a g a in s t  su c h  a n  u n w e lc o m e  in v a s io n .

T h e  Cardium-shells, w h ic h  w e re  y e a r ly  sow n  o u t  in  la rg e  
q u a n ti t ie s  o n  th e  o y s te r  g ro u n d s  in  Z e e la n d , p ro v e d  to  b e  a n  
ex c e lle n t c u l tc h -m a te r ia l  fo r  th e  y o u n g  s lip p ers , to o , w h ic h  soon  
o v e rc ro w d e d  th e  o y ste r  sp a t.  I t  w as  n ec essa ry  to  r e tu r n  to  th e  
o ld  tile -c o lle c to r  sy s tem  u se d  in  th e  y ea rs  a b o u t  1885, w h ich  
re q u ire s  fa r  m o re  la b o u r  a n d  e x p e n se  th a n  th e  so w in g  o u t  o f  
th e  Cardium-sh e lls . T h e s e  l im e d  tiles a r e  im m e rse d  in  th e  w a te r  
s h o r tly  b e fo re  th e  s p a tfa l l  c a n  b e  e x p e c te d  a n d  b y  r e g u la r
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c le a n in g  a n d  b y  d e t ro q u a g e  in  th e  n e x t  w in te r  a n  e ffic ien t c o m b a t­
t in g  o f  u n d e s ira b le  r iv a ls  a n d  e n e m ie s  is m a d e  p o ssib le . M o re o v e r  
a  d ise ase  c a u se d  a n  e n o rm o u s  m o r ta l i ty  d u r in g  th e se  y ea rs  
( H a v i n g a  i 9 3 i , K o r r i n g a  1939) a n d  m o s t o f  th e  su rv iv in g  
o y ste rs  w e re  in  a  b a d  c o n d itio n .

T h e  m o s t im p o r ta n t  m e asu res  ta k e n  a re  r e p e a te d  c le a n in g  
o f  th e  o y ste r  g ro u n d s  in  o rd e r  to  k e e p  th e  s lip p e rs  w ith in  b o u n d s , 
th e  im p o r ta t io n  o f  F re n c h  se ed o y ste rs  in  o rd e r  to  o b ta in  m a n y  
o y ste r  la rv a e  as w ell as g ro w n -u p  o y ste rs  o f  g o o d  q u a l i ty  in  th e  
fo llo w in g  w in te r-se a so n  a n d  th e  p r e d ic t io n  o f  th e  sp a tfa ll  b y  
s tu d y in g  th e  q u a n t i ty  o f  o y s te r  la rv a e  in  th e  p la n k to n  d u r in g  
th e  se aso n  o f  p ro p a g a tio n .

I n  1935 D r. H a v i n g a  (1938 , 1939) c a r r ie d  o u t  th e se  s tu d ie s  
fo r th e  f irs t t im e  in  H o lla n d , u s in g  a  m o re  p e r fe c t a n d  b e t te r  
q u a n t i ta t iv e  m e th o d  th a n  th e  F re n c h  in v e s tig a to rs  a n d  m o re o v e r  
D r . G r ij n s  c h e c k e d  th e  sp a tfa ll, so t h a t  a f te rw a rd s  i t  c o u ld  b e  
se e n  i f  th e  fo recasts  w e re  r ig h t.

A s th e  s tu d y  o f  th e  o y ste r  la rv a e  in  d a i ly  p la n k to n  sa m p le s  
re q u ire s  a  g o o d  d e a l o f  t im e  a n d  e ffo rt, D r . H a v i n g a  soon  
fo u n d  i t  im p o ss ib le  to  c a r ry  o u t  th e se  in v e s tig a tio n s  in  a d d i t io n  
to  h is  o th e r  w o rk  in  th e  G o v e rn m e n ta l  I n s t i tu t io n  fo r B io lo g ica l 
F is h e ry  R e s e a rc h .  S in ce  1936 I  h a v e  p u r s u e d  th e se  in v e s tig a tio n s  
e v e ry  s u m m e r ,  th e  firs t y e a r  a t  th e  la b o ra to r y  o f  D r . H a v i n g a  
in  A m s te rd a m  a n d  a f te r  t h a t  in  th e  la b o ra to r y  o f  th e  F ish e ry  
B o a rd  o f  th e  Z e e la n d  S tre a m s  a t  B e rg e n  o p  Z o o m . M o re o v e r  
I  c a r r ie d  o u t  m a n y  in v e s tig a tio n s  o n  th e  b io lo g y  o f  th e  o y s te r  
la r v a e  a n d  o n  th e  se ttin g  b e h a v io u r  o f  o u r  n a t iv e  o y s te r, Ostrea 
edulis. T h e  re su lts  o f  th e se  s tu d ie s  a s  w e ll as th o se  o f  th e  d a i ly  
p la n k to n  sa m p le s  w ill b e  d iscussed  in  th e  fo llo w in g  sec tio n s. As 
f a r  a s  p o ss ib le  th e  resu lts  o b ta in e d  b y  o th e r  in v e s tig a to rs , o ften  
w ith  o th e r  k in d s  o f  o y ste rs , w ill b e  c o m p a re d  w ith  th o se  o f  
Ostrea edulis.

A C K N O W L E D G E M E N T S

T h e  d a t a  o b ta in e d  b y  D r .  H a v i n g a  in  1935 as w ell as th o se  
o n  th e  sp a tfa ll  b y  D r. G r ij n s  in  1935 a n d  1936 h a v e  b e e n  
p la c e d  a t  m y  d isp o sa l in  b e h a l f  o f  th e se  s tu d ie s , fo r  w h ic h  I  
a m  v e r y  g ra te fu l .  I  a m  p a r t ic u la r ly  in d e b te d  to  D r . G r ij n s  fo r 
h a v in g  h a d  a n  im p o r ta n t  p a r t  in  th e  s p a tc o lle c tin g  o p e ra tio n s . 
W i th o u t  h is  c o l la b o ra t io n  i t  w o u ld  h a v e  b e e n  im p o ss ib le  to
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m e  to  s tu d y  th e  la rv a l stages  a n d  th e  s e ttin g  p ro cess  s im u lta n e ­
ously .

I  w ish  to  exp ress m y  th a n k s  to  D r. H a v i n g a , d ir e c to r  o f  th e  
s e c tio n  In s h o re  F ish e ry  o f  th e  G o v e rn m e n ta l  I n s t i tu t io n  fo r 
B io lo g ic a l F ish e ry  R e s e a rc h  fo r  in tro d u c in g  m e  to  th e  p ro b le m s  
o f  o y s te rb io lo g y  a n d  fo r h is  c o n s tru c tiv e  c rit ic ism . I t  is a  p le a s ­
u re  to  ex p re ss  m y  th a n k s  to  th e  F ish e ry  B o a rd  o f  th e  Z e e la n d  
S tre a m s  fo r  g iv in g  m e h o s p i ta l i ty  in  th e ir  la b o ra to r y  a t  B e rg en  
o p  Z o o m  a n d  fo r p la c in g  a t  m y  d isp o sa l th e ir  po lice-vessels  in  
b e h a lf  o f  th e se  in v e s tig a tio n s . T h e  p u n c tu a l  a ss is ta n ce  o fc o m m a n d -  
in g  officers a n d  c re w  o f  th e s e  vessels, w h o  o f te n  w o rk e d  a t  
n ig h t  a n d  in  b a d  w e a th e r ,  h a s  c o n tr ib u te d  m u c h  to  th e  success 
o f  th e se  e x p e r im e n ts . F in a lly  I  w ish  to  th a n k  M r. B a k k e r , th e  
sk ilfu l l a b o r a to r y  a t te n d a n t ,  fo r th e  c o n s tru c tio n  o f  m u c h  a p p a r a ­
tu s  a n d  fo r  th e  p r e p a ra t io n  o f  th e  m a te r ia l  u sed .

I. T H E  P R O P A G A T IO N  O F  T H E  O Y S T E R

G e n e ra l  in fo rm a tio n  c o n c e rn in g  th e  p r o p a g a t io n  o f  th e  d if fe r­
e n t  species o f  th e  g en u s  Ostrea a n d  th e  s ta te  o f  o u r  k n o w le d g e  o f  
th e  m o rp h o lo g y  a n d  a n a to m y  o f  th e  o y ste r la rv a e .

I t  is o u ts id e  m y  scope  to  g iv e  h e re  a  d e ta ile d  d e s c r ip tio n  o f  
th e  m o rp h o lo g y  a n d  a n a to m y  o f  th e  re p ro d u c tiv e  o rg a n s  o f  
Ostrea edulis. H o e k  (1884) m a d e  a n  e la b o ra te  s tu d y  o f  th is  
su b je c t a n d  e lu c id a te d  h is  p a p e r  w ith  c le a r  f ig u res . S o  fa r  n o  
b e t te r  s tu d y  o f  th e  r e p ro d u c t iv e  o rg a n s  o f  th e  n a t iv e  o y s te r  h as  
co m e  to  m y  k n o w led g e .

I  c o n s id e r  th e  p r o ta n d r ic  a l te r n a t in g  h e r m a p h ro d i t is m  o f  
th is  k in d  o f  o y s te r  to  b e  g e n e ra l ly  k n o w n .

I n  th e  re p ro d u c tiv e  seaso n  th e  sp e rm  a n d  r ip e  eggs a re  l ib e r ­
a te d  f ro m  th e  g o n a d u c ts  o f  th e  sp a w n in g  o y ste r  a n d  a re  e x tru d e d  
in to  th e  s u p r a b r a n c h ia l  c h a m b e r  (syn. c lo a c a l c h a m b e r ,  syn. 
e x h a le n t c h a m b e r ) . T h e  sp e rm  le a v e s  th is  s u p r a b r a n c h ia l  c h a m b e r ,  
w h ic h  is s i tu a te d  r ig h t  u n d e r  th e  a d d u c to r  m u sc le  a n d  a b o v e  
th e  ju n c t io n  o f  th e  g ill-b ases , in  th e  sa m e  w a y  as th e  o u tg o in g  
s tre a m  o f  th e  w a te r  c u r r e n t ;  so  i t  follow s th e  sa m e  co u rse  as th e  
w a s te  p ro d u c ts  f ro m  re c tu m  a n d  k id n ey s.

T h e  r ip e  eggs d o  n o t  le a v e  th e  m o th e r  o y ste r  in  th is  s im p le  
a n d  easy  w a y . T h e y  f irs t  pass  in to  th e  b ra n c h ia l  c h a m b e r  (syn. 
m a n tle  c h a m b e r ,  syn . in h a le n t  c h a m b e r .)  F u r th e r  p a r t ic u la r s
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a b o u t  th e  sp a w n in g  a c t  w ill b e  d isc u sse d  in  th e  sec tio n  o n  s p a w n ­
in g . A fte r  th is  p a s sa g e  to  th e  b r a n c h ia l  c h a m b e r  th e  eggs a re  
e i th e r  e x t ru d e d  a t  o n c e  in to  th e  s u r ro u n d in g  sea  w a te r  o r  ( in  
o th e r  species o f  oysters) th e  eggs a r e  h e ld  fo r so m e t im e  in  th e  
b r a n c h ia l  c h a m b e r  a d ja c e n t  to  th e  g ills a n d  la b ia l  p a lp s . H e re  
th e y  th e n  d e v e lo p  fo r  a  c o n s id e ra b le  p e r io d  b e fo re  th e y  le a v e  
th e  m o th e r  o y s te r. S u c h  species o f  o y ste rs  a r e  o f te n  c a lle d  v iv ip ­
a ro u s , th o u g h  i t  w o u ld  b e  b e t te r  to  c a ll th e m  in c u b a to r y  o r  
e m b ry o p h o ro u s . T h is  d if fe re n c e  in  th e  t im e  d u r in g  w h ic h  th e  
la rv a e  a re  h e ld  in  th e  b r a n c h ia l  c h a m b e r  is v e ry  im p o r ta n t .  
T h o u g h  th is  s tu d y  d e a ls  w ith  Ostrea edulis, a n  e m b ry o p h o ro u s  
species, m a n y  r e m a rk s  w ill  b e  m a d e  a b o u t  o th e r  k in d s  o f  o ysters , 
fo r  m a n y  p a p e r s  o n  th o se  o y ste rs  w ill b e  d iscu ssed . T h e re fo re  I  
h e re w ith  g iv e  a  ta b le  o f  th e  tw o  r e p ro d u c t iv e  ty p e s  o f  oysters , 
o n ly  in c lu d in g  species o f  e c o n o m ic  v a lu e .

Incubatory and larviparous Non-incubatory, spawning di­
rectly into the seawater 

Ostrea edulis L , H u î t r e  p la te  Ostrea virginica G m e lin
E u ro p e a n  f la t  o y s te r. A m e r ic a n  o y ste r, B le u -P o in t.

Ostrea lurida G a rp e n t ie r  Gryphaea angulata  L a m a rc k
O ly m p ia  O y s te r ,  B ritish  P o rtu g u e s e  O y s te r .
C o lu m b ia n  O y s te r .  Ostrea gigas  T h u n b e r g

Ostrea denselamellosa L isc h k e  C o m m o n  J a p a n e s e  O y s te r.
J a p a n e s e  O y s te r .  Ostrea commercialis I r e d a le  a n d

Ostrea A ngasi S o w e rb y  R o u g h le y
A u s tr a l ia n  m u d -o y s te r .  A u s tr a l ia n  ro ck -o y ste r.

Ostrea lutaria  H u t to n  Ostrea cuculata B o rn
N e w  Z e a la n d  O y s te r .  I n d ia n  O y s te r.

I t  is n o t  v e r y  c e r ta in  t h a t  a l l  th e se  fo rm s  a re  re a lly  d if fe re n t 
species. O y s te rs  a re  d if f ic u lt su b je c ts  to  th e  sy s tem a tis t, as th e  
sh e ll-sh ap e s  a re  to  a  h ig h  d e g re e  d e p e n d e n t  o n  e n v iro n m e n ta l  
c o n d itio n s .

F o r  th e  g r e a te r  p a r t  th e  s tu d ie s  d iscu ssed  d e a l  w ith  tw o  
in c u b a to r y  species o f  o y s te rs , v iz . Ostrea edulis a n d  Ostrea lurida, 
a n d  m o re o v e r  w ith  Ostrea virginica a n d  Ostrea gigas  as n o n -  
in c u b a to r y  species.

T h e  p ro cess  b y  w h ic h  th e  r e p ro d u c t iv e  e le m e n ts  le a v e  th e  
g o n a d u c ts  is a lw a y s  c a lle d  th e  sp a w n in g  a c t.  T h e  f in a l re le a se  
o f  th e  la rv a e  f ro m  th e  m a te r ia l  b r o o d -c h a m b e r  in  la rv ip a ro u s
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Ostrea virginica.

O u r  k n o w le d g e  a b o u t  th e  m o rp h o lo g ic a l  a n d  a n a to m ic a l  
fe a tu re s  o f  th e  la rv a e  o f  Ostrea virginica a t  v a r io u s  s tag es o f  d e v e lo p ­
m e n t  w as c o m p le te d  ti l l  i t  fo rm e d  a  w h o le  b y  its e lf  a t  a n  e a r lie r  
d a te  th a n  th e  k n o w le d g e  o f  th e se  fe a tu re s  in  th e  la rv a e  o f  Ostrea 
edulis. A fte r  th e  d e s c r ip tio n s  o f  th e  m a in  p o in ts  o f  la rv a l 
d e v e lo p m e n t b y  B r o o k s  (1 8 8 0 ), R y d e r  (1882 , 1884) a n d  
J a c k s o n  (1888) o th e r  sc ien tis ts  e la b o r a te d  th e se  s tu d ies . A  fine 
p a p e r  o n  th e  d e v e lo p m e n t o f  Ostrea virginica is t h a t  b y  S t a f f o r d  
(19 i 3) in  w h ic h  h e  g ives a  fu ll a c c o u n t o f  th e  a n a to m y  o f  b o th  
fu lly  d e v e lo p e d  la rv a e  a n d  re c e n tly  s e ttle d  sp a t.  I n  a n  e a r lie r  
p a p e r  (1 9 io )  S t a f f o r d  d e s c r ib e d  fo r th e  firs t t im e  th e  a p p e a r ­
a n c e  o f  th e  fo o t in  m a tu r e  o y s te r  la rv a e . W e l l s  (1927) gives 
a  d e s c r ip tio n  o f  th e  a l im e n ta r y  o rg a n s  o f  th e  la rv a  o f  Ostrea 
virginica. N e l s o n  (1 924  c, 1926) re p o r ts  th e  p o ss ib ility  o f  m e ta ­
m o rp h o s is  w ith o u t  a t ta c h m e n t  in  th e  la rv a e  o f  th e  o y s te r  a n d  
o f  th e  m ussel. H e  s u s p e n d e d  m a tu r e  o y s te r  la rv a e  in  a  c ra d le  
o f  b o ltin g  c lo th  close to  th e  su rfa c e  o f  a n  a q u a r iu m . A  few  o f  
th e se  la rv a e  sh o w ed  m e ta m o rp h o s is ,  w ith  loss o f  v e lu m  a n d  fo o t 
a n d  d e v e lo p m e n t o f  th e  d isso co n ch  she ll, th o u g h  in to  a n  u n u s u a l  
sh a p e . S u ch  a  m e ta m o rp h o s is  w ith o u t  a t ta c h m e n t  m a y  o cc u r, 
th o u g h  ra re ly , ev e n  in  n a tu r e ,  a s  h a s  b e e n  sh o w n  in  tw o  in s ta n c e s  
i n  w h ic h  su ch  u n iq u e  p e la g ic  d isso co n ch s , “ f lo a tin g  s p a t” , h a v e  
b e e n  fo u n d  in  p la n k to n  c a tc h e s  in  B a rn e g a t  B ay . (N e w  Je rse y , 
U .S .A .)

I  h a v e  n e v e r  m e t w ith  su c h  f lo a tin g  s p a t  in  p la n k to n  sam p les  
c o n ta in in g  la rv a e  o f  Ostrea edulis.

T h e re  is s till d if fe ren ce  o f  o p in io n  c o n c e rn in g  th e  n a tu r e  a n d  
fu n c tio n  o f  th e  so -ca lled  p ig m e n t  s p o t o c c u r r in g  in  m a tu re  
la rv a e . N e l s o n  (1926) a d v o c a te s  th e  p h o to se n s itiv e  c h a r a c te r  
o f  th ese  p ig m e n t sp o ts  w h ic h  c o rre sp o n d s  w ith  th e  o p in io n  o f  
E r d m a n n  (1934) a b o u t  th e  n a tu r e  o f  th e  p ig m e n t  sp o t ( “ e y e” ) 
in  th e  m a tu r e  la rv a e  o f  Ostrea edulis. P r y t h e r c h  (1 9 3 4  a ) ,  o n  
th e  c o n tra ry ,  d en ie s  th o se  p ig m e n ts p o ts  a  lig h t-se n s itiv e  c h a r a c ­
te r ,  b u t  conceives th e m  as le u c o c y te -g e n e ra tin g  tissues, f ro m  
w h ic h  cells m ig ra te  to  th e  b lo o d -s tre a m  d u r in g  m e ta m o rp h o s is . 
T h e  d iscussion  o f  th is  c o n tro v e rs y  w ill b e  c o n t in u e d  in  th e  sec tio n  
o n  th e  in f lu e n c e  o f  l ig h t  o n  th e  s e ttin g  p rocess .

Less ex ten s iv e  is th e  l i t e r a tu r e  o n  th e  m o rp h o lo g y  a n d  a n a to ­
m y  o f  th e  la rv a e  o f  o th e r  species o f  oyste rs .
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Ostrea lurida.

T h e  g e n e ra l  e m b ry o lo g y  o f  Ostrea lurida ( C a rp e n te r )  a n d  
in c u b a to r y  species h a s  b e e n  d e s c r ib e d  w e ll b y  S t a f f o r d  (1 9 1 4 )  
a n d  is e s se n tia lly  th e  sa m e  as in  Ostrea virginica.

H o r i  (1933) w as a b le  to  r e a r  th e  la rv a e  o f  Ostrea lurida to  
m a tu r i ty  in  v itro  a n d  s e ttin g  u n d e r  a r tif ic ia l c o n d itio n s  w as 
su ccessfu lly  a c c o m p lish e d . S o m e f ig u re s  o f  th e  la rv a e  o f  Ostrea 
lurida  c a n  b e  fo u n d  in  th is  p a p e r  o f  H o r i .

Ostrea gigas.

F u j i t a  (1 9 2 9 , 1934) p ro v id e s  u s  w ith  a  d e s c r ip tio n  o f  th e  
l a r v a l  d e v e lo p m e n t o f  th e  J a p a n e s e  o y ste r, Ostrea g igas T h u n b e r g .  
Y o k o t a  (1936) m e n tio n s  h is  s tu d ie s  o n  th e  d e v e lo p m e n t o f  th e  
v a r io u s  o rg a n s  o f  th is  o y s te r, b u t  th e se  s tu d ie s  h a v e  n o t  b e e n  
p u b lis h e d  so  fa r.

A  d e s c r ip tio n  o f  th e  la rv a l  d e v e lo p m e n t o f  Ostrea denselamellosa, 
a n  in c u b a to r y  species, c losely  r e la te d  to  Ostrea edulis, is to  b e  
fo u n d  in  th e  p a p e r  o f  S e n ô  (1 9 2 9 ), w h ile  som e re m a rk s  a b o u t  
a n o th e r  in c u b a to r y  species, Ostrea angasi, th e  la rv a e  o f  w h ic h  
lik e w ise  sh o w  a  close re se m b la n c e  to  th o se  o f  Ostrea edulis, a re  
m a d e  b y  R o u g h l e y  (1925 ). I n  a n o th e r  p a p e r  R o u g h l e y  (1933) 
g iv es  a  d e s c r ip tio n  o f  th e  la rv a e  o f  th e  n o n - in c u b a to r y  species 
Ostrea commercialis a n d  d ea ls  b r ie f ly  w ith  th e  a n a to m ic a l  r e o r ­
g a n is a t io n  a t  f ix a tio n  in  th is  species.

A s f a r  as th e  la t te r  species is c o n c e rn e d , th e se  p rocesses a re  
in  g e n e ra l  so s im ilia r  to  th o se  d e s c r ib e d  b y  S t a f f o r d  fo r  Ostrea 
virginica t h a t  R o u g h l e y  d id  n o t  c o n s id e r  i t  n e c e s sa ry  to  g ive 
a  d e ta i le d  d e s c r ip tio n .

I I .  T H E  R A N G E  O F  O S T R E A  E D U L IS

G e n e r a l  d e m a n d s  o n  e n v i r o n m e n t a l  c o n d i t i o n s  t o
o b t a i n  a n  a d e q u a t e  p r o p a g a t i o n .

T h o u g h  Ostrea edulis c a n  b e  fo u n d  f ro m  66° N . la t .  in  N o rw a y  
a s  f a r  as in  th e  M e d ite r r a n e a n , th e  reg io n s  w h e re  n a tu r e  m ak es 
a  r e a l ly  in te n s iv e  a n d  ex ten s iv e  o y s te r  c u l tu re  p o ss ib le  a re  
l im ite d .

T h e  o c c u r re n c e  o f  o y ste rs  in  a  c e r ta in  p la c e  d o es  n o t  im p ly  
th e  p o ss ib ility  o f  o y ste r fa rm in g  in  t h a t  lo c a lity . I t  o n ly  in d ic a te s
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t h a t  th e  o y ste rs  c a n  k ee p  u p  th e  s tru g g le  fo r life in  t h a t  p la c e , 
b u t  th e  e q u i l ib r iu m  w ith  th e  n a tu r a l  c o n d itio n s  m a y  b e  so 
u n s ta b le  t h a t  a  v e ry  s lig h t in te r fe re n c e  o n  th e  p a r t  o f  m a n  m a y  
b e  th e  c a u se  o f  a  r a p id  d e c lin e  o f  su ch  n a tu r a l  o y s te r  b an k s . 
“ I t  is th e  la s t  s tra w  th a t  b re a k s  th e  c a m e l’s b a c k ”  is a  v e ry  
a p p r o p r ia t e  r e m a rk  in  th is  c o n n e c tio n . A n  in te n s iv e  o y ste r 
c u l tu re  is o n ly  p o ss ib le  in  th o se  re g io n s  w h e re  a  su ffic ie n t y e a r ly  
s e e d -p ro d u c tio n  is a ssu re d . T h e  d e m a n d s  o n  th e  n a tu r a l  c o n d i­
tio n s  fo r a  successfu l p r o p a g a t io n  a re  fa ir ly  h ig h  a n d  c a n n o t 
b e  sa tisfied  in  th e  n o r th e r n  p a r ts  o f  E u ro p e . P ra c tic e  a n d  sc ience 
( O r t o n , 1 9 2 9  a , 1 9 2 9  b , 1 9 3 7  a )  p re sc rib e  th e  fo llo w in g  p r o p ­
e r tie s  as e s se n tia l to  p ro d u c in g  g ro u n d s :

A . W a te rs  su ffic ie n tly  e n c lo se d , i f  possib le  w ith  a  re la tiv e ly  
n a r r o w  c o m m u n ic a tio n  w i th  th e  o p e n  w a te rs . O n ly  su ch  
b o d ie s  o f  w a te r  e n su re  a n  a d e q u a te  re te n t io n  o f  th e  la rv a e  
w ith in  th e  e n v iro n s  o f  th e  lo c a li ty  d u r in g  th e  fre e -sw im m in g  
s ta g e  a n d  c o u n te r a c t  th e  d isp e rs in g  a c tio n  o f  th e  se a -c u rre n ts  
o n  th e  la rv a l  h e rd s .

B. A  lo c a l se a so n a l te m p e r a tu re - r a n g e  g iv in g  f re q u e n t  p r o b a b i l ­
itie s  o f  a  m a x im u m  te m p e r a tu r e  in  th e  b u lk  o f  th e  sea ­
w a te r  a b o v e  180 C , p re fe ra b ly  a b o v e  2 0 o C  fo r  so m e tim e . 
T h e r e  is a  fa ir  m a rg in  fo r v a r ia t io n s  in  sa lin ity .

C . A  s u ita b le  su b so il, n o t  to o  so f t m u d , n o  m o v in g  sa n d s , b u t  
p re fe ra b ly  a  h a r d  s a n d y  m u d  o r  m u d d y  sh e ll-g ra v e l. P e a t-  
soil is c o n s id e re d  to  b e  v e ry  s u ita b le , too .

D . S om e o th e r  fa c to rs , w h ic h  a r e  to  a  c e r ta in  d e g re e  u n d e r  
h u m a n  c o n tro l ,  su c h  as a  su ffic ie n t s to ck  o f  la rv a e -p ro d u c in g  
oyste rs , th e  p ro v is io n  o f  a  s u ita b le  c u l tc h -m a te r ia l  a n d  th e  
c o m b a tin g  o f  en em ies .

T h e  m o s t  im p o r ta n t  p r o d u c in g  c e n tre s  o f  th e  E u ro p e a n  o y ste r 
a re : in  F ra n c e  th e  re g io n  c a l le d  le  M o rb ih a n , e sp e c ia lly  th e  
r iv e rs  A u ra y - le -B o n o , S a in t-P h i l ib e r t  a n d  C ra c h  a n d  in  H o lla n d  
th e  O o s te rsc h e ld e . A  g o o d  d e s c r ip tio n  o f  th e  n a tu r e ,  c h a r a c te r  
a n d  h is to ry  o f  th e  F re n c h  o y s te r  b ed s  c a n  b e  fo u n d  in  p a p e rs  
b y  H i n a r d  a n d  L a m b e r t  (1928) a n d  b y  L a m b e r t  (1 9 3 5 , 1936, 
1938). A  v e ry  s u ita b le  lo c a lity  in  F ra n c e  is m o re o v e r  th e  B asin  
o f  A rc a c h o n , w h e re  fo rm e r ly  o y s te r  fa rm in g  u se d  to  ta k e  
p la c e  o n  a  la rg e  sca le . A n o th e r  k in d  o f  o y s te r, h o w e v e r, Gryphaea 
angulata L a m .,  h a s  o u s te d  Ostrea edulis h e re  to  a  c o n s id e ra b le
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e x te n t .  I n  r e c e n t  y ea rs  Ostrea edulis h a s  b e e n  g a in in g  g ro u n d  
in  th e  b a s in  o f  A rc a c h o n  (B o r d e  a n d  B o r d e  1938). O f  less 
im p o r ta n c e  a re  th e  b r e e d in g -g ro u n d s  in  th e  M e d ite r r a n e a n ,  in  
N o rw a y  a n d  in  E n g la n d .

T h a t  te m p e r a tu re  is a  v e ry  im p o r ta n t  fa c to r  w as a l re a d y  
k n o w n  to  H e r d m a n  ( 1 8 9 3 ) ,  w h o  s ta te d  t h a t  th e  w a te r te m p e ra -  
tu r e  in  th e  o y s te r  p r o d u c in g  re g io n s  in  F ra n c e  e x c ee d ed  2 1 0 G 
in  th e  o p e n  w a te rs  (A rc a c h o n ) . H e  a d d e d :  “ H o w e v e r , i t  m a y  
b e  h o p e d  th a t ,  a l th o u g h  te m p e r a tu re s  like  th is  m a y  b e  fa v o u ra b le , 
th e y  a re  n o t  n ec essa ry  fo r  successfu l o y s te r  b re e d in g ” .

L a te r  i t  a p p e a r e d  t h a t  w a te r - te m p e ra tu re s  a b o v e  2 0 0 a re  v e ry  
f a v o u ra b le  in d e e d  fo r  a  p ro fu se  s e t t le m e n t o f  th e  sp a t,  th o u g h  
so m e  p ro p a g a t io n  is p o ss ib le  a t  a n y  te m p e r a tu r e  a b o v e  160 C . 
A  c o m p a r iso n  o f  th e  re su lts  o b ta in e d  u n d e r  d if fe re n t  te m p e r a ­
tu r e  c o n d itio n s  is v e ry  in s tru c tiv e .

T h e  d u r a t io n  o f  th e  se aso n  o f  p r o p a g a t io n  is d e p e n d e n t on  
th e  sp ace  o f  t im e  th a t  th e  w a te r - te m p e ra tu re  is a b o v e  a c e r ta in  
le v e l. T h o u g h  p r o d u c t io n  o f  la rv a e  c a n  ta k e  p la c e  a t  te m p e r a ­
tu re s  o f  15 to  16° G , a  successfu l sp a tfa ll c a n  o n ly  b e  e x p e c te d  
w h e n  th e  w a te r - te m p e ra tu re  rises a b o v e  180 G , th e  m o re  th e  
b e t te r .  So i t  goes w ith o u t  sa y in g  th a t  th e  p ro p a g a t io n  is d is t r ib ­
u te d  o v er a  m u c h  lo n g e r  p e r io d  in  th e  M e d i te r r a n e a n  th a n  in  
th e  N o r th e rn  p a r ts  o f  th e  o y s te r  ra n g e .

B r a c h  ( 1 6 8 9 )  to ld  us t h a t  th e  o y ste rs  in  th e  A d r ia t ic  S ea 
n e a r  V e n ic e  c a r r ie d  la rv a e  in  th e  m a n tle  c a v ity  a l l  s u m m e r  a n d  
in  th e  b e g in n in g  o f  a u tu m n . I n  th e  M a re  P icco le  in  th e  G u lf  
o f  T a r e n t  in  I ta ly  th e  o y ste rs  b r e e d  f ro m  A p r i l  to  O c to b e r  
( O r t o n , 1 9 2 0 ) .  M a z z a r e l l i  ( 1 9 2 4 )  in fo rm s  us t h a t  r e p ro d u c ­
t io n  tak es p la c e  f ro m  M a rc h  ti l l  in  A u g u s t  in  th e  la k e  o f  F u sa ro  
n e a r  N a p le s . I t  is r e m a rk a b le  th a t ,  th o u g h  th e  w a te r - te m p e ra -  
tu r e s  a re  v e ry  fa v o u ra b le  in  th e  M e d ite r r a n e a n ,  o y s te r  c u l tu re  
n e v e r  a s su m e d  su c h  p ro p o r tio n s  h e re  as o n  th e  W e s t-c o a s t o f 
F ra n c e .  V a r io u s  o th e r  c o n d itio n s  a re  less fa v o u ra b le  in  th e  
M e d ite r r a n e a n ,  su ch  as th e  n a tu r e  o f  th e  su b -so il, w h ic h  is 
o f te n  s te ep  a n d  ro c k y , c o n s e q u e n tly  u n s u ita b le  fo r d re d g in g  
o p e ra tio n s , w h ile  p e rh a p s  q u a l i ty  a n d  q u a n t i ty  o f  fo o d -o rg an ism s 
d if fe r  to  a  h ig h  d e g re e  f ro m  th o se  in  th e  A tla n t ic  c o a s ta l w a te rs . 
T h e  h ig h e r  s a lin ity  is n o t  re sp o n s ib le  fo r c h e c k in g  th e  o y ste r 
in d u s t r y  in  th e  M e d ite r r a n e a n .

T h e  f a r th e r  w e  go n o r th w a r d  th e  s h o r te r  th e  se aso n  o f  p r o p a ­
g a t io n  w ill b e , til l  w e r e a c h  a t  la s t th e  n o r th e r n  b o u n d a r y  o f  th e
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r a n g e  o f  Ostrea edulis, w h e re  p r o p a g a t io n  is e x c e p t io n a l ,  a l te r ­
n a t in g  w ith  m a n y  y ea rs  w i th o u t  sp a tfa ll. I t  w ill b e  u n d e rs to o d  
t h a t  n o  effec tiv e  o y ste r c u l tu r e  b a s e d  o n  th e  n a tu r a l  sp a tfa ll 
w ill e v e r  b e  po ssib le  in  th e se  re g io n s . O n ly  lo c a litie s  w ith  v e ry  
fa v o u ra b le  h y d ro g ra p h ic  c o n d itio n s  e n s u re  a n  a d e q u a te  sp a tfa ll 
in  th e  c o u n tr ie s  a r o u n d  th e  N o r th  S ea . T h e r e  is b u t  o n e  p la c e  
t h a t  h a s  a p p e a r e d  to  b e  a n  e x c e lle n t se e d -p ro d u c in g  lo c a lity  
o n  th e  N o r th -S e a  co a s t a n d  th a t  is th e  O o s te rsc h e ld e  in  H o lla n d .

T h e  e s tu a r ie s  o f  th e  E n g lish  c o a s t a r e  n o t  su ffic ie n tly  en c lo sed  
to  e n su re  a  s ta tis fa c to ry  r e te n t io n  o f  th e  f re e -sw im m in g  la rv a e  
a n d  th e  w a te r - te m p e ra tu re  u s u a lly  does n o t  r ise  e n o u g h  to  
c o u n te r a c t  th is  d is a d v a n ta g e  to  a  su ffic ie n t e x te n t.  I n  m y  o p in io n  
o n ly  a  v e ry  a b u n d a n t  p r o d u c t io n  o f  la rv a e  c a n  b r in g  a b o u t  a  
s a tis fa c to ry  sp a tfa ll in  th e  E n g lish  w a te rs .  A  c o n s id e ra b le  
d e c re a se  in  th e  n u m b e r  o f  a d u l t  oyste rs , e sp ec ia lly  o w in g  to  th e  
m o r ta l i ty  o f  1921, h a s  s in c e  th e n  m a d e  su c h  a n  a b u n d a n t  p r o ­
d u c t io n  o f  la rv a e  im p o ss ib le  th e re .  T h o u g h  i t  is n o t  im p o ss ib le  
t h a t  th e  F a ll  E s tu a ry  c a n  p r o d u c e  a  m o d e ra te  a m o u n t  o f  seed - 
o y ste rs  w h e n  sc ience a n d  p r a c t ic e  jo in  in  a  g r e a t  e f fo rt ( O r t o n , 
i 927 a ) ,  i t  is n o t lik e ly  t h a t  th e  E n g lish  co a s t w ill e v e r  b e  re c k o n e d  
a m o n g  th e  v e ry  im p o r ta n t  s e e d -p ro d u c in g  g ro u n d s .

T h e  re a s o n  w h y  th e  O o s te rsc h e ld e  m a y  b e  c o n s id e re d  as th e  
m o s t im p o r ta n t  c e n tre  fa r th e s t  N o r th  fo r th e  p r o d u c t io n  o f  seed- 
o y ste rs  w ill b e  d iscussed  in  a  s e p a ra te  sec tio n  o n  th e  h y d r o g ra p h ic ­
a l  c o n d itio n s  o f  th is  w a te r .

T h e  G e rm a n  o y ste r g ro u n d s  in  th e  W a tte n m e e r ,  th e  “ fiska­
lis c h e  A u s te rn b ä n k e ” , c a n n o t  e n s u re  a  p ro fu se  y e a r ly  sp a tfa ll, 
b e c a u s e  th e  w a te r - te m p e ra tu re  d o es  n o t  r ise  e n o u g h  a n d  th e  
s e a -c u r re n ts  d isp erse  th e  p la n k to n ic  la rv a e  to  a  h ig h  d eg ree .

T h o u g h  th e  L im f jo rd  in  D e n m a r k  m a y  b e  c o n s id e re d  as a 
n ic e ly  en c lo se d  w a te r ,  th e  a v e ra g e  s u m m e r  te m p e r a tu r e  is too  
lo w  h e re . T h e  t e m p e r a tu r e  d o es  n o t  o n ly  a ffe c t th e  sp a tfa ll in  
a  d ir e c t  w a y , b u t  also  in  a  m o re  in d i r e c t  w a y , as o y ste rs  b e c o m e  
m a tu r e  a t  a  fa r  o ld e r  ag e  in  c o ld e r  w a te rs  t h a n  in  w a rm e r ,  
w h ic h  a c c o u n ts  fo r a  fa r  s m a lle r  p e rc e n ta g e  o f  la rv a e -p ro d u c in g  
o y ste rs  in  su c h  c o ld e r  w a te rs  ( S p ä r c k  1925). A lth o u g h  som e 
sp a tfa ll  c a n  b e  fo u n d  ev en  in  th e  c o ld e r  y ea rs , th e  o y s te r  c u l tu re  
in  th e se  reg io n s  is d e p e n d e n t  o n  th e  im p o r ta t io n  o f  seed -oyste rs  
f ro m  o th e r  lo ca litie s . A d u l t  o y s te rs  a r e  fo u n d  to  th r iv e  in  th o se  
c o ld e r  w a te rs . T h o u g h  th e  r a te  o f  fee d in g  is c o r re la tiv e  to  
te m p e r a tu re ,  th e  ch e e k in g  o f  g ro w th  a n d  f a t te n in g  in  th e
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s u m m e r-m o n th s  in  b e h a lf  o f  th e  p ro d u c t io n  o f  th e  e le m e n ts  o f  
p r o p a g a t io n ,  is m u c h  s h o r te r  o r  m a y  ev e n  b e  a b s e n t in  c o ld e r  
w a te rs . T o  a  c e r ta in  e x te n t  o n e  m a y  say  t h a t  th e  c o ld e r  th e  w a te r  
in  th e  su m m e r  m o n th s , th e  b e t te r  th e  q u a l i ty  o f  th e  o y ste rs  a n d  
th e  w o rse  th e  sp a tfa ll.

I t  w ill b e  u n d e rs to o d  th a t  e sp e c ia lly  c o u n tr ie s  w h ic h  a re  n o t 
so fo r tu n a te  as to  possess r ic h  s e e d -p ro d u c in g  g ro u n d s , b u t  
w h ic h  d o  possess e x c e lle n t lo c a litie s  fo r g ro w th  a n d  fa tte n in g , 
h a v e  a  g r e a t  in te r e s t  in  th e  p o ss ib ilitie s  o f  o b ta in in g  a  su ffic ien t 
sp a tfa ll  in  e n c lo se d  se a -p o n d s  o r  o y s te r  p its . M a n y  a t te m p ts  h a v e  
b e e n  m a d e  in  E n g la n d  ( D o d g s o n , C o l e  1936, 1938 b , 1939, 
B r u c e  a n d  P a r k e , 1 9 3 5 -1 9 3 8 ), G e rm a n y , esp ec ia lly  a t  H e lig o ­
l a n d  ( H a g m e i e r , 1916, E r d m a n n , 1933) a n d  D e n m a rk  ( S p ä r c k , 
1 9 2 7 ). R e c e n tly  i t  p ro v e d  to  b e  p o ss ib le  to  e n s u re  a n  a d e q u a te  
s p a tfa ll  in  l im ite d  q u a n t i t ie s  o f  w a te r ,  ev e n  in  g lass-houses 
(H e lig o la n d ) ,  b u t  i t  re q u ire s  fa r  to o  m u c h  la b o u r  a n d  ex p en se  
to  m a k e  la rg e  sc a le  o p e ra tio n s  o n  a  c o m m e rc ia l bas is  p ra c t ic a l  
as y e t .  T h o u g h  I  sh a ll n o t  d e sc r ib e  a ll th e se  a t te m p ts ,  I  sh a ll 
f r e q u e n t ly  d iscuss d a ta  o n  th e  b io lo g y  o f  th e  o y s te r  la rv a e  
o b ta in e d  in  th e  c o u rse  o f  th e se  in v e s tig a tio n s . F ro m  a  sc ien tific  
p o in t  o f  v ie w  I  c o n s id e r  th e se  a t te m p ts  h ig h ly  in te re s tin g , fo r 
th e y  o ffer th e  p o ss ib ility  o f  e n te r in g  th e  n e w  a n d  v a s t,  h i th e r to  
u n e x p lo re d  fie ld  o f  th e  h e re d i ty  o f  th e  o y s te r, w h ic h  m a y  y ie ld  
im p o r ta n t  p r a c t ic a l  re su lts  in  th e  fu tu re .

I n  N o rw a y  a  se lf- re lia n t o y s te r  c u l tu re  ex ists , th o u g h  o n  a 
r e la t iv e ly  s m a ll sca le , w h ic h  p ro d u c e s  its  seed -o y ste rs  in  th e  so- 
c a lle d  p o lle n . T h e s e  p o lle n  a re  p o o ls , a  few  h u n d r e d  m e te rs  w id e  
a n d  4  to  8 m e te rs  d e e p , w h ic h  c a n  b e  c o m p le te ly  c lo sed  o f f  b y  a  
te m p o r a r y  d a m m in g -u p  o f  th e  c o m m u n ic a tio n  w ith  th e  f jo rd -  
w a te r .  T h e i r  s u ita b il i ty  fo r o y s te r  c u l tu re  w as d isc o v e re d  a b o u t  
1880  ( R a s c h , 1880 a, b ) ,  b u t  th e  re a so n  w h y  a  p ro fu se  sp a tfa ll  is 
p o ss ib le  so f a r  n o r th  w as d isc o v e re d  m u c h  la te r .  T h e r e  a r e  b u t  
a  few  s u ita b le  p o lle n  in  N o rw a y , so th a t  s e e d -p ro d u c tio n  c a n n o t 
b e  e x te n d e d  v e r y  m u c h . T h e  f irs t in v e s tig a to rs  a s c r ib e d  th e  
h ig h  w a te r - te m p e ra tu re s  in  th e se  p o lle n  to  th e  n a tu r e  o f  th e  
b o t to m , w h ic h  consists  o f  a  so ft b la c k  m u d . L a te r  i t  a p p e a r e d  
t h a t  th e  p o lle n  p r e s e n t  v e ry  p e c u l ia r  h y d ro g ra p h ic a l  c o n d itio n s . 
T h e r e  a re  n o  im p o r ta n t  c u r re n ts ,  so s tra t if ic a tio n  is p o ssi­
b le . T h e  u p p e r  la y e rs  o f  th e  w a te r  a r e  fresh  o r  b ra c k ish , f low ing  
in  f ro m  l i t t le  b ro o k s , w h ile  th e  lo w e r  la y e rs  consis t o f  th e  sa lt  
f jo r d  w a te r .  T h e s e  fresh  u p p e r  la y e rs  m a k e  th e  v e r t ic a l  e x c h a n g e
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o f  w a r m th  im p o ss ib le , a s  th e  w a r m  s a lt  w a te r  re m a in s  h e a v ie r  
th a n  th e  c o ld e r  fre sh  u p p e r  la y e rs . T h e f r e s h  w a te r  ac ts  lik e  th e  g lass 
o f  a  g la ss-h o u se  b y  t r a n s m it t in g  a  g o o d  d e a l o f  th e  su n ra y s  a n d  
b y  fu n c tio n in g  a s  a  c o v e r  d u r in g  th e  n ig h t  ( H e l l a n d - H a n s e n , 
1908, G a a r d e r  a n d  S p ä r c k , 1932, G a a r d e r , 1933, G a a r d e r  
a n d  Bj e r k a n , 1934, G a a r d e r , 1938). T h e  te m p e r a tu r e  in  th e  
s a lt  lo w e r  la y e r  m a y  rise  to  25  to  3 0 0 C  d u r in g  a  s h o r t  p e r io d  
in  su m m e r. G a a r d e r  (1933) is r ig h t  w h e n  h e  s ta te s : “ D as  
P o llw asser b i ld e t  so m it e in e  k le in e  sü d lä n d isc h e  W e lt fü r  s ic h ” .

I n  re sp e c t to  th e  d u r a t io n  o f  th e  se aso n  o f  p r o p a g a t io n  in  th e  
d if fe re n t lo c a litie s  o f  th e  ra n g e ,  th e  o y s te r  species in  A m e r ic a  
( Ostrea virginica a n d  Ostrea lurida) d o  n o t  d iffe r  e s se n tia lly  fro m  
Ostrea edulis.

Ostrea virginica c a n  b e  fo u n d  o n  th e  E a s t-c o a s t o f  N o r th  A m e r ic a  
f ro m  C a p e  C o d  to  th e  R io  G ra n d e .  Ostrea virginica m a k es  h ig h  
d e m a n d s  o n  th e  b r e e d in g - te m p e ra tu r e  (2 0 o G  a t  leas t)  a n d  th e  
sp a w n in g  se a so n  h e re  to o  is c o r re la tiv e  w ith  th e  d u r a t io n  o f  
su c h  h ig h e r  te m p e ra tu re s .

W h ile  in  th e  S o u th  (T e x as )  sp a w n in g  o y ste rs  o c c u r  f ro m  
A p ri l  t i l l  in  O c to b e r  a n d  th e  g r e a te r  p a r t  o f  th e  se ttin g -se aso n  
ex te n d s  b e tw e e n  M a y  1 a n d  O c to b e r  1 ( M o o r e , 1907, 1915; 
H o p k in s , 1931), th e  p ro p a g a t io n  in  th e  e x tre m e  n o r th  o f  th e  
r a n g e  ta k e s  p la c e  d u r in g  a  few  w eeks in  J u ly  o r  A u g u s t o r  fails 
to  ta k e  p la c e  a t  a ll (NeLSON, 1928 c ) . I n  th e  N o r th  o n e  g e n e ra lly  
finds a  s lo w  g ro w th , a n  u n re l ia b le  re p ro d u c tio n ,  b u t  a  b e t te r  
q u a l i ty  o f  th e  o y s te r  m e a t .  T h e  in n e r  p a r ts  o f  th e  b a y s  c o n ta in  
th e  w a rm e s t w a te r  h e re , a n d  a re  th e re fo re  th e  m o s t s u ita b le  
fo r  r e p ro d u c t io n ,  th o u g h  th e  su b so il is re la tiv e ly  soft. T h e  
m o u th s  o f  th e  b ay s  a r e  g e n e ra lly  co ld e r , so less s u ita b le  for 
seed  p r o d u c t io n ,  b u t  h a v e  a  b e t te r  su b so il a n d  a re  m o re  s u ita b le  
fo r  th e  c u l t iv a t io n  o f  a  s u p e r io r  q u a l ity . T h e  f a r th e r  n o r th ,  
th e  m o re  a  w ell c o n d u c te d  c u l tu re  is in d isp e n sa b le .

A ll th is  h o ld s  g o o d  fo r  Ostrea lurida , to o , w h ic h  is c u l t iv a te d  
o n  th e  W e st-c o a s t o f  N o r th  A m e ric a . T h e  b re e d in g  te m p e r a tu re  
o f  th is  species lies a b o v e  th e  160 le v e l. I n  th e  N o r th ,  in  B ritish  
C o lu m b ia , p r o p a g a t io n  ta k es  p la c e  in  J u ly  a n d  A u g u s t (S t a f f o r d  
1 9 1 3 ) .  I n  th e  m a in  c u l tu r e  c e n tr e ,  th e  P u g e t S o u n d , se ttin g  
o cc u rs  d u r in g  th e  m o n th s  o f  J u n e ,  J u ly  a n d  A u g u s t ( H o p k i n s , 
1 9 3 7 ) ,  w h ile  in  S o u th -C a lifo rn ia  ( L a j o l l a )  th is  species p r o p a ­
g a te s  d u r in g  sev en  m o n th s , as lo n g  as th e  w a te r - te m p e ra tu re  
re m a in s  a b o v e  1 6 0 G  ( C o e  1 9 3 2  b ) .
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T h a t  th e  y o u n g  o y ste r re a c h e s  m a tu r i ty  a t  a n  e a r l ie r  a g e  as 
i t  lives f a r th e r  so u th w a rd s  is a  r u le  t h a t  a p p lie s  to  Ostrea lurida 
as w e ll ( C o e , 1931).

N e l s o n  (1928  c) v e ry  r ig h tly  s ta te s , c o n s id e r in g  th e  d e p e n d ­
e n c e  o f  th e  d u r a t io n  o f  th e  sp a w n in g -se a so n  o n  te m p e ra tu re ,  
t h a t  th e se  ru le s  h o ld  g o o d  fo r a l l  p a r ts  o f  th e  ra n g e ,  w ith  no  
a d ju s tm e n t  to  th e  ex tre m es o f  its d is t r ib u t io n .  N o  su c h  a d ju s tm e n t  
to  th e  e n v iro n m e n ta l  co n d itio n s  h a s  ta k e n  p la c e , w h ic h  a  p r io r i  
w as n o t  to  b e  e x p e c te d  e i th e r .

I I I .  H Y D R O G R A P H IC A L  C O N D IT IO N S

G e n e r a l  D e s c r i p t i o n  o f  t h e  R e g i o n

T h e  p ro d u c tio n  o f  o y ste r b ro o d  in  th e  D u tc h  w a te rs  tak es 
p la c e  p r a c tic a lly  ex c lu siv e ly  in  th e  O o s te rsc h e ld e . T h e  O o s te r ­
sc h e ld e , a  b a y  w h ic h  p e n e tra te s  fa r  in to  th e  la n d ,  is s i tu a te d  in  
th e  S o u th -W e s t o f  H o lla n d , in  th e  p ro v in c e  o f  Z e e la n d . C e n tu r ie s  
ag o  i t  w as th e  e s tu a ry  o f  th e  r iv e r  th e  S ch e ld e . G ra d u a l ly  a  n e w  
b re a k in g , th e  W e ste rsch e ld e , g a in e d  in  im p o r ta n c e .  F in a lly , in  
1869 , th e  c o m m u n ic a tio n  w ith  th e  r iv e r  th e  S c h e ld e  w as e n tire ly  
c u t  o ff  b y  th e  c o n s tru c tio n  o f  a  ra i lw a y -d a m  b e tw e e n  th e  m a in ­
la n d  a n d  th e  is la n d  o f  Z u id -B e v e la n d . S in c e  th e n  a n  o th e r  
ra i lw a y -d a m , b e tw e e n  th e  is lan d s  o f  W a lc h e re n  a n d  Z u id -B e v e ­
la n d ,  h a s  m o re o v e r  c o m p le te ly  c lo sed  o ff  th e  fre sh e r  w a te r  o f  
th e  W e ste rsc h e ld e  f ro m  th e  O o s te rsc h e ld e .

A s fa r  as o y s te r  c u l tu re  is c o n c e rn e d , th e  e a s te rn  p a r t  o f  th e  
O o s te rsc h e ld e , th e  b a g -s h a p e d  w id e n in g , b o u n d e d  o n  th e  W est 
b y  th e  n a r ro w in g  b e tw e e n  G o rish o e k  a n d  K ijk -u i t  (fig. 1) is th e  
m o s t  im p o r ta n t  re g io n . B y fa r  th e  g re a te r  p a r t  o f  th e  o y s te r  beds 
a r e  s i tu a te d  in  th is  b a s in , w h ic h  w ill b e  c a lle d  h e n c e fo r th  in  
th is  p a p e r  th e  b a s in  o f  th e  O o s te rsc h e ld e .

A n  im p o r ta n t  p a r t  o f  th e  b a s in  o f  th e  O o s te rsc h e ld e  b e lo n g e d  
to  th e  in h a b i te d  la n d  o f  Z e e la n d  b u t  so m e h u n d re d s  o f  y ea rs  
a g o . I n  th e  b e g in n in g  o f  th e  1 6 th , p a r t ly  o n ly  in  th e  17 th  c e n tu ry , 
th is  la n d  w as f lo o d ed  in  c o n se q u e n c e  o f  d ik e -b u rs ts . M a n y  lo c a l 
d e n o m in a t io n s  s till r e m in d  u s o f  th o se  tim es.

T h e  a m o u n t  o f  f re sh  w a te r  t h a t  flow s in to  th e  O o s te rsc h e ld e  
is in s ig n if ic a n t.  S in ce  th e  c o m m u n ic a tio n  w ith  th e  W e ste r- 
s c h e ld e  w as c u t  o f f  in  1869, n o  s tre a m  o f  a n y  im p o r ta n c e  d is ­
c h a rg e s  in to  th e  O o s te rsc h e ld e . O n ly  a  few  l i t t le  b ro o k le ts  f ro m
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th e  m a in ]  a n d  a n d  so m e d r a in e d -o f f  w a te r  f ro m  so m e p o ld e rs  in  th e  
Z e e la n d  is lan d s  e n te r  th e  O o s te rsc h e ld e . W e s tw a rd  th e  O o s te r ­
sc h e ld e  is c o n tin u o u s  w ith  th e  N o rth se a . B e tw ee n  th e  is lands 
o f  T h o le n  a n d  D u iv e la n d  w e f in d  th e  K e e te n ,  a  c o m m u n ic a tio n  
w ith  th e  G re v e lin g e n . I n  th e  G re v e lin g e n  fa ir ly  im p o r ta n t  
v a r ia t io n s  in  s a lin ity  o c c u r , c a u s e d  b y  th e  a d m ix tu r e  o f  fresh  
w a te r  c o m in g  f ro m  th e  g r e a t  r iv e rs  ( th e  R h in e  a n d  th e  M e u se ) . 
E sp e c ia lly  w h e n  th ese  r iv e rs  d is c h a rg e  e x tra o rd in a r i ly  b ig  v o lu m es 
o f  w a te r  lo w  sa lin itie s  w ill b e  s ta te d  in  th e  G re v e lin g e n . As m a y  
b e  seen  o n  th e  c h a r t  (fig. i ) ,  a  g r e a te r  v o lu m e  o f  w a te r  m oves 
n o r th -e a s tw a rd s  th a n  so u th -w e s tw a rd s  th r o u g h  th e  K e e te n  d u r in g  
a  t id a l  cy c le , o r in  o th e r  w o rd s : th e  K e e te n  show s a  su rp lu s  o f  
flow . C o n s e q u e n tly  v a r ia t io n s  in  s a lin ity  in  th e  G re v e lin g e n  w ill 
h a v e  l i t t le  in f lu e n ce  u p o n  th e  s a lin ity  in  th e  O o s te rsc h e ld e .

T h e s e  p ro p e r tie s  o f  th e  O o s te rsc h e ld e  o ffer m a n y  a d v a n ta g e s : 
n o  v a r ia t io n s  in  s a lin ity  d a n g e ro u s  to  o y ste r  c u l tu r e  w ill ev e r  
o c c u r  h e re .

M u c h  o f  th e  w a te r  t h a t  flow s a w a y  w es tw a rd s  f ro m  th e  b a s in  
o f  th e  O o s te rsc h e ld e  d u r in g  e b b , w ill r e tu r n  to  th e  b a s in  d u r in g  
th e  n e x t  flow . T h is  o sc illa tin g  m o v e m e n t is p o ss ib le  s in c e  n o  
in f lo w in g  fre sh  w a te r  re g u la r ly  forces a  c o n s id e ra b le  p o r tio n  o f  
th is  b o d y  o f  w a te r  w e s tw a rd s  to  th e  N o rth s e a . T h is  o sc illa tin g  
m o v e m e n t p re v e n ts  a  r a p id  d isp e rs io n  o f  th e  p la n k to n ic  o y ste r 
la rv a e  b y  th e  t id a l  m o v e m e n ts  a n d  m ak es p o ss ib le  a  r a p id  
w a rm in g -u p  o f  th e  w a te r  in  th e  b a s in  d u r in g  f in e  w e a th e r .  
E sp e c ia lly  w a rm th -a b s o rp tio n  b y  th e  v a s t t id a l  la n d s  is h e lp fu l 
in  e ffec tin g  a  r a p id  rise  o f  th e  w a te r - te m p e ra tu re .  T h e  reverse , 
a  r a p id  fa ll in g  o f  th e  w a te r - te m p e ra tu re  d u r in g  c o ld  w e a th e r , 
o b v io u s ly  a lso  occu rs  h e re .

I n  c o ld  w in te rs  d r if t- ic e  w ill b e  fo rm e d  fa ir ly  so o n  in  th e  b as in  
o f  th e  O o s te rsc h e ld e . I n  c o n s e q u e n c e  o f  th e  fo rc e  o f  th e  t id a l  
m o v e m e n ts  th e  w a te r  w ill n e v e r  b e  f ro z e n  o v e r c o m p le te ly  h e re , 
h o w e v e r.

T h e  b o t to m  c o n f ig u ra tio n  o f  th e  b a s in  o f  th e  O o s te rsc h e ld e  is 
r a th e r  i r r e g u la r  a n d  c o m p lic a te d ,  as m a y  b e  se en  f ro m  th e  c h a r t  
(fig. i ) .  T h e r e  a re  d e e p  creek s a n d  c h a n n e ls , o f ten  d e e p e r  th a n  
e ig h t  m e tre s  (e.g . th e  C h a n n e l  o f  th e  O o s te rsc h e ld e  a n d  th e  
L o d ijk sc h e  G a t) ,  a n d  v a s t  t id a l  la n d s . T h e se  t id a l  la n d s  consis t 
p a r t ly  o f  s a n d -b a n k s , n o t  s u ita b le  for o y ste r c u l tu re ,  p a r t ly  
o f  a  r a th e r  h a r d  s a n d y  m u d . T h e  o y ste r b ed s  a re  s i tu a te d  
m a in ly  o n  a  subso il o f  su c h  s a n d y  m u d  a n d  o f  p e a t-so il, w h ic h
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is fo u n d  in  m a n y  p la c e s , r e m in d in g  us o f  th e  tim e s  t h a t  th e re  
w as la n d  o r  in  a n y  case  f re s h -w a te r  m a rs h la n d  in  th o se  p laces .

T i d a l  m o v e m e n t s

B y  c o u r te sy  o f  R i j k s w a t e r s t a a t 1) I  a m  a b le  to  g iv e  som e 
in fo rm a tio n  a b o u t  th e  t id a l  m o v e m e n ts  a n d  th e  w a te r -c u r re n ts  
in  th e  O o s te rsc h e ld e . I r .  P . P h .  J a n s e n  w as so k in d  as to  s u b m it 
to  m e  fo r in s p e c t io n  th e  d a t a  o f  h is  h y d ro g ra p h ic  m e a su re m e n ts  
a n d  to  c o m p u te  fo r m e  th e  d e g re e  o f  w a te r - re n e w a l d u r in g  
a  t id a l  cy c le . F o r  th is  I  w ish  to  ex p re ss  m y  th a n k s .

M o re o v e r  d a t a  o n  o b se rv a tio n s  w ith  th e  a id  o f  f lo a ts  fo r th e  
sake o f  in v e s tig a tin g  th e  d ir e c tio n  a n d  th e  sp e e d  o f  th e  lo ca l 
c u r r e n t  sw ill b e  fo u n d  in  th e  re p o r ts  b y  F o k k e r  (1905) a n d  b y  
H u b r e c h t  (1 8 8 4 ).

T h e  r a n g e  o f  th e  tid e  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  v a rie s  
b e tw e e n  3 a n d  4. m e tre s . D u r in g  a n  a v e ra g e  lo w  w a te r  th e  b a s in  
o f  th e  O o s te rsc h e ld e  (w e s te rn  b o u n d a r y  G o rish o e k -K ijk -u it)  
c o n ta in s  275 000  000 c u b ic  m e tre s  o f  w a te r .  D u r in g  a n  a v e ra g e  
h ig h  w a te r  th e  b a s in  c o n ta in s  675 000 000 c u b ic  m e tre s  o f  w a te r .  
C o n s e q u e n tly  a n  a m o u n t  o f  400  000  000 cu b ic  m e tre s  o f  w a te r  
re g u la r ly  p asses th e  n a r ro w in g  G o r ish o e k -K ijk -u it  d u r in g  e a c h  
e b b , to  r e tu r n  fo r th e  g r e a te r  p a r t  d u r in g  th e  n e x t  flow .

T h e s e  e n o rm o u s  t id a l  m o v e m e n ts , a t te n d e d  w ith  s tro n g  tid a l 
c u r re n ts ,  c a u se  su c h  a n  in te n s iv e  m ix in g  o f  th e  w a te r  t h a t  a n y  
p e r m a n e n t  s tra t if ic a tio n  in  th is  b o d y  o f  w a te r  is th e re b y  p r e ­
v e n te d . I n  fa c t w e  sh a ll n e v e r  f in d  a  d if fe ren ce  in  s a lin ity  o r 
w a te r - te m p e ra tu re  o f  a n y  im p o r ta n c e  a t  d if fe re n t d e p th s  in  th e  
O o s te rsc h e ld e  t h a t  is m a in ta in e d  th e re  till th e  n e x t  t id e . T h e  
t id a l  m ix in g  o f  th e  w a te r  in  th e  b a s in  is th o ro u g h , w h ic h  m ak es it  
e a s ie r  to  s tu d y  th e  b io lo g y  o f  th e  o y s te r  la rv a e  h e re  th a n  in  
p la c e s  w h e re  m a rk e d  s tra t if ic a tio n s  c o m p lic a te  h y d ro g ra p h ic a l  
c o n d itio n s . T h e  E e n d ra c h t ,  a  sh a llo w  w a te r  b e tw e e n  th e  m a in ­
la n d  a n d  th e  is la n d  o f  T h o le n  m a y  b e  le ft o u t  o f  a c c o u n t ,  as th e  
re la tiv e ly  sm a ll v o lu m e  o f  w a te r  i t  c o n ta in s  m a y  b e  co n s id e re d  
to  p e r fo rm  a  c o n t in u o u s ly  o sc illa tin g  m o v e m e n t. C o n s e q u e n t ly  a ll 
th e  t id a l  w a te r  p asses th e  n a r ro w in g  G o rish o e k -K ijk -u it.

I t  is v e ry  im p o r ta n t  to  k n o w  h o w  m u c h  o f  th e  w a te r  p ass in g  
th is  n a r ro w in g  d u r in g  e a c h  e b b , re -e n te rs  a t  th e  n e x t  flow . W est

1) M in istry  o f  P u b lic  W orks, D e p a r tm e n t fo r th e  m a in te n a n c e  o f  dikes, 
ro ad s, b rid g es a n d  th e  n a v ig a b ility  o f  canals a n d  rivers.
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o f  th e  b a s in  (fig . i )  w e c a n  d is t in g u ish  th e  “ a r e a  o f  th e  c o n d u c t­
in g  c h a n n e ls” , o f  th e  B r a b a n ts c h  V a a rw a te r  a n d  th e  C h a n n e l 
o f  th e  O o s te rsc h e ld e , b o th  o f  w h ic h  c o n d u c t  th e  w a te rs tre a m s  
to  a n d  f ro m  th e  b a s in . T h e  Z a n d k re e k , a  w a te r  s i tu a te d  b e tw e e n  
th e  is lan d s o f  N o o rd -B e v e la n d  a n d  Z u id -B e v e la n d , m a y  b e  le ft 
o u t  o f  a c c o u n t  as its  c o n te n t  p e rfo rm s  a n  o sc illa tin g  m o v e m e n t 
d u r in g  a  t id a l  cycle.

T h e  a r e a  s i tu a te d  n o r th w e s t  o f  th e se  c o n d u c tin g  c h a n n e ls  
m a y  b e  d is t in g u ish e d  as th e  “ o u tly in g  d is t r ic t” . T h e  v o lu m e s 
o f  w a te r  w h ic h  p ass  th ro u g h  th e  B ra b a n ts c h  V a a r w a te r  a n d  th e  
C h a n n e l o f  th e  O o s te rsc h e ld e  a re  n o t  th e  sa m e  d u r in g  e b b  a n d  
flow . I n  th e  B ra b a n ts c h  V a a r w a te r  w e  sh a ll f in d  m o re  w a te r  
p ass in g  d u r in g  flow  th a n  d u r in g  e b b . I n  se v e ra l p la c e s  o n  th e  
h y d r o g ra p h ic a l  c h a r t  (fig. i )  w e  s h a ll  see tw o  n u m b e rs ,  a c c o m ­
p a n ie d  b y  l i t t le  a rro w s , a l l  o f  th e m  s itu a te d  in  th e  c e n tre s  o f  th e  
c h a n n e ls . T h e s e  n u m b e rs  in d ic a te  th e  v o lu m e  o f  w a te r  w h ich  
passes th e se  c h a n n e ls  d u r in g  o n e  a v e ra g e  flow  a n d  d u r in g  o n e  
a v e ra g e  e b b , ex p re ssed  in  m illio n s  o f  c u b ic  m e tre s , th e  le ft 
in d ic a t in g  th e  flow . A  d if fe re n c e  b e tw e e n  tw o  su c h  n u m b e rs  
in d ic a te s  a  su rp lu s  o f  flow  o r  a  su rp lu s  o f  e b b  in  t h a t  c h a n n e l.

O n  th e  c h a r t  i t  m a y  b e  se e n  th a t  th e  B r a b a n ts c h  V a a rw a te r  
show s a  s u rp lu s  o f  flow  o f  30  000  000  c u b ic  m e tre s . T h e  C h a n n e l 
o f  th e  O o s te rsc h e ld e  c o n s e q u e n tly  show s a  su rp lu s  o f  e b b  o f  
30 000 000  c u b ic  m e tre s .

So 30 000  000  m 3 o f  “ n e w ”  w a te r  a r e  c o n d u c te d  v ia  th e  B ra ­
b a n ts c h  V a a r w a te r  in  s o u th -e a s te rn  d ir e c tio n  d u r in g  e a c h  tid e  
(1 2 h  2 5 m ). A c c o rd in g  to  R i jk s w a te r s ta a t  w e  m a y  s p e a k  in  th is  
case o f  r e a l ly  “ n e w ”  w a te r ,  b e c a u se  i t  is d e r iv e d  f ro m  th e  a re a  
ca lle d  “ o u tly in g  d is t r ic t”  ( th e  R o o m p o t) .  O f  c o u rse  th e  w a te r  in  
th is  “ o u tly in g  d is t r ic t”  c o n ta in s  a  f ra c tio n  o f  th e  w a te r  o r ig i­
n a l ly  d e r iv e d  f ro m  th e  b a s in , b r o u g h t  th e re  in  c o n se q u e n c e  
o f  th e  s u rp lu s  o f  e b b  in  th e  C h a n n e l o f  th e  O o s te rsc h e ld e . T h is  
b a s in -w a te r ,  h o w e v e r, is c o n s id e re d  to  b e  d ilu te d  w ith  “ n e w ” 
w a te r  to  su c h  a  h ig h  d e g re e  o n  re a c h in g  th e  R o o m p o t,  t h a t  
i ts  re la t iv e  v a lu e  m a y  b e  r e g a rd e d  as n e g lig ib le . C o n s e q u e n tly  
o y s te r  la rv a e  o r ig in a t in g  f ro m  th e  b a s in  w ill b e  p r a c tic a lly  
a b s e n t in  th e  “ n e w ”  w a te r  o f  w h ic h  th e  su rp lu s  o f  flow  o f  th e  
B r a b a n ts c h  V a a r w a te r  consists . W e a re  n o t  ju s t if ie d , h o w ev e r, 
in  d e d u c in g  f ro m  th e  fo re g o in g  t h a t  th e  t id a l  re n e w a l o f  th e  
w a te r  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  a m o u n ts  to  30 000 000 m 3.

T h e  B ra b a n ts c h  V a a r w a te r  d isc h a rg es  its e lf  in to  th e  e a s te rn
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p a r t  o f  th e  C h a n n e l o f  th e  O o s te rsc h e ld e  a n d  n o t  d ire c tly  in to  
th e  b a s in . C o n s e q u e n tly  a  c e r ta in  p a r t  o f  th e  30 000 000 m 3 
su rp lu s  o f  flow  does n o t  r e a c h  th e  b a s in  a t  a l l ,  b u t  s tre a m s  b a c k  
w e s tw a rd s  v ia  th e  C h a n n e l o f  th e  O o s te rsc h e ld e . A c c o rd in g  to  
R i jk s w a te r s ta a t  th e  a v e ra g e  t id a l  re n e w a l o f  th e  w a te r  o f  th e  
b a s in  m a y  b e  e s tim a te d  a t  a b o u t  25 000  000  c u b ic  m e tre s . T h e  
d if fe re n t  p h a se s  o f  th is  t id a l  re n e w a l a re  sk e tc h ily  re p re se n te d  
in  th e  se ries o f  sm a ll c h a r ts ,  (fig. 2 ).

U n lik e  th e  w a te rm o v e m e n ts  in  th e  “ c o n d u c tin g  c h a n n e ls ” ,

1 HIGH W ATER 2  LOW W ATER 3  2.A S A. AFTER LOW WATER

4  S .A S k . AFTER LOW WATER 5 A .iO h .A F T E R  LOW  WATER 6  HIGH WATER

Fig . 2. T id a l m o vem en ts .

w h e re  th e  g r e a te r  p a r t  o f  th e  w a te rp a r t ic le s  fo llow  th e  d ire c tio n  
o f  th e se  c h a n n e ls ,  th e  s tre a m s  in  th e  b a s in  its e lf  a r e  n o t  su rv ey - 
a b le  in  c o n s e q u e n c e  o f  th e  i r re g u la r i ty  a n d  c o m p le x ity  o f  its 
b o tto m -c o n f ig u ra tio n .

I t  is c e r ta in ly  po ssib le  t h a t  a  w a te r p a r t ic le ,  w h ic h  re a c h e s  
th e  b a s in  o n ly  n e a r  th e  e n d  o f  th e  flow , does n o t  le a v e  th e  b as in  
d u r in g  th e  b e g in n in g  o f  th e  e b b . A c c o rd in g  to  R i jk s w a te rs ta a t  
i t  is e v e n  ad m iss ib le  to  a s su m e  th a t  a l l  th e  w a te rp a r t ic le s  w h ic h  
r e a c h  th e  b a s in  d u r in g  flow  h a v e  a n  e q u a l  c h a n c e  o f  re a c h in g  
a  c e r ta in  p o in t  a f te r  a  c o u p le  o f  d ay s . I n  o th e r  w o rd s , e a c h  
w a te r p a r t ic le  in  th e  b a s in , ir re sp e c tiv e  o f  i ts  w h e re a b o u ts  in  
th is  b a s in , h a s  a n  e q u a l c h a n c e  o f  r e m a in in g  in  th e  b a s in  d u r in g  
a  c o u p le  o f  d ay s , a t  le a s t i f  w e  d o  n o t  c o n s id e r  to o  s h o r t  a  p e r io d .
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C o n s e q u e n tly  th e  25 000  0 0 0  c u b ic  m e tre s  o f  “ n e w ”  w a te r ,  
w h ic h  r e a c h  th e  b as in  a t  e a c h  tid e  m a y  b e  c o n s id e re d  to  d riv e  
o u t  f ro m  th e  b a s in  a n  e q u a l  v o lu m e  o f  25 000  000  m 3 o f  th e  w a te r  
p r e s e n t  in  th e  b a s in  d u r in g  th e  p re c e d in g  tid e .

T h is  w a te r  s tre a m s a w a y  in  n o r th -w e s te rn  d ire c tio n , v ia  th e  
C h a n n e l o f  th e ^ O o s te rsc h e ld e  (w h ich  show s a  s u rp lu s  o f  eb b ) 
a n d  a f te r  th is , m u c h  d ilu te d , in  n o r th -e a s te rn  d ir e c tio n  v ia  th e  
K e e te n ,  w h ic h  show s a- s u rp lu s  o f  flow .

So th e  w a te r  o r ig in a tin g  f ro m  th e  b a s in  n e v e r  re a c h e s  th e  
w e s te rn  p a r t  o f  th e  O o s te rsc h e ld e  (W est o f  Z ie rik z e e ) , b u t  takes 
its  w a y  v ia  th e  K e e te n  to  th e  G re v e lin g e n . S tro n g  w in d s  fro m  
a n y  d ir e c tio n  a re  c o n s id e re d  to  h a v e  n o  a p p r e c ia b le  in f lu e n ce  
o n  th e  d e g re e  to  w h ic h  th e  w a te r  is re n e w e d  in  th e  b a s in . I f  
th e  p e r io d  u n d e r  c o n s id e ra t io n  is n o t  to o  s h o r t ,  a n d  i t  is n o t  to o  
s h o r t  c o n s id e r in g  th e  d u r a t io n  o f  th e  p e la g ic  s ta g e  o f  th e  oyste r 
la rv a e ,  th e  in f lu e n c e  o f  th e  d iffe re n c e s  b e tw e e n  sp r in g tid e s  a n d  
n e a p  tid e s  o n  th e  d e g re e  to  w h ic h  th e  w a te r  o f  th e  b a s in  is re n e w ­
e d  m a y  b e  c o n s id e re d  to  b e  o f  n o  im p o r ta n c e  e i th e r .

T h e  fo re g o in g  is o f  p a r a m o u n t  im p o r ta n c e  w ith  r e g a rd  to  th e  
o y s te r  la r v a e  in  th e  O o s te rsc h e ld e . I n  th e  f irs t p la c e  i t  w ill b e  
c le a r ,  a s su m in g  th a t  b y  fa r  th e  g re a te r  p a r t  o f  th e  o y ste r  la rv a e  
a re  se t fre e  o n  th e  o y s te r  b e d s  in  th e  b a s in  o f  th e  O o s te rsc h e ld e , 
t h a t  i t  is o f  l i t t le  im p o r ta n c e  to  k n o w  d u r in g  w h ic h  p a r t  o f  th e  
t id a l  cy c le  th e  la rv a e  a re  l ib e ra te d .  E v e n  in  ca se  o f  a  sw a rm in g  
d u r in g  e b b , p ra c tic a lly  a ll th e se  la rv a e  w ill r e tu r n  to  th e  b as in  
a g a in  d u r in g  th e  n e x t flow . T h e n  th e y  s ta r t  th e i r  g a m e  o f  c h a n c e :  
e a c h  t id e  a  g re a te r  p a r t  o f  th e se  la rv a e  le a v e  th e  b a s in  a n d  a 
c e r ta in  p e rc e n ta g e  o f  th e m  n e v e r  r e tu r n .

A t  a n  a v e ra g e  h ig h  w a te r  th e  b a s in  c o n ta in s  675  000  000  m 3 
o f  w a te r .  E a c h  tid e  a p p r o x im a te ly  25 000 000  m 3 o f  th is  w a te r  
a r e  re n e w e d , so a b o u t  9 6 ,3 %  o f  th e  o r ig in a l  w a te r  re tu rn s .

A fte r  tw o  tid e s  (0 ,963)2  X 675  000  000 m 3 r e tu r n  a n d  a f te r  
n  tid e s  (0 ,9 6 3 )"  X 675 000 0 0 0  m 3.

I t  m a y  b e  c o m p u te d  t h a t  fo r  in s ta n c e  a f te r  14 d a y s  less th a n  
a b o u t  3 5 %  o f  th e  o r ig in a l w a te r  a t  h ig h  tid e  is s till p re s e n t  in  
th e  b a s in . T h e  re s t h a s  s tr e a m e d  a w a y  v ia  th e  C h a n n e l o f  th e  
O o s te rsc h e ld e  a n d  th e  K e e te n ,  c a r ry in g  m a n y  o y s te r  la rv a e  
a lo n g  w ith  it .  T h e  lo n g e r  th e  p e la g ic  p e r io d ,  th e  sm a lle r  
w ill b e  th e  p e rc e n ta g e  o f  th e  n u m b e r  o f  la rv a e  o r ig in a lly  
p r e s e n t  in  th e  b as in  t h a t  w ill  r e m a in  th e re  ti l l  th e  m a tu r e  
s ta g e . I n  th e  sec tio n  o n  th e  h o r iz o n ta l  m o v e m e n ts  o f  th e
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la rv a e  w e sh a ll see to  w h a t  d e g re e  th e  m o v e m e n ts  o f  th e  
la rv a l  h e rd s  c o r re s p o n d  w ith  th e  t id a l  m o v e m e n ts .

A s w ill b e  d isc u sse d  la te r  o n , th e re  a r e  se v era l fac to rs  w h ich  
c a u se  a  loss o f  la rv a e  d u r in g  th e ir  p e la g ic  life. I t  is o f te n  d ifficu lt 
o r ev e n  im p o ss ib le  to  e s tim a te  th e  r e la t iv e  im p o r ta n c e  o f  th e se  
fac to rs . So i t  is a n  a d v a n ta g e  t h a t  w e  d o  k n o w  th e  d e g re e  to  
w h ic h  th e  w a te r  in  th e  b a s in  is re n e w e d , th is  b e in g  o n e  o f  th ese  
fac to rs .

A p a r t  f ro m  th e  d e g re e  o f  w a te r  re n e w a l in  th e  b a s in  d u r in g  
a  t id a l  cy c le , th e r e  is a n o th e r  fa c to r  b r o u g h t  a b o u t  b y  th e  t id a l  
m o v e m e n ts , w h ic h  is o f te n  c o n s id e re d  o f  im p o r ta n c e  w ith  r e g a rd  
to  th e  b io lo g y  o f  th e  o y s te r  la rv a e . T h is  fa c to r  is th e  v e l o c i t y  
o f  t h e  c u r r e n t s .

I n  th e  se c tio n  o n  th e  v e r t ic a l  m o v e m e n ts  o f  th e  la rv a e  a n d  
in  t h a t  o n  th e  in f lu e n c e  o f  th e  c u r re n ts  o n  th e  s e ttin g  p ro cess  
f u r th e r  p a r t ic u la r s  c o n c e rn in g  th is  fa c to r  w ill b e  d iscussed . 
R i jk s w a te r s ta a t  in v e s tig a te d  th e  d ir e c tio n  a n d  th e  v e lo c ity  o f  th e  
t id a l  c u r re n ts  d u r in g  e n t ir e  t id a l  cycles a t  sev era l s ta tio n s  in  
th is  reg io n . T h e s e  s ta tio n s  a re  s i tu a te d  in  th e  c h a n n e ls  as w ell as 
in  sh a llo w e r  p la c e s . O b se rv a t io n s  w ere  c a r r ie d  o u t  in  th e  su rfa ce  
la y e rs  as w e ll a s  io  c m  a n d  60 cm  a b o v e  th e  b o tto m . I t  is o u t­
s id e  m y  sco p e  to  r e p ro d u c e  h e re  a l l  th e se  d a ta  b y  R ijk s w a te r ­
s ta a t .

A n  im p o r ta n t  s ta t io n  in  c o n n e c tio n  w ith  m y  e x p e r im e n ts  o n  
th e  se ttin g  p ro ce ss  is a  fa ir ly  sh a llo w  p la c e  o n  th e  Y e rsc h e  B an k  
c a lle d  “ th e  B o l”  (fig. 1). D u r in g  lo w  w a te r  th e  d e p th  is 1,50 
to  2 m e tre s  h e re ,  d u r in g  h ig h  w a te r  so m e  3 to  4  m e tre s  m o re . 
T h e  v e lo c ity  o f  th e  t id a l  c u r re n ts  a t  th e  su rfa c e  ex ceed s a  m a x i­
m u m  o f  3 0 c m /se c . h e re , b u t  does n o t  r e a c h  50 c m /se c . N e a r  
th e  b o t to m  th e  v e lo c itie s  a re  a b o u t  o n e  th ir d  less. A n o th e r  
im p o r ta n t  s ta t io n  is, fo r in s ta n c e , th e  e a s te rn  p a r t  o f  th e  d ee p  
C h a n n e l  o f  th e  O o s te rsc h e ld e  n e a r  G o rish o e k  (fig. 1). T h e  
v e lo c ity  o f  th e  c u r r e n t  in  th e  su rfa ce  la y e rs  in  th e  m id d le  o f  th is  
C h a n n e l  re a c h e s  a  m a x im u m  o f  a b o u t  150 c m /se c ., th e  m a x im u m  
v e lo c ity  n e a r  th e  b o t to m  e x c ee d in g  100 c m /se c .

T h e  s ta t io n  s i tu a te d  in  th e  m id d le  o f  th e  C h a n n e l o f  th e  O o s te r ­
sc h e ld e  n e a r  W e m e ld in g e  y ie ld s  th e  sa m e  figu res. I n  g e n e ra l  w e 
m a y  s ta te  t h a t  in  th e  su r fa c e  la y e rs  o f  th e  d e e p  c h a n n e ls  m a x im u m  
c u r r e n t  v e lo c itie s  o f  100 to  150 cm /se c . m a y  b e  e x p e c te d , w h ile  
th e  m a x im u m  v e lo c itie s  n e a r  th e  b o t to m  a re  a b o u t  o n e  th ird  
less. T h e  c h a n n e ls  w ith in  th e  b a s in  sh o w  m a x im u m  c u r re n t-
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veloc ities  o f  50 to  100 c m /se c .,  w h ile  m a x im u m  c u rre n t-v e lo c itie s  
b e lo w  50 cm /se c . w ill o n ly  b e  fo u n d  in  sh a llo w  p laces.

I n  c o r re la t io n  w ith  th e  i r r e g u la r  b o tto m -c o n f ig u ra tio n  in  th e  
b a s in , d ire c tio n s  a n d  v e lo c itie s  o f  th e  t id a l  c u r re n ts  o f te n  show  
a  less r e g u la r  co u rse  in  sh a llo w  p la c e s  th a n  in  th e  d e e p  c h a n n e ls .

S a l i n i t y  a n d  w a t e r - t e m p e r a t u r e

S in ce  M a rc h  1921 th e  c o m m a n d in g  o fficer a b o a r d  o n e  o f  th e  
p o lic e b o a ts  o f  th e  F ish e ry  B o a rd  o f  th e  Z e e la n d  S tre a m s  h as

1950* ’ 1931 '  1932 S * Î933 * " \<?W  * ’1935* ’’ 193b ? i 1 9 3 ? 5 *1930

Fig . 3. T h e  sa lin ity  in  th e  O osterschelde .
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AVERAGE VATER-TEMPE RATURES IN THE OOSTERSCHELDE 
DURING THE SUMNER-SEASON SINCE 1921

P R A C T I C A L  S E T
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F ig . 4 . W a te r te m p e ra tu re s  d u r in g  th e  su m m erm o n th s .
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a s c e r ta in e d  tw ic e  a  d a y , a t  h ig h  s lack  w a te r  a n d  a t  lo w  slack  
w a te r ,  th e  te m p e r a tu re  a n d  th e  s a lin ity  o f  th e  su r fa c e -w a te r  in  
th e  b a s in  o f  th e  O o s te rsc h e ld e . T h e se  te m p e ra tu re - r e a d in g s  a re  
e x a c t to  h a l f  deg rees. T h e  s a lin ity  is m e a s u re d  b y  m e a n s  o f  a n  
a re o m e te r .  I  u sed  th e se  d a ta  to  c o m p u te  m o n th ly  a v e ra g e s  o f 
te m p e r a tu r e  a n d  sa lin i ty  for th e  y ea rs  s in ce  1921 ( ta b le  1, 2 
fig. 3 ). T e m p e r a tu r e s  ta k e n  o n  o r  n e a r  th e  t id a l  la n d s  a t  lo w  
w a te r  m a y  sh o w  m a rk e d  d e v ia tio n s  f ro m  th e  te m p e r a tu r e  in  th e  
b u lk  o f  th e  w a te r ,  e sp ec ia lly  d u r in g  co ld  o r  v e ry  w a r m  w e a th e r . 
S o  I  s o r te d  o u t  th e  te m p e r a tu re s  ta k e n  o n  o r  n e a r  th e  t id a l  
la n d s  d u r in g  lo w  slack  w a te r .  A s in  th is  s tu d y  th e  w a te r - te m p e ra -  
tu re s  d u r in g  th e  se aso n  o f  r e p r o d u c t io n  a re  o f  sp e c ia l in te re s t, 
I  h a v e  re p re s e n te d  th e  d a ta  fo r th e  su m m e rm o n th s  ( J u n e ,  J u ly ,  
A u g u s t a n d  S e p te m b e r)  in  a  m o r e  d e ta ile d  fo rm  b y  c o m p u tin g  
h a l f -m o n th ly  av e rag es .

I n  a  sp e c ia l g r a p h  (fig. 4) to  e lu c id a te  th is  m a t te r  I  h a v e  
tr ie d  to  b r in g  o u t  w h e n , h o w  lo n g  a n d  h o w  m u c h  th e  w a te r -  
te m p e ra tu re s  ro se  a b o v e  th e  18 d eg rees  lev e l d u r in g  th e se  y ea rs . 
A s I  sh a ll h a v e  o cc as io n  to  sh o w  la te r  o n  th e re  ex ists a  c e r ta in  
c o n n e c t io n  b e tw e e n  te m p e r a tu r e  co n d itio n s  a n d  th e  r a te  o fd e v e lo p -  
m e n t  o f  th e  o y s te r  la rv a e .  I n  th e  ta b le s  i t  m a y  b e  seen  t h a t  th e se  
h a lfm o n th ly  te m p e ra tu re  a v e ra g e s  h a v e  n e v e r  e x c e e d e d  2 2 0 C  
so fa r. P ra c t ic a l ly  e v e ry  s u m m e r  th e  w a te r  te m p e r a tu r e  exceeds 
th e  18° G  le v e l fo r a  r e a s o n a b le  p e r io d  o f  tim e .

A p a r t  f ro m  th e se  d a ta ,  te m p e r a tu re s  w e re  ta k e n  d a i ly  a t  lo w  
s la ck  w a te r  a t  K a t te n d i jk e  as w ell as o n  th e  Y e rsc h e  B a n k , 
(e x a c t to  te n th s  o f  d eg rees) d u r in g  th e  s u m m e r  seasons o f  th e  
y ea rs  1936-1939 . T h e s e  d a ta  a r e  to  b e  fo u n d  in  th e  d ia g ra m s  
o n  th e  o y s te r  la rv a e  (fig. 7, 8, 9 , i o ) .  G e n e ra lly  sp e a k in g , low - 
w a te r  te m p e r a tu re s  w ill show  e x tre m e  v a lu es . T h e  d e v ia tio n  f ro m  
th e  a v e ra g e  d a i ly  w a te r  te m p e r a tu r e  is n o t  v e ry  g r e a t ,  h o w e v e r, 
e sp e c ia lly  n o t  a t  K a tte n d i jk e .  O n  th e  Y ersch e  B a n k , r a th e r  close 
to  th e  t id a l  la n d s , th e  w a te r - te m p e ra tu re  a t  lo w  s la c k  w a te r  
m a y  sh o w  v a lu e s  o f  i °  o r  so m e tim e s  ev e n  2° a b o v e  o r  b e lo w  th e  
d a i ly  a v e ra g e , e sp ec ia lly  d u r in g  e x tre m e ly  w a r m  o r  e x tre m e ly  
co ld  w e a th e r .  D u r in g  th e  su m m e rse a so n s  o f  1938 a n d  1939 
th e rm o g ra p h  re c o rd s  o f  th e  b o t to m -w a te r  w e re  ta k e n  o n  th e  
Y ersch e  B a n k . T h e se  d a t a  m a y  also  b e  fo u n d  in  th e  d ia g ra m s  
o n  th e  la rv a e  (fig. 7 , 8, 9 , i o ) .  I  u sed  a  t im e p ie c e  th e rm o g ra p h  
(b y  F u e ss ) , c o n ta in e d  in  a n  i r o n  b o x , w h ic h  w as  p la c e d  a t  th e  
b o tto m . T h e  d iffe re n c e s  b e tw e e n  th e  lo w -w a te r  te m p e ra tu re s
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(a lso  ta k e n  n e a r  th e  b o tto m )  a n d  th e  d a i ly  a v e rag es  m a y  b e  
s tu d ie d  f ro m  th e  d ia g ra m s  o n  th e  la rv a e . G e n e ra lly  sp e a k in g , 
w e  m a y  s ta te  t h a t  d u r in g  s u m m e r  th e  lo w -w a te r  te m p e ra tu re s  
a t  th e  Y ersch e  B a n k  a n t ic ip a te  th e  a v e ra g e  d a i ly  w a te r  te m p e r a ­
tu re s , w ith  a  d iffe re n c e  o f  a b o u t  o n e  d e g re e . So w e  see fo r 
in s ta n c e  t h a t  in  th e  b e g in n in g  o f  A u g u s t  1938 lo w -w a te r  te m p e r ­
a tu re s  r e a c h e d  h ig h  v a lu e s  so o n e r  th a n  th e  d a i ly  a v e ra g e s  a n d  
c o n v e rse ly  th a t  in  th e  se co n d  h a l f  o f  A u g u s t  1938 lo w -w a te r  
te m p e ra tu re s  w ere  lo w e r  th a n  th e  d a i ly  a v e ra g e s  d u r in g  a  p e r io d  
o f  fa llin g  te m p e ra tu re .  A ll th e se  th e rm o g ra p h  re c o rd s  h a v e  n o t 
b e e n  r e p ro d u c e d  h e re . T h e y  g e n e ra lly  sh o w  a  v e ry  r e g u la r  co u rse  
w ith  s lig h t p ea k s  d u r in g  lo w  w a te r .  T h e s e  p ea k s  p ra c tic a lly  
n e v e r  ex ceed  i °  C . T h e  th o r o u g h  w a te r  m ix in g  b y  th e  tid e s  m a k e  
i t  im p o ss ib le  fo r d iffe ren ces  b e tw e e n  w a te r - te m p e ra tu re s  a t  th e  
su rfa c e  a n d  n e a r  th e  b o t to m  to  su b sis t th r o u g h o u t  a  t id a l  cycle .

A s re g a rd s  th e  s a lin ity  I  a s su m e  th a t  th e  a re o m e te r - re a d in g s  
e ffe c te d  tw ic e  a  d a y  s in ce  1921 suffice to  fo rm  a n  a d e q u a te  id e a  
a b o u t  th e  s a lin ity  in  th e  O o s te rsc h e ld e . T h e  lo w es t m o n th ly  
v a lu e  o f  th e  specific  w e ig h t r e c o rd e d  w as  1 ,0179  (a t  C)
d u r in g  J a n u a r y  1926. T h e  h ig h e s t specific  w e ig h t  re c o rd e d  w as 
1 ,0239 d u r in g  A u g u s t 1921 a n d  O c to b e r  1923. O n  a n  a v e ra g e  
th e  specific w e ig h t in  th e  O o s te rsc h e ld e  is 1 ,0212 ( a t  I7 ,5 ° C ) , 
w h ic h  c o rre sp o n d s  w ith  a  s a lin ity  o f  27 ,75  °/oo-

S e v e ra l fa c to rs  h a v e  th e ir  in f lu e n c e  o n  th e  sa lin ity . I n  th e  
f irs t p la c e  w e  th in k  o f  p re c ip ita t io n  a n d  e v a p o r a t io n  as p re d o m i­
n a t in g  fac to rs . I  m e n tio n e d  b e fo re  th a t  n o  v o lu m e  o f  fre sh  
w a te r  o f  a n y  im p o r ta n c e  is d is c h a rg e d  in to  th e  b a s in  o f  th e  
O o s te rsc h e ld e , so o n ly  r a in w a te r  t h a t  h a s  fa lle n  d ir e c tly  in to  
th e  b a s in  i ts e lf  h as  to  b e  ta k e n  in to  a c c o u n t .  T h e  s a lin ity  o f 
th e  a d ja c e n t  w a te rs  s h o u ld  n o t  b e  o v e r lo o k e d , h o w ev e r.

T h e  s a lin ity  o f  th e  c o a s ta l su rfa ce  w a te r  o f  th e  N o r th -S e a  
show s m o re  o r less r e g u la r  se aso n a l f lu c tu a tio n s . V a n  R i e l  (1 9 2 9 )  
s ta te s  t h a t  th e  3 4  ° /00 iso h a lin e  is to  b e  fo u n d  a t  a n  a v e ra g e  
d is ta n c e  o f  2 2  k m  o f f  th e  sh o re  o f  H o o k  o f  H o lla n d  d u r in g  
w in te r ,  4 4  k m  d u r in g  s p r in g , 4 2  k m  d u r in g  s u m m e r  a n d  2 7  k m  
d u r in g  a u tu m n . T h e  d is c h a rg e  o f  th e  g r e a t  r iv e rs  ( th e  R h in e  
a n d  th e  M e u se , o f  w h ic h  th e  fo rm e r  is th e  m o s t im p o r ta n t)  a n d  
th e  su p p ly  o f  A tla n t ic  w a te r  ex e rc ise  th e ir  in f lu e n c e  o n  th e  
s a lin ity  o f  th e  co a s ta l su rfa c e  w a te r  o f  th e  N o rth -se a .

I n  o rd e r  to  in v e s tig a te  w h ic h  fa c to r  h as  th e  g re a te s t  in flu e n c e
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T A B L E  I

A V E R A G E  W A T E R -T E M P E R A T U R E S  IN  T H E  O O S T E R S C H E L D E
S IN G E  19 2 1

C o m p u te d  fro m  tem p e ra tu re -re ad in g s  tw ice  a  d ay , a t  h ig h  w a te r  an d

Y ear J a n u a ry
F e b ru ­

a ry M a rch A pril M ay J u n e  I J u n e  I I J u ly  I

1921 10,0 15,9 18,5 17,2 19,5

1922 2,0 L 5 5,8 6,6 I 5,5 20,1 16,3 16,3

1923 3»4 4,9 6,0 10,0 ” ,9 12,9 I4,5 20,0

1924. 0 ,5 ' i ,7 3,3 6,3 ¡4 ,4 16,8 i 9,3 18,8

1925 4,6 5,o 4 ,9 8,8 14,2 18,5 16,7

CO

1926 3,2 5,o 6,7 9,2 12,4 15,8 16,7 19,4

1927 3,9 2,9 6,5 9,6 I 3,3 15,6 16,1 18,3

00CNCD 3,2 5 ,i 6,o 9,9 12,7 15,9 16,8 18,8

I929 o ,5 0,2 3,4 7,i 14,6 17,0 17,0 17,3

!930 5,3 3,3 5 , 1 9,o i 4 ,3 19,2 20,3 20,4

1931 4,o 2,6 4 ,° 8,6 *3,5 16,8 18,3 19,2

1932 4,2 2,1 2,9 7,5 11,8 15,8 17,6 20,3

1933 3,4 L 9 4,7 9 ,4 13,0 17,7 16,3 18,i

1934 i ,3 2,0 4,4 9,2 12,3 16,3 17,8 18,6

1935 3,3 2,7 4,2 7,6 10,9 15,2

TOG 20,4

1936 3,3 L4 3,6 7,6 12,9 12,9 16,9 CD

1937 1,8 3,2 4,2 7,6 14,0 18,1 18,2 18,6

1938 3,4 3,5 6,3 8,1 12,1 I 3,9 17,4 16,5

! 939
T o ta l

2,9 3,8 5 ,6 9,3 13,6 17,1 18,2 i8,5

m o n th ly
averages

3,o 2,9 4,9 8,5 i 3,3 16,5 17,3 18,7
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a t low  w ater. O bservations a t low w ater o n  or n ear th e  tida l lands excluded. 
O bservations exact to h a lf  degrees. Surface-w ater used.

H alf-m onthly  averages have  been com puted  for each summer-season. 
N o observations on account o f ice-drift: D ec. 17-23 1927, Febr. 8 -M arch  11 

1929, Ja n . 23-31 and  Dec. 4-21 1933, J a n . 5 -16  1934, Dec. 17-28 1938. 
T h e  real averages for these m onths m ay  be som ew hat lower.

Ju ly  IT A ugust I A ugust I I Sept. I Sept. II O ct. Nov. Dec.

22,0 *9,4 18,5 18,1 16,0 14,8 4,4 3,2

*7»5 18,o *7»* 16,1 13,6 9,7 5,3 4,8

*9)5 19.6 17,0 16,5 13,9 n ,9 4,9 2,4

i 9»5 18,7 !5>9 15,7 14,8 12,6 7,5 5,i

20,3 18,5 18,7 I5>2 14,2 12,3 5,8 1,1

20,3 18,4 19** 19»1 16,7 12,6 6,9 5,2

18,9 20,5 17,8 18,1 J5,2 12,6 9,6 3,3

21,1 19,° 18,8 18,5 16,4 12,3 9,3 5,i

20,5 19.9 20,1 20,7 18,0 13,0 7,6 5A

17.5 i 7,4 17,6 18,3 14,3 n ,9 8,6 4,6

18,4 18,2 16,9 15,8 14,6 12,8 8,2 5,7

19.4 20,2 22,1 19,0 16,5 11,8 7,5 3,9

*9,7 19>7 18,6 17,3 15,8 12,5 ■ 6,2 0,1

19,1 18,7 *7,9 18,0 16,6 12,0 6,4 6,1

20,6 i 9>8 19,4 17,4 *4,3 10,6 7,o i ,9

17,6 17»* 18,0 17,0 15,2 9,2 5,3 2,0

18,5 20,0 19»° 18,0 15,8 12,7 7,3 3A

18,5 22,1 18,6 17,2 17,0 12,7 9,8 4,5

18,7 18,7 19,8 20,0 17,6 i i ,4 7,9 2,1

1 9 . 5 19,1 18,5 17,7 15,6 12,1 7,i 3,6
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T A B L E  I I

M O N T H L Y  A V E R A G E S  O F  T H E  S P E C IF IC  W E IG H T  O F  T H E  
W A T E R  IN  T H E  O O S T E R S C H E L D E  S IN C E  ig a i

Specific w e ig h t a t  17,5o G.

Y ear
J a n u ­

a ry
F e b ru ­

a ry M arch A p ril M ay J u n e J u ly

1921 1,0218 1,0227 1,0226 1,0226 1,0232

1922 1,0227 1,0220 1,0223 1,0214 1,0211 1,0212 1,0219

1923 1,0202 1,0194 1,0209 1,0212 1,0211 1.0209 1,0209

J924 1,0220 1,0211 1,0206 1,0204 1,0198 1,0202 1,0213

»925 1,0202 1,0208 1,0209 1,0206 1,0203 1,0215 1,0214

1926 1,0179 1,0188 LOI99 1,0197 1,0201 I,0208 1,0211

1927 1,0201 1,0201 1,0204 1,0206 1,0202 1,0203 1,0203

1928 0,1202 1,0202 1,0209 1,0211 1,0211 1,0212 1,0219

I 929 1,0195 1,0191 1,0212 1,0210 1,0215 1,0214 1,0213

1930 1,0218 1,0220 1,0222 1,0221 1,0218 1,0214 1,0209

1931 1,0188 1,0182 1,0183 0 CO 1,0193 1,0200 1,0212

1932 1,0212 1,0211 1,0211 1,0215 1,0216 1,0217 1,0217

'933 1,0211 1,0211 1,0208 1,0212 1,0218 1,0223 1,0223

Í934 1,0217 1,0216 1,0222 1,0216 1,0217 1,0223 1,0227

1935 1,0220 1,0218 1,0202 1,0201 1,0198 1,0198 1,0216

j 936 1,0220 1,0202 1,0206 1,0215 1,0218 1,0204 1,0206

1937 1 ,0211 1,0201 1,0187 1,0187 1,0184. LOI97 1,0202

j 938 1,0207 1,0207 1,0199 1,0206 1,0215 I,0 2 l6 1,0220

1939 1,0230 1,0221 1,0212 1,0202 1,0208 1,0210 1,0207

T o ta l
M o n th ly
A verage

1,0209 1,0206 1,0207 1,0208 1,0209 1,021 I 1,0214

S a lin ity
°lloo

27,4 27,0 27,1 27,2 27,4 27,6 28,0



EX PERIM EN TS AND OBSERVATIONS O N  SW A RM IN G , E T C . 3 1

C o m p u te d  fro m  da ily  a reo m ete r-read in g s . (S urface -w ater u sed).
N o  observations o n  acc o u n t o f  ice -d rift:
D ec. 17-23 1927, F ebr. 8 -M a rc h  11 1929, J a n .  23-31 a n d  D ec. 4-21 

*933, J a n - 5 - 16 *934, D ec. 17-28 1938.

A u g u st
S e p tem ­

ber
O cto -

b er
N o v em ­

b er
D ecem ­

b e r
Y ear-

av erag e
R ain-fa ll

(total)

1,0239 1,0234 1,0231 1,0223 1,0231 1,0229 405 m m

1,0225 1,0230 1,0223 1,0223 1,0209 1,0220 757 m m

1,0225 1,0232 1,0239 1,0236 1,0228 1,0217 860 m m

1,0223 1,0216 1,0217 1,0215 1,0209 1,0211 736 m m

1,0212 1,0215 1,0210 0 CD 03 1,0190 1,0207 874 m m

1,0212 1,0202 1,0205 1,0204 1,0218 1,0202 696 m m

1,0203 1,0202 1,0206 I ,0208 1,0208 1,0204 9 r5 mm

1,0223 1,0225 1,0226 1,0222 i ,0208 1,0214 736 mm

1,0216 1,0214 1,0212 1,0214 1,0217 1,02x0 693 m m

1,0210 1,0212 1,02 Î 5 1,0202 1,0183 1,0212 906 mm

1,0215 1,021 I 1,0207 I ,0206 1,0209 1,0x99 702 mm

1,0218 1,0215 1,0220 1,0210 1,0212 1,0214 735 m m

1,0213 1,0212 1,0220 1,0214 1,0216 1,0215 601 m m

1,0227 1,0228 1,0235 1,0233 1,0227 1,0224 592 m m

1,0219 1,0217 1,0212 I,0 2 l8 1,0224 1,0212 802 mm

1,0215 1,0223 1,0226 1,0209 1,0205 1,0212 733 mm

1,0214 1,0214 1,0212 1,021 I 1,0207 1,0202 790 m ru

1,0233 1,0229 1,0227 1,0233 1,0232 1,0219 . 586 mm

1,0209 I,0 2 l8 1,0215 1,0196 1,0186 1,0210

1,0218 I,0 2 l8 I,0 2 l8 1,0214 1,0213 1,0212

28,5 28,5 28,5 28,0 27,9 27,75
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o n  th e  s a lin ity  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  I  h a v e  c o m p o sed  
a  d ia g ra m  (fig. 3 ). T h e  a v e ra g e  m o n th ly  v a lu e s  o f  th e  sa lin ity  
o f  th e  su rfa c e  w a te r  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  a n d  th e  
c o rre sp o n d in g  v a lu es  o f  th e  sp ec ific  w e ig h t a t  17 ,5 o ^  a re  re c o rd e d  
in  th e  in te r m e d ia te  g r a p h  o f  th e  d ia g ra m . (N .B . N o  o b se rv a tio n s  
o n  a c c o u n t o f  ic e -d rif t: D e c . 1 7 -2 3  1927, F e b r .  8 - M a r c h  11 
1929 J a n .  2 3 -3 1  a n d  D ec . 4 -2 1  1933 J a n .  5 -1 6  1934, D e c . 1 7 -2 8  
1938). T h e  to ta l  m o n th ly  p r e c ip i ta t io n  in  m m  a t  B e rg e n  op  
Z o o m  is r e c o rd e d  b e lo w . T h e se  d a t a  w e re  p la c e d  a t  m y  d isp o sa l 
b y  th e  K o n i n k l i j k  N e d e r l a n d s c h  M e t e o r o l o g i s c h  I n ­
s t i t u u t  a t  D e  B i l t .  (N .B . T h e  o b se rv a tio n s  d u r in g  D e c . 1925, 
F e b r .  1929, M a rc h  1929, A p r i l  1933 a n d  O c to b e r  1938 w ere  
c a r r ie d  o u t  a t  P o o rtv lie t , 12 k m  N .W . o f  B e rg e n  o p  Z o o m , a n d  
th e  o b se rv a tio n s  d u r in g  D e c e m b e r  1938 a t  K ra b b e n d i jk e ,  14 k m  
S .W . o f  B e rg e n  op  Z o o m ). T h e  g r a p h  a t  th e  to p  o f  th is  d ia g ra m  
sh o w s th e  f lu c tu a tio n s  in  m e tre s  o f  th e  w a te r le v e l o f  th e  r iv e r  
R h in e .  T h e  R h in e  is th e  m o s t im p o r ta n t  f re sh  w a te r  d is ­
c h a rg in g  r iv e r  in  H o lla n d .  I  a s su m e  th a t  th e  h e ig h t  o f  th e  w a te r -  
lev e l re c o rd e d  fo r in s ta n c e  so m e  100 k m  f ro m  th e  sh o re , m a y  
b e  r e g a rd e d  as a n  a p p ro x im a te  s ta n d a r d  fo r  th e  v o lu m e  o f  w a te r  
d is c h a rg e d . T h e  a v e ra g e  m o n th ly  v a lu e s  o f  th e  w a te r le v e ls  c a n  
b e  fo u n d  in  th e  “J a a r b o e k e n  d e r  W a te rh o o g te n ”  b y  R ijk s w a te r ­
s ta a t .  So th e  to p m o s t g r a p h  m a y  b e  c o n s id e re d  to  in d ic a te  f lu c t­
u a t io n s  in  th e  d is c h a rg e  o f  th e  r iv e r  R h in e .  I  c a n n o t  d e m o n s tra te  
v a r ia t io n s  in  th e  in te n s ity  o f  th e  e v a p o ra tio n  in  th is  d ia g ra m , as 
I  h a v e  n o  d a ta  a b o u t  th e m  a t  m y  d isp o sa l.

S tu d y in g  th is  d ia g ra m , w e sh a ll f in d  t h a t  r e g u la r  seaso n a l 
f lu c tu a tio n s  in  s a lin ity  d o  n o t  o c c u r  h e re . T h e  loca] p re c ip i­
ta t io n  does n o t  sh o w  a  m a rk e d  re la t io n  w i th  th e  v a r ia t io n s  in  
sa lin ity . O f te n  s h a rp  f lu c tu a tio n s  in  th e  ra in fa l l  fa il to  ev o k e  a  
r e a c t io n  o f  th e  sa lin ity , so m e tim e s  th e  s a lin ity  e v e n  in c reases  
d u r in g  a  v e ry  w e t m o n th .  F lu c tu a t io n s  in  th e  d is c h a rg e  o f  th e  
R h in e ,  o n  th e  o th e r  h a n d ,  h a v e  a  w e ll-m a rk e d  in f lu e n c e  o n  th e  
sa lin ity  in  th e  b a s in  o f  th e  O o s te rsc h e ld e . G e n e ra lly  sp e ak in g , 
w e  m a y  s ta te  t h a t  th e  g r a p h  o n  th e  w a te r le v e l o f  th e  R h in e  m a y  
b e  c o n s id e re d  to  b e  a p p ro x im a te ly  th e  re f le c te d  im a g e  o f  th e  
g r a p h  o n  th e  sa lin ity .

So I  w a n t  to  c o n c lu d e  th a t  th e  d is c h a rg e  o f  th e  R h in e  h as  a 
m a rk e d  in f lu e n c e  o n  th e  s a l in i ty  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  
a n d  t h a t  th e  lo c a l  p r e c ip i ta t io n  is o f  m u c h  less im p o r ta n c e  in  
th is  re sp e c t.
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IV .  A IM S  O F  I N V E S T IG A T IO N

I n  c o n n e c tio n  w ith  th e  e n fo rc e d  r e tu r n  to  th e  o ld  a p p ro v e d  
sy s tem  o f  t i le -c o lle c to rs  in  th e  Z e e la n d  w a te rs  a n d  w ith  th e  v e ry  
d if fic u lt p o s it io n  o f  th e  lo c a l o y s te r  in d u s t r y  in  th e  y ea rs  fo llo w in g  
1930 s u p p o r t  w a s  r e n d e re d  to  th e  o y s te r  fa rm e rs  b y  e la b o ra t in g  
a  sy stem  o f  fo re c a s tin g  th e  p e r io d s  o f  sp a tfa ll in  o r d e r  to  in c re a se  
th e  c h a n c e  o f  o b ta in in g  a  su ffic ien t s p a tfa l l  o n  th e  tile s  ( H a v i n g a , 

1938, 1939)-
T h e  p r im a r y  p u rp o s e  o f  th e se  in v e s tig a tio n s  w as to  m a k e  a n  

an a ly s is  o f  th e  m a x im a  a n d  m in im a  o f  s w a rm in g  in  th e  co u rse  
o f  th e  se aso n  o f  r e p ro d u c t io n  a n d  o f  th e  p e la g ic  life a n d  th e  
s e tt in g  h a b i ts  o f  th e  o y s te r  la rv a e  w i th  re fe ren c e  to  e n v iro n m e n ta l  
co n d itio n s  a n d  th e  d e m a n d s  o n  t h e  n a tu r e  o f  th e  co lle c to r-  
m a te r ia l .

E sp e c ia lly  o u r  k n o w le d g e  o f  th e  f re e -sw im m in g  s ta g e  o f  th e  
la rv a e  o f  Ostrea edulis sh o w e d  m a n y  g ap s . T h o u g h  m a n y  in v e s ti­
g a t io n s  h a v e  b e e n  c a r r ie d  o u t  o n  th e  b io lo g y  o f  th e  la rv a e  o f  
o th e r  k in d s  o f  o y s te rs  d u r in g  th e  p e la g ic  s ta g e , e sp e c ia lly  in  
A m e r ic a , i t  s h o u ld  n o t  b e  a s su m e d  th a t  th e  la rv a e  o f  Ostrea 
edulis w ill a c t  in  q u i te  th e  sa m e  w a y  as th o se  o f  th e  fo re ig n  
species. I t  is im p o ss ib le  to  u n d e r s ta n d  th e  c o r re la t io n  b e tw e e n  
s w a rm in g  a n d  s e ttin g  w ith o u t  a  th o ro u g h  k n o w le d g e  o f  th e  
in te r ja c e n t  s ta g e , in  c a su  th e  p e la g ic  s tag e . So sp ec ia l a t te n t io n  
w as p a id  to  th e  b io lo g y  o f  th e  f re e -sw im m in g  la rv a e . B ecau se  
b u t  few  re l ia b le  sc ien tific  d a t a  c o n c e rn in g  th e  d e m a n d s  t h a t  
m a tu r e  la rv a e  o f  Ostrea edulis m a k e  u p o n  th e  n a tu r e  o f  th e  c u ltc h  
m a te r ia l  a re  a v a ila b le ,  th is  su b je c t w as a lso  in q u ir e d  in to .  A l­
th o u g h  la rv a l  life a n d  th e  s e tt in g  p ro ce ss  w e re  s tu d ie d  s im u lta n e ­
o u sly , I  sh a ll  d iscuss th e se  d if fe re n t  su b je c ts  s e p a ra te ly . T h e  
c o r r e la t io n  b e tw e e n  s w a rm in g  a n d  s e ttin g , th e  m o s t im p o r ta n t  
p o in t  in  c o n n e c t io n  w ith  th e  a im s o f  th e se  in v e s tig a tio n s , c a n  
o n ly  b e  d isc u sse d  a f te r  a n  e la b o ra te  re v ie w  o f  th e  m e th o d s  a n d  
re su lts  o f  th e  in q u ir ie s  in to  th e se  s e p a ra te  su b jec ts .

S p a w n in g  a n d  s w a rm in g  d e te rm in e  w h e n  a n d  w h e re  y o u n g  
la r v a e  c a n  b e  e x p e c te d , w h ile  s till o th e r  fac to rs  d e te rm in e  w h e n  
a n d  to  w h a t  d e g re e  sp a w n in g  w ill o cc u r. T h e re fo re  a  d isc u ss io n  
o f  th e  processes p re c e d in g  sp a w n in g  s h o u ld  n o t  b e  la c k in g  h e re  
fo r  a  full u n d e r s ta n d in g  o f  th e  e n tire  p rocess.

3
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V . M E T H O D S  -  I N V E S T IG A T IO N  O N  T H E  P E L A G IC  S T A G E  O F
T H E  L A R V A E

R e c o g n i t i o n  o f  t h e  l a r v a e

A  c o n d itio  s in e  q u a  n o n  i n  th e  s tu d y  o f  p la n k to n ic  o rg a n ism s  
lik e  o y s te r la rv a e , is th e  p o s s ib ili ty  o f  a n  in fa llib le  re c o g n itio n  
o f  su ch  la rv a e  a m o n g  th e  h e rd s  o f  o th e r  p la n k to n ic  o rg an ism s, 
w h ic h  w ill b e  fo u n d  to  in c lu d e  m a n y  la rv a l  s tag es o f  o th e r  k inds 
o f  L a m e llib ra n c h s . N o tw ith s ta n d in g  th e  fa c t th a t  th e  la rv a e  o f  
B iv a lv ia  fo rm  o n e  o f  th e  fe w  g ro u p s  o f  p la n k to n ic  o rg an ism s , 
a b o u t  w h ic h  n o  ex ten s iv e  sy s te m a tic  l i t e r a tu r e 1) ex ists, th e  
r e c o g n itio n  o f  th e  p e la g ic  la r v a e  o f  Ostrea edulis does  n o t  p re se n t 
a n y  d ifficu lties. M o rp h o lo g y  a n d  c o lo u r  o f  th e  la rv a e  o f  Ostrea 
edulis a re  v e ry  c h a ra c te r is tic .  M o re o v e r  th e  la rv a e  o f  th is  in c u b a ­
to ry  species o f  o y s te r  d o  n o t  m a k e  th e ir  a p p e a r a n c e  in  th e  p la n k ­
to n  til l  th e y  h a v e  a t ta in e d  a  c le a rly  re c o g n iz a b le  s ta g e , as th e  
f irs t p a r t  o f  th e i r  la rv a l  l iv e  is s p e n t in  th e  m a te r n a l  m a n tle  
c h a m b e r .

T h o u g h  in v e s tig a to rs  in  th e  n in e te e n th  c e n tu ry  (e .g . H o r s t  
1884) d id  n o t  su c c e e d  in  f in d in g  o y s te rla rv a e  in  th e  p la n k to n , 
n o  re c e n t  c o m p la in ts  a b o u t  d ifficu lties  in  id e n tify in g  th e  p e la g ic  
la rv a e  o f  Ostrea edulis a r e  k n o w n  to  m e. W ith o u t  d o u b t  liv in g  
la rv a e , w h ic h  sh o w  th e ir  n a t u r a l  co lo u rs , a r e  ea s ie r  to  reco g n ise , 
b u t  w e ll- t ra in e d  eyes c a n  a lso  id e n tify  co lo u rless  p re se rv e d  
la rv a e . T h o u g h  a t  f irs t th e  s im u lta n e o u s  a p p e a ra n c e  o f  la rv a e  
o f  Ostrea edulis a n d  o f  Gryphaea angulata , th e  P o rtu g u e se  o y ste r, 
in  th e  b a s in  o f  A rc a c h o n , p re s e n te d  som e d ifficu lties , B o r d e  
(1 9 3 0 ), th e  lo c a l o y s te r  in v e s tig a to r ,  so o n  d e te c te d  th e  d iffe re n c e  
b e tw e e n  th e  la rv a e  o f  th o se  tw o  k in d s  o f  oyste rs . T h e  la rv a e  o f  
Gryphaea angulata  c losely  re s e m b le  th o se  o f  Ostrea virginica. W ith  
th e  a id  o f  th e  f ig u re s  o f  th e  la rv a e  o f  Ostrea virginica in  W e l l s ’ 
p a p e r  (1927) B o r d e  w as a b le  to  b e a r  o u t  h is  s ta te m e n t.

T h e  id e n tif ic a tio n  o f  th e  p e la g ic  la rv a e  o f  so m e o th e r  k in d s  
o f  o y ste rs  d o es  n o t  se em  to  p r e s e n t  serious d ifficu lties. A fte r  th e  
p a p e r  o f  S t a f f o r d  (1 9 1 2 ) o n  th e  re c o g n itio n  o f  b iv a lv e  la rv a e , 
m a n y  a u th o rs  (e .g . N e l s o n ,  1921, W e l l s , 1927) h a v e  d iscussed  
th e  fe a tu re s  b y  w h ic h  th e  la rv a e  o f  Ostrea virginica c a n  b e  id e n t i ­
fied . S e n ô  (1929) a n d  S e k i  (1930) te ll us h o w  th e  la rv a e  o f  
Ostrea denselamellosa a r e  to  b e  re c o g n ize d .

1) R e ce n t c o n trib u tio n s  to  th e  system atics o f  th e  la rv ae  o f  L am ellib ran ch s 
a re  e.g . th e  p a p e rs  b y  K ä n d l e r  (1927), L e b o u r  (1938) a n d  W e r n e r  (1939).
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Q u a n t i t a t i v e  p l a n k t o n - s a m p l e s :

I t  is ea sy  to  u n d e r s ta n d  th a t  o n ly  a  c o m p a r iso n  o f  c o m p a ra b le  
p la n k to n -  sa m p le s  c a n  g ive re l ia b le  in f o rm a tio n  a b o u t  th e  a m o u n t  
o f  o y s te r la rv a e  in  th e  w a te r ,  a b o u t  th e  g ro w th  o f  th o se  la rv a e , 
t h e i r  m o v e m e n ts  a n d  th e  a m o u n t  o f  m a tu r e  la rv a e .

Ostrea edulis.

W h e n  w e  c o n s id e r  th e  m e th o d s  u s e d  in  s tu d y in g  th e  la rv a e  
o f  th e  c o m m o n  E u ro p e a n  o y s te r, Ostrea edulis, o u r  a t te n t io n  is 
i n  th e  firs t p la c e  d ire c te d  to  F ra n c e ,  w h e re  p la n k to n ic  o y s te r­
la r v a e  h a v e  b e e n  in v e s tig a te d  s in c e  1922.

I n  F ra n c e  sa m p le s  a re  in v a r ia b ly  c o lle c te d  b y  m e a n s  o f  a  
p la n k to n - n e t .  A fte r  p re l im in a ry  s tu d ie s  in  th e  f irs t y e a rs  
( L e e n h a r d t  1922, 1924) a  u n ifo rm  p la n k to n - n e t  a n d  a  
u n if o rm  s a m p lin g  m e th o d  w e re  in tr o d u c e d  a t  se v era l s ta tio n s  
o n  th e  F re n c h  c o a s t. A  d e s c r ip tio n  o f  h o w  th e se  in v e s tig a tio n s  
h a v e  d e v e lo p e d  in  th e  F re n c h  o y s te r  lo c a litie s  is g iv e n  b y  
L a m b e r t  (1935) a n d  b y  L a d o u c e  (1938  c ) .

I n  F ra n c e  a  s ta n d a r d  p la n k to n - n e t ,  o f  a  s ta n d a r d  m o d e l, 
o f  s ta n d a r d  m e a su re m e n ts  a n d  m a d e  o f  a  s ta n d a r d  b o l t in g  silk  
(s in ce  1 9 2 4  n o . 1 3 0 , in  th e  f irs t y e a rs  n o . 1 4 0 ) ,  is u se d . T h e  
c o n s tru c t io n  o f  th is  n e t  is r a th e r  p r im it iv e ,  h o w e v e r, a n d  lack s , 
fo r  in s ta n c e ,  a  ta p  to  d ra w  o ff  th e  p la n k to n . T o  p r o c u re  c o m p a ­
r a b le  sa m p le s  i t  is n ec essa ry  to  t r y  to  e l im in a te  as m a n y  o f  th e  
in c o n s ta n t  fa c to rs  as possib le . T o  e l im in a te  th e  in f lu e n c e  o f  th e  
t id a l  c y c le  th e  sa m p le s  in  F ra n c e  a re  p re fe ra b ly  ta k e n  a t  th e  
s a m e  s ta g e  o f  th e  t id e  (a t h a l f  f lo w ). T o  f ilte r  o f f  w ith  th e  n e t  
a p p r o x im a te ly  th e  sa m e  v o lu m e  o f  w a te r  th e  F re n c h  in v e s tig a ­
to rs  to w  th e  n e t  a g a in s t  th e  s t r e a m  fo r a  c e r ta in  t im e  (five 
m in u te s )  a t  a p p ro x im a te ly  th e  sa m e  sp e ed . T h e  v o lu m e  o f  
f il te re d  w a te r  is n o t  k n o w n . T h e  to w in g  is c a r r ie d  o u t  a lo n g  
th e  s u r fa c e  o f  th e  w a te r  (“ à  u n e  v itesse  te lle  q u ’il r e s ta i t  a u  
su r fa c e  sa n s  s o r tir  d e  l ’e a u  e t  f a is a n t  u n  s il lag e” ). A s th e  su rfa ce -  
la y e rs  o f  th e  w a te r  sh o w  th e  m o s t e x tre m e  v a r ia t io n s  in  s a lin ity  
( ra in -sh o w e rs )  a n d  te m p e r a tu re ,  a  p o ss ib le  m ig ra tio n  o f  th e  
la rv a e  in  a  v e r t ic a l  d ire c tio n  w ill sh o w  a  m a x im u m  a m p li tu d e  
in  th o s e  su rfa c e -la y e rs . I n  th e i r  e n d e a v o u rs  to  e l im in a te  su ch  
m ig ra tio n s  so m e in v e s tig a to rs  in  F ra n c e  h a v e  s a m p le d  w ith  
a  d o u b le  n e t  in  re c e n t  y e a rs , o n e  a lo n g  th e  su rfa ce  a n d  o n e  
s o m e w h a t d e e p e r  ( V o is in , 1 9 3 2 ) .  T h is  p r o b le m  w ill b e  d iscu ssed  
in  th e  c h a p te r  o n  v e r tic a l m ig ra tio n s . T o  a v o id  f lo a tin g  ee l-
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g rass  a t  A rc a c h o n , th e  n e t  w as to w e d  a b o u t  io  to  15 c m  
b e lo w  th e  su rfa ce  i n  1 9 3 7  a n d  in  1 9 3 8  ( L a d o u c e , 1 9 3 8  a , 1 9 3 8  b ) .

R e l ia b le  o b se rv a tio n  o f  th e  em ission  o f  la rv a e  in to  th e  p la n k to n  
a n d  o f  th e ir  su b se q u e n t g r o w th  is o n ly  p o ss ib le  w h e n  sa m p le s  
a r e  c o lle c te d  v e ry  f r e q u e n tly .  D a ily  s a m p lin g  is v e ry  d e s ira b le . 
A lth o u g h  th e  F re n c h  in v e s tig a to rs  a im  a t  d a i ly  s a m p lin g , th e y  
a r e  h a n d ic a p p e d  b y  p r a c t ic a l  a n d  te c h n ic a l  d ifficu ltie s . T h e  
c o n s e q u e n c e  is th a t  in  som e lo c a litie s  s a m p lin g  ta k e s  p la c e  o n ly  
o n c e  o r  tw ic e  a  w eek , w h ic h  resu lts  in  a  less re l ia b le  c o m p a r iso n  
o f  th e  d a t a  o b ta in e d .

T h e  p la n k to n  sam p les  c o l le c te d  in  th is  w a y  a re  d i lu te d  w ith  
w a te r  to  a  c e r ta in  v o lu m e  a n d  in  k n o w n  q u a n t i t ie s  o f  th is  
th o r o u g h ly  sh a k e n  m ass th e  o y ste r la rv a e  a re  c o u n te d  w ith  a  
m ic ro sc o p e . W ith  th e  a id  o f  th e  d a t a  o b ta in e d  in  th is  w a y  th e  
to ta l  a m o u n t  o f  o y s te r la rv a e  in  th e  o r ig in a l p la n k to n  s a m p le  
is c o m p u te d .  B o u r y  (1928) te lls  u s  t h a t  c o u n tin g s  w h ic h  seem  
to o  e x tre m e  a re  e l im in a te d  ! S u c h  a  p ro c e e d in g  is o p e n  to  c r i t i­
cism .

I n  F r a n c e  th e  o y s te r  la r v a e  a re  n o t  m e a s u re d  re g u la r ly . I n  
re c e n t  y e a rs  h o w e v e r, s o m e  F re n c h  in v e s tig a to rs  d is t in g u ish  
a n d  c o u n t  th e  so -ca lled  la r v a e  in  th e  se co n d  s ta g e . T h is  d iv is io n  
is e q u iv a le n t  to  th e  c la ss ific a tio n  “ s tra ig h t-h in g e -”  a n d  “ u m b o -  
la rv a e ”  g iv e n  b y  o th e r  w r i te r s .  I  w o n d e r  w ith  K ä n d l e r  (1928) 
w h y  th e  F re n c h  in v e s tig a to rs  o m it m e a su r in g  th e  o y s te r  la rv a e  
in  th e  p la n k to n -sa m p le s , w h ic h  p ro c e d u re  m a y  g iv e  v e ry  im ­
p o r t a n t  in fo rm a tio n  c o n c e rn in g  g ro w th , a g e  a n d  loss o f  th o se  
la rv a e . W h e re  th e  la rv a e  o f  Ostrea edulis a n d  Gryphaea angulata 
o c c u r  s im u lta n e o u s ly , as in  th e  b ass in  d ’A rc a c h o n , th e  to ta ls  
o f  b o th  k in d s  o f  la rv a e  in  th e  sa m p le s  a re  o f te n  a d d e d  u p . 
D ia g r a m s  c o m p o sed  o f  su c h  d a ta  (B o r d e ) c a n n o t  p o ss ib ly  g iv e  
c le a r  in fo rm a tio n .

T h e  re su lts  o f  th e  F r e n c h  in v e s tig a tio n s  a re  to  b e  fo u n d  in  
th e  p a p e r s  o f  L e e n h a r d t  (1 9 2 2 , 1924), B o u r y  (1928 , 1929 a , 
1930 ), R a p h e n n e  (1930 , 19 3 1 ) , V o is in  (1931 , 1932), T a c l e t  
( i 9 3 2 > i 9 3 5 )> H e r m a n  (1 9 3 5 , 1936, 1937, 1938 a ,  1938 b ) a l l  
o f  th e m  o n  th e  w a te rs  i n  th e  M o rb ih a n .  F u r th e r  C h a u x - 
T h é v e n i n  (1 9 3 1 -1 9 3 8 ) (Gryphaea angulata) a t  M a re n n e s  a n d  a t  
A rc a c h o n  B o r d e  (1 9 2 9 -1 9 3 7 )  a n d  L a d o u c e  (1938  a ,  1938 b ) .

O th e r  q u a n t i ta t iv e  s tu d ie s  o n  th e  p la n k to n ic  la rv a e  o f  Ostrea 
edulis i n  o p e n  w a te rs  ( I  le a v e  o u t  th e  f re q u e n t  ch e c k in g  o f  th e  
a m o u n t  o f  la rv a e  in  e n c lo s e d  p o n d s  o r p its  t h a t  w e n t  w ith  th e
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a t te m p ts  in  E n g la n d , G e r m a n y  a n d  D e n m a r k  to  effec t “ a r t i ­
f ic ia l”  p r o p a g a t io n )  c a n  b e  fo u n d  in  th e  p a p e r s  b y  K ä n d l e r  
( 1 9 2 8 )  a n d  H a g m e i e r  a n d  S c h u b e r t  ( 1 9 3 0 )  o n  in v e s tig a tio n s  
in  th e  G e rm a n  o y s te rg ro u n d s , b y  S p ä r c k  ( 1 9 2 5 )  o n  th e  L im -  
f jo rd - p la n k to n  a n d  b y  G a a r d e r  ( 1 9 3 2 )  o n  s tu d ie s  in  th e  N o r ­
w e g ia n  o y s te r  p o o ls .

S p ä r c k  ( 1 9 2 5 )  fo u n d  b u t  v e ry  few  la rv a e  in  th e  L im f jo r d  
w a te rs  a n d  in  f a c t  o n ly  o n ce  d e te c te d  a  m a tu r e  la rv a  in  th e  
sa m p le s  o b ta in e d  w ith  h is  p la n k to n -n e t .

T h e  G e rm a n  in v e s tig a to rs  u se  a  p la n k to n - n e t  o f  a  sp ec ia l 
c o n s tru c tio n . T h e  la rg e  q u a n t i t ie s  o f  d e tr i tu s  in  th e  W a tte n m e e r  
o f te n  ca u se  a  r a p id  o b s tru c t io n  o f  th e  m eshes o f  th e  b o lt in g  silk  
a n d  m a k e  i t  im p o ss ib le  to  o b ta in  q u ite  re l ia b le  q u a n t i ta t iv e  
p la n k to n -s a m p le s . K ä n d l e r  ( 1 9 2 8 )  lik ew ise  ju d g e s  i t  im p o ss ib le  
to  e s t im a te  a p p ro x im a te ly  th e  v o lu m e  o f  w a te r  f i lte re d  d u r in g  
th e  five m in u te s ’ to w in g . T h e  G e r m a n  p la n k to n - in v e s tig a tio n s  
w e re  c a r r ie d  o u t  in  th e  su m m e rs  o f  1 9 2 6 ,  1 9 2 7  a n d  1 9 2 8 , a f te r  
th e  im p o r ta t io n  o f  D u tc h  se ed -o y ste rs  in  th e  G e rm a n  o y s te r ­
g ro u n d s . T h e  la rv a e  in  th e  p la n k to n  sa m p le s  w e re  c o u n te d  a n d  
m e a s u re d  w ith o u t  p r e l im in a r y  d ilu t io n .  T h e  sa m p lin g  d id  n o t  
ta k e  p la c e  v e ry  f re q u e n tly ,  b u t  o n ly  a  few  tim e s  d u r in g  th e  seaso n  
o f  r e p r o d u c t io n .  T h o u g h  th e  v o lu m e s  o f  f il te re d  w a te r  in  th e  
G e rm a n  sa m p le s  c a n n o t  b e  c o m p a r e d  w ith  th o se  in  th e  F re n c h  
sa m p le s  a n d  in  e i th e r  ca se  c a n n o t  e v e n  b e  e s t im a te d  a p p r o x i­
m a te ly ,  i t  w ill b e  c le a r  t h a t  d u r in g  th e  y ea rs  o f in v e s t ig a t io n  in  th e  
W a tte n m e e r  fa r  few er la rv a e  p e r  u n i t  o f  w a te r  c o u ld  b e  fo u n d  
th e re  t h a n  a t  th e  F re n c h  sa m p lin g -s ta tio n s . I n  F ra n c e  th o u sa n d s  
o f  la rv a e  o c c u r  in  o n e  s a m p le  a n d  in  th e  W a tte n m e e r  se ld o m  
m o re  t h a n  a  h u n d e r d ,  b o th  sa m p le s  b e in g  o b ta in e d  b y  five m in ­
u te s ’ to w in g ; in  th e  W a tte n m e e r  e v e n  w ith  a  la rg e r  n e t  th a n  in  
th e  F r e n c h  w a te rs .

G a a r d e r  ( 1 9 3 2 )  s tu d ie d  q u a n t i ta t iv e  p la n k to n  sa m p le s  f ro m  
tw o  N o rw e g ia n  o y s te r  p o o ls  (E sp e v ik -p o ll a n d  S a e l0 -p o ll) .  T h e  
e x c e p tio n a l h y d r o g ra p h ic  co n d itio n s  in  th o se  p o o ls  (n o  t id a l  
cyc le  a n d  a  m a rk e d  s tr a t if ic a tio n  o f  th e  w a te r )  p re s e n t o th e r  
p o ss ib ilitie s . T h e  o y s te r  la rv a e  a re  o n ly  p r e s e n t  in  th e  d e e p e r  
s a l t  la y e rs . S a m p lin g  w as c a r r ie d  o u t b y  p u m p in g  u p  te n  li tre s  
o f  w a te r  f ro m  th e  d e e p e r  la y e rs  a n d  f il te r in g  th e m  w ith  a  p la n k ­
to n -n e t .  S a m p le s  f ro m  d if fe re n t d e p th s  w e re  ta k e n  five tim e s  
d u r in g  th e  se aso n  o f  r e p ro d u c t io n .  A ll th e  la rv a e  w e re  c o u n te d  
a n d  m e a s u re d .
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B efore d esc r ib in g  th e  m e th o d s  o f  p la n k to n - s a m p lin g  in  H o l­
la n d  I  w ill b rie fly  d iscuss th e  m e th o d s  u se d  in  A m e ric a . V e ry  
c u r io u s  d a ta  h a v e  b e e n  o b ta in e d  b y  so m e A m e r ic a n  in v e s ti­
g a to rs .

O n  th e  A tla n tic  c o a s t sa m p le s  o f  th e  la rv a e  o f  Ostrea virginica 
a re  co llec te d  q u a n t i ta t iv e ly .  T h e  f irs t q u a n t i ta t iv e  s a m p lin g  w as 
c a r r ie d  o u t  b y  f ilte r in g  a  p a i l  o f  w a te r  th r o u g h  a  p la n k to n -n e t  
( N e l s o n , 1917). T h o u g h  so m e  in v e s tig a to rs  o b ta in  q u a n t i ta t iv e  
sa m p le s  b y  to w in g  a  p la n k to n - n e t  ( G a l t s o f f , 1930), in  m o s t 
cases a  k n o w n  q u a n t i ty  o f  w a te r  (fro m  50 litre s  to  200 gallons) 
is p u m p e d  u p  f ro m  a  k n o w n  d e p th  a n d  f il te re d  th r o u g h  a  p la n k -  
to n - n e t  ( C h u r c h i l l , 1921, N e l s o n , 1921,  P r y t h e r c h , 1929, 
P e r k in s , 1931). I n  th e  s o u th e rn  p a r t  o f  th e  r a n g e  o f  Ostrea 
virginica H o p k in s  ( 1931 ) c a r r ie d  o u t in v e s tig a tio n s . A  q u a n t i ta ­
tiv e  m e th o d  o f  m e a s u r in g  th e  a b u n d a n c e  o f  o y s te r  la rv a e  in  
p la n k to n -c o lle c tio n s  w as n o t  em p lo y e d , fo r  w h ile  su c h  m e a su r in g  
m ig h t b e  fea s ib le  d u r in g  a  few  w eeks, i t  w o u ld  ta k e  to o  m u c h  
tim e  to  c o n t in u e  i t  o v e r  a  p e r io d  o f  se v e ra l m o n th s . A  c ru d e  
m e th o d  (p la n k to n -n e t- to w )  w as d ev ised , w h ic h  g a v e  resu lts  o f  
r e la t iv e  v a lu e .

I n  so m e lo c a litie s  th e  p la n k to n -sa m p le s  a lw a y s  c o n ta in  
n u m e ro u s  la rv a e  d u r in g  th e  se aso n  o f  re p ro d u c tio n .  S o m e 
in v e s tig a to rs  sieve o f f  th e  o y s te r la rv a e  w ith  m o n e l-m e ta l  

-screens b e fo re  c o u n tin g  th e m  ( C h u r c h i l l , 1921, P r y t h e r c h , 
1929); so m e tim es  th e y  a r e  c o u n te d  a n d  m e a s u re d  ( C h u r c h i l l , 
i 921) ;  o ften  th e  la rv a e  a r e  o n ly  c o u n te d ,  th e  o c c u rre n c e  o f  
m a tu r e  la rv a e  b e in g  r e c o rd e d  ( N e l s o n ) .  I t  is v e ry  c u r io u s  th a t ,  
th o u g h  o ften  th o u s a n d s  o f  la rv a e  m a y  o c c u r  in  100 litre s  o f  
w a te r  in  som e lo c a litie s  (B a rn e g a t  B a y , G re a t  S o u th  B a y ), 
o th e r  in v e s tig a to rs  fa il to  d e te c t  a n y  la rv a e  in  m a n y  sam p les  
co lle c te d  in  o th e r  p la c e s  (W a re h a m  R iv e r , O n s e t  B a y , M ilfo rd  
H a r b o r ) ,  o n ly  a  few  la rv a e  b e in g  fo u n d  in  th e  o th e r  sa m p le s  
( G a l t s o f f , P r y t h e r c h , M c .M i l l a n , 1930, P r y t h e r c h , 1929). 
T h is  is n o t  a  q u e s tio n  o f  r ic h  a n d  p o o r  b re e d in g  lo c a litie s , fo r 
ev e n  in  th o se  p la c e s  w h e re  few  la rv a e  a r e  fo u n d  in  th e  p la n k to n -  
sa m p le s  a n  e x t r a o rd in a r i ly  p ro fu se  s e tt in g  m a y  o cc u r. T h e  
ca u se  o f  th is  r e m a rk a b le  d if fe re n c e  w ill b e  d iscu ssed  in  th e  c h a p ­
te r  o n  v e r t ic a l  m ig ra tio n .

N o  q u a n t i ta t iv e  s tu d ie s  o n  th e  a m o u n t  o f  th e  la rv a e  o f  Ostrea 
lurida h a v e  b e e n  p u b lis h e d  so fa r.
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T h e  m e th o d s  o f  p la n k to n - s a m p l in g  t h a t  h a v e  b e e n  in  u se  in  
t h e  O o s te rsc h e ld e  (H o lla n d )  since  1 9 3 5 , h a v e  b e e n  w o rk e d  o u t  b y  
H a v i n g a  ( 1 9 3 8 ,  1 9 3 9 ) .  A  q u a n t i ta t iv e  sa m p le  is o b ta in e d  b y  
p u m p in g  u p  1 0 0  l itre s  o f  w a te r  f r o m  a  k n o w n  d e p th  a n d  b y  
f il te r in g  th e m  a t  o n ce  th r o u g h  a  s p e c ia l ly  c o n s tru c te d  p la n k to n -  
n e t  (b o lt in g  silk  N r . 1 3 0 ) .  T h e  p la n k to n  is d r a w n  o ff  f ro m  th e  
n e t  b y  m e a n s  o f  a  ta p .  T h e  s a m p l in g  is c a r r ie d  o u t  d a i ly  a t  low  
s la c k  w a te r  to  e l im in a te  as fa r  as p o ss ib le  th e  in f lu e n c e  o f  th e  
tid e s . A  to ta l  e l im in a tio n  o f  th e  in f lu e n c e  o f  th e  t id a l  m o v e m en ts  
w o u ld  b e  im p o ss ib le , as o n e  c a n n o t  g e t  r o u n d  th e  d iffe re n c e  b e ­
tw e e n  s p r in g - tid e s  a n d  n e a p - t id e s  a n d  th e  in f lu e n c e  o f  s tro n g  
w in d s  o n  th e  c u rre n ts .

A  d isc u ss io n  o f  th e  possib le  in f lu e n c e  o f  th e  d e p th  o f  s a m p lin g  
c a n  b e  fo u n d  in  th e  sec tio n  o n  v e r t i c a l  m ig ra tio n s .

T h e  s a m p lin g  is c a r r ie d  o u t  a t  tw o  s ta tio n s  o f  d if fe re n t 
c h a r a c te r ,  th e  firs t b e in g  th e  c e n tr e  o f  la rv a e -p ro d u c t io n ,  w h ile  
th e  se c o n d , a n  im p o r ta n t  s p a tfa ll-c e n tre , rece iv es  a l l  its  la rv a e  
th r o u g h  th e  t id a l  w a te rm o v e m e n ts .  D u r in g  th e  m o s t im p o r ta n t  
p a r t  o f  th e  re p ro d u c tio n -se a so n  d a i ly  s a m p lin g  is c a r r ie d  o u t. 
I n  th e  b e g in n in g  a n d  d u r in g  th e  la s t  p a r t  o f  th e  se aso n  th e  
s a m p lin g  ta k es  p la c e  e v e ry  seco n d  d a y .  T h e  d a i ly  sa m p le s  a re  
s tu d ie d  a liv e , as liv in g  o y s te rla rv a e  a r e  m o re  eas ily  re c o g n isa b le  
t h a n  p re s e rv e d  ones. I t  h a s  a p p e a r e d  to  m e  th a t  n o  m o r ta l i ty  
o r  loss o f  o y s te r la rv a e  o c c u r  in  su c h  liv in g  sa m p le s , i f  w e  le t  fo r 
in s ta n c e  24  h o u rs  e la p se  b e tw e e n  s a m p lin g  a n d  m ic ro sc o p ic a l 
e x a m in a t io n .  W ith  th e  a id  o f  a  c o u n t in g  g lass a n d  a  c o u n tin g  
ta b le  th e  e n t i r e  sa m p le  is s e a rc h e d  fo r  o y ste r la rv a e , w h ic h  a re  
a l l  o f  th e m  c o u n te d  a n d  m e a su re d  ( th e  g re a te s t  le n g th  o f  th e  
sh e ll p a ra l le l  to  th e  h in g e ) , w h ile  th e  p re se n c e  o f  la rv a e  b e a r in g  
a  p ig m e n t- s p o t  ( m a tu re  la rv a e )  is r e c o rd e d .

M o v e m e n ts  o f  th e  la rv a e  u n d e r  th e  m ic ro sc o p e  a re  p re v e n te d  
b y  m e a n s  o f  a  coverg lass.

A p a r t  f ro m  th e  d a i ly  s a m p lin g  m a n y  g ro u p s  o f  o th e r  q u a n t i t a ­
t iv e  p la n k to n -s a m p le s  h a v e  b e e n  co lle c te d  d u r in g  th e  se aso n  o f  r e ­
p r o d u c t io n  in  th e  y ea rs  1937 a n d  1938 fo r  th e  sake o f in q u ir ie s  in to  
m o v e m e n ts  o f  o y s te r  la rv a e  in  h o r iz o n ta l  a n d  v e r t ic a l  d ire c tio n s .

A s th e  s tu d y  o f  th e  d a i ly  sam p les  re q u ire s  a  g o o d  d e a l  o f  tim e , 
i t  w as  im p o ss ib le  to  c o u n t  a n d  m e a su re  th e  o y s te r  la rv a e  in  
th e s e  sp e c ia l sa m p le s  a liv e . T h e re fo re  I  p re se rv e d  th e se  sam p les  
o f  l a r v a e  in  a lc o h o l; c o rro s io n  o f  th e  sh e ll-ed g es o f  th e  la rv a e , 
w h ic h  o f te n  ta k es  p la c e  in  fo rm a lin e -so lu tio n , d o es  n o t  o c c u r  in
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a lc o h o l. A lc o h o l causes p r e c ip i ta t io n  o f  th e  c a lc iu m s u lp h a te  
i n  s e a w a te r  as a  th ic k  w h itis h  m ass. B efore m ic ro sc o p ic a l in v e s ti­
g a t io n  is p ro c e e d e d  to , d i lu t io n  w ith  w a te r  w ill d isso lve  th is  
tro u b le s o m e  g y p s u m p re c ip ita te .

I n  m y  o p in io n  th e  p u m p - m e th o d  g ives b e t te r  q u a n t i ta t iv e  
re su lts  t h a n  p la n k to n -n e t- to w in g : th e  d e p th  o f  s a m p lin g  a n d  
th e  v o lu m e  o f  f il te re d  w a te r  a re  a b s o lu te ly  u n d e r  o u r  c o n tro l 
in  th is  w ay .

I  a m  a w a re  t h a t  o b je c tio n s  c a n  b e  ra is e d  a g a in s t  th e  u se  o f  
a  p u m p  a n d  su c tio n h o se . E x c e lle n t  a p p a ra tu s  fo r th e  co lle c tio n  
o f  in d is p u ta b ly  re l ia b le  q u a n t i ta t iv e  w a te rsa m p le s  a t  a  k n o w n  
d e p th  ex ists, b u t  th e se  m e th o d s  a re  o n ly  p r a c t ic a b le  in  th e  s tu d y  
o f  m in u te  a n d  a b u n d a n t  p la n k to n -o rg a n is m s . S a m p le s  o f  100 
li tre s  c a n n o t  e a s ily  b e  c o l le c te d  w ith  th is  a p p a ra tu s .

A s re g a rd s  th e  p u m p - m e th o d  w e  c a n  fin d  a  d isc u ss io n  o f  th e  
u se  o f  th is  k in d  o f  g e a r  in  t h e  p a p e r  b y  G ib b o n s  a n d  F r a s e r  
(1 9 3 7 ); th e y  c o m p a r e d  th e  re su lts  o b ta in e d  w ith  th e  p u m p -  
m e th o d  w ith  th o se  o f  s e v e ra l  k in d s  o f  p la n k to n -n e ts .

T h e y  p re fe r  a  p u m p  fo r t h e  s tu d y  o f  n o n -m o tile  a n d  m in u te  
fo rm s , b u t  n e ts  a r e  c o n s id e re d  b e t te r  fo r th e  co lle c tin g  o f  sam p les  
o f  f ish - la rv a e  a n d  o th e r  m o ti le  fo rm s.

L im n o lo g is ts  k n o w  t h a t  m a n y  l i t t le  G ru s ta c e a  te n d  to  sw im  
a g a in s t  th e  d ir e c tio n  o f  th e  c u r r e n t  s ti r re d  u p  a r o u n d  th e  m o u th  
o f  th e  s u c tio n  h o se . T h e  s p e e d  w ith  w h ic h  th e  h o se  sucks in  th e  
w a te r  w ill v a r y  w ith  th e  p o w e r  o f  th e  p u m p . W e  m a y  im a g in e  
a  n u m b e r  o f  c o n c e n tr ic  s p h e r ic a l  zones a ro u n d  th e  m o u th  o f  
th e  su c tio n -h o se , in  w h ic h  t h e  sp e ed  o f  th e  flo w in g  w a te r  w ill 
v a ry . T h e  n e a r e r  to  th e  h o s e -m o u th  th e  g re a te r  th e  sp e e d . I t  
w ill b e  im p o s s ib le  fo r  l i t t le  p la n k to n  o rg a n ism s  in  th e  in n e r  
zones to  c o u n te r a c t  th is  c u r r e n t  b y  th e ir  o w n  m o tiv e  fo rce . I n  
th e  o u te r  zo n es  th e  sp e e d  o f  th e  flow ing  w a te r  w ill b e  so ta rd y  
t h a t  th o se  a n im a ls  w h ic h  t e n d  to  sw im  a g a in s t  th e  s t r e a m  a re  
a b le  to  e sc a p e  th e  su c tio n -h o se , w h ic h  w ill m a k e  th e  s a m p lin g  
u n re lia b le .

T h e s e  a r g u m e n ts  o n ly  a p p ly  to  s ta g n a n t  w a te rs . W h e n  th e  
m o u th  o f  th e  su c tio n -h o se  m o v e s  in  re sp e c t to  th e  w a te r  w ith  
a  s u f f i c i e n t  sp e e d , th o se  z o n e s  d o  n o t  e n d u re  lo n g  e n o u g h  
in  o n e  p la c e  to  m a k e  su c h  a n  escap e  p o ss ib le  a n d  th e  s a m p lin g  
w ill  b e  m o r e  r e l ia b le . 'S o  p u m p s  c a n  b e  u sed  in  s tr e a m in g  w a te r  
a n d  a lso  f ro m  a  m o v in g  b o a t  in  s ta g n a n t  w a te r .

T h o u g h  h i th e r to  i t  w as n o t  k n o w n  h o w  o y s te r la rv a e  will
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b e h a v e  in  th is  re sp e c t, th e re  is a  p o s s ib ili ty  th a t  th e i r  b e h a v io u r  
w ill b e  s im ila r  to  t h a t  o f  th e  sa id  G ru s ta c e a ,  o f  w h ic h  th e  conse­
q u e n c e  w o u ld  b e  u n re lia b le  s a m p lin g  in  s ta g n a n t  w a te r .  A s th e  
t id a l  m o v e m e n ts  o f  th e  w a te rs  in  t h e  O o s te rsc h e ld e  c a u se  s tro n g  
c u r re n ts  (see h y d ro g ra p h ic a l  c o n d it io n s ) ,  th e se  o b je c tio n s  a g a in s t 
th e  p u m p  m e th o d  c a n n o t  b e  ra is e d  h e re . L a te r  o n  I  sh a ll p ro v e  
t h a t  ev en  d u r in g  s lack  w a te r  p u m p - s a m p lin g  o f  o y s te r  la rv a e  
y ie ld s  tru s tw o r th y  q u a n t i ta t iv e  re su lts  (see h o r iz o n ta l  m o v e m e n ts ) . 
I n  h o w  fa r  a  re l ia b le  c o m p a r iso n  o f  th e  d a i ly  p la n k to n -sa m p le s  
is ju s t if ie d  w ill a lso  b e  d isc u sse d  in  t h a t  se c tio n .

T o  p re v e n t  th e  w h ir l in g  o f  b o t to m  m a te r ia l  in  case o f  a  to o  
c lo se  p ro x im ity  o f  th e  h o s e -m o u th  to  th e  b o tto m , w h ic h  w o u ld  
r e n d e r  m ic ro sc o p ic a l e x a m in a t io n  o f  su c h  p la n k to n -sa m p le s  
p r a c t ic a l ly  im p o ss ib le , a  le a d e n  p la te ,  a b o u t  a  s q u a re  fo o t in  
size , is a t ta c h e d  h o r iz o n ta lly  a  few  in c h e s  u n d e r  th e  m o u th  o f  
th e  su c tio n  h o se . T h e  m o u th  is p r o te c te d  a g a in s t  th e  in v a s io n  
o f  u n d e s ira b le  m a te r ia l ,  su c h  as se a w e e d  a n d  je lly -fish es , b y  
m e a n s  o f  a  p ie c e  o f  c o p p e rw ire  w ith  fa ir ly  w id e  m eshes.

V I .  S P A W N IN G

S p a w n i n g  a c t

F e m a le  sp a w n in g  in v o lv e s  th e  d is c h a rg e  o f  th e  eggs f ro m  th e  
g o n a d  in to  th e  s u p r a b r a n c h ia l  ( =  c lo a c a l)  c h a m b e r .

I n  n o n - in c u b a to ry  species o f  o y s te rs  a n  e x tru s io n  o f  th e  
eggs f ro m  th e  in h a le n t  c h a m b e r  in to  th e  f re e  s e a w a te r  im m e d ia te ­
ly  fo llow s o n  sp a w n in g , w h ile  in  th e  in c u b a to r y  species o f  oysters 
th is  e x tru s io n  is p o s tp o n e d  til l th e  la rv a e  h a v e  r e a c h e d  a  c e r ta in  
s ta g e  o f  d e v e lo p m e n t. I t  is a  v e ry  r e m a rk a b le  f a c t  t h a t  th o se  
n o n - in c u b a to r y  species e x t ru d e  th e  eggs v ia  th e  in h a le n t  c h a m b e r  
in s te a d  o f  fo llo w in g  th e  s e e m in g ly  m u c h  e a s ie r  w a y  d i r e c t  f ro m  
th e  e x h a le n t c h a m b e r  (—  s u p ra b ra n c h ia l  c h a m b e r)  in to  th e  
o u te r  w o rld , i .e . th e  w a y  fo llo w ed  b y  th e  e x h a le n t w a te r ,  th e  
s p e rm  a n d  th e  w as te  p ro d u c ts  o f  r e c tu m  a n d  k id n e y s .

T h is  p o in ts  to  a  close r e la t io n s h ip  o f  th o se  tw o  ty p e s  o f  oysters . 
T h e  o n ly  d if fe re n c e  b e tw e e n  in c u b a to r y  a n d  n o n - in c u b a to ry  
o y ste rs  as re g a rd s  th e  w a y  in  w h ic h  th e  o ffsp rin g  le av e s  th e  
m o th e r -o y s te r  lies in  th e  t im e  r e q u ir e d  fo r  th e  e n t i r e  process.

T h e  se co n d  s ta g e  o f  th is  e v e n t,  th e  d is c h a rg e  o f  th e  eggs f ro m  
th e  in h a le n t  c h a m b e r  in to  th e  s e a w a te r ,  h a s  b e e n  o b se rv e d  m o re  
t h a n  o n ce  in  Ostrea virginica. N e l s o n  ( 1 9 2 1) gives a  g o o d  des-
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c r ip t io n  o f  h is o b se rv a tio n s ; h e  w as, h o w e v e r, n o t  th e  f irs t to  
w itn e ss  th e  sp a w n in g  o f  th is  k in d  o f  o y s te r. E a c h  fe m a le , in  
sp a w n in g , re la x es  th e  a d d u c to r -m u s c le  u n t i l  th e  shells g a p e  to  
th e i r  w id e s t e x te n t  a n d  th e n  b y  a  q u ic k  c o n t r a c t io n  o f  th e  
a d d u c to r  m u sc le  expe ls th e  w a te r  w ith in  th e  shells a n d  w ith  
i t  a  g r e a t  q u a n t i ty  o f  eggs. W ith  e a c h  e x p u ls io n , a t  in te rv a ls  
o f  a b o u t  30 seco n d s, th e  eg g s  a re  d r iv e n  o u t  in  a  fa n -sh a p e d  
c lo u d .

I n  a n o th e r  p a p e r  b y  N e l s o n  ( 1 9 2 2 )  figu res  o f  sp a w n in g  oysters 
w ill b e  fo u n d , to g e th e r  w ith  t h e  re p ro d u c t io n  o f  a  c h im o g ra p h -  
t r a c in g  o f  th e  sh e ll m o v e m e n ts  o f  a  sp a w n in g  fe m a le  oyster. 
T h e  she lls  o f  th e se  oysters w e re  a t ta c h e d  to  a  re c o rd in g  a p p a ra tu s  
u se d  fo r  o b se rv in g  th e  w a te r  c u r r e n t  c a u se d  b y  th e  gills a n d  b y  
g o o d  fo r tu n e  th e  r h y th m ic  c o n tra c t io n s  b y  w h ic h  th e  eggs a re  
s h o t o u t  c o u ld  b e  re c o rd e d . S im ila r  c h im o g ra p h  re c o rd s  o f  th e  
sp a w n in g  a c tio n s  o f  Ostrea virginica a n d  Ostrea gigas  w ill b e  fo u n d  
in  th e  p a p e rs  b y  G a l t s o f f  ( 1 9 3 0  a , 1 9 3 2 ) .  W h ile  th e  eggs a re  
d is c h a rg e d  b y  v io le n t sh e ll m o v e m e n ts , th e  m a les  sh o w  n o  shell 
m o v e m e n t w h a te v e r , b u t  r e m a in  q u ie t  w h ile  sp a w n in g , w ith  th e  
shells g a p in g , w h ile  o n  th e  d o r s a l  o r  u p p e r  s id e  a b o u t  m id w a y  
b e tw e e n  th e  h in g e  a n d  th e  t ip s  o f  th e  shells ( e x h a le n t c h a m b e r! )  
a  s te a d y  s tre a m  o f  m il t  issues f ro m  b e tw e e n  th e  shells ( N e l s o n , 
1 9 2 1 ,  figu res  in  N e l s o n , 1 9 2 2 ) .  G a l t s o f f  ( 1 9 3 0  a ,  1 9 3 2 )  
d e sc rib es  a  s im ila r  a c tio n , th e  w a sh in g  o u t  o f  th e  sp e rm  th ro u g h  
th e  c lo a c a  w ith  th e  w a te r  p u m p e d  b y  th e  g ills , b o th  in  Ostrea 
virginica a n d  Ostrea gigas.

T h e  firs t s ta g e  o f  th e  s p a w n in g  process, h o w e v e r, th e  a c tio n  
b y  w h ic h  th e  eggs pass  f ro m  th e  g o n a d  to  th e  s u p r a b r a n c h ia l  
c h a m b e r  a n d  th e n c e  f ro m  t h e  s u p ra b ra n c h ia l  c h a m b e r  to  th e  
b r a n c h ia l  c h a m b e r ,  h a s  n e v e r  b e e n  o b se rv e d  d ire c tly . So fa r  
th e  o n ly  p la u s ib le  e x p la n a t io n  is th e  p assag e  o f  th e  eggs f ro m  
th e  s u p r a b r a n c h ia l  c h a m b e r  th r o u g h  th e  w a te r - tu b e s  a n d  g ill- 
slits to  th e  b r a n c h ia l  c h a m b e r .

I n  a c c o rd a n c e  w ith  th is  e x p la n a t io n  is th e  d isc o v e ry  o f  E l s e y  
( 19 3 5 ) t h a t  ^ e  g illslits  (o r  o s tia )  o f  Ostrea lurida a n d  Ostrea gigas 
h a v e  a  d ia m e te r  p r o p o r t io n a l  to  t h a t  o f  th e ir  eggs. I t  is d ifficu lt 
to  u n d e r s ta n d  in  w h a t  w a y  t h e  eggs a re  fo rc e d  th r o u g h  th e  g ill- 
a p e r tu re s .  S t a f f o r d  (1915) su g g ests  p re ssu re , b u t  p e rh a p s  th e  
o p in io n  o f  G a l t s o f f  t h a t  s u c tio n  ca u se d  b y  o p e n in g  th e  valves 
d u r in g  sp a w n in g  d ra w s  th e  eggs th r o u g h  th e  o s tia  is m o re  
sa tis fa c to ry . J u s t  as th e  firs t s ta g e  o f  th e  sp a w n in g  p rocess in
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Ostrea virginica h a s  e sca p ed  o b s e rv a t io n  so fa r , n o  in v e s tig a to r  
h a s  as y e t  o b se rv e d  th e  e x tru s io n  o f  th e  eggs in to  th e  b ra n c h ia l  
c h a m b e r  in  in c u b a to r y  species, s u c h  as Ostrea edulis a n d  Ostrea 
lurida. A t te n t io n  h a s  b e e n  c a lle d  t o  th is  g a p  in  o u r  o b se rv a tio n s  
b y  H o p k i n s  ( 1 9 3 7 )  as f a r  Ostrea lurida is c o n c e rn e d  a n d  b y  
H a g m e i e r  ( 1 9 3 1 )  a n d  O r t o n  ( 1 9 3 7  a) fo r Ostrea edulis. T h e  
la t t e r  a g a in  suggests  p re ssu re  as e ffec tin g  th e  p assag e  th ro u g h  
th e  g ili—slits, b y  “ c o n tra c tio n  o f  th e  p o s te r io r  m a n tle  a n d  g ill- 
m u sc le s , w h ic h  o b li te r a te  th e  c a v i ty  o f  th e  e x h a le n t  c h a m b e r  a n d  
fo rces  th e  eggs in to  th e  in h a le n t” .

T h e  d e la y e d  se co n d  s ta g e  o f  t h e  sp a w n in g -a c t in  th e  in c u b a ­
to r y  species w ill  b e  d e sc r ib e d  in  th e  se c tio n  o n  “ s w a rm in g ” .

P e r i o d i c i t y  o f  s p a w n i n g

O y s te rs  sh o w  a  m o re  o r  less r e g u la r  p e r io d ic ity  in  sp a w n in g . 
T h e  s p a w n in g  seaso n  m a y  v a r y  in  le n g th  to  a  h ig h  d eg re e , 
a c c o rd in g  to  th e  lo c a l c l im a to lo g ic a l c o n d itio n s . T h e  le n g th  o f  
th e  se a so n  o f  r e p ro d u c t io n  h a s  b e e n  d isc u sse d  a l r e a d y  in  th e  
se c tio n  o n  th e  r a n g e  o f  th e  o y ste rs . A s re g a rd s  th e  tw o  ty p es 
o f  o y ste rs  d if fe re n t m e th o d s  o f  o b s e rv a tio n  o f  th is  p e r io d ic ity  
h a v e  to  b e  a p p l ie d .

S p a w n in g  in  n o n - in c u b a to ry  species c a n  b e  o b se rv e d  b y  
fo llo w in g  th e  q u a n t i ty  o f  o y s te r la rv a e  in  th e  p la n k to n , w h ic h  
o f te n  sh o w s m a rk e d  in c re a se s . I n  som e o f  th e  c u ltu re - re g io n s  
o f  th e se  o y ste rs  (e.g . Ostrea virginica) n e a r ly  a l l  th e  sp a w n in g  
o f  th e  se aso n  te n d s  to  b e  c o n c e n tra te d  in  o n e  o r  tw o  d ay s , 
w h ile  in  o th e r  reg io n s  th e  sp a w n in g  o f  th e  s a m e  k in d  o f  o y ste r 
is n o t  l im ite d  to  a  few  d a y s , b u t  is d is t r ib u te d  o v e r m a n y  sp a w n - 
in g -d a y s  o f  d if fe re n t  im p o r ta n c e .  As fa r  as in c u b a to r y  k in d s  
o f  o y ste rs  a r e  c o n c e rn e d , i t  is c le a r  th a t  a  c e r ta in  sp a c e  o f  t im e  
s e p a ra te s  s p a w n in g  f ro m  th e  in c re a se  o f  la rv a e  in  th e  p la n k to n ; 
th e  le n g th  o f  th is  t im e  is d e p e n d e n t  o n  th e  d u r a t io n  o f  th e  
in c u b a t io n .  T h e  o n ly  re l ia b le  m e th o d  o f  s tu d y in g  th e  p e r io d ic ­
i ty  o f  s p a w n i n g  in  in c u b a to r y  oysters d ir e c tly  is a  r e g u la r  
e x a m in a t io n  o f  th e  p e rc e n ta g e s  o f  a d u l ts  c a r ry in g  y o u n g  in  
c o m p a r a b le  sa m p le s  o f  oyste rs . T h e  sp a w n in g  p e r io d ic ity  in  
Ostrea edulis h a s  b e e n  in v e s tig a te d  e sp e c ia lly  b y  O r t o n .

T h is  p e r io d ic i ty  is b r o u g h t  a b o u t  b y  th e  s t im u la t in g  a c tiv ity  
o f  tw o  fa c to rs  o f  a  d if fe re n t  n a tu re .  T e m p e r a tu r e  is o n e  o f  th ese  
fa c to rs , w h ile  a  s t im u la tio n  o f  a  c h e m ic a l n a tu r e  m a y  b e  ex e r­
c ised  b y  th e  s e x -p ro d u c ts  o f  o th e r  o y s te r  in d iv id u a ls ,  a t  le a s t in
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som e species o f  o y ste rs . T h e  m a tu r e  egg  o r  sp e rm  m u s t p r a c t i ­
c a lly  b e  r e a d y  fo r e x tru s io n  fo r  a n y  k in d  o f  s tim u la tio n  o f  sp a w n ­
in g  to  b e  p o ssib le .

T h e re  is o f te n  m u c h  d if fe re n c e  in  th e  s ta g e  o f  d e v e lo p m e n t o f  
th e  g o n a d s  in  d if fe re n t  in d iv id u a ls  o f  Ostrea edulis. T h is  c o m p li­
c a te d  m a t te r  c a n  o n ly  b e  e lu c id a te d  b y  a  p r e l im in a r y  tre a tis e  
o n  th e  p h e n o m e n o n  o f  se x -c h a n g e . So I  sh a ll h a v e  to  d e a l w ith  
th e  in te r n a l  a n d  e x te rn a l in f lu e n c e s  o n  th e  p e r io d ic ity  o f  s p a w n ­
in g  s e p a ra te ly .

V I I .  IN T E R N A L  F A C T O R S  G O V E R N IN G  T H E  P E R I O D I C I T Y  O F
S P A W N IN G

Ostrea edulis.

I n  th e  d a y s  o f  D a v a i n e  ( 1 8 5 3 )  a n d  L a c a z e - D u t h i e r s  (1 8 5 5 )  
th e  firs t d isco v erie s  a b o u t  t h e  h e r m a p h ro d e t ic  c h a r a c te r  o f  
Ostrea edulis w e re  m a d e . M o e b iu s  ( 1 8 7 1 )  re c o rd s  th e  d e v e lo p ­
m e n t  o f  s p e rm  a f te r  th e  s h e d d in g  o f  th e  eggs.

T h e  b e a u t ifu l  m ic ro sc o p ic a l s tu d ie s  b y  H o e k  ( 1 8 8 4 )  p ro v id e d  
u s w ith  f u r th e r  in fo rm a tio n .  H e  iso la te d  a  n u m b e r  o f  oysters 
c a r ry in g  la r v a e  a n d  p ic k e d  th e se  o y ste rs  u p  a g a in  a f te r  o n e  to  
fo u r  w eeks. M ic ro s c o p ic a l in v e s tig a tio n  sh o w ed  d e v e lo p m e n t o f  
sp e rm  in  a l l  o f  th e m . T h e  eggs in  o n e  fem a le  o y ste r a lw a y s  show  
th e  sa m e  s ta g e  o f  d e v e lo p m e n t ,  so m o s t p ro b a b ly  a l l  th e  eggs a re  
e x t ru d e d  s im u lta n e o u s ly . T h e  s tag es  in  th e  d e v e lo p m e n t o f  th e  
s p e rm , o n  th e  o th e r  h a n d ,  w ill d iffe r . T h e  p re se n c e  o f  r ip e  s p e rm  
u s u a lly  a c c o m p a n ie s  th e  a p p e a r a n c e  o f  e a r l ie r  s tag es o f  sp e rm -  
d e v e lo p m e n t. So H o e k  d e c la re d  th a t  th e  sh e d d in g  o f  sp e rm  w ill 
ta k e  p la c e  d u r in g  a  m u c h  lo n g e r  p e r io d  th a n  th e  e x tru s io n  o f  
th e  eggs. H o e k  re je c ts  th e  p o ss ib ili ty  o f  se lf-fe r tiliza tio n .

T h o u g h  th is  s tu d y  m e a n t  a n  a d v a n c e  in  o u r  k n o w led g e , 
H o e k  w as n o t  a w a re  o f  th e  e n tire  s e x - c y c l e  a n d  th e  law s 
g o v e rn in g  sex  in  Ostrea edulis w e re  n o t  to  b e  d isc o v e red  till 
fo r ty  y e a rs  la te r .

R e c e n t  re se a rc h e s  b y  O r t o n  a n d  S p ä r c k  c le a re d  u p  a  g r e a t  
d e a l o f  th e  c o n fu s io n . B o th  O r t o n  a n d  S p ä r c k  re a liz e d  th a t  n o  
o b se rv a tio n  o f  th e  a c tu a l  s ta g e  o f  th e  g o n a d  c o u ld  e v e r  g ive 
c le a r  in f o rm a tio n  a b o u t  a  su ccessio n  o f  sex -p h ases , n o  m a t te r  
th e  a m o u n t  o f  o y ste rs  e x a m in e d . R e p e a te d  e x a m in a tio n  o f  th e  
g o n a d  o f  th e  s a m e  o y s te r  in d iv id u a ls ,  fo r in s ta n c e  in  th e  co u rse  
o f  o n e  y e a r ,  w o u ld  b e  n e c e s sa ry . T h e y  d isc o v e red  th a t  th e  b o r in g  
o f  a  h o le  in  o n e  o f  th e  she lls  a n d  th e  e x t ra c tio n  o f  a  p o r t io n  o f
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th e  g o n a d -tis su e  fo r m ic ro sc o p ic a l e x a m in a tio n  d id  n o t  d o  th e  
o y s te r  a n y  h a r m .

W h ile  O r t o n  so r te d  o u t  a  c e r ta in  a m o u n t  o f  o y ste rs  sh o w in g  
th e  sa m e  s ta g e  o f  sex  a n d  is o la te d  th e se  id e n tif ie d  oysters in  
th e  sea  in  cages (1 9 2 2  a ) ,  S p ä r c k  is o la te d  s in g le  e x a m in e d  
in d iv id u a ls  in  a q u a r ia  ( 1 9 2 5 ) .  T h e  a s se r tio n  o f  D a v a i n e  (1 8 5 3 )  
t h a t  th e  f irs t se x u a l p h a s e  o f  th e  o y s te r  is th e  m a le  o n e  w as 
c o n f irm e d  ( O r t o n , 1 9 2 1 ) .

T h e  c h a n g e  f r o m  f e m a l e  t o  m a l e  w as in v e s tig a te d  in  
o y s te rs  o f  ages v a ry in g  b e tw e e n  o n e  a n d  six  o r  seven  y ears . 
F e m a le  fu n c tio n in g  o y ste rs  o f  a n y  o f  th e se  ages a p p e a r e d  to  
c h a n g e  th e ir  sex  a t  th e  t im e  o f  s p a w n in g  f ro m  fe m a le  fu n c tio n in g  
to  m a len e ss  ( O r t o n , 1 9 2 1 , 1 9 2 2  a ,  S p ä r c k ,  1 9 2 5 ) .  T h e  f a c t  th a t  
p r a c t ic a l ly  e v e ry  o y s te r  show s a  d e v e lo p m e n t  o f  sp e rm  sh o r tly  
a f te r  th e  sh e d d in g  o f  th e  eggs p re v e n ts  th e  p ro d u c t io n  o f  a  
se c o n d  b a tc h  o f  la rv a e  d u r in g  th e  p e r io d  o f  fem a len e ss , a t  a n y  
r a t e  as a  ru le . W h e n  so m e eggs h a p p e n  to  r e m a in  in  th e  g o n a d  
a f te r  th e  g e n e ra l e x tru s io n , th e y  w ill  b e  a b s o rb e d  o r  e l im in a te d  
as a n  e x c re tio n -b lis te r  ( O r t o n , 1 9 2 7  d ) .

T h e  c h a n g e  f ro m  fe m a le  to  m a le  sets in  v e ry  q u ic k ly  a f te r  
th e  sh e d d in g  o f  th e  eggs a n d  a t  th e  t im e  o f  s w a rm in g  p r a c tic a lly  
e v e ry  o y s te r  c o n ta in s  m a tu r e  s p e rm -m o ru la e  ( O r t o n , 1 9 2 7  c, 
1 9 2 7  d ) .  T h e  w a y  in  w h ic h  th is  c h a n g e  ta k e s  p la c e  rese m b le s  
a n  a u to m a t ic  re a c tio n . T h e  c u lm in a t in g  p o in t  in  th e  p r o d u c t io n  
o f  s p e rm  is re a c h e d  a b o u t  a  m o n th  a f te r  th is  se x -c h a n g e  ( O r t o n , 
1 9 2 7  d ) .  W h e n  th e  e x tru s io n  o f  th e  eggs ta k e s  p la c e  to w a rd s  
th e  e n d  o f  th e  seaso n  o f  r e p r o d u c t io n  a n d  th e  te m p e r a tu r e  is 
fa l l in g  r a p id ly ,  th e  s u b s e q u e n t d e v e lo p m e n t o f  th e  sp e rm  fails 
to  ta k e  p la c e  a n d  g o n a d -a c tio n  com es to  a  s ta n d s til l  til l  th e  n e x t 
s p r in g  se ts  in  ( S p ä r c k , 1 9 2 5 ) .  I n  th e  p a p e r  b y  O r t o n  a n d  
A m i r t h a l i n g a m  ( 19 3 1 ) so m e fig u res  o n  th e  d e v e lo p m e n t o f 
s p e rm  d u r in g  in c u b a t io n  c a n  b e  fo u n d .

T h e  n e x t  p o in t  to  b e  in v e s tig a te d  w as  w h e th e r  th e se  in d iv id u a ls  
w h ic h  h a v e  c h a n g e d  f ro m  fe m a le  fu n c tio n in g  to  m a len e ss  re m a in  
p e r m a n e n t ly  m a le  o r  c h a n g e  b a c k  to  fem a len e ss . I f  a ll th e  fem ales  
c h a n g e  in to  m a le s , th e  p ro p o r t io n  o f  m a les  s h o u ld  in c re a se  w ith  
a g e ,  un less  a  re v e rs io n  to  th e  fe m a le  s ta g e  o cc u rs . A  s tu d y  o f 
th e  p ro p o r t io n  o f  th e  tw o  sexes a t  v a r io u s  ages ( O r t o n ,  1936) 
c le a r ly  show s th a t  m a len e ss  does n o t  in c re a se  w ith  a g e  a n d  
e s ta b lish e s  in d ire c tly  t h a t  se x -c h a n g e  f ro m  m a le  to  fe m a le  m u s t 
o c c u r . T h e  o c c u rre n c e  o f  th is  se x -c h a n g e  w as  p ro v ed , w ith  th e
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a id  o f  th e  b o r in g -d e v ic e . O r t o n  (1933) iso la te d  h is  m a le  o y ste rs  in  
c a g es  in  th e  sea , w h ile  S p ä r c k  (1925) o b se rv e d  iso la te d  in d iv id ­
u a ls  in  a q u a r ia .  T h o u g h  m a n y  o f  O r t o n ’s o y ste rs  d id  n o t  
r e a c h  th e  d a te  o f  e x a m in a tio n  i n  th e  n e x t y e a r  a liv e , th e  p re se n ce  
o f  a  c e r ta in  a m o u n t  o f  in d u b i ta b le  fem a les  a m o n g  th e  su rv iv in g  
o y s te rs  p ro v e d  th e  o c c u rre n c e  o f  a  s e x -c h a n g e  f ro m  m a le  to  
fe m a le , ev e n  u n d e r  u n f a v o u ra b le  c o n d itio n s . T h e s e  o y ste rs  w ere  
le f t u n e x a m in e d  d u r in g  a  y e a r  a n d  w e d o  n o t  k n o w  w h a t  
h a p p e n e d  in  th e  co u rse  o f  t h a t  y e a r . O r t o n  s ta te s  (1933) th a t  
h e  d id  n o t  e x p e c t a  r a p id  re v e rs io n  a n d  t h a t  p ro b a b ly  m a n y  o f 
th e se  o y ste rs  p assed  th e  fe m a le  s ta g e  u n d e te c te d .  H is  e x p e r im e n ts  
w e re  n o t  c o n d u c te d  w ith  a  v ie w  to  d e te c tin g  a  r a p i d  d e v e l­
o p m e n t  o f  th e  fe m a le  p h a s e . H e  p re su m e s  t h a t  u n d e r  w h o lly  
n a tu r a l  c o n d itio n s  i t  is h ig h ly  p ro b a b le  t h a t  th e  p e rc e n ta g e  
o f  m a le s  c h a n g in g  in to  fu n c tio n in g  fem a les  w ith in  th e  p e r io d  
o f  o n e  y e a r  is m u c h  g re a te r  t h a n  th a t  fo u n d  u n d e r  h is  e x p e r i­
m e n ta l  c o n d itio n s .

S p ä r c k  (1925) su c ce ed ed  in  o b ta in in g  so m e d a t a  o n  th e  r a te  
o f  c h a n g e  f ro m  m a le  to  fe m a le . T h o u g h  th is  re v e rs io n  does n o t 
ta k e  p la c e  as q u ic k ly  a n d  a u to m a t ic a l ly  as th e  c h a n g e  f ro m  fem a le  
to  m a le , h e  fo u n d  th a t  th is  c h a n g e  m a y  b e  c o m p le te d  w ith in  a  few  
w eeks. T h u s  S p ä r c k  o b se rv e d  f o r  e x a m p le  a  m a le  o y s te r  ( J u n e  6 ) 
w h ic h  c o n ta in e d  sp e rm  as la te  as J u l y  8 a n d  w h ic h  w as  fo u n d  
to  b e  fe m a le  o n  J u ly  15. A n o th e r  in d iv id u a l w as m a le  o n  J u n e  
20 , fe m a le  o n  J u ly  4  a n d  c a r r ie d  y o u n g  o n  J u ly  25.

A s th e  eggs d ev e lo p , th e  o y s te rs  r e m a in  fu n c tio n in g  as m ales 
fo r  a  c o n s id e ra b le  t im e  a n d  o f te n  s p e rm -p ro d u c t io n  c o n tin u e s  
til l  a b o u t  te n  d a y s  b e fo re  th e  d is c h a rg e  o f  th e  eggs! ( S p ä r c k  
1925). W h e n  w e c o n s id e r  t h a t  a  few  d a y s  a f te r  th e  sh e d d in g  o f  
th e  eggs th e  g o n a d  a g a in  c o n ta in s  s p e rm -m o ru la e , w e  m a y  
c o n c lu d e  t h a t  th e  p u re ly  fe m a le  p h a s e  c a n  b e  v e ry  s h o r t  ( a b o u t 
th r e e  w eek s).

K n o w in g  th is , w e sh a ll n o t  b e  a s to n ish e d  a t  f in d in g  f a r  m o re  
m a le s  t h a n  fem a les  in  p ra c t ic a l ly  e v e ry  sa m p le  o f  oysters .

A s th e  f irs t se x -p h a se  in  a n  o y s te r  is a lw a y s  th e  m a le  one , 
w h ic h  is r e a c h e d  in  its se co n d  s u m m e r  ( O r t o n  (1922 a) once 
m e t  w ith  a  m a le  a t  th e  a g e  o f  2 3 w eek s), th e  f irs t c h a n g e  w h ic h  w ill 
ta k e  p la c e  is th e  c h a n g e  f ro m  m a le  to  fem ale . A fte r  m a n y  c o n t r a ­
d ic to ry  s ta te m e n ts  in  th e  p a s t  c o n c e rn in g  th e  a g e  a t  w h ic h  a n  
o y s te r  c a n  r e p ro d u c e  as a  f e m a le  i t  w as p ro v e d  in  re c e n t  years 
t h a t  th e  f a r th e r  n o r th ,  th e  l a t e r  th e  f irs t s e x -c h a n g e  w ill o ccu r.
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S p ä r c k  ( 1 9 2 5 )  s ta te s  t h a t  in  t h e  L im f jo rd  n o  fem a le  oysters 
y o u n g e r  th a n  th r e e  o r  fo u r  y ea rs  c a n  b e  fo u n d  a n d  th a t  a  firs t 
r e p r o d u c t io n  as a  fe m a le  a t  th e  a g e  o f  fo u r  is m o re  c o m m o n  
th a n  a t  th re e .

O r t o n  (1922 a) te lls  us h o w  h e  o n c e  fo u n d  a n  o y ste r  c a r ry in g  
y o u n g  in  h is  se c o n d  s u m m e r  a f te r  t h e  e x c e p tio n a lly  fin e  s u m m e r  
o f  19 2 1. A fte r  th e  f in e  s u m m e r  o f  1 935  th e  o c c u r re n c e  o f  fe m a le  
o y ste rs  in  th e i r  se c o n d  s u m m e r  in  th e  E n g lish  w a te rs  w as e s ta b ­
lish e d  ( D o d d , M e .C l o y , D a v ie s ,  E d m o n d s  a n d  O r t o n , 1937). 
I n  th e  co u rse  o f  m y  in v e s tig a tio n s  i n  th e  O o s te rsc h e ld e  I  n o tic e d  
m o re  t h a n  o n c e  a n  o y s te r  in  h is  s e c o n d  su m m e r  c a r ry in g  la rv a e . 
I n  H o lla n d  a  f in e  p re c e d in g  s u m m e r  is n o t  a  n ec essa ry  c o n d itio n  
fo r  su c h  a  r a p id  fe m a le  d e v e lo p m e n t, b u t  a ll th e  sa m e  I  c o n s id e r  
fe m a le  r e p r o d u c t io n  in  th e  s e c o n d  su m m e r  as e x c e p tio n a l in  
th e  Z e e la n d  w a te rs .

I n  th e  w a rm e r  w a te rs  o f  F ra n c e  fe m a le  re p ro d u c t io n  in  th e  
se co n d  s u m m e r  is n o  e x c e p tio n  ( G e r b e ,  1 8 7 6 , D u p a i n , 1 9 3 2 ) .  
T h e  re s u lt  o f  th is  d if fe re n c e  in  th e  a g e  a t  w h ic h  th e  f irs t se x -c h an g e  
ta k es  p la c e  is a  m u c h  h ig h e r  p e r c e n ta g e  o f  m a le  oysters in  
sa m p le s  ta k e n  in  th e  n o r th e r n  w a te rs ,  a t  le a s t i f  y o u n g  oysters 
a r e  n o t  e x c lu d e d . W e  d o  n o t  possess a d e q u a te  in fo rm a tio n  a b o u t  
th e  n a tu r a l  f re q u e n c y  o f  s e x -c h a n g e  a n d  a b o u t  th e  p e r io d  n o r ­
m a lly  r e q u ir e d  fo r  a n  e n t i r e  cyc le  in  th e  v a r io u s  reg io n s  o f  o y ste r 
c u l tu re . T h e  f re q u e n c y  o f  se x -c h a n g e  is p ro b a b ly  a ffe c te d  b y  
th e  te m p e r a tu r e  a n d  p o ss ib ly  b y  th e  a m o u n t  o f  n o u r is h m e n t. 
(S p ä r c k , 1 9 2 5  a n d  O r t o n , 1 9 3 6 ) .

I n  w in te r  th e  se x -c h a n g e  is c h e c k e d . S p ä r c k  ( 1 9 2 5 )  s ta te s  
t h a t  th e  d e v e lo p m e n t o f  sex-cells is p r a c tic a lly  in te r ru p te d  f ro m  
S e p te m b e r  1 til l  th e  b e g in n in g  o f  A p ri l  in  th e  L im f jo rd .  T h e  
w a rm e r  th e  w a te r ,  th e  s h o r te r  th e  in te r r u p t io n  w ill b e , w h ic h  
c o rre sp o n d s  w i th  th e  g r e a te r  le n g th  o f  th e  seaso n  o f  re p ro d u c tio n  
in  th e  s o u th e rn  re g io n s .

A  fall in  te m p e r a tu r e  in  a u tu m n  w ill ch e c k  th e  s e x -p h e n o m e n a , 
th o u g h  as y e t  w e  d o  n o t  e x a c tly  k n o w  w h e n . T h e  s ta g e  o f  th e  
g o n a d  a t  th e  m o m e n t  o f  in te r ru p t io n  w ill b e  th e  s ta g e  d u r in g  
h ib e rn a t io n .  W h e n  th e  te m p e r a tu r e  rises in  sp r in g , sex  w ill 
rev iv e  a t  a  c e r ta in  te m p e r a tu re .  T h e  o y s te r  re c o m m e n c e s  a t  th e  
sex -stag e  a t  w h ic h  i t  le f t  o f f  in  a u tu m n . I n d e e d  a  c e r ta in  p e r ­
c e n ta g e  o f  th e  o y ste rs  w ill h ib e rn a te  as fem a les , th e  g o n a d s  
c o n ta in in g  eggs, o th e rs  a s  m a le s , th e  g o n a d s  c o n ta in in g  sp e rm , 
w h ile  a g a in  o th e rs  d o  n o t  sh o w  a n y  se x -p ro d u c ts  a t  a ll d u r in g
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t h a t  p e r io d  ( S p ä r c k , 1925; O r t o n , 1927 d ) .  T h e  la s t c a te g o ry  
p ro b a b ly  consists m a in ly  o f  o y ste rs  t h a t  s p a w n e d  th e  la s t  t im e  
as m a les . B efo re e g g -d e v e lo p m e n t b eg in s a  c e r ta in  p e r io d  o f  re s t 
a n d  f a t te n in g  is o f te n  a s s u m e d  ( O r t o n  1927 c , O r t o n , 1937 a ) . 
T h o u g h  th e  c h a n g e  f ro m  m a le  to  fe m a le  is c e r ta in ly  less r a p id  
t h a n  th e  re v e rse d  o n e , th e  o c c u rre n c e  a n d  le n g th  o f  such  
a  p e r io d  o f  r e c u p e r a t io n  h a s  n o t  y e t b e e n  e s ta b lish e d . W e 
k n o w  t h a t  th e  c h a n g e  f ro m  m a le  to  fe m a le  c a n  ta k e  p lace  
fa ir ly  q u ic k ly  ( S p ä r c k ,  1 9 2 5 ), b u t  w e k n o w  to o  l i t t le  as y e t 
a b o u t  th e  in f lu e n c e  o f  te m p e r a tu r e  a n d  n o u r is h m e n t o n  th is 
c h a n g e .

S p ä r c k  m a d e  a n  a t t e m p t  to  s tu d y  th e  in f lu e n c e  o f  te m p e r a tu re  
o n  th e  se x -c h a n g e  in  a q u a r i a  w ith  h e a te d  w a te r .  H e  w as h a m ­
p e re d  in  th is  b y  a  h ig h  m o r ta l i ty  o f  h is  o y s te rs  a n d  g r e a t  d ifficu lties 
w ith  fee d in g , e sp e c ia lly  d u r in g  th e  w in te r-m o n th s .

A  v e ry  f re q u e n t  e x a m in a t io n  o f  th e  g o n a d  u n d e r  co n d itio n s  
a s  n a tu r a l  as p o ss ib le  m ig h t  g iv e  f u r th e r  in fo rm a tio n  a b o u t  th e  
f re q u e n c y  o f  s e x -c h a n g e  in  d if fe re n t  lo c a litie s , so u n d e r  d if fe re n t 
c o n d itio n s  o f  te m p e r a tu r e  a n d  n o u r is h m e n t.

O r t o n  ( 1 9 2 4 )  in fo rm s  us t h a t  h e  o b se rv e d  a n  o y s te r  w h ic h  
p a sse d  th e  fe m a le  s ta g e  tw ic e  d u r in g  o n e  se aso n  o f  re p ro d u c tio n .  
T h is  o y s te r  sp a w n e d  a g a in  a s  a  fe m a le  six  w eeks a f te r  i t  w as 
la s t  fo u n d  to  b e  in  a  m a le  c o n d it io n . O r t o n  ( 1 9 2 6 )  w ith  th e  
a id  o f  d a t a  o n  th e  p e rc e n ta g e s  o f  o y ste rs  c a r ry in g  y o u n g  (in  
w eek ly  sam p les) c o m p u te s  t h a t  e a c h  a d u l t  o y s te r  w ill fu n c tio n  
as a  fem a le  a t  le a s t o n c e  e v e ry  y e a r . H is  d a t a  (co lle c te d  in  1 9 2 5 )  
sh o w  t h a t  m o re  th a n  1 0 0 %  o f  th e  a d u l t  o y ste rs  c a r r ie d  la rv a e  
d u r in g  th a t  se aso n , so t h a t  a  c e r ta in  a m o u n t  o f  o y ste rs  m u s t 
h a v e  p assed  th e  fe m a le  p h a s e  tw ice . I  b e liev e  t h a t  th is  p h e n o m e ­
n o n , i.e . th e  fu n c tio n in g  as f e m a le  fo r  th e  se c o n d  t im e  d u r in g  
o n e  r e p ro d u c tio n -se a so n , is n o t  e x c e p tio n a l in  th e  O o s te rsc h e ld e . 
I  b a se  th is  a s se rtio n  o n  th e  f a c t  t h a t  p r o d u c t io n  o f  la rv a e  c a n  
ta k e  p la c e  in  th e  O o s te rsc h e ld e  fo r  a  c o n s id e ra b le  p e r io d  ev e ry  
su m m e r , o ften  sh o w in g  s e v e ra l  o p tim a , as w e ll as o n  th e  fa c t 
t h a t  th e  a v e ra g e  te m p e r a tu r e  c o n d itio n s  a r e  m o re  fa v o u ra b le  in  
th e  O o s te rsc h e ld e  t h a n  in  E n g la n d . So w h e n  O r t o n  co n c lu d e s  
f ro m  h i s  d a t a  o n  th e  p e rc e n ta g e  o f  oysters c a r ry in g  la rv a e  th a t  
a  seco n d  fe m a le  p h a s e  m a y  o c c u r  d u r in g  o n e  seaso n , I  d e e m  
th is  p h e n o m e n o n  still m o re  p r o b a b le  in  th e  O o s te rsc h e ld e . I  
d id  n o t  o b se rv e  th e  s e x -c h a n g e  in  iso la te d  o y s te r  in d iv id u a ls .

A  tre a tis e  o n  th e  cau ses  o f  th e  p h e n o m e n o n  o f  se x -c h an g e
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a n d  o n  t h e  n a t u r e  o f  i t s  r e g u l a t i n g  p o w e r  i s  t o  b e  f o u n d  i n  a  
p a p e r  b y  O r t o n  ( 1 9 2 7  c ) .
. S ex -ch ro m o so m e s  a re  a p p a r e n t ly  n o t  a ll-p o w e rfu l in  oyste rs . 
A s r e g a rd s  th e  in te rm e d ia te  f a c to r  b e tw e e n  se x -c h ro m o so m es a n d  
s e x -d e te rm in a tio n  O r to n  is in c l in e d  to  th in k  in  th e  firs t p la c e  o f  
s e x -h o rm o n e s . T h e  p re se n c e  o f  s e x -h o rm o n e s  h a s  n o t  y e t  b e e n  
e s ta b lish e d  in  o y ste rs  o r a llie d  a n im a ls  ( K o l l e r , 1 9 3 8 ) .

O r t o n  suggests  a  c o n n e c tio n  b e tw e e n  m e ta b o l ism  a n d  sex. 
H e  suggests  a  m e ta b o lic  r h y th m  as a n  a l te r n a t iv e  to  th e  o rd in a r y  
s e x -h o rm o n e  th e o ry . H e  b elieves t h a t  se x -c h a n g e  is b r o u g h t  a b o u t  
b y  a  r h y th m ic a l  c h a n g e  in  th e  n a t u r e  o f  m e ta b o lism . A t  th e  
f e m a le  s ta g e  o f  th e  o y ste r th e  p r o te ïn -m e ta b o lis m  is co n s id e re d  
to  b e  p r e d o m in a n t  a n d  th e  g ly c o g e n -m e ta b o lis m  d u r in g  th e  
m a le  p h a s e . A n  excess o f  u n u s a b l e  m e ta b o l ic  p ro d u c ts ,  c h a r a c ­
te r is t ic  o f  o n e  sex , is b e lie v e d  to  in d u c e  a  re v e rsa l o f  th e  sex- 
m e ta b o l is m  a n d  th e  s e x -m a n ife s ta tio n  to  t h a t  o f  th e  o th e r  sex 
( O r t o n , 1 9 2 7  d ) .  O r t o n  p o in ts  to  th e  p re d o m in a n c y  o f  th e  
g ly c o g e n -m e ta b o lism  d u r in g  a u tu m n ,  w h ic h  a c c o rd in g  to  h im  
in d u c e s  th e  m a le  p h a s e  a n d  h e  th in k s  t h a t  th e  p re d o m in a n c y  
o f  p r o te in  in  M a y  a n d  J u n e  in d u c e s  th e  fe m a le  p h a s e . I t  sh o u ld  
b e  b o r n e  in  m in d , h o w e v e r, t h a t  th e se  m a x im a  a r e  o f  a  q u ite  
d if fe re n t  n a tu r e .  T h e  g ly c o g e n -m a x im u m  in  a u tu m n  m e a n s  a  
r e a l  in c re a se  o f  th e  g ly c o g en  c o n te n t ,  b u t  th e  p r o te in  “ m a x im u m ” 
in  J u n e  is c a u se d  b y  a  d e c re a se  o f  th e  a m o u n t  o f  g ly c o g en , so 
t h a t  w e  fin d  a  h ig h e r  p e r c e n t a g e  o f  p ro te in ,  n o tw ith s ta n d in g  
th e  f a c t  t h a t  th e  a m o u n t  o f  p r o te in  show s a  d e c re a se  as w ell 
a t  th is  t im e  ( G a a r d e r , 1 9 3 8 ) .  T h is  m e ta b o lic  r h y th m  is c o n s id ­
e re d  to  b e  c h a ra c te r is t ic  o f  th is  o rg a n ism . O r t o n  p o in ts  to  
th e  c o n n e c t io n  b e tw e e n  m e ta b o l is m  a n d  sex  in  bees, C la d o c e ra , 
R o t i f e r a  a n d  th e  in f lu e n c e  o f  S a c c u lin a  o n  a  c ra b . O r t o n  
q u o te s  in  h is  s u p p o r t  th e  fo llo w in g  p assag e  f ro m  o n e  o f  G o l d ­
s c h m id t ’s p a p e r s :  “ T h e  a c tio n  o f  th e  h o rm o n e s  p r o b a b ly  calls 
f o r th  a  sp ec ific  ty p e  o f  m e ta b o l is m , a n d  th is  is th e  u l t im a te  
a n d  d i r e c t  c a u se  o f  th e  m o rp h o lo g ic a l d if fe re n tia t io n  o f  th e  
sexes” .

U n fo r tu n a te ly  o u r  k n o w le d g e  a b o u t  th e  c h a n g e s  in  th e  c h e m ­
ic a l  c o m p o s itio n  o f  oysters in  c o n n e c t io n  w ith  s e x -c h a n g e  is v e ry  
l im ite d .  W e k n o w  ( R u s s e l l , 1 9 2 3 ,  G a a r d e r , 1 9 3 8 )  t h a t  th e  
d r y  w e ig h t o f  th e  a d u l t  o y s te rb o d y  in c re ase s  d u r in g  a u tu m n  s im u l­
ta n e o u s ly  w ith  th e  in c re a se  o f  c a rb o -h y d ra te s  (g ly co g en ) d u r in g  th e  
m a in  s to ra g e  o f  fo o d -rese rv es  (fig. 5). I n  s p r in g  a n d  e a r ly  s u m m e r

4
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t h e  fo o d  rese rv es  a r e  la rg e ly  u s e d  u p  in  b re e d in g , w ith  a  c o n s e q u e n t 
d e c re a s e  o f  c a rb o -h y d ra te s  a n d  d ry  w e ig h t. T h e  p e r c e n t a g e  o f  
p r o te in  show s a  m a x im u m  w h e n  th e  o y s te r  is in  a  p o o r  c o n d i t io n , 
b e c a u s e  o f  th e  u s in g  u p  o f  th e  g ly c o g e n -su p p ly . T h o u g h  th e  
p r o t e i n - p e r c e n t  a g e  show s a  m a x im u m  a t  t h a t  tim e , th e  to ta l  
a m o u n t  o f  p ro te in  show s n o  in c re a se  a t  a ll. I n  su m m e r , o n  th e

Protein

Glycogen

Dry Weight

100 _ jngrams 'u

Fat

Feb. Mar. Apr. May June July Aug. Sep. Oct Nov. Dec. Jan.

F ig . 5. V a r ia tio n s  in th e  ch em ica l com p o sitio n  o f  th e  oyster. 
A fte r  R u s s e l  1925. (C a lc u la te d  on d r y  w e ig h t).

c o n t ra ry ,  i t  show s a  d e c re a s e  as w ell, th o u g h  n o t  to  th e  sa m e  
e x te n t  as th e  g ly c o g e n . T h e  p r o d u c t io n  o f  eggs a n d  sp e rm  m ak es 
h ig h  d e m a n d s  o n  th e  m e ta b o l ic  p rocesses. O r t o n  ( 1 9 2 7  d ) uses 
th e se  d a t a  in  s u p p o r t  o f  h is  h y p o th e s is . W e  s h o u ld  re m e m b e r ,  
h o w e v e r, t h a t  th e se  a n a ly se s  b y  R u s s e l l  a r e  o f  o y ste rs  o f  
u n k n o w n  se x -s tag e , a n d  w e  h a v e  to  ta k e  in to  a c c o u n t th e  
a b o v e  re m a rk s  a b o u t  th e  d if fe re n t  n a tu re  o f  th e  tw o  p re d o m i­
n a n c ie s .
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C o n s id e r in g  th e  in te rfe re n c e  o f  th e  s to ra g e  o f  rese rv es in  
a u tu m n  a n d  th e  u s in g  u p  o f  th e se  su p p lie s  in  th e  n e x t  b re e d in g  
se aso n , w h ic h  le a d  to  th e  a b o v e -m e n tio n e d  c h a n g e s  in  c h e m ic a l 
c o m p o s itio n , a  p h e n o m e n o n  th a t  w i l l  n o  d o u b t  b e  fo u n d  in  
a l l ie d  g e n e ra  o f  M ollu scs w h ic h  s h o w  n o  se x -c h a n g e  a t  a ll, I  
d o  n o t  b e liev e  t h a t  th ese  an a ly se s  c a n  b e  u se d  in  s u p p o r t  o f  
O r t o n ’s th e o ry .

G a a r d e r ’s a n a ly se s  (1938) sh o w  a  s h a r p  d e c re a se  o f  g ly c o g en - 
c o n te n t  a n d  a  d e c re a se  o f  th e  p r o te in - c o n te n t ,  b u t  a n  in c re a se  
o f  th e  p ro te in -p e rc e n ta g e  d u r in g  t h e  b re e d in g  season . T h e  
o y s te rs  G a a r d e r  u se d  w ere  o f  e x a c t ly  th e  sa m e  a g e  a n d  h a d  
l iv e d  b efo re  th e  b e g in n in g  o f  th e  s a m p l in g  u n d e r  e x a c tly  th e  
s a m e  c o n d itio n s . T h is  le d  to  th e  r e m a rk a b le  f a c t  t h a t  p ra c tic a lly  
a l l  h is  o y ste rs  sh o w e d  s im u lta n e o u s ly  th e  s a m e  s ta g e  o f  sex  a t  
th e  b e g in n in g  o f  th is  b re e d in g -s e a s o n , in  c a su  th e  fe m a le  one . 
M o s t p r o b a b ly  R u s s e l l ’s o y ste rs  d i d  n o t  sh o w  th e  sa m e  sex- 
s ta g e  s im u lta n e o u s ly , n o r  d id  th e  o y s te rs  ( Ostrea circumpicta) o f  
O k a z a k i  a n d  K o b a y a s h i  (1929 ). N e v e rth e le s s  b o th  th e se  g ro u p s  
sh o w  e x a c tly  th e  sa m e  d e c re a se  o f  g ly c o g e n  a n d  d r y  w e ig h t d u r in g  
th e  b re e d in g -s e a s o n  as t h a t  o f  G a a r d e r . I  a m  in c lin e d  to  th in k  
t h a t  th e  p r e p a r a t io n  o f  th e  f u n c t io n a l  m a le  s ta g e  w ill r e s u l t  
lik e w ise  in  a  d e c re a se  o f  g ly c o g en . P e r h a p s  th e  d e m a n d s  o n  th e  
fo o d -su p p lie s  a r e  n o t  so h ig h  as d u r in g  th e  p r e p a r a t io n  o f  a  
fe m a le  sp a w n in g , b u t  I  d o  n o t  see th e  p o ss ib ility  o f  a n  e ssen tia lly  
d if fe re n t  k in d  o f  m e ta b o lism  (p ro te in  v e rsu s  g ly c o g en ) w ith  
r e g a r d  to  th e  b u ild in g  u p  o f  th e  d if fe re n t se x -p ro d u c ts . I  b e liev e  
th a t ,  i f  G a a r d e r  h a d  a lso  b e g u n  s a m p lin g  f ro m  a d u l t  oysters 
t h a t  b e g in  th e  re p ro d u c t io n  seaso n  i n  th e  m a le  p h a s e , h e  w o u ld  
h a v e  o b ta in e d  th e  sa m e  re su lts  as h e  a c tu a l ly  d id  w ith  h is  
fem a le -o y s te rs . I  sh o u ld  p re fe r  a  f r e q u e n t  s a m p lin g  d u r in g  th e  
b r e e d in g  se a so n  f ro m  tw o  g ro u p s  o f  o y ste rs , la id  o u t,  i f  p ossib le , 
in  a  c o ld  lo c a li ty  as w ell as in  a  w a rm e r  o n e , to  s tu d y  th e  in f lu e n c e  
o f  th e  r a te  o f  se x -c h an g e . O n e  o f  th e se  g ro u p s  sh o u ld  co n s is t 
o f  fe m a le  o y ste rs , th e  o th e r  o f  o y ste rs  b e g in n in g  th e  se a so n  in  
th e  m a le  p h a s e . O n ly  a  d if fe re n c e  b e tw e e n  su c h  g ro u p s  w o u ld  
p o in t  to  o th e r  ty p e s  o f  m e ta b o lism  d u r in g  th e  m a le  a n d  fe m a le  
p e r io d .  A s y e t  I  d o n ’t  b e liev e  w e a re  ju s t if ie d  in  c o n s id e r in g  
th e  m a le  p h a s e  a s  a  k in d  o f  fam ish ed  fe m a le  p h a s e  ( G a a r d e r , 
19 3 8 ); m a le  oysters in  th e  b e g in n in g  o f  th e  b re e d in g  seaso n  d o  
n o t  lo o k  lik e  fa m ish e d  oyste rs . G a a r d e r ’s o y ste rs  liv e d  u n d e r  
u n fa v o u ra b le  c irc u m s ta n c e s  as re g a rd s  n o u r is h m e n t  d u r in g  th e
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se aso n  o f  re p ro d u c t io n ;  m a n y  o f  th e m  d ie d  to w a rd s  th e  e n d  o f  
th e  su m m e r . I  d o  n o t  r e je c t  th e  id e a  t h a t  th e re  m a y  b e  som e 
c h e m ic a l in f lu e n c e  w h ic h  g o v e rn s  se x -c h a n g e  as a n  in te rm e d ia te  
fa c to r , b u t  I  sh o u ld  p re fe r  to  th in k  o f  a  k in d  o f  h o r m o n a l  cycle 
a n d  n o t  o f  a n  in f lu e n c e  o f  th e  k in d  a n d  q u a n t i ty  o f  th e  m a te r ia ls  
s to re d .

U n t i l  w e k n o w  m o re  a b o u t  th e  c h e m ic a l c o m p o s itio n  o f  
o y s te rs  in  c o r re la t io n  w ith  t h e  s ta g e  o f  sex, th e  th e o ry  o f  a  m e ta ­
b o lic  c h a n g e  as th e  c a u s a t io n  o f  se x -c h a n g e  m u s t  b e  r e g a rd e d  
as a  m e re  h y p o th e s is .

I t  w as n e c essa ry  fo r  m e  t o  e x p a tia te  o n  th e  p h e n o m e n o n  o f  
se x -c h a n g e  in  Ostrea edulis t o  d e m o n s tr a te  th e  p o ssib ilities  o f  
p e r io d ic i ty  in  la rv a l  p r o d u c t io n  d u r in g  th e  se a so n  o f  r e p r o d u c ­
tio n .

W h e n  th e  e x te rn a l  fa c to rs  s to p  c h e c k in g  r e p r o d u c t io n ,  th e  
m a tu r e  fem a les  w ill sp a w n  th e ir  eggs; in  o th e r  w o rd s : th e  
n e w  se a so n  o f  r e p r o d u c t io n  has b e g u n . T h is  f irs t sp a w n in g  
b r in g s  o n  th e  f irs t su p p ly  o f  o y s te r la rv a e  in  th e  p la n k to n  
a f te r  th e  in c u b a t io n -p e r io d  h a s  p assed .

O y s te rs  w h ic h  fu n c tio n  f i r s t  as m a le s , b e c a u se  th e y  a re  in  th e  
m a le  p h a s e  a t  th e  m o m e n t o f  re v iv a l, w ill sp a w n  d u r in g  a  c e r ta in  
tim e  as m a les  a n d  a f te r  th is  c h a n g e  th e i r  sex a n d  th e n  sp a w n  
as  fem a les , w h ic h  causes a  s e c o n d  in c re a se  o f  o y s te r  la rv a e  a f te r  
th e  in c u b a t io n - t im e . W h e n  th e  e x te rn a l  fa c to rs  g o v e rn in g  
r e p r o d u c t io n  r e m a in  f a v o u ra b le  fo r  a  c o n s id e ra b le  tim e , th e  
o y ste rs  t h a t  s p a w n e d  as fe m a le s  e a r ly  in  th is  se aso n  w ill sh o w  
a  re v e rs io n  to  th e  fe m a le  se x  o n ce  a g a in  a f te r  p ass in g  th r o u g h  
th e  m a le  p h a s e , w h ic h  sets i n  im m e d ia te ly  a f te r  th e  f irs t fe m a le  
sp a w n in g . T h e s e  o y ste rs  w il l  sp a w n  as fem a les  fo r  th e  se co n d  
tim e  in  o n e  seaso n  n e a r  th e  e n d  o f  th e  su m m e r. A s th e  e x te rn a l 
in f lu e n c e s , su c h  as te m p e r a tu r e  a n d  n o u r is h m e n t,  w ill d iffe r  
m o re  o r  less in  th e  v a r io u s  p a r t s  o f  a n  o y s te r-g ro u n d , i t  is self- 
e v id e n t t h a t  th e  a b o v e -m e n tio n e d  sp a w n in g -  g ro u p s  w ill o v e r la p  
o n e  a n o th e r  m o re  o r  less.

W h a t  I  w a n te d  to  b r in g  o u t  is t h a t  e x te rn a l  fa c to rs  g o v e rn in g  
in  a  d i r e c t  w a y  th e  p e r io d ic i ty  o f  sp a w n in g  o n ly  a ffec t oysters 
w h ic h  c o n ta in  a t  t h a t  p a r t ic u l  a r  m o m e n t m a tu r e  s e x -p ro d u c ts  a n d  
t h a t  th e  o c c u r re n c e  o f  m a tu r e  se x -p ro d u c ts  is d e p e n d e n t  o n  th e  
cy c le  o f  se x -c h a n g e . T h e  r a t e  a t  w h ic h  th is  cy c le  is c o m p le te d  
c a n n o t  b e  a s c e r ta in e d  ti l l  w e  k n o w  m o re  a b o u t  th e  in f lu e n c e  o f  
te m p e r a tu r e  a n d  n o u r is h m e n t  o n  se x -c h an g e . So th e  in flu en ces
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c o n s id e re d  b y  m e  as in te r n a l  ones a r e  in  th e ir  tu r n  d e p e n d e n t 
o n  e x te rn a l  fa c to rs , su c h  as te m p e r a tu r e  a n d  p o ss ib ly  n o u r is h ­
m e n t.

I t  is se lf-e v id en t t h a t  w e  a re  as y e t  u n a b le  to  fo re ca s t h o w  th e  
sp a w n in g  w ill b e  d is t r ib u te d  o v er th e  e n t i r e  b re e d in g -seaso n . E v e n  
w h e n  w e  k n o w  th e  e x te rn a l  fa c to rs  d i r e c t ly  g o v e rn in g  th e  p e r io d ic ­
i ty  o f  sp a w n in g , w e  c a n  fo re c a s t o n ly  a p p ro x im a te ly  th e  m o m e n t 
a t  w h ic h  th e  f irs t  sp a w n in g  in  th e  n e w  se aso n  wifi ta k e  p la c e , 
b u t  w e  sh a ll n o t  k n o w  b e fo re h a n d  w h e n  f u r th e r  sp a w n in g  m a y  
b e  e x p e c te d  d u r in g  th e  t im e  th a t  e x te r n a l  fa c to rs  r e m a in  f a v o u r ­
a b le , u n t i l  w e k n o w  m o re  o f  th e  r h y th m  o f  se x -c h a n g e  in  Ostrea 
edulis. I t  w ill b e  im p o s s ib le  to  a t t a i n  th is  a im  w ith o u t  le n g th y  
a n d  la rg e -sc a le  o p e ra tio n s .

B efo re  w e p ass  o n  to  a  d isc u ss io n  o f  th e  e x te rn a l fa c to rs  g o v e rn ­
in g  d ire c tly  th e  p e r io d ic i ty  o f  sp a w n in g , i t  w ill b e  in te re s tin g  
to  h a v e  a  lo o k  a t  th e  p h e n o m e n o n  o f  se x -c h a n g e  in  o th e r  species 
o f  oyste rs . O f  c o u rse  w e  a re  e sp e c ia lly  in te re s te d  in  th e  b e h a v io u r  
o f  Ostrea lurida, a n  in c u b a to r y  sp e c ie s  c losely  r e la te d  to  o u r  
Ostrea edulis.

Ostrea lurida.

S t a f f o r d  ( 1 9 1 3 )  m a d e  th e  f irs t  o b se rv a tio n s  o n  th e  h e r m a ­
p h ro d it is m  o f  Ostrea lurida. H e  n o t ic e d  o y ste rs  c o n ta in in g  m a le  
re p ro d u c tiv e  e le m e n ts  as w e ll as fe m a le  fe a tu re s . S t a f f o r d  w as 
n o t  a w a re  o f  th e  s e x -c h a n g e  p h e n o m e n o n  in  Ostrea lurida. I t  
w as  C o e  ( 1 9 3 1 ,  1 9 3 2  c) w h o  th o ro u g h ly  in v e s tig a te d  th e  se x u a l 
r h y th m  in  Ostrea lurida. A  f a ir ly  f r e q u e n t  s a m p lin g , b e g in n in g  
w ith  v e ry  y o u n g  o y ste rs , c le a r ly  sh o w e d  th e  d e v e lo p m e n t o f  th e  
g o n a d , its  f irs t fu n c tio n in g  a n d  th e  se x -c h a n g e  cycle. C o e  w o rk e d  
a t  l a  J o l l a  in  S o u th -C a lifo rn ia , th e  s o u th e rn  p a r t  o f  th e  ra n g e  
o f  Ostrea lurida, w h e re  p r o p a g a t io n  c o n tin u e s  fo r  a b o u t  seven  
m o n th s . C o e  c o u ld  d e te rm in e  e x a c tly  h o w  o ld  h is  o y ste rs  w e re ; 
h e  c o lle c te d  th e m  o n  h is  c o n c re te  e x p e r im e n ta l  b lo ck s  la id  o u t  
in  th e  sea a t  r e g u la r  in te rv a ls  fo r th e  sa k e  o f  s tu d y in g  s e d e n ta ry  
m a r in e  o rg a n ism s  ( C o e , 1 9 3 2  b , C o e  a n d  A l l e n , 1 9 3 7 ) .  A t a n  
a g e  o f  e ig h t w eek s th e  f irs t signs o f  th e  d e v e lo p m e n t o f  th e  g o n a d  
c o u ld  b e  o b se rv e d . A t  a b o u t  fifteen  w eek s th e  p re se n c e  o f  th e  
p r im it iv e  o v o g o n ia  a s  w e ll as th e  sp e rm a to g o n ia  c a n  b e  sh o w n . 
T h e  sp e rm a to g o n ia  p ro lif e ra te  m o re  r a p id ly  th a n  th e  o v o g o n ia . 
Ostrea lurida is a lw a y s  p r o ta n d r ic .  P ro life ra tio n  o f  th e  o v o g o n ia  
a n d  th e  fo rm a tio n  o f  o v o cy tes  beg ins b e fo re  th e  e x tru s io n  o f  th e
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sp e rm b a lls  ta k e s  p la c e . W h e n  th e  sp e rm  is d is c h a rg e d  ( a t  a n  ag e  
o f  a b o u t  five m o n th s )  th e  o y s te r  is in  th e  fe m a le  p h a se . T h e  
o vocy tes b u ild  u p  th e ir  y o lk  m a te r ia l  in  th e  s e c o n d a ry  g o n a d , 
th e  o v a r ia n  tu b u le s , w h ic h  in t r u d e  in  th e  u n d e r ly in g  c o n n e c tiv e  
tissu e . A t  a n  a g e  o f  a b o u t  six  m o n th s  th e  f irs t  eg g sp a w n in g  
o ccu rs  in  S o u th -C a lifo rn ia . D u r in g  th e  in c u b a t io n -p e r io d  th e  n ew  
s p e rm -d e v e lo p m e n t c a n  b e  o b se rv e d . A t  th e  tim e  o f  sw a rm in g  
th e  o y ste r is r e a d y  a g a in  to  fu n c tio n  as m a le  a n d  th is  t im e  
w e sh a ll f in d  f a r  m o re  sp e rm b a lls  in  th e  o y s te r  th a n  d u r in g  th e  
f irs t  m a le  p e r io d . A fte r  th e  seco n d  m a le  p e r io d  C o e  n o tic e d  a  
p e r io d  o f  re s t, th e  r e c u p a r a t io n  p e r io d , d u r in g  w h ic h  th e  o y ste r 
re s to re s  its  fo o d -su p p lies . T h e  d u ra t io n  o f  th is  p e r io d  is p ro b a b ly  
d e p e n d e n t  o n  m e ta b o l ic  c o n d itio n s . I f  th e  e x te rn a l  co n d itio n s  
r e m a in  f a v o u ra b le  a  s e c o n d  fem a le  s ta g e  o cc u rs , a f te r  w h ic h  a  
th i r d  m a le  p e r io d  w ill fo llo w . C o e  is in c lin e d  to  th in k  th a t  
in  c o ld e r  re g io n s  th e  r h y th m  is lik e ly  to  b e  less r a p id .  P e rh a p s  
w e  m a y  e x p e c t a n  a n n u a l  o r  ev e n  a  b ie n n a l  r h y th m  th e re . T h e  
a l te r n a t io n  w ill s ta g n a te  w h e n  th e  te m p e r a tu re  h a s  d r o p p e d  too  
lo w  (d r 16° C ). T h e  a l te r n a t io n  re b e g in s  in  th e  n e x t  se aso n  a t  th e  
p h a s e  w h e re  th e  o y s te r  le f t  o ff  in  a u tu m n . A b o u t  2 5 %  o f  th e  
o ysters w ill b e  fo u n d  to  c o n ta in  eggs s im u lta n e o u s ly  in  e a r ly  
sp rin g .

C o e  ( 19 3 1 ) s ta te s  th a t :  “ F e r t i l iz e d  eggs a re  a ll a lik e  in  re g a rd  
to  th e ir  p r im a ry  se x u a l in h e r i ta n c e ,  w ith  a n  a s so c ia te d  h e re d i­
t a r y  m e c h a n ism , p e rh a p s  m e ta b o l ic  in  n a tu r e ,  w h ic h  is re sp o n s i­
b le  fo r th e  rh y th m ic a l  a l t e r n a t io n  o f  th e  se x u a l p h a s e ” .

E x te rn a l  c o n d itio n s  c a n n o t  u p se t th e  s e x u a l a l te r n a t io n ,  b u t  
th e y  m a y  r e ta rd  o r  q u ic k e n  t h e  v a r io u s  stages a n d  a ffe c t th e  q u a n ­
t i ty  o f  g a m e te s  p ro d u c e d . F r o m  th e  m o m e n t t h a t  e x te rn a l  c o n d i­
tio n s  a llo w  r e p r o d u c t io n  to  b e g in , e a r ly  in  th e  n e w  season , 
th e  se x -c h an g e  w ill g o v e rn  t h e  p e r io d ic ity  o f  sp a w n in g  in  Ostrea 
lurida. Ostrea lurida re a c h e s  th e  m a tu r e  s ta g e  a t  a n  e a r l ie r  ag e  
a n d  show s ( a t  le a s t  in  S o u th -C a lifo rn ia )  a  m o re  r a p id  c o m p le tio n  
o f  th e  cyc le  th a n  Ostrea edulis, b u t  o th e r  im p o r ta n t  d iffe rences 
a re  n o t  y e t  k n o w n  to  us.

Ostrea virginica.

L ik e  o th e r  k in d s  o f  n o n - in c u b a to r y  oysters Ostrea virginica w as 
c o n s id e re d  to  b e  d io e c io u s  u n t i l  q u i te  re c e n tly .

A lth o u g h  m a n y  y ea rs  a g o  S t a f f o r d  ( 1 9 1 3 )  f o u n d  in d ic a tio n s  
t h a t  th is  A m e r ic a n  o y s te r  is p ro ta n d r ic  o n  th e  C a n a d ia n  coast,
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i t  w a s  B u rk e n ro a d  ( 19 3 1 , 1 9 3 7 )  w h o ,  c a r ry in g  o u t  h is in v e s tig a ­
t io n s  in  L o u is ia n a ,  p ro v id e d  us w i th  d a ta  o n  th e  c o r re la t io n  o f  
size a n d  sex  i n  th is  k in d  o f  o y s te r. T h e  sm a lle r  th e  o y ste r, th e  
h ig h e r  th e  p e rc e n ta g e  o f  m a les . ( E . g . : <  2 0  m m  5 0  c f  — 5 ? ,  
<  4 0  m m  2 2 0  cT — 5 8  Ç,  > 4 0  m m  1 5 1 0 "  — 3 1 5 ? ,  < 8 0  m m  
7 cT — 4 8  Ç) .  I f  w e  re je c t  a  d if fe re n tia l  g r o w th - r a te  o r  
a  d if fe re n tia l  d e a th - ra te ,  th is  im p o r t a n t  d if fe re n c e  in  sex- 
p e rc e n ta g e s  m u s t  in d ic a te  t h a t  s e x -c h a n g e  is lik e ly  to  o c c u r , 
w ith  a  s tro n g  te n d e n c y  to w a rd s  p r o ta n d r y .  I t  w as M iss N e e d l e r  
( 1 9 3 2  b , c ) w h o  iso la te d  oysters o f  a  k n o w n  sex  a n d  e x a m in e d  
th e m  in  th e  n e x t  season . T h o u g h  b u t  few  o f  h e r  o y ste rs  su rv iv e d , 
a  fe w  o f  h e r  in i t ia l ly  m a le  o y ste rs  p ro v e d  to  b e  fe m a le  in  th e  
n e x t  y e a r  a n d  a  few  in it ia l ly  f e m a le  o y ste rs  sh o w e d  a  m a le  
g o n a d . T h e s e  e x p e r im e n ts  a c tu a l ly  p ro v e d  t h a t  A m e r ic a n  A t­
la n t ic  o y ste rs  c h a n g e  th e i r  sex. I n  o rd e r  to  d e te rm in e  m o re  
p re c ise ly  th e  se q u e n c e  o f  th is  c h a n g e  in  sex  a n d  th e  h is to lo g ic a l 
a c tiv i tie s  w h ic h  a c c o m p a n y  th e m  C o e  ( 1 9 3 2  a ,  1 9 3 2  d) e x a m in e d  
th e  g o n a d s  o f  a  la rg e  n u m b e r  o f  o y s te rs  a t  f re q u e n t  in te rv a ls  
d u r in g  th e  f irs t tw o  y ea rs  o f  th e i r  life. H is  h is to lo g ic a l s tu d ie s  
w e re  m a d e  f ro m  se ria l sec tio n s. C o e  d escrib es  th e  d e v e lo p m e n t 
o f  th e  p r im a r y  b ise x u a l g o n a d  in  y o u n g  o y ste rs , w h ic h  is t r a n s ­
fo rm e d  in to  a  s p e rm a ry  in  th e  v a s t  m a jo r i ty  o f  in d iv id u a ls .  
N e v e rth e le s s  o n e  y e a r  o ld  fem a les  m a y  b e  fo u n d . C o e  p ro v e d  
t h a t  th e se  fem a les  h a d  n o t  f u n c tio n e d  as m a le s  b e fo re ; th e y  
h a d  o n ly  sh o w n  a n  a b o r tiv e  m a le  p h a s e  w h ic h  p re c e d e s  th e  
t r a n s i t io n  o f  th e  in te r s e x u a l  g la n d  in to  a n  o v a ry . 3 %  to  3 0 %  
o f  th e  in d iv id u a ls  in  d if fe re n t lo c a litie s  m a y  b e  su c h  o n e  y e a r  o ld  
fem a les . S e x -c h a n g e  m a y  ta k e  p la c e  in  th e  in te rv a l  b e tw e e n  
tw o  b re e d in g -se a so n s . S e x -c h a n g e  a p p e a r s  to  b e  m o re  o r  less 
f a c u l ta t iv e  in  Ostrea virginica , fo r i t  is a n  e s ta b lish e d  f a c t  t h a t  
in  a t  le a s t  so m e  in d iv id u a ls  th e  s a m e  se x -p h a se  m a y  b e  r e ta in e d  
fo r  s e v e ra l y e a rs . C o e  assu m es th e  p o ss ib ility  o f  tw o  g e n e tic a lly  
d is t in c t  ty p e s  o f  m a les , t r u e  m a les  a n d  p r o ta n d r ic  m a le s , th e  
l a t t e r  c h a n g in g  in to  fem a les  la te r  o n .

A l th o u g h  e v id e n c e  c o n c e rn in g  th e  se q u e n c e  o f  s e x -c h a n g e  in  
th e  e x tre m e  s o u th e rn  p a r t  o f  th e  r a n g e  o f  th is  o y s te r  is in su ffi­
c ie n t ,  i t  seem s v e ry  p r o b a b le  t h a t  s e x -c h a n g e  in  Ostrea virginica 
ta k e s  p la c e  f a r  less f re q u e n tly  a n d  less a u to m a t ic a l ly  t h a n  in  
Ostrea lurida  a n d  Ostrea edulis. T h is  d if fe re n c e  in  f re q u e n c y  w ill 
h a v e  a  m a rk e d  in f lu e n c e  o n  th e  p e r io d ic ity  o f  sp a w n in g . A s a  
g r e a t  m a n y  o y ste rs  w ill sh o w  th e  sa m e  s tag es o f  d e v e lo p m e n t o f
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th e  g o n a d s  a t  th e  b e g in n in g  o f  th e  b re e d in g -s e a s o n , w e  sh a ll 
n o t  f in d  th e  sa m e  d e g re e  o f  o v e r la p p in g  o f  th e  v a r io u s  stages 
o f  d e v e lo p m e n t  as in  species o f  oysters w ith  a  m o re  f re q u e n t 
se x -c h a n g e . T h is  im p lie s  t h e  p o ss ib ility  o f  a  s im u lta n e o u s  
sp a w n in g  o f  th e  v a s t  m a jo r i ty  o f  fem a les  in  Ostrea virginica , 
w h ic h  is q u i te  u n lik e  th e  c o n t in u o u s  sp a w n in g  ( a lb e i t  w ith  
c e r ta in  m a x im a )  w e fin d  in  Ostrea lurida  a n d  Ostrea edulis in  
c o n s e q u e n c e  o f  th e i r  f r e q u e n t  se x -c h an g e . G a l t s o f f  ( H ig g in s , 
1938) h a s  b e e n  c o n tin u in g  se x -c h a n g e  e x p e r im e n ts  w ith  Ostrea 
virginica. H e  e l im in a te s  th e  u n k n o w n  e ffec t o f  in ju r y  (u n a v o id ­
a b le  w h e n  th e  b o r in g  d ev ice  is u sed ) b y  u s in g  a  m e th o d  w h ic h  c o n ­
sists in  d e te rm in in g  th e  sex  o f  th e  o y ste r b y  in d u c in g  o v u la tio n  o r  
e ja c u la t io n  b y  in c re a s e d  te m p e r a tu r e  a n d  c h e m ic a l s tim u la tio n .

Ostrea gigas.

J u s t  lik e  o th e r  n o n - in c u b a to ry  species o f  o y ste rs  Ostrea gigas 
w as fo rm e r ly  r e g a rd e d  as d io e c iu s . A m e m iy a  (1928  a ,  1929) 
d e m o n s tr a te d  th e  o c c u r re n c e  o f  a  se x -c h a n g e  in  th is  k in d  o f  
o y s te r. H e  u se d  th e  b o r in g  d e v ic e , s e p a ra te d  th e  oysters a c c o rd in g  
to  th e  sex -stag es, iso la te d  th e m  in  cages in  th e  se a  a n d  e x a m in e d  
th e m  a g a in  a f te r  a b o u t  a  y e a r .  T h e  c h a n g e  f ro m  m a le  to  fem a le  
as w ell a s  th e  c h a n g e  f ro m  fe m a le  to  m a le  w as  d e m o n s tr a te d  
in  th is  w a y . A m e m iy a  o b ta in e d  n o  d a ta  o n  th e  f re q u e n c y  o f  
th e  c h a n g e  in  th is  m a n n e r .  I t  is r e m a rk a b le  t h a t  th e  id e a  o f  
a  s e x -c h a n g e  c y c l e  o r  o f  a  c e r ta in  r h y th m  o f  a l te r n a t io n  d id  n o t 
o c c u r  to  th is  in v e s tig a to r .  T h o u g h  A m e m iy a  h a s  n o t  a d d u c e d  
p ro o fs  so f a r ,  h e  is in c lin e d  t o  th in k  th a t  “ a t  th e  b e g in n in g  o f  
e v e ry  n e w  sp a w n in g  se aso n  t h e  sex d if fe re n tia te s  in d e p e n d e n t ly  
to  th e  sex  o f  th e  p re c e d in g  se aso n , so th a t  th e  se x -c h a n g e , i f  
i t  a p p e a r s ,  o cc u rs  o n ly  o n c e  in  th e  seaso n  o r  in  a  y e a r  a t  th e  
v e ry  s ta g e  w h e n  th e  g o n a d  d if fe re n tia te s  s e x u a lly ” . A m e m iy a  
does n o t  a s su m e  p r o ta n d r y  i n  Ostrea gigas.

A s f a r  a s  I  c a n  see th e  e x p e r im e n ts  o n  Ostrea gigas h a v e  n o t 
y e t  sh o w n  th e  la t t e r  to  d if fe r  e ssen tia lly  f ro m  o th e r  k in d s  o f  
o y ste rs  as r e g a rd s  se x -c o n d itio n s . U n ti l  w e  k n o w  m o re  a b o u t  
th is  I  a m  in c lin e d  to  a ssu m e  th e  o c c u rre n c e  o f  a  se x -c h a n g e  cycle.

V I I I .  E X T E R N A L  F A C T O R S  G O V E R N IN G  T H E  P E R IO D IC IT Y
O F  S P A W N IN G

Ostrea edulis
T h e  e x te rn a l  fa c to rs  w h ic h  h a v e  o r  m a y  h a v e  a  d i r e c t  in -
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f lu e n c e  o n  th e  p e r io d ic ity  o f  s p a w n in g  in  o y ste rs  c a n  b e  d iv id e d  
in  b io tic  a n d  a -b io t ic  ones.

A - b i o t i c  f a c t o r s

I t  is a n  in d is p u ta b le  f a c t  t h a t  temperature is a  v e ry  im p o r ta n t  
fa c to r  in  th e  b io lo g y  o f  Ostrea edulis. T h e  r e g u la t io n  o f  r e p r o ­
d u c t io n  is to  a  h ig h  d e g re e  d e p e n d e n t  o n  te m p e r a tu r e  c o n d i­
tio n s , th e  la t te r  d e te rm in in g  in  a n  in d ir e c t  w a y  th e  p e r io d ic ity  
o f  sp a w n in g  d u r in g  th e  se aso n  o f  re p ro d u c t io n  b y  g o v e rn in g  
th e  f re q u e n c y  o f  se x -c h a n g e  a n d  b y  r e g u la tin g  in  a  d ir e c t  w a y  
th e  b e g in n in g  a n d  th e  e n d  o f  th e  b r e e d in g  se aso n .

T h e  m o m e n t a t  w h ic h  sp a w n in g , th a t  is to  sa y  th e  e x tru s io n  
o f  th e  eggs in to  th e  m a n tle -c h a m b e r ,  o cc u rs  in  Ostrea edulis c a n  
b e  d e te rm in e d  b y  o p e n in g  f a ir ly  la rg e  sa m p le s  o f  o y ste rs  a t  
r e g u la r  in te rv a ls .

M o re o v e r  E r d m a n n  (1934) su c c e e d e d  in  o b se rv in g  sp a w n in g  
in  a  d ir e c t  w a y  w ith o u t k ill in g  th e  o y ste r. E r d m a n n  n o tic e d  
t h a t  oyste rs , p la c e d  in  a q u a r ia ,  w ill sp ill a  few  eggs in  th e  sp a w n - 
in g -a c t .  I n  th is  w a y  h e  c o u ld  d e te rm in e  e x a c tly  w h e n  h is  oysters 
s p a w n e d , b e  i t  u n d e r  a r ti f ic ia l c o n d itio n s .

O r t o n  (1920) s ta te s  t h a t  a  te m p e r a tu r e  s tim u lu s  o f  som e 
k in d  is th e  n o r m a l  im p u lse  in d u c in g  se x u a l a c tiv i ty  in  m a rin e  
a n im a ls , n o rm a l b io lo g ic a l c o n d itio n s  b e in g  a ssu m ed . E u ro p e a n  
in v e s tig a to rs  a re  a g re e d  o n  th e  te m p e r a tu r e  a t  w h ic h  sp a w n in g  
s ta r ts  in  Ostrea edulis. T h e  o y s te r  b e g in s  to  b r e e d  a t  a b o u t  150 C 
a n d  c o n tin u e s  to  b re e d  as lo n g  as th e  te m p e r a tu r e  re m a in s  
a b o v e  t h a t  f ig u re  ( O r t o n , 1920, 1926, 1936, 1937 a ,  H a g m e i e r , 

I 9 3 1 » I 9 3 2 )*
T h is  does n o t  im p ly , h o w e v e r, t h a t  sp a w n in g  a lw a y s  b eg in s 

a t  th e  m o m e n t a t  w h ic h  th is  te m p e r a tu re  is r e a c h e d  ! T h e  co u rse  
o f  th e  te m p e r a tu re  d u r in g  th e  w eeks t h a t  p re c e d e  th is  m o m e n t 
is o f  th e  g re a te s t  im p o r ta n c e .

D e v e lo p m e n t o f  th e  eggs s ta r ts  p r o b a b ly  a t  a b o u t  io °  to  120 C  
( O r t o n , 1927 b ,  H a g m e i e r , 1931), a n d  th e  t im e  r e q u ir e d  fo r 
th e  m a tu r a t io n  o f  th e  eggs is m o s t p ro b a b ly  m a in ly  d e p e n d e n t 
o n  te m p e r a tu re  c o n d itio n s . So th e  m a tu r a t io n - p e r io d  o f  th e  
eggs is a  fu n c tio n  o f  t im e  a n d  te m p e r a tu re .  I f  th e  te m p e r a tu re  
in c re a se s  r a p id ly  a f te r  a  c o ld  sp r in g , w e  c a n n o t  e x p e c t m a tu r a t io n  
to  b e  c o m p le te d  a l re a d y  a t  th e  m o m e n t w h e n  15° G  is re a c h e d . 
I n d e e d  w e  sh a ll f in d  th e  f irs t  sp a w n in g  in  th e  n e w  se aso n  a t  
a  s o m e w h a t h ig h e r  te m p e r a tu r e  a f te r  su c h  a  r a p id  in c re a se
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( S p ä r c k , 1925). O n  th e  o th e r  h a n d ,  i t  is p o ss ib le  t h a t  a f te r  a  
r e la t iv e ly  w a rm  sp r in g  a  p r o lo n g e d  te m p e r a tu r e  b e tw e e n  120 
a n d  15 0 m a y  b e  th e  ca u se  o f  a  sp a w n in g  b e fo re  150 C . S p ä r c k  
m e n tio n s  a  sp a w n in g  a t  130 to  140 C  in  th e  L im f jo rd  in  1921 
a f te r  su c h  a  w a rm  sp r in g . S u c h  d a t a  c a n n o t  b e  sa id  to  h a v e  
b e e n  c le a r ly  spec ified , h o w e v e r , as i t  r e m a in s  to  b e  seen  w h e th e r  
th e  te m p e ra tu re s  g iv e n  a re  a c tu a l ly  a v e ra g e s  o r  m e re ly  a p p ro x i­
m a tio n s , m a x im a  a n d  m in im a  n o t  b e in g  s ta te d ,  so th a t  i t  is 
d if fic u lt fo r us to  ju d g e  o f  th e  ex a c tn ess  o f  th e  co n c lu s io n s  a r r iv e d  
a t .  M a z z a r e l l i  (1 9 2 4 ), o n  t h e  o th e r  h a n d ,  d id  s ta te  m a x im a  
a n d  m in im a  o f  th e  t e m p e r a tu r e  o f  th e  b o t to m -w a te r  in  th e  la k e  
o f  F u sa ro  (N a p le s ), r e c o rd e d  b y  a  th e rm o g ra p h .  H is  o b se rv a tio n s  
m a k e  i t  c le a r  th a t  a  c o n s id e ra b le  sp a w n in g  is c e r ta in ly  possib le  
th e re  b e fo re  th e  m a x im u m  te m p e r a tu r e  re a c h e s  150 C . (N .B . 
O b se rv a tio n s  o n  Ostrea lurida ( H o p k i n s , 1937) h a v e  sh o w n  th a t  
m in im u m  te m p e ra tu re s  a re  t h e  m o s t im p o r ta n t  w ith  r e g a r d  to  
sp a w n in g ) .

O r t o n  (1927 b ) c r itic iz e s  S p ä r c k ’s m e th o d s  o f  te m p e ra tu re -  
re c o rd in g  to  d e fe n d  h is o w n  15 0 C  l im it,  b u t  n o n e  th e  less h e  
s ta te s  t h a t  e g g -d e v e lo p m e n t is a  fu n c tio n  o f  t im e  a n d  te m p e r a ­
tu r e  ! I  b e lie v e  th a t ,  th is  b e in g  s o , i t  w ill c e r ta in ly  r e n d e r  sp a w n in g  
b e lo w  15 0 G possib le , i t  b e in g  a s s u m e d  t h a t  150 G  is th e  a v e r a g e  
b e g in n in g - te m p e ra tu re .  B o th  H a g m e i e r  (1932) a n d  V o is in  
(1933) assu m e th a t  th e  m a tu r a t io n  o f  th e  eggs re q u ire s  a  c e r ta in  
a m o u n t  o f  w a rm th  a n d  so is a  f u n c tio n  o f  t im e  a n d  te m p e ra tu re .  
I n  a  re c e n t  p a p e r  (1936) O r t o n  a d m its  th e  p r o b a b i l i ty  o f  th e  
in f lu e n c e  o f  a  tim e -c a lo r ic  p e r io d .  T h e  d e g re e  a t  w h ic h  sp a w n in g  
s ta r ts  is d e p e n d e n t  o n  th e  p re v io u s  co u rse  o f  th e  te m p e r a tu re  
a n d  w ill u su a lly  b e  a b o u t  150 G . O f  co u rse  th e  o y ste rs  t h a t  sp a w n  
f irs t  in  th e  n e w  seaso n  a re  th o s e  w h ic h  h a v e  h ib e r n a te d  in  a n  
a d v a n c e d  fe m a le  s ta g e  a n d  a m o n g  th e se  th e  in d iv id u a ls  liv in g  
u n d e r  p a r t ic u la r ly  fa v o u ra b le  te m p e r a tu r e  c o n d itio n s  w ill b e  th e  
v e ry  firs t. O r t o n  (1928  a) s ta te s  t h a t  th e  o y ste rs  t h a t  sp a w n  
firs t  o f  a l l  a r e  to  b e  fo u n d  i n  sh a llo w  w a te r ,  w h ic h  show s a n  
in c re a se  o f  te m p e r a tu re  a t  a n  e a r l ie r  m o m e n t. T h e  m a jo r i ty  o f  
th e  o y ste rs  m a tu r e  a n d  s p a w n  in  th e  c o u rse  o f  th e  sp a w n in g  
se aso n .

L e n g th y  a n d  la rg e -sc a le  o p e ra t io n s  m a y  m a k e  i t  p o ss ib le  to  
o b ta in  e x a c t  d a t a  o n  th e  n a t u r e  o f  th is  t im e -c a lo r ic -p e r io d , 
w h ic h  w ill e n a b le  us to  fo re c a s t  th e  d a te s  a t  w h ic h  sp a w n in g  
b e g in s , i f  th e  te m p e ra tu re -c o n d it io n s  a t  th e  o y s te r  b ed s  a re



E X PE R IM E N T S AND O B SER V A TIO N S O N  SW A RM IN G , E T C . 5 9

k n o w n  p re c ise ly . T h o u g h  th is  w o u ld  b e  in te re s tin g , i t  w ill 
n e v e r  b e  o f  s u c h  g r e a t  p ra c t ic a l  im p o r ta n c e  as i t  is in  th e  case 
o f  th e  n o n - in c u b a to r y  Ostrea virginica. I  sh a ll e x p la in  b e lo w  
t h a t  th e  b e g i n n i n g  o f  th e  s p a w n in g  p e r io d  o f  Ostrea edulis 
h o ld s  n o  c lu e  as to  th e  d a te s  a t  w h ic h  a  m a x im u m  o f  s e ttin g  
m a y  b e  e x p e c te d .

T h o u g h  th e  p e r io d ic i ty  o f  th e  s w a r m i n g  o f  Ostrea edulis h a s  
b e e n  f re q u e n tly  su b je c te d  to  in v e s tig a tio n ,  esp ec ia lly  in  F ra n c e ,  a n d  
th e  c o r re la t io n  o f  th is  p e r io d ic i ty  w ith  e x te rn a l  c o n d itio n s  h a s  
o f te n  b e e n  s tu d ie d ,  th e re  ex is t b u t  v e ry  few  p a p e r s  o n  th e  
p e r io d ic i ty  o f  th e  s p a w n i n g  o f  Ostrea edulis d u r in g  th e  se aso n  o f  
re p ro d u c tio n .  S u c h  in v e s tig a tio n s  b y  m e a n s  o f  c o lle c tin g  sa m p le s  
o f  o y ste rs  a t  r e g u la r  in te rv a ls  d u r in g  th e  e n t i r e  se aso n  h a v e  
o n ly  b e e n  c a r r ie d  o u t  b y  O r t o n ,  c h ie f ly  d u r in g  1 9 2 5  a n d  1 9 2 7 .  
O r t o n  n o w h e re  m e n tio n s  a  direct c o r r e la t io n  o f  th e  p e r io d ic i ty  
o f  sp a w n in g  w ith  th e  actual w a te r - te m p e ra tu re  d u r in g  th e  s p a w n ­
in g  seaso n . S u c h  a  d ir e c t  c o r r e la t io n  is h a r d ly  to  b e  e x p e c te d , 
fo r w e  k n o w  t h a t  se x -c h a n g e  g o v e rn s  th e  p e r io d ic ity  o f  egg- 
m a tu r a t io n  in  th e  c o u rse  o f  th e  s p a w n in g  season .

J u s t  as te m p e r a tu r e  d e te rm in e s  th e  b e g in n in g  o f  sp a w n in g , 
i t  w ill r e g u la te  its  e n d  in  a u tu m n . W e h a v e  n o t  m a n y  d a t a  a t  
o u r  d isp o sa l a b o u t  th e  e n d  o f  th e  b re e d in g  season . A  g r a d u a l  
d e c re a se  o f  th e  p e rc e n ta g e  o f  o y s te rs  c a r ry in g  y o u n g  is o f ten  
o b se rv e d  n e a r  th e  e n d  o f  th e  sp a w n in g  se aso n , o f te n  b e fo re  th e  
te m p e r a tu r e  d ro p s  b e lo w  150 C . I t  m a y  b e  t h a t  a  fa ll o f  th e  
te m p e r a tu r e  b e lo w  th e  sa m e  150 G  level w ill ch e ck  r e p r o d u c ­
tio n .  I  b e lie v e  t h a t  th e  b e g in n in g  o f  th is  in te r ru p t io n  in  th e  
b re e d in g -p ro c e s s  d o es  n o t  se t in  a t  a  w e ll-d e fin e d  lim it. O r t o n ’s 

g ra p h s  ( 1 9 3 6 )  sh o w  t h a t  a  few  o y ste rs , c a r ry in g  y o u n g , m a y  
s till b e  fo u n d  a  c o n s id e ra b le  tim e  a f te r  th e  fa ll o f  th e  w a te r -  
te m p e r a tu r e  b e lo w  th e  150 f ig u re , e .g . in  th e  b e g in n in g  o f  N o ­
v e m b e r  1 9 2 7 .  I  a m  in  a  p o s it io n  to  c o n f irm  th e se  d a t a  b y  O r t o n .  

I n  th e  Z e e la n d  w a te rs  I  n o tic e d  a  v e ry  o c c a s io n a l g ra v id  s p e c i­
m e n  lo n g  a f te r  a  fa ll o f  th e  te m p e r a tu re  b e lo w  i 2 ° C ;  e .g . 
1 4  O c to b e r  1 9 3 7 ,  n  N o v e m b e r  1 9 3 7 ,  2 1  N o v e m b e r  1 9 3 8 ,  th e  
la s t  o n e  e v e n  w ith  w h ite  em b ry o s . T h e  b la c k -s ic k  o y s te r, fo u n d  
l í  N o v e m b e r  1 9 3 7  c o n ta in e d  liv in g  la rv a e  o f  a  n o r m a l  size.

A  d o s e  s tu d y  o f  th e  d ia g ra m s  w ill  sh o w  th e  o c c u r re n c e  o f  
a n  u n d e n ia b le  d e c re a s e  in  th e  in te n s ity  o f  th e  s w a rm in g  ac tiv itie s  
n e a r  th e  e n d  o f  th e  se aso n  o f  re p ro d u c tio n ,  in  sp ite  o f  th e  fa c t 
t h a t  th e  w a te r - te m p e r a tu r e  still r e m a in s  fa v o u ra b le  o r  a t  le a s t
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r a th e r  fa v o u ra b le . T h is  p h e n o m e n o n  o f  “ w e a rin e ss”  m a y  
p e rh a p s  b e  a t t r ib u te d  to  a  p r o t r a c t io n  o f  th e  p e r io d  o f  r e c u p e r a ­
tio n ,  w h ic h  p e r io d  e lap se s  b e tw e e n  a  p h a s e  o f  m a le  sp a w n in g  
a n d  th e  s u b s e q u e n t fe m a le  re p ro d u c tiv e  p h a se . M e ta b o l ic  co n ­
d itio n s  a re  p r o b a b ly  a m o n g  th e  m o s t im p o r ta n t  fa c to rs  g o v e rn ­
in g  th e  le n g th  o f  th e  p e r io d  o f  re c u p e ra tio n .

M a z z a r e l l i  ( 1 9 2 4 )  c a r r ie d  o u t h is  in v e s tig a tio n s  in  th e  la k e  
o f  F u sa ro  n e a r  N a p le s , w h e re  sp a w n in g  o ften  s ta r ts  in  M a rc h  
a l re a d y , a t ta in in g  its  o p t im u m  in  th e  m o n th s  o f  A p ri l  a n d  
M a y . A fte r  th is  th e  in te n s i ty  o f  sp a w n in g  te n d s  to  d e c re a se , 
a l th o u g h  te m p e r a tu r e  c o n d itio n s  r e m a in  fa v o u ra b le . A  sm a ll 
p e rc e n ta g e  o f  sp a w n in g  o y s te rs  w ill b e  fo u n d  th e re  ti l l  la te  in  
th e  s u m m e r  se aso n . S o  th e  lo n g e r  th e  se aso n  o f  re p ro d u c tio n ,  
th e  m o re  c o n sp ic u o u s  th e  p h e n o m e n o n  o f  “ w e a rin e ss”  n e a r  
th e  e n d  o f  th e  se aso n  w ill b e .

I f  n o  in v e s tig a to r  a d v o c a te s  a  d i r e c t  c o r re la t io n  b e tw e e n  th e  
te m p e r a tu re  c u rv e  a n d  th e  o c c u r re n c e  o f  c e r ta in  m a x im a  in  
sp a w n in g  in  th e  c o u rse  o f  th e  b re e d in g  season , c a n n o t  th e re  b e  
o th e r  a -b io t ic  fa c to rs  g o v e rn in g  th e  p e r io d ic i ty  o f  sp a w n in g ?

C h a n g e s  in  s a l i n i t y  h a v e  n e v e r  b e e n  m e n tio n e d  in  c o n n e c ­
t io n  w ith  th is  p e r io d ic i ty ,  a t  le a s t  n o t  w h e n  th e y  r e m a in  w ith in  
n o r m a l  b o u n d s  ( V o is in  1933).

A  v e ry  r e m a rk a b le  p a p e r  is t h a t  b y  O r t o n  (1926) o n  l u n a r  
p e r i o d i c i t y  in  th e  s p a w n in g  o f  oyste rs . D u r in g  th e  b re e d in g  
se a so n  in  1925 O r t o n  e x a m in e d  w ee k ly  sa m p le s  o f  100 Fai-» 
E s tu a ry  o y ste rs  o f  n o  less a  s iz e  t h a n  a b o u t  2 in c h e s . T h e  ages 
o f  th e se  o y ste rs  w e re  n o t  e x a c t ly  k n o w n  a n d  i t  is d o u b tfu l  i f  
th e se  sa m p le s  c a n  b e  c o n s id e re d  as a b s o lu te ly  c o m p a ra b le . T h e  
p e r c e n ta g e  o f  o y s te rs  c a r ry in g  y o u n g  w as r e c o rd e d , w h ite s ic k  
o y ste rs  w ith  e m b ry o s  u p w a r d s  to  a b o u t  2 d ay s  o ld  b e in g  re c o rd e d  
a p a r t .  N o  e x a c t  re c o rd s  o f  th e  w a te r - te m p e ra tu re  w e re  m a d e  
in  th e  c o u rse  o f  th a t  se aso n . O r t o n  s ta te s  th a t  “ th e re  is a n  
u n d o u b te d ,  a l th o u g h  s lig h tly  i r re g u la r  p e r io d ic ity  in  th e  s p a w n ­
in g ; th e  m a x im u m  s p a w n in g  o ccu rs  a t  a b o u t  th e  t im e  o f 
fu ll m o o n ”  (fig u re  6 ).

O r t o n ’s g r a p h  o n  th e  w e e k ly  sa m p le s  show s 3  m a x im a  in  
sp a w n in g  d u r in g  th e  b r e e d in g  seaso n  in  1925: J u l y  6, A u g u s t 
11 a n d  S e p te m b e r  2. T h e  d a te s  o f  fu ll m o o n  w e re  J u ly  6 , A u g u s t 4 
a n d  S e p te m b e r  2. U n u s u a l ly  c o ld  w e a th e r  d u r in g  A u g u s t d e la y e d  
th e  sp a w n in g  fo r  a b o u t  a  w e e k , a c c o rd in g  to  O r t o n .

A  s im u lta n e o u s  s tu d y  o f  th e  sp a w n in g  in  „ d u m p y ”  oysters
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did. n o t  sh o w  th is  c o r re la t io n  w i th  th e  m o o n p h a se s , h o w ev e r. 
T h e r e  ex is t h y d ro g ra p h ic a l  f a c to r s  w h ic h  sh o w  a  r h y th m ic  
v a r ia t io n  in  a c c o rd a n c e  w ith  th e  t id a l  a n d  l u n a r  cycles a n d  
p e r h a p s  o n e  o r  m o re  o f  th e se  f a c to r s  m a y  ca u se  a  lu n a r  p e r io d ic -
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Fig. 6 . L u n a r  p e rio d ic ity  in  sp aw n in g . A fte r  O r t o n  1926. 
(C o n tin u o u s  line  g ra p h :  w h ites ick  oysters w ith  em bryos 
u p w a rd s  to  a b o u t 2 days o ld ; dash es: oysters c a rry in g  you n g  

m o re  th a n  2 d ay s o ld).

i ty  in  sp a w n in g . O r t o n  d e c la re s  t h a t  p e rh a p s  a  th o ro u g h  
in v e s tig a tio n  o f  th e  lo c a l h y d ro g ra p h ic a l  c o n d itio n s  c a n  te ll 
u s  s o m e th in g  o f  th e  n a tu r e  o f  th e  in f lu e n c e  o f  th e  m o o n . N e v e r ­
th e le s s  O r t o n  passes in  re v ie w  b e fo re h a n d  th e  fa c to rs  w h ic h  
m a y  p o ss ib ly  b e  th e  c a u se  o f  th is  lu n a r  p e r io d ic ity . H e  th in k s  
fo r  e x a m p le  o f  th e  in f lu e n c e  o f  w a te r -p re ss u re , w h ic h  w ill sh o w
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e x tre m e  v a lu e s  d u r in g  s p r in g  tides. I t  m u s t  b e  r e m a rk e d  th a t  
h e r e  th e  m o s t e x tre m e  ra n g e  o f  th e  tid e s  o cc u rs  a b o u t  tw o  days 
a f te r  fu ll-m o o n  a n d  a f te r  n e w -m o o n . T h o u g h  fu ll-m o o n  s p r in g ­
t id e s  sh o w  a  s lig h tly  g r e a te r  ra n g e  o f  t id e  t h a n  n e w m o o n  
sp r in g - tid e s  in  th is  p a r t  o f  th e  N o rth -se a -c o a s t (A d m ira lity  
T id e  T a b le s  fo r  1925), I  t h i n k  i t  h a r d ly  c o n c e iv a b le  t h a t  th is  
r e la t iv e ly  m in u te  d iffe ren ce  i n  w a te r  p re s su re  b e tw e e n  fu ll- 
m o o n  sp r in g - tid e s  a n d  n e w -m o o n  sp r in g - tid e s  c a n  b e  th e  cause  
t h a t  sp a w n in g  o cc u rs  d u r in g  a  fu ll-m o o n  sp r in g - t id e  a n d  is n o t  
o b se rv e d  d u r in g  n e w -m o o n  s p r in g - tid e s . S p ä r c k  (1929) n e v e r  
o b se rv e d  th is  lu n a r  p e r io d ic i ty  in  th e  L im f jo rd .  H e  th o u g h t  
t h a t  th is  m ig h t  b e  a t t r ib u te d  to  th e  p r a c t ic a l  a b s e n c e  o f  tid a l 
in f lu e n c e s  th e re .

A n o th e r  h y p o th e s is  o f  O r t o n  is th e  in f lu e n c e  o f  a  v a r ia t io n  
in  in te n s ity  a n d  d u r a t io n  o f  m o o n lig h t,  w h ic h  m a y  b e  th o u g h t  
o f  as a n  in f lu e n c e  o f  th e  m o o n lig h t  o n  th e  r a t e  o f  fe e d in g  a n d  
th e  a m o u n t  o f  n o u r is h m e n t ! T h e  a b se n c e  o f  lu n a r  p e r io d ic ity  
in  th e  L im f jo r d  ( S p ä r c k  1 9 29) does n o t  g iv e  s u p p o r t  to  th is  
h y p o th e s is , fo r, a l th o u g h  th e r e  is n o  t id a l  cyc le  in  th e  L im f jo rd , 
th e re  is a  m o o n lig h t-c y c le  !

B e lievers in  th e  d ir e c t  in f lu e n c e  o f  th e  m o o n lig h t  h a v e  a  fine 
o p p o r tu n i ty  to  c a r r y  o u t  in v e s tig a tio n s  in  th e  b re e d in g  ta n k s , 
u se d  in  E n g la n d  fo r a r t i f ic ia l  p ro p a g a tio n .  I n  th e se  ta n k s  th e  
in f lu e n c e s  o f  th e  t id a l  cyc le  h a v e  b e e n  e l im in a te d . C o l e ’s d ia ­
g ra m s  (1939) d o  n o t  sh o w  a n y  lu n a r  p e r io d ic ity  in  th e se  ta n k s  
d u r in g  1937 a n d  1938, h o w e v e r .

A g a in  a n o th e r  h y p o th e s is  o f  O r t o n  is th e  r a p id  d e v e lo p m e n t 
o f  th e  fe m a le  s ta g e  ro u n d  a n d  a b o u t  fu ll m o o n . If , h o w ev e r, 
s p a w n in g  ta k e s  p la c e  a t  fu ll  m o o n , w e m u s t e x p e c t th e  m a tu r a ­
tio n -p ro c e ss  to  b e g in  a t  le a s t  a b o u t  io  d a y s  e a r l ie r .  S o  th is  
in f lu e n c e  o f  th e  fu ll m o o n  o n  th e  r a te  o f  d e v e lo p m e n t o f  th e  
g o n a d  is o n ly  c o n c e iv a b le  in  oysters w h ic h  a re  a l r e a d y  in  a n  
a d v a n c e d  fe m a le  s tag e .

T h is  p a p e r  ( 1 9 2 6 )  m ak es t h e  im p re ss io n  o f  b e in g  p re m a tu re .  
O r t o n  e v e n  p o in ts  to  a  “ m a x im u m ”  o f  s p a w n in g  in  O c to b e r , 
a  w ee k  a f te r  fu ll m o o n : a  m a x im u m  o f  1 %  o c c u r r in g  in  a  sa m p le  
o f  1 0 0  o y s te rs !  (fig. 6 ) .  A s I  s a id  b efo re , O r t o n  re c o rd s  th e  p e r ­
c e n ta g e  o f  w h ite s ic k  oysters c a r r y in g  la rv a e  u p w a rd s  to  a b o u t  2 
d a y s  o ld  a p a r t .  I t  w ill b e  c le a r  t h a t  w e  a re  n o t  ju s t if ie d  in  
e s ta b lish in g  p e r io d ic ity  in  t h e  o c c u rre n c e  o f  la rv a e  u p w a rd s  
to  2 d a y s  o ld  b y  m e a n s  o f  w e e k l y  s a m p lin g . L o ts  o f  y o u n g
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l a r v a e  w ill e s c a p e  su c h  e x a m in a t io n  a n d  e n t ire  m a x im a  m a y  
b e  o v e rlo o k e d .

O r t o n ’s i n v e s t i g a t i o n s  d u r i n g  1 9 2 7  ( 1 9 3 6 )  d i d  n o t  s h o w  a n y  
l u n a r  p e r i o d i c i t y  i n  s p a w n i n g .

A m e r ic a n  in v e s tig a to rs  lik e  N e l s o n  (1928  c) a n d  P r y t h e r c h  
(1929) a ssu m e  th e  p o ss ib ility  t h a t  c h a n g e s  in  te m p e r a tu r e  a re  
th e  ca u se  o f  O r t o n ’s lu n a r  p e r io d ic ity .  D u r in g  s p r in g tid e s  th e  
tid e - la n d s  a re  e x p o se d  to  a  h ig h  d e g re e .  I n  f in e  w e a th e r  th e  
w a rm in g -u p  o f  th e  w a te r  w ill a d v a n c e  ra p id ly  d u r in g  s p r in g ­
tid e s . B u t as p ro lo n g e d  f in e  w e a th e r  is  e x c e p tio n a l o n  th e  E n g lish  
a n d  D u tc h  sh o res  w e  sh a ll  s e ld o m  fin d  a  te m p e ra tu re  c u rv e  
w ith  n e a t  p ea k s  a t  e v e ry  sp r in g - tid e .  O r t o n  gives o n ly  th e  a ir-  
te m p e ra tu re s  fo r  1925. B u t  i t  m u s t  b e  re m e m b e re d  th a t  a i r  
te m p e ra tu re s  d o  n o t  n e c e s sa r ily  s h o w  a  d i r e c t  c o r re la t io n  w ith  
w a te r - te m p e ra tu re s .

E r d m a n n  ( 1 9 3 4 )  o b s e r v e d  h i s  o y s t e r s  i n  t a n k s ,  w h i c h  s p a w n e d  
a t  a n y  t i m e  o f  t h e  d a y  o r  n i g h t  a n d  a t  a n y  t i m e  o f  t h e  m o o n ’s 
c y c le .

I n  a  r e c e n t  p u b l ic a t io n  ( 1 9 3 7  a) O r t o n  a d m its  t h a t  h e  n e v e r  
o b se rv e d  th is  l u n a r  p e r io d ic i ty  a g a in  a n d  th a t  “ th is  p h e n o m e n o n  
h a s  n o t  y e t b e e n  g e n e ra lly  c o n f irm e d ” . H e  s ta te s  th a t :  “ i t  seem s 
p o ss ib le  t h a t  Ostrea edulis m a y  te n d  to  sp a w n  n o rm a lly  a t  fu ll 
m o o n  o r a t  so m e  o th e r  d e f in ite  p h a s e  o f  th e  m o o n  in  d if fe re n t 
lo c a litie s , b u t  t h a t  th e  r e g u la r i ty  m a y  b e  u p s e t  b y  lo c a l v a r ia t io n s  
in  se aso n a l c o n d i t io n s ” .

A lth o u g h  th e  p e r io d ic i ty  o f  sp a w n in g  in  Ostrea edulis h a s  n o t  
b e e n  in v e s tig a te d  m u c h , th e  p e r io d ic ity  o f  s w a r m i n g  h a s  b e e n  
s tu d ie d  m o re  e x ten s iv e ly , e sp e c ia lly  in  F ra n c e  a n d  H o l la n d .  
A lth o u g h  sp a w n in g  a n d  s w a rm in g  a re  s e p a ra te d  b y  th e  in c u b a ­
tio n -p e r io d , th e re  is c e r ta in ly  som e c o r re la t io n  b e tw e e n  th e se  
tw o  ev en ts . F r o m  w h a t  w e  k n o w  o f  th e  p e r io d ic i ty  o f  sw a rm in g , 
lu n a r  p e r io d ic i ty  in  O r t o n ’s sense is  o u t  o f  th e  q u e s tio n , as 
w ill b e  d iscu ssed  b e lo w . A s lo n g  as lu n a r  p e r io d ic i ty  in  th e  s p a w n ­
in g  o f  oysters h a s  n o t  a c tu a l ly  b e e n  e s ta b lish e d  b y  m e a n s  o f  
a  v e ry  f re q u e n t  s a m p lin g  o f  o y ste rs  o f  a  k n o w n  a g e  a n d  a  k n o w n  
p a s t,  w ith  a  p re c is e  re c o rd in g  o f  th e  e n v iro n m e n ta l  c o n d itio n s  
a n d  i f  p o ss ib le  b y  a  c o m p a r is o n  o f n a tu r a l  c o n d itio n s  w ith  th e  
c o n d itio n s  in  a  b a s in , I  fee i in c lin e d  to  r e g a rd  th e  re su lts  o b ta in e d  
b y  O r t o n  in  1925 as a  m e re  co in c id e n ce .
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B i o t i c  f a c t o r s
T h e  p o ss ib ility  o f  th e  in f lu e n c e  o f  b io tic a l  fa c to rs  o n  th e  

p e r io d ic ity  in  sp a w n in g  o f  Ostrea edulis h a s  n o t  y e t  b e e n  d e m o n ­
s tra te d .

A m e r ic a n  in v e s tig a to rs , e sp ec ia lly  G a l t s o f f , sh o w ed  b y  
b e a u tifu l  e x p e r im e n ts  th e  o c c u rre n c e  a n d  im p o r ta n c e  o f  a  
s tim u la tio n  o f  sp a w n in g  b y  m e a n s  o f  th e  se x -p ro d u c ts  o f  o th e r  
o y s te r  in d iv id u a ls ,  as w ill b e  d iscussed  p re se n tly .

H a g m e ie r  ( 1931 ) a n d  V o i s in  (1933) p o in t  to  th e  p o ss ib ility  
o f  su ch  a  s tim u la tio n  in  Ostrea edulis, a l th o u g h  n o  d a t a  to  s u p p o r t  
th is  h y p o th e s is  a r e  as y e t  a t  o u r  d isp o sa l. O r t o n  (1937  a) sta te s  
t h a t  “ s im u lta n e o u s  s p a w n in g  m a y  o c c u r  in  15 to  20 p e r c e n t  o f  
th e  p o p u la tio n ,  so t h a t  th e r e  c a n  b e  n o  d o u b t  o f  th e  o c c u rre n c e  
o f  a  sp a w n in g  s tim u lu s” . W e  sh o u ld  r e m e m b e r ,  h o w e v e r, th a t  
O r t o n ’s d a t a  a r e  b a s e d  o n  w e e k l y  sa m p le s . So i t  is n o t  c e r ta in  
to  w h a t  d e g re e  a  s tr ic t ly  s im u lta n e o u s  sp a w n in g  in  th e  sense 
o f  th e  A m e r ic a n  in v e s tig a tio n s  m a y  o c c u r  in  Ostrea edulis, b u t  
I  b e liev e  w ith  O r t o n  th a t  t h e  m a rk e d  sp a w n in g  m a x im a , w h ic h  
a re  o ften  o b se rv e d  in  Ostrea edulis, m a y  p o in t  to  th e  o c c u rre n c e  
o f  a  sp a w n in g  s tim u lu s  i n  th is  k in d  o f  oyster.

Ostrea lurida

C o e  (1932 a , 1932 b , 1932 c) in fo rm s  us t h a t  sp a w n in g  in  
Ostrea lurida  b eg in s  a t  a b o u t  160 C  a n d  t h a t  th e  seaso n  o f  r e p r o ­
d u c t io n  c o n tin u e s  as lo n g  as th e  te m p e r a tu re  is a b o v e  th is  lev e l; 
in  ca su  a t  L a  J o l la ,  in  S o u th -C a lifo rn ia ,  fo r  a b o u t  7 m o n th s . 
H o r i  (1933) in v e s tig a te d  O ly m p ia  o y ste rs  in tro d u c e d  in  J a p a n .  
H e  fo u n d  th a t  th is  o y s te rs  in i t ia te d  sp a w n in g  a t  140 C .

T h e se  d a ta  c a n n o t  b e  s a id  to  h a v e  b e e n  c le a rly  spec ified , 
h o w e v e r, fo r i t  is n o t  s ta te d  w h e th e r  th e  te m p e ra tu re s  g iv e n  
a re  a c tu a lly  a v e ra g e s  o r  m e re ly  a p p ro x im a tio n s ,  m a x im a  a n d  
m in im a  n o t  b e in g  s ta te d .

H o p k in s  ( 1 9 3 7 )  th o r o u g h ly  in v e s tig a te d  th e  sp a w n in g  a c tiv i­
ties o f  Ostrea lurida i n  th e  P u g e t  S o u n d . A s f a r  as I  k n o w  th ese  
a re  th e  m o s t a c c u ra te  a n d  e x a c t  o b se rv a tio n s  o f  th e  sp a w n in g  
p e r io d ic ity  o f  in c u b a to r y  o y ste rs . I n  th e  f irs t p la c e  h is  h y d ro -  
g ra p h ic a l  o b se rv a tio n s  h a v e  b e e n  c a r r ie d  o u t  v e ry  ex tensive ly . 
T h e  P u g e t  S o u n d  sh o w s p e c u l ia r  h y d ro g ra p h ic a l  c o n d itio n s . 
M o s t o f  th e  b a y s  a r e  g e n e ra l ly  r a th e r  d e e p  a n d  o y ste r c u l tu re  
is c a r r ie d  o u t  o n  b e d s  s u r ro u n d e d  w ith  lo w  d ikes, so t h a t  th e
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o y ste rs  r e m a in  su b m e rg e d  a t  lo w  tid e . O n  th e  s lo p in g  b a n k s  
th e  d ik e d  g ro u n d s  a re  a r r a n g e d  in  te rra c e s . T h e  r a n g e  o f  tid e  
d u r in g  a  s p r in g - t id e  p e r io d  is a b o u t  18 to  19 fe e t; d u r in g  n e a p -  
t id e s , h o w e v e r, th e  ra n g e  m a y  b e  o n ly  io  o r  12 fee t. W h ile  th e  
h ig h e s t  w a te r - te m p e ra tu re  is to  b e  fo u n d  w i th in  th e  d ik es a t 
1 o w -1  i d  e d u r in g  a  p e r io d  o f  s p  r  i n  g -  tid es , th e  h ig h e s t h  i g  h  - t  i d  e 
te m p e r a tu r e  m a y  f re q u e n tly  o c c u r  in  th e  n e a p - t i d e  p e r io d , 
fo r d u r in g  sp r in g - tid e s  th e  c o ld e r  w a te r  o f  th e  c h a n n e ls  in  th e  
d e e p e r  p a r ts  o f  th e  b ay s  re a c h e s  th e  o y s te rg ro u n d s  a t  h ig h  tid e .

A  c o r re c t  e s t im a te  o f  th e  sp a w n in g  a c tiv i ty  o f  fu n c tio n a l  fem ales  
w as  o b ta in e d  b y  o p e n in g  100 a d u l ts  t w o  o r  t h r e e  tim es  
w e e k ly  th r o u g h o u t  th e  seaso n  o n  se v e ra l se le c te d  ty p ic a l  b ed s . 
T h e  o y ste rs  w e re  o p e n e d  o n  th e  b e d s  to  e l im in a te  a  co n fu s io n  
w h ic h  m ig h t  a r ise  f ro m  sp a w n in g  o r  a b o r t io n  d u r in g  t r a n s p o r t .  
T h is  m o d e  o f  sa m p lin g  h a s  b e e n  a p p l ie d  in  tw o  b a y s  d u r in g  
fo u r  c o n s e c u tiv e  y ea rs .

T h e  w a te r - te m p e ra tu re  d u r in g  th e  t id a l  cyc le  is s u b je c t  to  
w id e  f lu c tu a tio n s  (e.g . L .W . 2 8 o, H .W . i 8 ° c ) .  H o p k in s  h as  
p r o v e d  t h a t  i t  is c e r ta in  th a t  i t  is n o t  th e  lo w -tid e  te m p e ra tu re  
w h ic h  in i t ia te s  sp a w n in g  in  sp r in g , fo r o n  m a n y  d a y s  p re c e d in g  
th e  m o m e n t  o f  sp a w n in g , th e  w a te r  in s id e  th e  d ikes r e a c h e d  
20 o r  2 5 o C  a n d  r e m a in e d  a t  th is  lev e l fo r se v e ra l h o u rs . H o p k in s  
sh o w s b y  m e a n s  o f  fin e  g ra p h s  th a t ,  a l th o u g h  m a x im u m  a n d  
a v e ra g e  w a te r - te m p e ra tu re s  m a y  b e  d if fe re n t  a t  th e  m o m e n t 
t h a t  sp a w n in g  b eg in s  in  d if fe re n t  y e a rs  a n d  in  d if fe re n t  p la ce s , 
th e  m i n i m u m - t e m p e r a t u r e  w ill a lw a y s  b e  12,5 to  130 C 
w h e n  sp a w n in g  sets in .  S p a w n in g  c o n tin u e s  a t  a  c o n s id e ra b le  
r a te  fo r  a b o u t  six  w eeks in  th e  P u g e t  S o u n d . S p a w n in g  s lo w ly  
in c re a se s  to  a  m a x im u m , th e n  g ra d u a l ly  d im in ish e s  u n t i l  g ra v id  
in d iv id u a ls  a r e  fo u n d  o n ly  o cc as io n a lly . S o m e tim e s  th e re  is a  
la te  s e c o n d a ry  w a v e  o f  sp a w n in g . D u r in g  m o s t  y ea rs  a p p r o x i­
m a te ly  1 0 0 %  o f  th e  a d u l ts  b e a r  la rv a e  ( s e x -c h a n g e !) ;  in  1932 
a  m u c h  g r e a te r  sp a w n in g  a c tiv i ty  w as n o tic e d . “ A fte r  th e  m in i­
m u m  w a te r - te m p e ra tu re  re a c h e s  th e  c r it ic a l lev e l fo r sp a w n in g , 
th e r e  a p p e a r s  to  b e  n o  c o n n e c tio n  b e tw e e n  f u r th e r  sp a w n in g  
a n d  t id e s ” .

H o p k i n s ’ d ia g ra m s  sh o w  th a t  th e re  is n o  d i r e c t  c o r re la t io n  
b e tw e e n  th e  c o u rse  o f  th e  w a te r - te m p e ra tu re  a n d  th e  a m o u n t  
o f  s p a w n in g  o y ste rs . N o  lu n a r  p e r io d ic i ty  w as n o tic e d  in  th e  
P u g e t  S o u n d . “ A lte rn a tio n  o f  sexual p h ases  p r o b a b ly  is re sp o n s i­
b le  fo r  th e  r a th e r  slo w ly  d e v e lo p e d  w av e  o f  sp a w n in g , fo r  d iffe r-

5
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e n t  in d iv id u a ls  a re  a t  a n y  t im e  in  d if fe re n t s tag es  o f  m a tu r i ty ” .
W h e th e r  sp e rm  w ill s t im u la te  th e  d is c h a rg e  o f  eggs b y  f u n c ­

tio n a l  fe m a le s  h a s  n o t  b e e n  d e m o n s tr a te d  in  th is  species, b u t  
is c o n s id e re d  p r o b a b le  b y  H o p k in s  ( 1 9 3 7 )  a n d  C o e  ( 1 9 3 1 ) .

I t  w ill b e  c le a r  t h a t  w e possess m o re  a d e q u a te  in fo rm a tio n  
a b o u t  th e  sp a w n in g  a c tiv itie s  o f  Ostrea lurida  t h a n  a b o u t  th o se  
o f  its  n e a r  r e la t io n  Ostrea edulis. E x te n s iv e  in v e s tig a tio n s  o f  
h y d r o g ra p h ic a l  c o n d itio n s , in c lu d in g  th e i r  r h y th m ic a l  c h a n g e  
d u r in g  th e  t id a l  cy c le , c o m b in e d  w ith  a  f re q u e n t  e x a m in a tio n  
o f  sa m p le s  o f  c o m p a ra b le  o y ste rs  (like th o se  o f  H o p k i n s ) ,  h a v e  
n o t  y e t b e e n  m a d e  as f a r  a s  Ostrea edulis is c o n c e rn e d . N e i th e r  
species sh o w s a  c lo se  c o r re la t io n  b e tw e e n  th e  a c tu a l  w a te r -  
te m p e r a tu r e  a n d  th e  w av es o f  sp a w n in g  in  th e  c o u rse  o f  th e  
se aso n  o f  r e p r o d u c t io n ,  i t  b e in g  a s su m e d  t h a t  th e  te m p e r a tu re  
d oes n o t  fa ll b e n e a th  th e  c r i t ic a l  level. S e x -c h a n g e  d e te rm in e s  
th e  d e g re e  a n d  th e  d a te  o f  sp a w n in g  in  th e  m id d le  o f  th e  season .

Ostrea virginica

I t  is e a s ie r  to  s tu d y  th e  sp a w n in g  ac tiv itie s  o f  n o n - in c u b a -  
to r y  o y ste rs  like  Ostrea virginica a n d  Ostrea gigas  th a n  th o se  o f  
in c u b a to r y  species, w h ic h  sp a w n  m o re  se c re tly . A  few  h o u rs  
a f te r  sp a w n in g  a n  in c re a se  o f  o y s te rla rv a e  in  th e  p la n k to n  
c a n  b e  n o tic e d .  M o re o v e r  i n  la b o ra to ry -e x p e r im e n ts  to  d e te r ­
m in e  th e  e x a c t  m o m e n t  o f  sp a w n in g  u se  is m a d e  o f  th e  o c c u rre n c e  
o f  th e  v io le n t  v a lv e -m o v e m e n ts  d u r in g  th e  s p a w n in g -a c t .  T h e se  
m o v e m e n ts  c a n  b e  re c o rd e d  b y  m e a n s  o f  a  c h im o g ra p h  ( N e l s o n  
1 9 2 2 ) .  Ostrea virginica  r e q u ire s  a  h ig h e r  m in im u m - te m p e r a tu r e  
to  s p a w n  th a n  Ostrea edulis a n d  Ostrea lurida. T h is  c r i t ic a l  level 
is 2 0 0 C .  ( S t a f f o r d , 1 9 1 3 ,  C h u r c h i l l , 1 9 2 0 ,  G u t s e l l , 1 9 2 4 , 
N e l s o n , 1 9 2 8  a , b , c , P r y t h e r c h , 1 9 2 9 ,  G a l t s o f f , 1 9 3 0  a , 
1 9 3 2 ) .  N e l s o n  ( 1 9 2 8  b ) c o m p la in s , t h a t  “ Ostrea virginica , t h e  
m o s t  v a l u a b l e  m o l l u s c  i n  t h e  w o r l d 1) is b a r r e d  f ro m  
m o s t o f  th e  o th e rw ise  fa v o u ra b le  co as tlin es  o f  th e  e a r th ,  s in ce  
th e  w a te rs  th e re  r a r e ly  a t t a i n  a  te m p e r a tu re  o f  2 0 0 C  fo r  a  
su ffic ie n t p e r io d  to  p e r m i t  sp a w n in g , w h ile  th e  i n f e r i o r  
s p e c i e s 1) Ostrea lurida  a n d  Ostrea edulis m a y  th r iv e  th e re , s in ce  
m u c h  o f  th e  c o a s tlin e  o f  th e  n o r th e r n  h e m isp h e re  rises to  1 5 0 C ,  
o r  s lig h tly  a b o v e , fo r  th e  t im e  n ec essa ry  to  p e r m i t  th e se  species

1) S p ac in g s a re  m in e . So fa r  I  h av e  n e v er m et a  connoisseur o f  oysters 
k n o w in g  b o th  Ostrea edulis a n d  Ostrea virginica w h o  asse rted  th a t  Ostrea 
virginica is th e  b e tte r  o f  th e  two.
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to  sp a w n ” . W e sh a ll see la te r  o n  t h a t  a l th o u g h  Ostrea edulis w ill 
s p a w n  a t  th e se  lo w  te m p e ra tu re s ,  a  s e t t in g  o f  c o m m e rc ia l 
m a g n itu d e  c a n  o n ly  b e  e x p e c te d  w h e n  th e  w a te r  re a c h e s  te m ­
p e ra tu re s  o f  2 0 °  C  a n d  h ig h e r . N e l s o n  ( 1 9 2 1 )  s ta te s  t h a t  th e  
d e v e lo p m e n t o f  s e x -p ro d u c ts  s ta r ts  a t  a  te m p e r a tu r e  o f  a b o u t  
io °  C  a n d  th a t  o y ste rs  b e g in  sp a w n in g  w h e n  th e  te m p e ra tu re  
o f  th e  w a te r  re a c h e s  2 0 o C . A  m o re  d e ta i le d  s tu d y  o f  th e  g o n a d  
sh o w e d  la te r  o n  ( N e l s o n , 1 9 2 8  c) t h a t  s p e rm -p ro d u c tio n  b eg in s 
a t  a b o u t  io °  C , d e p o s itio n  o f  y o lk -m a te r ia l  a t  a b o u t  150 C 
a n d  th e  d e f in ite  m a tu r a t io n  o f  th e  eggs a t  a b o u t  18  to  2 0 o C , 
th o u g h  a  w id e  in d iv id u a l  v a r ia t io n  w ill a lw a y s  b e  n o tic e d . I n  
ca se  o f  a  to o  r a p id  rise  o f  te m p e r a tu r e  th e  c r i t ic a l  level fo r sp a w n ­
in g  w ill b e  r e a c h e d  in  a d v a n c e  o f  th e  m a tu r a t io n  o f  th e  g o n a d  
( H o p k i n s , 1 9 3 1 ) .  T h e re fo re  i t  is a lw a y s  n ec essa ry  to  in v e s tig a te  
b o th  th e  d e v e lo p m e n t o f  th e  g o n a d  a n d  th e  p h e n o m e n o n  o f  
sp a w n in g  ( G a l t s o f f , 1 9 3 4 ) .  If , in  e x tre m e  cases, in  th e  n o r th e r n  
p a r t  o f  th e  ra n g e , th e  te m p e r a tu r e  n e v e r , fo r  a n y  le n g th  o f  tim e , 
a t ta in s  o r  exceeds 2 0 o C , th e  sp a w n  m a y  n o t  b e  th ro w n  o u t  a t  
a ll, b u t  w ill b e  re a b s o rb e d  b y  th e  o y ste r  ( N e l s o n ,  1 9 2 1 ) .  T h e  
le n g th  o f  th e  l a te n t  p e r io d ,  w h ic h  e x te n d s  f ro m  th e  m o m e n t 
2 0 °  C  is r e a c h e d  til l  sp a w n in g , b e a rs  a  d e f in ite  r e la t io n  to  th e  slope 
o f  th e  te m p e r a tu re  c u rv e . N e l s o n  sh o w e d  ( 1 9 2 7 )  t h a t  sp a w n in g  
o f  Ostrea virginica m a y  b e  e x p e c te d  to  ta k e  p la c e  a p p ro x im a te ly  
1 6 0  d e g re e -h o u rs  a f te r  th e  te m p e r a tu re  o f  th e  w a te r  re a c h e s  
2 0 °  C  a n d  re m a in s  a t  th is  lev e l. T h e r m o g r a p h  re c o rd s  o f  th e  
w a te r  te m p e ra tu re s  o b ta in e d  d u r in g  th e se  “ la te n t  p e r io d s ”  in  
th e  y e a rs  1 9 2 4 ,  1 9 2 5 ,  a n d  1 9 2 6  w e re  m e a s u re d  b y  a  p la n im e te r  
a n d  th e  a r e a  e n c lo se d  b e tw e e n  th e  te m p e r a tu r e  c u rv e  a n d  th e  
2 0 0 C  lin e  w as r e p lo t te d  in  th e  fo rm  o f  a  s m o o th  tr ia n g le  o n  
th e  sa m e  b a se - lin e  o f  e la p se d  tim e . T h e  a re a s  o f  th e se  th re e  t r i a n ­
gles sh o w  a  d e fin ite  r e la t io n  to  th e  le n g th  o f  th e  b a se lin e  o f  e lap se d  
t im e . N e l s o n  c o m p u te d  m a th e m a tic a l ly  th a t ,  i f  th e  te m p e ra tu re  
d oes n o t  r ise  a b o v e  2 0 0 C , sp a w n in g  m a y  b e  e x p e c te d  to  o c c u r  
a p p ro x im a te ly  1 0 0  h o u rs  a f te r  th e  te m p e r a tu r e  re a c h e s  2 0 o C .

L o c a l c o n d itio n s  m a y  a ffec t th e  in i t ia t in g  o f  sp a w n in g . So 
P r y t h e r g h  ( 1 9 2 9 )  in  h is  s tu d y  o n  th e  sp a w n in g  a n d  s e ttin g  
b e h a v io u r  o f  Ostrea virginica n e a r  M ilfo rd , C o n n .,  c o n c lu d e d  th a t  
sp a w n in g  b eg in s  w h e n  th e  te m p e r a tu re  a t  h i g h  t i d e  re a c h e s  
20° G . H e  c o n s id e re d  t h a t  th e  lo w er p H  (7 ,2 ) o f  th e  w a te r  a t  
lo w  t id e ,  w h e n  th e  te m p e r a tu re  w as  m u c h  h ig h e r ,  w as th e  
f a c to r  p r e v e n tin g  sp a w n in g . A t  h ig h  t id e , o n  th e  o th e r  h a n d ,
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w h e n  .the  w a te r  re a c h e d  a b o u t  2 0 o C  a n d  th e  p H  w as a b o u t  
8 ,2 , th e  oysters sp a w n e d .

S p rin g - tid e s  a re  a  fa c to r  in  d e te rm in in g  th e  m o m e n t a t  w h ic h  th e  
20° G lev e l is re a c h e d , o w in g  to  th e  w a rm in g -u p  o f  th e  t id a l  la n d s  
d u r in g  e x tre m e ly  lo w  tid e s , see in g  t h a t  th e  la t te r  m a y  cau se  a  
r a p id  rise  o f  th e  w a te r - te m p e ra tu re  ( P r y t h e r c h , 1 9 2 9 ,  1 9 3 4  b ) .

I t  w ill b e  c le a r  t h a t  w e  c a n  o n ly  c o u n t  o n  a  r e g u la r  rise  in  
w a te r - te m p e ra tu re  d u r in g  sp r in g - tid e s  i n  a  re g io n  w h e re  p r o ­
lo n g e d  fin e  w e a th e r  p re v a ils . O n  th e  N o r th s e a  c o a s t e .g ., w ith  its 
v e ry  c h a n g e a b le  w e a th e rc o n d itio n s , s u c h a  c o n s ta n t  c o n n e c t io n  b e ­
tw e e n  th e  w a te r - te m p e ra tu re s  a n d  th e  tid e s  is n o t  to  b e  ex p e c ted .
. G a l t s o f f  (1930 a , 1932) p la c e d  s in g le  o y ste rs  in  ta n k s  (30 
l i t re s ) ,  c o n tro l le d  fa c to rs  lik e  o x y g e n -p e rc e n ta g e , p H  a n d  sa lin ­
i ty ,  a n d  w as a b le  to  v a ry  th e  te m p e r a tu r e  w ith  th e  a id  o fa  th e rm o re g ­
u la to r .  T h e  v a lv es o f  h is  o y s te rs  w e re  a t ta c h e d  to  a  c h im o g ra p h  
in  o r d e r  to  re g is te r  v a lv e  m o v e m e n ts  a n d  sp a w n in g  ac tio n . 
G a l t s o f f  fo u n d  i t  im p o ss ib le  to  e ffec t sp a w n in g  b y  m e re ly  
r a is in g  th e  w a te r - te m p e ra tu re  as lo n g  a s  i t  r e m a in e d  b e lo w  
24 , 5 °C . T h e  la te n t  p e r io d , w h ic h  h a d  to  e la p se  b e fo re  sp a w n in g  
b eg in s , sh o w ed  w id e  in d iv id u a l  f lu c tu a tio n s  (22 to  217 m in u te s ) . 
H o w e v e r , th e re  a p p e a r e d  to  b e  a n o th e r  m e th o d  o f  in i t ia t in g  
sp a w n in g  ev e n  b e lo w  2 4 ,5 o C ,  b u t  a b o v e  2 0 o C , v iz . th e  a d d i t io n  
o f  o y s te r-sp e rm  to  th e  w a te r  o f  th e  ta n k  ! G a l t s o f f ’s f in e  e x p e r i­
m e n ts  sh o w ed  th a t  th e  a c t io n  o f  sp e rm  o n  a  fe m a le  in d iv id u a l 
m u s t  b e  co n s id e red  as a  s t im u la t io n ,  fo r th is  a c tio n  show s th e  
a l l-o r -n o n e  p r in c ip le . T h e  m in im u m  a m o u n t  o f  s p e rm  ca u s in g  
s t im u la tio n  p ro v e d  to  b e  a b o u t  150 sp e rm s p e r  cc . o f  w a te r .  
A d d it io n  o f  sp e rm  p ro v o k e s  n o  im m e d ia te  sp a w n in g , b u t  th e re  
m u s t  e la p se  a  la te n t  p e r io d  o f  6 to  38  m in u te s , in d e p e n d e n t  o f  
th e  a m o u n t  o f  sp e rm , b e fo re  sp a w n in g  b eg in s . T h e  d u r a t io n  ó f  
t h e  sp a w n in g -a c t p ro v e d  to  b e  3 ^  to  74 m in u te s , likew ise  in d e ­
p e n d e n t  o f  th e  a m o u n t  o f  s p e rm  a n d  o f  th e  d u r a t io n  o f  th e  la te n t  
p e r io d .  G a l t s o f f  fo u n d  n o  d if fe re n c e  b e tw e e n  th e  c h a ra c te r  
o f  a  sp a w n in g -a c t p r o v o k e d  b y  a  m e re  ra ise  o f  th e  w a te r -  
t e m p e r a tu r e  (ab o v e  2 4 ,5 o G ) a n d  o n e  b y  s p e rm -s tim u la tio n  
( a b o v e  2 0 o C ). T h e  o c c u r re n c e  o f  a  l a te n t  p e r io d  in d ic a te s  th e  
in d i r e c t  n a tu r e  o f  th is  r e a c t io n .  S p erm s o f  M y a  a n d  M y tilu s  
p ro v e d  to  b e  in a c tiv e  a n d  c o llo d io n  f i l tr a t io n  as w ell as a  h e a tin g  
to  5 5 o C  e lim in a te s  th e  s tim u la tiv e  p o w e r  o f  th e  sp e rm . B elow  
2 0 °  C  n o  s p e rm -s tim u la tio n  w as possib le .

A  s in g le  m a le  o y s te r  s p a w n e d  a t  a b o u t  22 to  2 3 o C  b y  a  m e re
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in c re a s e  o f  th e  te m p e r a tu re .  A d d it io n  o f  eg g -su sp e n sio n  (on ly  
eggs o f  th e  s a m e  o y ste r-sp ec ie s  p r o v e d  to  b e  a c tiv e  !) p ro v o k es  a  
d i r e c t  sp a w n in g  r e a c tio n  w i th o u t  a n y  la te n t  p e r io d . T h is  
ag e n s  is p r o o f  a g a in s t b o ilin g  a n d  f i l tra t io n . I t  is r e m a rk a b le  
t h a t  s p e rm -a d d it io n  m a y  also  in d u c e  sp a w n in g  in  m a le  oysters , 
b u t  in  t h a t  ca se  ä  la te n t  p e r io d  h a s  to  e lap se  b e fo re  sp a w n in g  
b eg in s . G a l t s o f f  assu m es th a t  th e  in f lu e n c e  o f  sp e rm  o n  b o th  
m a le s  a n d  fe m a le s  o p e ra te s  v ia  th e  in te s t in a l  t r a c t ,  as is in d ic a te d  
i .a .  b y  th e  le n g th  o f  th e  l a te n t  p e r io d .  -I: ' ■■

I t  is c le a r  t h a t  th is  e h e m ic a l  s t im u la tio n  o f  sp a w n in g  h a s  a  
g r e a t  in f lu e n c e  o n  th e  p e r io d ic i ty  o f  sp a w n in g  in  Ostrea virginica. 
W h ile  s in g le  o y s te rs  w ill n o t  sp a w n  u n t i l  a  te m p e r a tu re  o f  2 4 ,5 o C 
is r e a c h e d ,  th is  s t im u la t io n  m a y  c a u se  th e  s im u lta n e o u s  sp a w n in g  
o f  a l l  th e  o y s te rs  in  th e  n e ig h b o u rh o o d  th a t  c o n ta in  m a tu re  
fe m a le  se x -p ro d u c ts  a t  t h a t  m o m e n t.  A  few  sp a w n in g  m a le s  níá-y 
in i t ia t e  a  w h o le s a le  sp a w n in g  a t  a n y  te m p e r a tu re  a b o v e  2 0 o G . 
T h is  is th e  re a s o n  w h y  in v e s tig a to rs  in  v a r io u s  p la c e s  m a y  n o tic e  
a  p ro lif ic  s p a w n in g  o n  o n e  p a r t i c u la r  d a y  ( P r y t h e r c h , 1929). 
O f  c o u rse  th e  g o n a d s  m u s t  b e  a t  th e  re q u ire d  s ta te  b f  m a tu r i ty  
b e fo re  sp a w n in g  w ill ta k e  p la c e . W h e re  e x te rn a l c o n d itio n s  a ré  
a b o u t  th e  s a m e  a ll  o v e r  a n  o y s te r  b e d ,  a  s im u lta n e o u s  m a tu r i ty  o f  
a  c o n s id e ra b le  p a r t  o f  th e  s to ck  m a y  b e  e x p e c te d , fo r n o  r a p i d  
s e x - c h a n g e  i n t e r f e r e s ,  as in  Ostrea edulis a n d  Ostrea lurida.

I n d e e d  w e  m a y  e x p e c t  a  s im u lta n e o u s  sp a w n in g  o n  o n e  
p a r t i c u la r  d a y  in  su ch  lo c a litie s  w h e re  th e  e n t i r e  s to c k  lives 
a t  a n  e q u a l  d e p th ,  so in  a b o u t  e q u a l  e x te rn a l  c o n d itio n s , 
e .g . i n  L i t t le  E g g  H a r b o r  ( N e l s o n , 1 9 2 i ) ,  M ilfo rd  H a r b o r  
( P r y t h e r c h , 1 9 2 9 )  a n d  o th e r  sh a llo w  b o d ie s  o f  w a te r .

A fte r  e g g s p a w n in g  th e  in d iv id u a l  w ill n o t  re s p o n d  to  a n y  
s p e rm -s tim u la tio n  fo r so m e d a y s  ( re fra c to ry  p e r io d ) . W h e n  th e  r ip e  
eggs a re  s p a w n e d  o u t,  o th e rs  pass  d o w n  fro m  th e  tu b e s  o f  th e  
g o n a d  a n d  ta k e  th e ir  p la c e  (n o  se x -c h a n g e  in to  th e 1 m a le  p h a se  
im m e d ia te ly  a f te r  fe m a le  sp a w n in g  in  Ostrea virgin ica!), so th a t  
th e  sp a w n in g  o f  a n  o y s te r  m a y  c o n t in u e  o v e r a  c o n s id e ra b le  
p a r t  o f  th e  s u m m e r  se aso n  ( N e l s o n , 1 9 2 i ) .  S o  s u b s e q u e n t 
w a v e s  o f  sp a w n in g , lik ew ise  in d u c e d  o n  o n e  p a r t i c u la r  d a y  
b y  th e  a c t io n  o f  sp e rm - in d u c tio n ,  m a y  o c c u r  w h e n  te m p e r a ­
t u r e 1 r e m a in s  fa v o u ra b le . I t  d e p e n d s  o n  lo c a l c o n d itio n s  w h e th e r  
w e  c a n  e x p e c t  m o re  th a n  o n e  w a v e  o f  sp a w n in g : T h u s  N e l s o n  
(1 929 ) s ta te s  t h a t  fo u r  m a in  b ro o d s  o f  la rv a e  w e re  p ro d u c e d  
in  B a rn e g a t  B a y  d u r in g  1927, '* n ‘ - 110-•
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T h e  p e a k s  in  th e  g ra p h s  t h a t  re c o rd  th e  a m o u n t  o f  la rv a e  a re  o f­
te n  fo u n d  to  c o in c id e  w ith  th o se  in  th e  te m p e r a tu re  c u rv e . O w in g  
to  th e  tim e  r e q u ir e d  fo r th e  d e v e lo p m e n t o f  eggs in to  sh e lled  
la rv a e , w e  sh a ll  a lw ay s e x p e c t  th e  in c re a se  in  th e  a m o u n t  o f  
la rv a e  so m e 2 4  h o u rs  a f te r  th e  m o m e n t o f  sp a w n in g . S u c h  a  
c o r re la t io n  o f  te m p e r a tu r e  a n d  sp a w n in g , th o u g h  i t  c e r ta in ly  
c a n n o t  a lw a y s  b e  sh o w n , is c o n c e iv a b le , seeing  th a t  th e  in d iv id ­
u a ls  t h a t  sp a w n  f irs t o f  a ll r e q u ir e  a  m e re  rise  in  te m p e r a tu re  
a s  a  s t im u la tio n . T h is  sp a w n in g  w ill th e re u p o n  in d u c e  th e  
c h e m ic a l s t im u la t io n ,  r e s u lt in g  in  th e  s u b s e q u e n t s im u lta n e o u s  
sp a w n in g  o f  th o se  in d iv id u a ls  w h ic h  a re  m a tu r e  a t  t h a t  p a r t i c u la r  
m o m e n t. A c c o rd in g  to  P r y t h e r c h  (L o n g  I s la n d  S o u n d )  a  
r e la t iv e ly  l ig h t  f irs t sp a w n in g  d u r in g  s p r in g  tid e  ( r a p id  rise  in  
w a te r - te m p e ra tu re  !) w ill g e n e ra lly  b e  fo llo w ed  a b o u t  tw o  w eeks 
la te r  (d u r in g  th e  n e x t  p e r io d  o f  sp r in g - tid e s , w h e n  th e  w a te r  is 
w a rm e r)  b y  a  m o re  g e n e ra l sp a w n in g . I n  o th e r  lo c a litie s  sp a w n ­
in g  c o n d itio n s  a re  m o re  c o m p lic a te d . W h e n  th e  o y s te r  b e d s  a re  
n o t  s i tu a te d  in  sh a llo w  w a te r ,  b u t  w h e n  th e  oysters o c c u r  a t  
d if fe re n t d e p th s , i t  is c le a r  t h a t  th e se  o y ste rs  d o  n o t  a l l  liv e  u n d e r  
th e  sa m e  te m p e ra tu re -c o n d it io n s .  I n  th e  la t t e r  ca se  m a tu r a t io n  
c a n n o t  b e  e x p e c te d  to  o c c u r  s im u lta n e o u s ly . O y s te rs  in  sh a llo w  
w a te r  sp a w n  b e fo re  th o se  a t  a  g r e a te r  d e p th ,  so t h a t  in  a n y  
b o d y  o f  w a te r  w h e re  oysters m a y  b e  fo u n d  a t  a  d e p th  f ro m  1 
to  30 fe e t a n d  m o re , s p a w n in g  w ill b e  fo u n d  to  o c c u r  o v e r  a  
c o n s id e ra b le  p a r t  o f  th e  sp a w n in g  seaso n . I n  su c h  p la c e s  sp a w n ­
in g  m a y  b e  p r o lo n g e d  th r o u g h o u t  th e  g re a te r  p a r t  o f  su m m e r, 
w ith  a n  o c c a s io n a l s h a rp  in c re a se  o f  sh o r t  d u ra t io n ,  e .g . in  
D e la w a re  B a y  ( N e l s o n  1 9 2 1 ) .

, S u m m a r iz in g  w e m a y  s ta te  t h a t  th e re  is m u c h  d if fe ren ce  
b e tw e e n  Ostrea virginica a n d  th e  tw o  in c u b a to ry  species Ostrea 
lurida  a n d  Ostrea edulis as re g a rd s  th e  p e r io d ic i ty  o f  sp a w n in g . 
T h is  d iffe re n c e  is n o t  in  th e  f irs t p la c e  d u e  to  th e  p h e n o m e n o n  
o f  in c u b a t io n ,  b u t  m u s t  b e  a t t r ib u te d  to  th e  less r a p id  a n d  m o re  
ir re g u la r  s e x -c h a n g e  in  Ostrea virginica. T h is  m a k es  i t  po ssib le  
fo r  th e  b u lk  o f  fem a les  to  sh o w  th e  sa m e  s ta g e  o f  g o n a d -d e v e lo p -  
m e n t .  I n  su c h  cases a  c h e m ic a l s t im u la tio n  b y  m e a n s  o f  th e  
m u tu a l  s e x -p ro d u c ts  m a y  in d u c e  a  s tr ic tly  s im u lta n e o u s  s p a w n ­
in g  o n  o n e  p a r t i c u la r  d a y . T h is  w ill b e  fo u n d  to  b e  th e  case in  
sh a llo w  b o d ie s  o f  w a te r .  O y s te rb e d s  w ith  a  m o re  ir re g u la r  
b o tto m -c o n f ig u ra tio n ,  a n d  c o n s e q u e n tly  w ith  d if fe re n t  te m p e ra -
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tu r e  c o n d itio n s , in te r fe re  w ith  th is  p h e n o m e n o n  a n d  w ill show  
a  p ro lo n g e d  sp a w n in g , w ith  a n  o c c a s io n a l s h a rp  in c re a se , th u s  
r e s e m b lin g  th e  sp a w n in g  in  Ostrea edulis a n d  Ostrea lurida, w ith  
t h e  d if fe re n c e  th a t  in  th is  ca se  th e  p ro lo n g e d  sp a w n in g  is n o t 
d u e  to  th e  o v e r la p p in g  o f  th e  s ta g es  o f  s e x -c h a n g e , as i t  is in  th e  
tw o  la t t e r  species!

I t  is n o t  c e r ta in  t h a t  s e x -c h a n g e  h a s  n o  in f lu e n c e  a t  a ll on  
th e  sp a w n in g  p e r io d ic ity  in  Ostrea virginica, e sp ec ia lly  in  th e  
s o u th e rn  p a r t  o f  th e  ra n g e .

M a n y  d a ta  o n  th e  p e r io d ic ity  o f  sp a w n in g  in  Ostrea virginica 
o b ta in e d  b o th  b y  g o n a d  in s p e c t io n  a n d  o b se rv a tio n s  o n  th e  
o c c u r re n c e  o f  o y s te rla rv a e  in  th e  p la n k to n  c a n  b e  fo u n d  in  th e  
p a p e r s  o f  H o p k i n s  ( 1 9 3 1 ,  G a lv e s to n  B a y  T e x .) ,  N e l s o n  ( 1 9 1 7 , 
1 9 2 2 ,  1 9 2 3  b , 1 9 2 4  b , 1 9 2 5  a ,  1 9 2 6 , 1 9 2 7 ,  1 9 2 8  a ,  1 9 2 9 ,  1 9 3 0 , 
i 93 i j  1 9 3 2 , N e w  Je rse y )  a n d  P r y t h e r c h  ( 1 9 2 9 ,  M ilfo rd  H a r b o r ) ,  
m a n y  o f  th e m  il lu s tr a te d  w ith  g ra p h s  a n d  d ia g ra m s .

Ostrea gigas

A lth o u g h  w e  d o  n o t  k n o w  v e ry  m u c h  a b o u t  th e  n a tu r a l  
p e r io d ic ity  o f  sp a w n in g  in  th is  n o n - in c u b a to ry  o y s te r, b ec au se  
n o  ex te n s iv e  in v e s tig a tio n s  o n  sa m p le s  o f  a d u l t  o y ste rs  a n d  o n  th e  
a p p e a r a n c e  o f  th e  la rv a e  in  th e  p la n k to n  h a v e  b e e n  c a r r ie d  o u t, 
th e r e  a re  rea so n s  to  a ssu m e  t h a t  Ostrea gigas  ac ts  v e ry  s im ila rly  
to  Ostrea virginica in  th is  re sp e c t.

G a l t s o f f  ( 1 9 3 0  a , 1 9 3 2 )  fo u n d  th a t  b y  m e re ly  ra is in g  th e  
w a te r - te m p e ra tu re  Ostrea gigas w ill s p a w n  a t  a b o u t  3 0 o C . J u s t  
a s  in  Ostrea virginica th e  a d d i t io n  o f  s p e rm  w ill in d u c e  m a tu re  
fe m a le s  to  sp a w n  a t  a  c o n s id e ra b ly  lo w e r  te m p e ra tu re ,  in  ca su  
a t  a b o u t  2 5 o C  ( G a l t s o f f  1 9 3 0  a , 1 9 3 2 ) ,  o r  p e r h a p s  ev e n  a t  
lo w e r  te m p e ra tu re s  ( E l s e y  1 9 3 3 ) .  T h e  n a tu r e  o f  th is  s t im u la ­
t io n  p ro v e d  to  b e  q u i te  th e  sa m e  as o f  t h a t  in  Ostrea virginica.

V e r y  in te re s tin g  is th e  p ra c t ic a l  a p p l ic a t io n  o f  th is  k n o w led g e  
a s  d e s c r ib e d  b y  E l s e y  ( 1 9 3 3 ,  1 9 3 6 ) -  J a p a n e s e  o y ste rs  im p o r te d  
in to  th e  C a n a d ia n  P ac ific  w a te rs  n e a r  L a d y s m ith  H a r b o r  o ften  
fa il  to  sp a w n  th e re ,  o w in g  to  a  to o  low  w a te r - te m p e ra tu re .  S o m e­
tim e s  th e y  sp a w n  v e ry  la te  in  th e  se a so n ; th e  r e s u l t  o f  th is  is 
t h a t  p ro b a b ly  n o  su ita b le  s e t t in g  w ill b e  o b ta in e d  a n d  th a t  th e  
a d u l t  o y ste rs  w ill b e g in  th e  w in te rse a so n  in  a  b a d  c o n d itio n , 
w h ic h  is a  d is a d v a n ta g e  f ro m  a  c o m m e rc ia l p o in t  o f  v iew .
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E l s e y  p l a c e d  a  l o t  o f  a d u l t  o y s t e r s  i n  l i v e - b o x e s  a n d  a n c h o r e d  
t h e m  a b o v e  t h e  o y s t e r  b e d s  o n  a  s u i t a b l e  d a y  a s  r e g a r d s  t e m p e r ­
a t u r e  a n d  m a t u r i t y  c o n d i t i o n s .

H ig h  s la ck  w a te r  h as  p ro v e d  to  b e  th e  r ig h t  m o m e n t  to  se t 
to  w o rk . T h e  s p e rm  o f  a  few  d o ze n s  o f  o y s te rs  is sh e d  in to  th e  
liv e -b o x es . T h is  in d u c e s  th e se  oysters to  sp a w n . W h e n  th e y  h a v e  
a l l  b e e n  p u t  in to  a c tio n , th e  b o tto m s  o f  th e  s in k flo a ts  a r e  o p e n e d . 
F a v o u re d  b y  th e  p ra c t ic a l  a b s e n c e  o f  c u r re n ts  a t  h ig h  s la ck  w a te r ,  
a l l  th e  o y ste rs  in  th e  beds in  th e  n e ig h b o u rh o o d  a r e  so o n  stimu-r 
la te d  to  sp a w n . So th is  in te rv e n t io n  m a y  re s u lt  in  a  g o o d  se ttin g  
a s  w ell a s  a  g o o d  q u a l i ty  o f  th e  a d u l t  o y s te r  in  th e  n e x t  w in te r -  
season .

I X .  F E R T I L I Z A T I O N

I t  is fa ir ly  c e r ta in  th a t  fe r t i l iz a tio n  in  n o n - in c u b a to ry  species 
lik e  Ostrea virginica a n d  Ostrea g igas  ta k es  p la c e  in  th e  fre e  w a te r  
a f te r  sp a w n in g . F e r t i l iz a t io n  in  v itro  su cceed s eas ily  in  th ese  
species w h e n  s p e rm  is a d d e d  to  s e a w a te r  c o n ta in in g  m a tu r e  
eggs. R e la tiv e ly  l i t t le  is k n o w n  a b o u t  fe r t i l iz a t io n  in  n o n - in c u b a ­
to ry  species. N o  re c e n t  in v e s tig a to r  h a s  a d v o c a te d  se lf-fe r tiliza ­
tio n .

Ostrea edulis

H o e k  (1884) as su m ed  t h a t  f e r ti l iz a tio n  ta k e s  p la c e  before t h e  
eggs a re  s p a w n e d . T h o u g h  H o e k  o c c a s io n a lly  d isc o v e re d  sp e rm s 
in  th e  r e n a l  tu b u lu s  o f  th e  fem a les , h e  c o u ld  n e v e r  d e m o n s tr a te  
a  fu n c tio n a l  s p e rm a th e c a . H o e k  n e v e r  a c tu a l ly  s a w - a n  o y ste r 
sp a w n in g , b u t  h e  re fe r re d  to  th e  o b se rv a tio n s  o f  W a a l e w i j n  
(1 8 8 5 ), w h o  d e c la re d  th a t  h e  o n ce  saw  eggs in  s e g m e n ta tio n , 
is su in g  f ro m  th e  g e n ita l a p e r tu re .

O r t o n  (1927 a) c o n t in u e d  th e  s tu d ies  o f  H o e k  a n d  se a rc h e d  
fo r  a  s p e rm a th e c a .  H e  c o n c lu d e d  th a t  th e  p re c ise  s i tu a t io n  o f  
a  f u n c t io n a l  s p e rm a th e c a  h as  n o t  y e t b e e n  d e fin e d . H e  th o u g h t  
i t  in c re d ib le  t h a t  su ch  a  s p e rm a th e c a ,  in  w h ic h  su ffic ie n t s p e rm  
to  fe r til iz e  a b o u t  a  m illio n  eggs o f  a  fem a le  o y s te r  c a n  b e  stored,- 
w ill e v e r  b e  fo u n d  in  Ostrea edulis. O r t o n  o b se rv e d  th a t  so m e tim es  
a  fa ir ly  c o n s id e ra b le  p e rc e n ta g e  o f  th e  eggs o f  Ostrea edulis a p p e a r  
to  b e  u n fe r til iz e d , w h ic h  in d ic a te s  t h a t  sp e rm  h a s  n o t  b e e n  a b u n ­
d a n t  e n o u g h  a t  th e  r ig h t  t im e .

S p ä r g k  (1925) s ta te s  t h a t  h e  o n c e  fo u n d  u n se g m e n te d  eggs 
in  th e  m a n tle -c h a m b e r  o f  a n  o y ste r. E r d m a n n  (1934) k e p t  h is
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oysters in  ta n k s . H e  c o u ld  o b se rv e  th e  e x a c t m o m e n t a t  w h ic h  
h is o y ste rs  e x e c u te d  th e ir  s e c re t sp a w n in g -a c t ,  fo r  a  few  eggs a re  
a lw a y s  sp il t b y  a  sp a w n in g  o y ste r, w h ic h  eggs c o u ld  b e  d e te c te d  
o n  th e  b o t to m  o f  h is  ta n k s  r ig h t  u n d e r  th is  o y ste r. E r d m a n n  
co n c lu d e s  t h a t  th e  eggs a re  fe r ti l iz e d  a f t e r  sp a w n in g  a n d  th a t  
th e  s p e rm  is b r o u g h t  in to  th e  m a n t le  c h a m b e r  (w h e re  th e  eggs 
a re  h e ld )  -with th e  w a te r  p u m p e d  u p  b y  th e  gills. E r d m a n n  
su c c e e d e d  in  o b se rv in g  m ic ro sc o p ic a lly  th e  a c t  o f  fe r til iz a tio n  
in  eggs fo u n d  o n  th e  gills im m e d ia te ly  a f te r  sp a w n in g : “ O f t  k o n n te  
ic h  d ie sen  V o rg a n g  (sp a w n in g ) d ire k t ,  u n d  b e i so fo rtig e r , 
m ik ro sk o p isc h e r  U n te r s u c h u n g  so g a r  n o c h  d e n  B e fru c h tu n g sa k t 
b e o b a c h te n ” . Y e t th e re  h a v e  b e e n  w rite rs  in  r e c e n t  y e a rs  (e.g . 
B i e r r y  a n d  G o u z o n , 1939, B o r d e  a n d  B o r d e  1938) w h o  
assu m e th a t  fe r t i l iz a t io n  ta k es  p la c e  b e f o r e  sp a w n in g . T h e  
sp e rm s  a r e  a s su m e d  to  e n te r  th e  m a n t le  c h a m b e r  w ith  th e  
in h a le n t  w a te r  a n d  th e n c e  to  p ass  th r o u g h  th e  g ill-slits  in to  
th e  g e n i ta l  a p e r tu r e ,  w h ic h  p ro c e d u re  w o u ld  r e n d e r  a  s p e rm a ­
th e c a  su p e rf lu o u s . H o w e v e r , I  h a v e  n e v e r  y e t  co m e across  a  
r e c e n t  d e s c r ip tio n  o f  o b se rv a tio n s  o n  fe r til iz e d  eggs in  th e  
d u c ts  o f  th e  g o n a d .

T h o u g h  i t  h a s  n o t  b e e n  p ro v e d  th a t  f e r ti l iz a tio n  b  e fo  r  e  s p a w n ­
in g  n e v e r  o c c u rs , I  a m  in c l in e d  to  th in k  t h a t  th e  d ifficu lty  in  
f in d in g  u n fe r t i l iz e d  a n d  u n s e g m e n te d  eggs o n  th e  gills (o w in g  to  
th e  v e ry  s h o r t  d u r a t io n  o f  th e  u n fe r t i l iz e d  a n d  u n se g m e n te d  
p e r io d  a f te r  s p a w n in g )  h a s  b e e n  th e  m a in  re a s o n  to  assu m e 
fe r t i l iz a t io n  b e fo re  sp a w n in g . I  a m  in c lin e d  to  a t ta c h  m o re  
v a lu e  to  th e  a c c u ra te  o b se rv a tio n s  o f  E r d m a n n  a n d  S p ä r c k  
th a n  tö  th e  v a g u e r  a n d  m o re  sp e c u la tiv e  d a t a  o f  e a r lie r  w rite rs .

I n  n o n - in c u b a to r y  species th e  s p e rm  w ill f in d  th e  eggs in  th e  
f re e  w a te r ,  m o s t p ro b a b ly  th r o u g h  ch e m o ta x is , as h a s  b e e n  
p ro v e d  to  b e  th e  case  in  so m a n y  o th e r  a c ts  o f  fe r ti l iz a tio n . I t  w o u ld  
b e  in te re s t in g  to  k n o w  to  w h a t  d e g re e  c h e m o ta x is  p la y s  a  p a r t  in  
f e r t i l iz a t io n  in  in c u b a to r y  oyste rs . H o w  does th e  sp e rm  r e a c h  th e  
m a n tle  c h a m b e r :  is i t  c a r r ie d  a lo n g  w ith  th e  w a te r c u r re n t  
b r o u g h t  a b o u t  b y  th e  a c t io n  o f  th e  gills, o r  does i t  r e a c h  th e  
c h a m b e r  o n  its  o w n  a c c o u n t th ro u g h  m e re  c h e m ic a l a l lu re m e n t?  
I  a s su m e  t h a t  th e  sp e e d  a t  w h ic h  th e  sp e rm s  m o v e  o n  is f a r  to o  
l i t t le  fo r th e m  to  b e  a b le  to  c o u n te r a c t  w a te rc u r re n ts  o f  som e 
im p o r ta n c e ,  su c h  as th e  c u r r e n t  b ro u g h t  a b o u t  b y  th e - a c t io n  
o f  th e  g ills a n d  th e  t id a l  c u r re n ts  in  th e  fre e  s e a -w a te r . S o  I 
a m  in c lin e d  to  b e liev e  th a t  th e  firs t p a r t  o f  th e i r  w a y  to  th e  eggs
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w ill b e  c o v e re d  p ass iv e ly , th e  sp e rm s  b e in g  c a r r ie d  a lo n g  w ith  
th e  in h a le n t  w a te r .  A fte r  th e  m a n tle  c h a m b e r  h a s  b e e n  re a c h e d , 
th e  sp e rm s o n  th e  la t t e r  p a r t  o f  th e i r  w a y  m a y  b e  g u id e d  b y  
c h e m ic a l a l lu re m e n t.  I  h a v e  to  r e m a rk ,  h o w e v e r, t h a t  so f a r  
n o  e x p e r im e n ts  h a v e  b e e n  m a d e  to  d e te r m in e  th e  r a te  o f  flow  
o f  in h a le n t  w a te r  in  o y ste rs  d u r in g  in c u b a t io n .

Ostrea lurida. Ostrea denselamellosa

F e r ti l iz a t io n  a f t e r  sp a w n in g  a n d  th e  e n t ra n c e  o f  s p e rm  w ith  
th e  w a te r - c u r r e n t  c a u se d  b y  th e  g ills is a s su m e d  likew ise  fo r 
Ostrea lurida ( C o e  1 9 3 1 ,  1 9 3 2  c) a n d  Ostrea denselamellosa (S e n ô

1929)-

X . IN C U B A T IO N

T h e  eggs a re  h e ld  in  th e  m a n tle  o r  b r a n c h ia l  c h a m b e r  a d ja c e n t  
to  th e  g ills a n d  la b ia l  p a lp s ,  w h e re  in  in c u b a to ry  species o f  
o y ste rs  th e y  d ev e lo p  fo r  a  c o n s id e ra b le  p e r io d .  I t  is c le a r  th a t  
th e  in h a le n t  s tr e a m  o f  w a te r  w ill k e e p  th e m  in  th e i r  p la c e  o n  
th e  gills d u r in g  th e  p e r io d  o f  in c u b a tio n .

Ostrea lurida

S t a f f o r d  (1914) w as  th e  f irs t to  s tu d y  th e  d u r a t io n  o f  th e  
in c u b a t io n  p e r io d  in  Ostrea lurida. H e  w o u ld  p e r io d ic a lly  p rise  
th e  v a lv es o f  a  g ra v id  sp e c im e n  p a r t ly  o p e n  a n d  ta k e  a  sa m p le  
o f  th e  la rv a e . S u c h  h a n d l in g  o f  th e  sp e c im e n  m a y , h o w e v e r, 
easily  c a u se  a  d is tu rb a n c e  o f  th e  n o r m a l  fu n c tio n  a n d  in te r fe re  
w ith  la rv a l  d e v e lo p m e n t. S t a f f o r d  c o m p u te d  t h a t  th e  d u ra t io n  
o f  th e  in c u b a t io n  p e r io d  o f  Ostrea lurida i n  th e  w a te rs  o f  B ritish  
C o lu m b ia  is a b o u t  i6 - | d a y s . C o e  ( 1 9 3 1 )  e s tim a te d  th a t  th e  la rv a e  
o f  th is  o y s te r  d e v e lo p  n o r m a l ly  fo r  a  p e r io d  o f  a b o u t  i o  to  12 
d a y s  in  S o u th e rn  C a lifo rn ia .

H o p k in s  ( 1 9 3 7 )  m o r e o v e r  u s e d  t h e  d a t a  y i e l d e d  b y  h i s  f r e q u e n t  
s a m p l i n g s  o f  o y s te r s  d u r i n g  s e v e r a l  s e a s o n s  o f  r e p r o d u c t i o n  t o  f ix  t h e  
d u r a t i o n  o f  t h e  p e r i o d  o f  i n c u b a t i o n .  A s a  s in g le  b r o o d  w a s  f o u n d  to  
c o n s i s t  o f  l a r v a e  a t  a p p r o x i m a t e l y  t h e  s a m e  s t a g e ,  w i t h i n  r e l a t i v e ­
l y  n a r r o w  l im i t s ,  H o p k in s  f o u n d  i t  p o s s ib l e  t o  o r g a n i z e  t h e  r e s u l t s  
i n  s u c h  a  w a y  t h a t  t h e  g r a v i d  s p e c im e n s ,  b e a r i n g  b r o o d s  a t  
t h e  s a m e  s t a g e  o f  d e v e l o p m e n t ,  c o u l d  b e  g r o u p e d  a n d  t h u s  
f o l lo w e d  t h r o u g h  t h e  v a r i o u s  s t a g e s ,  a s  i n  s u b s e q u e n t  s a m p le s  
o n e  g r o u p  w o u l d  c o n t i n u e  t o  r e c u r  u n t i l  t h e  l a r v a e  r e a c h e d  t h e
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s iz e  a t  w h i c h  t h e y  a r e  d i s c h a r g e d .  H o p k in s  c o n c l u d e d  t h a t  t h e  
n o r m a l  d u r a t i o n  o f  t h e  i n c u b a t i o n  p e r i o d  is  a b o u t  9  t o  1 1 d a y s ,  
w h i c h  a c c o r d s  w i t h  C o e ’s e s t i m a t e  ( 1 9 3 1 ) .  S t a f f o r d ’s i 6 |  d a y s ’ 
p e r i o d  m a y  b e  c o r r e c t  f o r  t h e  l o c a l i t y  i n  w h i c h  he w o r k e d ,  o r  
i t  m a y  d u e  t o  h i s  m e t h o d  o f  a n a l y s i s .

Ostrea edulis

W h a t  d o  w e  k n o w  a b o u t  th e  d u r a t io n  o f  th e  in c u b a t io n  p e r io d  
in  Ostrea edulis?

O r t o n  ( 1 9 2 6 ,  1 9 3 6 , 1 9 3 7  a) e s t im a te d  t h a t  u n d e r  n a t u r a l  
c o n d i t i o n s  o y s te r  la rv a e  a re  r e ta in e d  in  th e  m a n tle  c a v ity  
fo r  a  p e r io d  o f  a b o u t  7  to  io  d a y s  f ro m  th e  d a te  o f  sp a w n in g . 
H e  f o u n d e d  th is  e s tim a te  o n  a  c o m p a r is o n  o f  h is  g ra p h s  o n  th e  
p e r c e n ta g e  o f  o y ste rs  c o n ta in in g  w h ite  a n d  c o n c h ife ro u s  la rv a e . 
W  e sh o u ld  re m e m b e r ,  h o w ev e r, t h a t  O r t o n  s a m p le d  o n ly  o n ce  a  
w e e k . So H o p k in s  (1 9 3 7 )  is q u i te  r ig h t  w h e n  h e  s ta te s  : “ A p p a r ­
e n t ly  h is  sa m p le s  w e re  n o t  ta k e n  w ith  su ffic ie n t f re q u e n c y  to  
p e r m i t  an a ly s is  in  th e  m a n n e r  d e s c r ib e d  a b o v e . N e v e rth e le ss  i t  
is p r o b a b le  t h a t  th e  p e r io d  o f  la rv a l  d e v e lo p m e n t w ith in  th e  
m a te r n a l  b ro o d  c h a m b e r  is n o t  g re a t ly  d if fe re n t in  th e  tw o  
sp e c ie s” .

F u r th e r  in fo rm a tio n  w as o b ta in e d  p a r t ly  b y  iso la tin g  in d iv id ­
u a ls  c a r ry in g  e m b ry o s  o r  la rv a e  a t  a  k n o w n  s ta g e  a n d  o b se rv in g  
th e  s u b s e q u e n t  stages b y  o p e n in g  th e  shells o r  in d u c in g  th e  o y s te r  
to  th r o w  o u t  h is  la rv a e  a n d  p a r t ly  b y  ta k in g  e m b ry o s  a n d  la rv a e  
f ro m  th e  p a r e n t  a n d  k e e p in g  th e m  in  d ish es a t  k n o w n  te m p e r a ­
tu r e s ;  b u t  d e v e lo p m e n t te n d s  to  b e c o m e  ir r e g u la r  u n d e r  a r t i ­
f ic ia l c o n d itio n s . O r t o n  s ta te s  ( 1 9 3 6 ) :  “ T h e  w h ite s ic k  s ta g e  is 
th u s  n o r m a l ly  o f  a b o u t  3  to  3 !  d a y s  d u r a t io n ,  th e  g re y -sh e lled  
s ta g e  a b o u t  i |  to  2 d a y s  o r  less, a n d  th e  b la c k -s ic k  s ta g e  o f  
v a r ia b le  d u r a t io n ,  p ro b a b ly  4  d a y s  o r  less” .

S p ä r c k  ( 1 9 2 5 )  co lle c te d  so m e d a t a  o n  th e  d u r a t io n  o f  in c u ­
b a t io n  d u r in g  h is  r e g u la r  g o n a d -e x a m in a tio n s  o f  oysters w h ic h  
w e re  k e p t  i n  ta n k s  in  h is  se x -c h a n g e  e x p e r im e n ts . T h o u g h , 
a p p a r e n t ly ,  h is  o y ste rs  d id  n o t  liv e  u n d e r  n a t u r a l  c o n d itio n s , 
h e  c o n c lu d e d  th a t  th e  f irs t p a r t  o f  th e  d e v e lo p m e n t  ( till th e  
b la c k -s ic k  s ta g e )  re q u ire s  a b o u t  3 to  4  d a y s  a n d  t h a t  th e  se co n d  
p a r t  o f  in c u b a t io n  re q u ire s  a b o u t  5 to  6 d a y s  a t  a  te m p e ra tu re  
o f  14 0 to  16° C  a n d  a b o u t  2 d a y s  a t  a n  te m p e r a tu r e  o f  180 to  
20° C .

E r d m a n n  ( 1 9 3 4 )  l ik e w is e  k e p t  h i s  o y s te r s  i n  t a n k s  u n d e r
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c o n tro l le d  te m p e ra tu re -c o n d it io n s .  A t  a  te m p e r a tu r e  o f  a b o u t  
13° to  14° C  h is  o y ste rs  p ro v e d  to  in c u b a te  th e  la rv a e  fo r a b o u t  
18 d ay s . A t  170 to  180 G fo r  a b o u t  14 d a y s , a n d  a t  2 3 0 G  fo r  a b o u t  
6  to  8  d ay s . E r d m a n n  s ta te d  t h a t  lo w  te m p e r a tu r e  w ill n o t  
o n ly  d e la y  s w a rm in g  to  th e  a b o v e -m e n tio n e d  e x te n t ,  b u t  t h a t  
i t  w ill a lso  ca u se  th e se  la rv a e  to  sh o w  la rg e r  d im e n s io n s  a n d  a  
m o re  a d v a n c e d  s ta g e  o f  d e v e lo p m e n t a t  th e  m o m e n t  th e y  a re  
d is c h a rg e d . I f  th is  p h e n o m e n o n  o cc u rs  re g u la r ly  in  n a tu re ,  
c o n t in u e d  b a d  w e a th e r  w ill c a u se  a  d e la y e d  s w a rm in g  a n d  a n  
in c re a s in g  size o f  th e  fre sh ly  s p a w n e d  la rv a e  w ith  a  d e c re a s in g  
w a te r - te m p e ra tu re .  W e  sh a ll see in  th e  n e x t  c h a p te rs  in  h o w  fa r , 
u n d e r  n a t u r a l  c o n d itio n s , th is  a s su m p tio n  c o rre sp o n d s  w ith  th e  
fac ts .

. . . . .  ’ . . . .

X I .  T H E  P E R I O D I C I T Y  O F  S W A R M IN G  i'. T

S t a f f o r d  u se d  th e  w o rd  “ s w a rm in g ”  to  d e s ig n a te  th e  f in a l 
re le a se  o f  th e  la rv a e  f ro m  th e  m a te r n a l  b r o o d -c h a m b e r  in  c o n ­
t r a s t  w ith  th e  o r ig in a l sp a w n in g  w h e re b y  th e  eggs a re  re le a se d  
f ro m  th e  g o n a d . I t  h a s  b e e n  r e m a rk e d  b efo re  t h a t  sw a rm in g  
is o n ly  a  d e la y e d  c o m p le t io n  o f  th e  sp a w n in g  p ro cess . "vr . .

- . .. •• r. Ostrea lurida  r o b

T h e  O l y m p i a  o y s t e r  h a s  n o t  y e t  b e e n  t a k e n  i n  t h e  v e r y  a c t  
o f  s w a r m i n g .  E v e n  H o p k in s  (1 9 3 7 )  d e c l a r e s  t h a t  h e  d o e s  n o t  
k n o w  w h e t h e r  t h e  d i s c h a r g e  o f  t h e  l a r v a e  is  a c c o m p l i s h e d  i n  
t h e  s a m e  m a n n e r  a s  t h e  d i s c h a r g e  o f  t h e  e g g s  i n  o v i p a r o u s  
o y s t e r s .  A s  H o p k in s  o b s e r v e d  t h a t  d u r i n g  a b o r t i o n  - th e  e m b r y o s  
a r e  f o r c i b l y  e j e c t e d  b y  v i o l e n t  s h e l l  m o v e m e n t s ,  h e  is  i n c l i n e d  
t o  b e l i e v e  t h a t  n a t u r a l  s w a r m i n g  t a k e s  p l a c e  i n  a b o u t  t h e  s a m e  
m a n n e r .  : '

T h e  a s s u m p tio n  o f  B o n n o t  ( 1 9 3 6 ) ,  w ho. p re su m e s  t h a t  th e  
la rv a e  le a v e  th e  m a n tle  c a v i ty - o f  th e  a d u l t  in  th e  o u tg o in g  
w a te r  c u r r e n t ,  m u s t  b e  w ro n g , fo r th is  w o u ld  r e q u ir e  a  p assag e  
o f  th e  d e v e lo p e d  la rv a e  th r o u g h  th e  g ill-slits , as th e  o u tg o in g  
w a te r - c u r r e n t  com es f ro m  th e  e x h a le n t c h a m b e r  ( s u p ra b ra n c h ia l
— c lo a c a l c h a m b e r)  a n d  th e  la rv a e  d ev e lo p  in  th e  in h a le n t  
c h a m b e r  ( =  b r a n c h ia l  c h a m b e r ) .  T h e  a m o u n t ' o f  la rv a e  o f  
Ostrea lu r id u m  th e  w a te r  h a s  n o t  b e e n  d e te rm in e d  q u a n t i ta t iv e ly .  
O b s e rv a t io n - o f  th e  in c re a se  o f  y o u n g  o y s te r la rv a e  in  th e  w a te r  
is th e  o n ly  e x a c t  w a y  to  d e te rm in e  d ire c tly  th e  r a te  o f  sw a rm in g . 
N o w  H o p k i n s  c o m p u te d  th e  p e r io d ic ity  o f  s w a rm in g  f ro m  th e
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g r a p h s  o n  t h e  p e r c e n t a g e s  o f  o y s t e r s  i n c u b a t i n g  l a r v a e ,  ;So t h a t  
h i s  d a t a  a r e  i n d i r e c t  o n e s .

A s ch a n g e s  in  th e  p e rc e n ta g e  o f  o y s te rs  c a r ry in g  la rv a e  in  a n  
a d v a n c e d  s ta g e  o f  d e v e lo p m e n t m a y  b e  a t t r ib u te d  to  losses 
o w in g  to  sw a rm in g  as w e ll as to  g a in s  o w in g  to  a  f u r th e r  d e v e lo p ­
m e n t  o f  la rv a e  o f  y o u n g e r  s ta g es , i t  is a lw a y s  d iffic u lt to  e s tim a te  
th e  a c tu a l  e x te n t  o f  s w a rm in g  o n ly  f ro m  su c h  g ra p h s  o n  th e  
p e rc e n ta g e  o f  o y s te rs  c a r ry in g  la rv a e .

I  d id  n o t c o m e  across a n y  d iscu ssio n  o f  a  p o ss ib le  in f lu e n ce  
o f  e x te rn a l c o n d itio n s  o n  th e  r a te  o f  s w a rm in g  in  Ostrea lurida.

Ostrea edulis

A s fa r  as I  k n o w  o n ly  E r d m a n n  (1934) h a s  d e sc r ib e d  o b se rv a ­
tio n s  o f  th e  a c t  o f  s w a rm in g  in  Ostrea edulis. H is  sw a rm in g  
o y ste rs , k e p t in  ta n k s , o p e n e d  th e i r  she lls  w id e ly , a n d  th e n  
e je c te d  a  c lo u d  o f  la rv a e  b y  a  v io le n t  c o n tra c tio n  o f  th e  a d d u c to r  
m u sc le . T h is  a c t io n  w as r e p e a te d  se v e ra l tim es , w ith  lo n g e r  o r 
■shorter in te rv a ls . T h e  e n t ir e  s w a rm in g -a c t  m a y  b e  a c c o m p lish e d  
in  a  few  h o u rs . E r d m a n n  s ta te s  t h a t  h e  m a d e  th is  o b se rv a tio n  
m o re  th a n  o n ce . A lth o u g h  th is  a c t io n  is e s se n tia lly  th e  sa m e  
a s  t h a t  b y  w h ic h  o v ip a ro u s  oysters d is c h a rg e  th e ir  eggs, th e re  
is so m e d if fe re n c e  in  th e  r a te  a t  w h ic h  i t  is a c c o m p lish e d . In s te a d  
o f  a  succession  o f  r a p id  rh y th m ic a l  c lo s in g  m o v e m e n ts , as c a n  
b e  o b se rv e d  in  Ostrea virginica ( N e l s o n , 1922), E r d m a n n  o b ­
se rv e d  se v era l in te r m i t te n t  v io le n t sh e ll-m o v e m e n ts , s p re a d  o v er 
a  fa ir ly  c o n s id e ra b le  la p se  o f  tim e .

I n d ire c t ly  so m e figu res  a b o u t  th e  p e r io d ic i ty  o f  s w a rm in g  ca n  
b e  c o m p u te d  f ro m  d a ta  o n  th e  p e rc e n ta g e  o f  o y s te rs  c a r ry in g  
la rv a e .  O r t o n ’s g ra p h s  o n  su c h  d a ta  a b o u t  Ostrea edulis (1926 , 
1936) m a k e  a n  a p p ro x im a te  c o m p u ta t io n  ev e n  m o re  d ifficu lt 
a n d  less re l ia b le  th a n  th e  sa m e  k in d  o f  d a t a  f ro m  H o p k i n s ’ 
in v e s tig a tio n s  o n  Ostrea lurida  (1 9 3 7 ), b e c a u se  o f  O r t o n ’s less 
f r e q u e n t  s a m p lin g . O r t o n  does n o t  m e n tio n  a n y  d ire c t  in f lu e n c e  
o f  e x te rn a l  c o n d itio n s  o n  th e  m o m e n t o f  sw a rm in g . H e  confines 
h im s e lf  to  th e  s ta te m e n t  (1937  a) t h a t  th e  la rv a e  a re  r e ta in e d  
lo n g e r  in  c o o le r  a n d  s h o t o u t  e a r l ie r  in  w a rm e r  c o n d itio n s , 
w h ic h  m a y  b e  u n d e r s to o d  f ro m  th e  in f lu e n c e  o f  te m p e r a tú re  o n  
th e  d u r a t io n  o f  th e  p e r io d  o f  in c u b a t io n ,  as h a s  b e e n  d iscussed  
b efo re .

F ig u re s  a b o u t  th e  p e r io d ic i ty  o f  s w a rm in g  in  Ostrea edulis c a n  
b e  o b ta in e d  d ire c tly  b y  m e a n s  o f  q u a n t i ta t iv e  a n d  s e m i- q u a n ti ta ­
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t iv e  s tu d ies  o n  th e  a m o u n t  o f  o y s te r la rv a e  in  th e  p la n k to n . 
P e t e r s e n  (1908) s ta te d  t h a t  o y s te r la rv a e  c a n  b e  fo u n d  in  th e  
w a te r  a lre a d y  a t  150 C . G e r m a n  in v e s tig a to rs  ( K ä n d l e r , 1928, 
H a g m e i e r  a n d  S c h u b e r t ,  1930) m a d e  so m e o b se rv a tio n s  o n  
th e  a m o u n t  o f  o y s te r  la rv a e  in  th e  p la n k to n  a f te r  th e  so w in g - 
o u t  o f  a  c e r ta in  a m o u n t  o f  D u tc h  se ed -o y ste rs  n e a r  L is t in  th e  
W a tte n m e e r . T h e i r  m e th o d  o f  s a m p lin g  c a n  h a r d ly  b e  c a lle d  
q u a n t i ta t iv e .  D e tr itu s  o f te n  s to p p e d  u p  th e  m esh es o f  th e ir  
p la n k to n -n e t .  M o re o v e r  th e  s a m p lin g  to o k  p la c e  o n ly  a  few  
tim e s  d u r in g  th e  season , w ith  fa ir ly  lo n g  in te rv a ls .  A fte r  sw a rm in g  
th e y  n o tic e d  m a n y  y o u n g  la rv a e  in  th e  n e ig h b o u rh o o d  o f  th e  
so w n -o u t m o th e r-o y s te rs . A n  o b se rv a tio n  o n  a  p ro fu se  sw a rm in g  
s h o r tly  a f te r  a  p e r io d  o f  s to rm y  w e a th e r  le d  to  th e  co n c lu s io n  
t h a t  u n fa v o u ra b le  w e a th e r  p re v e n ts  s w a rm in g  a n d  th a t  th e  
m o th e r-o y s te rs  a w a it  m o re  f a v o u ra b le  c irc u m s ta n c e s  b efo re  
th e y  e je c t th e ir  la rv a e . I n  1931 a n d  1932 w e  s till f in d  H a g m e ie r  
ex p re ss in g  th e  sa m e  o p in io n : “ E s f in d e t d a n n ,  w ie  d ies a u c h  v o n  
K ä n d l e r  im  F re ie n  b e o b a c h te t  w u rd e ,  b e im  e rs te n  E in t r i t t  g ü n ­
s tig e r  V e rh ä ltn is se  e in  m a sse n h a f te s  A u ss to szen  v o n  B ru t s ta t t” .

I  d o  n o t b e liev e  t h a t  a  s in g le  o b s e rv a tio n  o n  s w a rm in g  a f te r  
a  p e r io d  o f  b a d  w e a th e r ju s tif i .e s  th e  c o n c lu s io n  th a t  o y ste rs  a w a it  
f a v o u ra b le  w e a th e r  to  e jec t th e i r  la rv a e . M o re  f re q u e n t a n d  b e t te r  
q u a n t i ta t iv e  s a m p lin g  is n e c essa ry  i f  w e  w a n t  to  o b ta in  a d e ­
q u a te  in fo rm a tio n  ju s tify in g  su c h  a  co n c lu s io n .

M o re  o r  less f re q u e n t s a m p lin g  o f  p la n k to n  h a s  b e e n  c a r r ie d  o u t  
in  th e  m o s t im p o r ta n t  F re n c h  c e n tre s  o f  o y s te r-p ro d u c tio n  
s in c e  19 2 1, w ith  a  v ie w  to  fo re c a s tin g  th e  s e ttin g . A p p re c ia t io n  
sh o u ld  b e  ex p ressed  fo r th e  in e s tim a b le  in i t ia t iv e  o f  th e  F re n c h  
in v e s tig a to rs , w h o  h a v e  b e e n  th e  f irs t in  E u ro p e  to  t r y  to  b u ild  
u p  a  r e g u la r  a d v iso ry  se rv ic e  in  o r d e r  to  r e n d e r  a ss is ta n ce  to  
th e  o y s te r  fa rm e rs  in  ra is in g  s p a t-p ro d u c tio n .  L a m b e r t  (1935) 
d e sc rib es  th e  d e v e lo p m e n t a n d  th e  m e th o d s  o f  th e se  in v e s tig a ­
tio n s . M a n y  p u b lic a t io n s  o f  th e se  in v e s tig a tio n s  c o n ta in  g ra p h s  
sh o w in g  th e  a m o u n t  o f  o y s te r  la rv a e  in  th e  p la n k to n . W a te r-  
te m p e r a tu r e  a n d  sa lin ity  a r e  re c o rd e d  lik ew ise : L e e n h a r d t  
(1 9 2 4 ), B o u r y  (1928 , 1929 a ,  1930), R a p h e n n e  (1 9 3 1 ), V o is in  
(1 9 3 1 , 1932), H e r m a n  (1 9 3 5 , 1936, 1937, 1938 a ,  1938 b ) ,  
B o r d e  (1929 , 1930, 1932, 1935 , 1936, 1937), L a d o u c e  (1 938  a, 
b ) .  (T h e  la t te r  tw o  a t  A rc a c h o n , th e  fo rm e r  a t  le  M o rb ih a n ) .  
I  h a v e  a l r e a d y  d e sc r ib e d  th e  m e th o d s  u se d  b y  th e se  F re n c h
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in v e s tig a to rs  in  a  p re v io u s  c h a p te r .  I  h a v e  s ta te d  t h a t  th e  to w in g  
o f  a  p la n k to n - n e t  c a n n o t  b e  c o n s id e re d  a n  id e a l  q u a n t i ta t iv e  
m e th o d  o f  s a m p lin g , a n d  i t  is e sp ec ia lly  u n s a tis fa c to ry  fo r  th e  
sp e c ia l re a so n  th a t  i t  d oes n o t  e n a b le  us to  e s tim a te , ev e n  a p p r o x ­
im a te ly , th e  v o lu m e  o f  f il te re d  w a te r .  M a n y  o f  th e se  g ra p h s  o n  
th e  a m o u n t  o f  la rv a e  sh o w  a  v e ry  s te e p  c o u rse .

I t  is n o te w o r th y  t h a t  su c h  a  s te ep  c o u rse  a p p e a r s  esp ec ia lly  
i n  th o se  g ra p h s  t h a t  re f le c t th e  g re a te s t  f re q u e n c y  o f  s a m p lin g . 
T h e  less f re q u e n t  th e  s a m p lin g , th e  m o re  q u ie t  th e  c o u rse  o f  
th e  g ra p h s  g e n e ra lly  is.

So th e  g ra p h s  o f  L e e n h a r d t  (1 9 2 4 ), fo r in s ta n c e , a re  “ q u ie t”  
p r o b a b ly  m a in ly  in  c o n se q u e n c e  o f  in f re q u e n t  sa m p lin g .

A n  e x tre m e  o f  th e  o th e r  k in d  is p re s e n te d  b y  th e  s te ep  g ra p h s  
o n  th e  la rv a e  in  th e  r iv e r  d ’A u ra y  in  1935 ( H e r m a n , 1936). 
A  s te e p  co u rse  d o es  n o t  n e c e ssa rily  m e a n , h o w e v e r, t h a t  th e  
m e th o d  o f  s a m p lin g  is q u i te  u n s u ita b le ,  fo r  g ra p h s  o n  re a lly  
q u a n t i ta t iv e  sa m p le s  m a y  sh o w  su c h  a  s te e p  co u rse  as w ell.

W h e n  w e c o lle c t p la n k to n -s a m p le s  r ig h t  a b o v e  th e  p la c e  
w h e re  th e  la rv a e -p ro d u c in g  m o th e r-o y s te rs  liv e , w e m a y  e x p e c t 
to  f in d  e n o rm o u s  a m o u n ts  o f  y o u n g  la rv a e  d u r in g  sw a rm in g . 
A  sa m p le  ta k e n  a  few  d ay s  la te r  in  th e  sa m e  p la c e , u n d e r  th e  
sa m e  t id a l  c o n d itio n s , m a y  c o n ta in  b u t  a  c o m p a ra tiv e ly  sm a ll 
f ra c tio n  o f  su c h  a n  a m o u n t .  T h is  does n o t  p o in t  to  a n  e n o rm o u s  
m o r ta l i ty ,  b u t  i t  o n ly  m e a n s  t h a t  th e  y o u n g  la rv a e  a re  d is t r ib u te d  
m o re  u n ifo rm ly  o v e r  a  la rg e r  v o lu m e  o f  w a te r  n o w . I t  is 
c le a r  t h a t  a  g r a p h  o n  th e  n u m b e r  o f  la rv a e  p e r  u n i t  o f  w a te r  
n e a r  th e  o y ste r b e d s  w ill sh o w  a  m u c h  s te e p e r  co u rse  t h a n  a 
g r a p h  o n  sa m p le s  ta k e n  a t  so m e  d is ta n c e  f ro m  th e  p la c e  w h e re  
th e  y o u n g  la rv a e  a re  se t free .

C o n s e q u e n tly  v e ry  s te e p  g ra p h s  m a y  b e  d u e  to  th e  lo c a l 
o c c u rre n c e  o f  la rv a e  t h a t  h a v e  b e e n  l ib e r a te d  v e ry  re c e n tly  as 
w ell as to  a n  u n re l ia b le  m e th o d  o f  sa m p lin g . L a rv a e  w h ic h  h a v e  
b e e n  in  th e  p la n k to n  a l r e a d y  fo r  sev era l d ay s , h o w e v e r, w ill b e  
d is t r ib u te d  m o re  e q u a l ly  t h a n  th e se  n e w c o m e rs . So i f  w e fin d  th a t  
a  g r a p h  o n  th e  a m o u n t  o f  o l d e r  la rv a e  in  th e  sa m e  w a te r  is 
l i k e w i s e  v e ry  s te e p , o u r  m e th o d  o f  s a m p lin g  is m o s t p ro b a b ly  
n o t  q u a n t i ta t iv e .  W h e n , h o w e v e r, th e  a m o u n t  o f  o ld e r  la rv a e  
re m a in s  fa ir ly  c o n s ta n t  in  th e  d a ily  sa m p le s , c o in c id in g  w ith  
e n o rm o u s  v a r ia t io n s  in  th e  a m o u n t  o f  y o u n g  la rv a e , w e m a y  
c o n c lu d e  t h a t  o u r  m e th o d  o f  sa m p lin g  is a ll r ig h t  a n d  th a t  s w a rm ­
in g  ta k e s  p la c e .
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I t  is a  p i ty  th a t  th e  g ra p h s  o f  th e  F re n c h  in v e s tig a to rs  in d ic a te  
o n ly  th e  t o t a l  a m o u n t  o f  la rv a e  in  th e  sa m p le s , so t h a t  w e 
c a n n o t  see f ro m  these  g ra p h s  th e  d e g re e  o f  v a r ia t io n  in  th e  a m o u n t  
-of o ld e r  la rv a e ;  c o n s e q u e n tly  th e re  is n o  p o ss ib ility  o f  ch e ck in g  
th e  re lia b ili ty  o f  th e ir  m e th o d  o f  sa m p lin g .’

P a r t ly  th e  steep  g ra p h s  w ill n o  d o u b t  b e  c a u se d  b y  th e  p r o x ­
im ity  o f  a d u l ts  e je c tin g  y o u n g  la rv a e . A  less s te e p  g r a p h  m a y  b e  
th e  re s u lt  o f  s a m p lin g  in  a  p la c e  fa ir ly  r e m o te  f ro m  th e  sw a rm in g  
c e n tre  as w ell as o f  a  less f r e q u e n t  sa m p lin g !  T h a t  su ch  s te ep  
g ra p h s  d o  n o t  n ec essa rily  p o in t  to  a  t r e m e n d o u s  m o r ta l i ty ,  b u t  
t h a t  th e y  m a y  b e  d u e  to  a  d isp e rs io n  o f  th e  n e w ly - lib e ra te d  la rv a e , 
is n o t  a lw ay s re a liz e d  b y  th e  F re n c h  in v e s tig a to rs . So B o u r y  
(1928) d e c la re s : “ D e  l ’e x is te n c e  des v a r ia t io n s  assez b ru ta le s  
d a n s  les q u a n ti té s  d e  la rv e s  n a g e a n te s , o n  d é d u i t  q u e  ce lles-ci 
p é r is s e n t e n  g ra n d  n o m b r e ” .

I n  th e i r  c o m m e n ta r ie s  o n  th e  g ra p h s  th e  F re n c h  a u th o rs  
so m e tim es  d e c la re  t h a t  th e  p ea k s  o f  th e  te m p e ra tu re -c o u rs e  
c o in c id e  w ith  p ea k s  in  th e  co u rse  o f  th e  a m o u n t  o f  la rv a e , 
f ro m  w h ic h  th e y  c o n c lu d e d  a  d ir e c t  in f lu e n c e  o f  th e  te m p e r a tu re  
o n  th e  r a te  o f  sw a rm in g  (B o r d e , 1935, 1936, L e e n h a r d t , 1924). 
L e e n h a r d t  ev e n  s ta te s  t h a t  sw a rm in g  is a  d i r e c t  fu n c tio n  o f  
te m p e r a tu re :  “ N o u s d is io n s  (1922) q u e  l ’h u î t r e  p e u t  p o n d re  à  
p a r t i r  d e  150 (si les m è re s  o n t  su ff isa m m e n t in c u b é ) ;  no u s 
d ev o n s  a jo u te r  q u e  l a  p o n te  es t fo n c tio n  d e  l a  te m p é ra tu re ,  
e t  s u b it ,  à  p e u  d e  ch o se  p rè s , les m ê m es v a r ia t io n s . L e  n o m ­
b re  d e  la rv e s  lib re s  a u g m e n te  a v e c  la  te m p é r a tu r e ” . V o is in  
i 1933) s till s ta te s  t h a t  n o  c o n s id e ra b le  em issio n  o f  la rv a e  w ill 
ta k e  p la c e  b e lo w  180 C .

A  close s tu d y  o f  th e  g r a p h s  in  a l l  th e se  p a p e r s  w ill m a k e  i t  
c le a r ,  h o w e v e r, t h a t  a  c o r r e la t io n  b e tw e e n  th e  a c tu a l  w a te r -  
te m p e ra tu re  a n d  th e  p e r io d ic i ty  o f  s w a rm in g  c e r t a i n l y  d o e s  
n o t  e x i s t !  T h o u g h  so m e tim e s  a  c o n s id e ra b le  sw a rm in g  w ill b e  
o b se rv e d  d u r in g  h ig h  w a te r - te m p e ra tu re s ,  th e re  a re  a  g r e a t  m a n y  
d a t a  f ro m  o b se rv a tio n s  o f  s w a rm in g  a t  m u c h  lo w e r  te m p e ra tu re s , 
e v e n  b e lo w  180 (B o u r y , 1928; G u h a n  e n  ’27). So L e e n h a r d t ’s 
c o n c lu s io n  h a s  n o t  b e e n  c o n f irm e d  b y  th e  n u m e ro u s  d a t a  f ro m  
s u b s e q u e n t F re n c h  in v e s tig a tio n s .

H o l l a n d

I n  th e  c o u rse  o f  m y  in v e s tig a tio n s  in  r e c e n t y e a rs  I  h a v e  o b ta in ­
e d  m u c h  in fo rm a tio n  a b o u t  th e  p e r io d ic i ty  o f  s w a rm in g  in  th e
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O o s te rsc h e ld e . T h e  f re q u e n t s a m p lin g  (d a ily  a t  th e  h e ig h t  o f  
th e  ’s e a s o n ) , a t  th e  sa m e  s ta g e  o f  t h e  t id e , o f  k n o w n  q u a n ti t ie s  
o f  w a te r  m a k e  i t  po ssib le  to  g e t a  g o o d  im p re ss io n  o f  th e  a m o u n t  
o f  o y s te r  la rv a e  in  th e  tw o  p laces  w h e re  th e  sa m p le s  a re  co llec te d . 
A t  f irs t  I  u se d  to  r e c o rd  m y  d a ta  in  th e  fo rm  o f  a  g r a p h  o n  th e  
to ta l  a m o u n t  o f  la rv a e  in  100 l i t r e s .  T h e r e  so o n  a p p e a r e d  to  
b e  a  m a rk e d  d if fe re n c e  in  c h a r a c te r  b e tw e e n  o u r  tw o  sa m p lin g -  
s ta tio n s . T h o u g h  th e  a v e ra g e  n u m b e r  o f  la rv a e  d id  n o t  d if fe r  
v e ry  m u c h , th e  tw o  g ra p h s  d if fe re d  g re a tly  in  th e  s teep n ess  o f  
th e i r  co u rse .

T h e  re a so n  o f  th is  w ill b e  c le a r , f o r  th e  f irs t s ta t io n  (Y ersch e  
B a n k )  is s i tu a te d  in  th e  m id d le  o f  th e  m o s t im p o r ta n t  o y s te r-  
b e d s  o f  th e  O o s te rsc h e ld e  a n d  m a y  b e  c o n s id e re d  to  r e p re s e n t  
th e  c e n tre  o f  la rv a e -p ro d u c t io n ,  w h ile  th e  se c o n d  s ta t io n  
(K a tte n d i jk e )  is s i tu a te d  fa ir ly  r e m o te  f ro m  th e  im p o r ta n t  
o y s te rb a n k s , a n d  rece iv es its  la rv a e  b y  th e  t id a l  m o v e m e n ts . 
A t  th e  f irs t s ta t io n  th e  o c c u rre n c e  o f  s w a rm in g  w ill b e  o b se rv e d  
im m e d ia te ly .  O n  d ay s  o f  sw a rm in g  w e sh a ll n o tic e  h ig h  p eak s  
in  th e  co u rse  o f  o u r  g ra p h s , w h ile  a  r a p id  d e c lin e  m a y  b e  
f o u n d  th e  n e x t  d a y  o w in g  to  th e  d isp e rs io n  o f  th e se  y o u n g  
l a r v a e  th r o u g h  a  la rg e r  v o lu m e  o f  w a te r .  A t  th e  s e c o n d  s ta t io n ,

LAXVAtHtOSPAVFAU
S T R U IH  1936

LARVAE AND S PAT FALL
KATTÜHOUM 1936

i»i¿— S««/» ' u y ' » / .  'ny« ‘n y 1*« ^  I ’ ' Î0* '  " ' V y  'I» hA iâ ' wha-':
VATERTEMP.WATER’

Fig . 7. L a rv a e  a n d  sp a tfa ll. S tr ije n  a n d  K a tte n d ijk e  1936.
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h o w e v e r, th in g s  ta k e  p la c e  m o re  g r a d u a lly .  W e sh a ll  se ld o m  
o b se rv e  s h a rp  in c re ase s  th e re .  T h e  n u m b e r  o f  la rv a e  w ill rise  
f a ir ly  g r a d u a l ly  a f te r  d ay s  o n  w h ic h  s w a rm in g  o f  so m e im p o r ­
ta n c e  h a s  ta k e n  p la c e , a n d  d ec reases  in  th e  n u m b e r  o f  la rv a e



E X PE R IM E N T S AND OBSERV A TIO N S ON SW A RM IN G , E T C . 8 5

w ill a lso  ta k e  p la c e  g ra d u a lly .  I t  w ill b e  c le a r  t h a t  w e  sh a ll 
h a v e  to  focus o u r  a t te n t io n  o n  th e  d a t a  o f  th e  c e n tre  o f  la rv a e -  
p r o d u c t io n ,  in  s tu d y in g  th e  p e r io d ic i ty  o f  sw a rm in g .

T h e se  d a t a  a re  e x h ib ite d  in  th e  figu res  7, 8, 9 , io .

• U>- .».»Atm— .ttjy-.UH—

JulyO

LARVAE ANDSPATFALL 
KATTEND'JKE 1939

Fig. io  b. L a rv a e  a n d  spa tfa ll K a tte n d ijk e  1939.

I  s u c c e e d e d  in  f in d in g  a  k in d  o f  d ia g ra m  th a t  m a d e  it 
p o ss ib le  to  r e c o rd  th e  n u m b e r  o f  la rv a e  p e r  u n i t  o f  w a te r ,  th e  
size o f  th e se  la rv a e ,  th e  s e t t in g  o f  sp a t,  a n d  so m e a -b io t ic  fac to rs , 
su c h  as w a te r - te m p e r a tu r e ,  w in d  a n d  th e  p h a se s  o f  th e  m o o n . 
I  d e v id e d  th e  la rv a e  in  g ro u p s  a c c o rd in g  to  th e  size o f  th e i r  
she lls . O n e  d e g re e  o f  m y  m ic ro m e te r  c o rre sp o n d s  w ith  11 a 
in  th e  c o m b in a t io n  o f  lenses  u sed , so e a c h  g ro u p  consists  o f
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la rv a e  1 1 y. la rg e r  o n  a n  a v e ra g e  th a n  th o se  o f  th e  p re c e d in g  
g ro u p . T h e  d ia g ra m  o n  th e  n u m b e r  o f  la rv a e  a t  th e  Y ersch e  
B a n k  ( c e n tre  o f  la rv a e -p ro d u c tio n )  show s m a n y  m a rk e d  in ­
c reases in  th e  n u m b e r  o f  y o u n g  la rv a e , w h ic h  p o in ts  to  sw a rm in g . 
T h e  s w a rm in g  is n o t  l im ite d  to  a  few  d ay s , b u t  is d is t r ib u te d  
o v er se v e ra l w eeks, sh o w in g  m o re  a n d  less im p o r ta n t  p eak s.

I  w a n t  to  p o in t  o u t,  h o w e v e r, t h a t  w e  a re  n o t  ju s t if ie d  in  
d e d u c in g  th e  a b s o lu te  v a lu e  o f  s w a rm in g  d ire c tly  fro m  th e  
a m p li tu d e  o f  th e  n u m b e r  o f  n e w ly - l ib e ra te d  la rv a e  in  th e  d ia ­
g ra m s. T h e  d e g re e  o f  p ro x im ity  o f  th e  l ib e ra t in g  a d u lts  w ill 
n o t  a lw a y s  b e  th e  sa m e . W h e n  w e w a n t  to  c o m p a re  th e  v a lu e s  
o f  sw a rm in g  w e m u s t c o n s id e r  lik ew ise  th e  n u m b e r  o f  la rv a e  
d u r in g  th e  n e x t  d a y s  a n d  th e  su b se q u e n t in c re a se  o f  la rv a e  in  
a  m o re  d is ta n t  p la c e , lik e  K a tte n d ijk e .

T h e se  d ia g ra m s  d o  n o t  re v e a l  a n y  m a rk e d  d ire c t  c o r re la t io n  
b e tw e e n  th e  p e r io d ic i ty  o f  s w a rm in g  a n d  th e  co u rse  o f  te m p e r a ­
tu re . S o m e tim e s  in te n s iv e  sw a rm in g  o ccu rs  d u r in g  a  h ig h  w a te r -  
te m p e r a tu r e  (e .g . J u ly  3 , 4 ,  5 :  1 9 3 7 ,  J u ly  1 8 , 1 9 : 1 9 3 7 , ea r ly  
in  A u g u s t 1 9 3 7 ) ;  so m e tim es  d u r in g  a n  in c re a se  o f  th e  te m p e ra ­
tu r e  (e .g . A u g u s t 1 8 : 1 9 3 7 )  a n d  so m e tim e s  d u r in g  re la tiv e ly  
low  w a te r - te m p e ra  tu re s , e v e n  b e lo w  1 8 0 C  (e.g . J u ly  8 , 9 :
1 9 3 8 ) .  I  w a n t  to  e m p h a s iz e  th e  h e a v y  sw a rm in g  d u r in g  th e  
d a y s  e a r ly  in  J u ly  1 9 3 8 ,  w h e n  th e  m e a n  w a te r - te m p e ra tu re  
( re c o rd e d  b y  a  th e rm o g ra p h )  w as 160 C  a n d  th e  m a x im u m  
te m p e r a tu re  d u r in g  lo w -w a te r  d id  n o t  r e a c h  i 8 ° C !  T h is  im ­
p o r ta n t  s w a rm in g  u n d e r  th e se  te m p e r a tu re  c o n d itio n s  p ro v es  
th a t  th e  o p in io n  o f  L e e n h a r d t  ( 1 9 2 4 )  a n d  V o is in  ( 1 9 3 3 ) ,  t h a t  
n o  im p o r ta n t  s w a rm in g  w ill b e  o b se rv e d  a t  lo w e r  te m p e ra tu re s ,  
does n o t  h o ld  g o o d  fo r th e  O o s te rsc h e ld e . M a z z a r e l l i  ( 1 9 2 4 )  
s ta te d  likew ise  th a t  c o n s id e ra b le  sw a rm in g  m a y  o c c u r  be fo re  
th e  w a te r  re a c h e s  180 C . T h e  v ie w  o f  th e  G e rm a n  in v e s tig a to rs , 
w h o  a ssu m e  th a t  th e  y o u n g  la rv a e  a re  h e ld  in  th e  m a n tle -  
c h a m b e r  till th e  w e a th e rc o n d it io n s  a re  m o re  fa v o u ra b le , does 
n o t  h o ld  g o o d  e i th e r .  F o r  n o t  o n ly  d id  lo w  w a te r - te m p e ra  tu re s  
o c c u r  d u r in g  s w a rm in g  in  J u l y  1 9 3 8 , b u t  a lso  s to rm y  w e a th e r .

I t  is m y  b e lie f  t h a t  s w a rm in g  w ill ta k e  p la c e  w h e n  th e  la rv a e  
h a v e  b e e n  su ffic ie n tly  in c u b a te d .  S o  th e  p e r io d ic i ty  in  s w a rm in g  
is m a in ly  g o v e rn e d  b y  th e  p e r io d ic i ty  in  sp a w n in g .

T h e  p e r io d  o f  in c u b a t io n  m a y  b e  p r o t r a c te d  s o m e w h a t b y  
lo w e r  a n d  s h o r te n e d  so m e w h a t b y  h ig h e r  w a te r - te m p e ra tu re s ,  
b u t  as th e  in f lu e n c e  o f  t e m p e r a tu r e  o n  th e  p e r io d ic ity  in
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s p a w n i n g  is r a th e r  co m p lex , th e  p e r io d ic ity  in  s w a r m i n g  
c a n n o t  p o ss ib ly  b e  a  s im p le  f u n c tio n  o f  th e  a c tu a l  w a te r -  
te m p e r a tu re .

T h e r e  is no direct correlation b e tw e e n  th e  d a te s  o f  sw a rm in g  
a n d  fa c to rs  lik e  th e  a c t u a l  w a te r - te m p e r a tu r e ,  th e  s tre n g th  
o f  th e  w in d , r a in ,  a ir-p re s su re , e tc . T h e  s a lin ity  v a r ie s  b u t  
v e ry  l i t t le  in  th e  O o s te rsc h e ld e  a n d  as th e se  v a r ia t io n s  d o  n o t 
c o in c id e  w ith  sw a rm in g , I  d o  n o t  b e lie v e  th a t  th e y  h a v e  a n y  
in f lu e n c e  o n  th e  p e r io d ic ity  o f  s w a rm in g  in  th e  O o s te rsc h e ld e .

Is  th e re  p e rh a p s  som e in f lu e n c e  o f  th e  p h a se s  o f  th e  m o o n , 
e i th e r  in  a  d ire c t  w a y  b y  r e g u la t in g  th e  d a te s  o f  sw a rm in g ; o r  in  
th e  w a y  a s su m e d  b y  O r t o n ,  b y  r e g u la t in g  sp a w n in g  a n d  th e re b y  
c a u s in g  a  s w a rm in g  m a x im u m  a b o u t  7 -1 0  d a y s  a f te r  fu ll-m o o n ?

I t  is e v id e n t t h a t  sw a rm in g  is n o t  l im ite d  to  th e  d ay s  o f  fu ll 
a n d  n e w  m o o n  o r  to  th e  d ay s , im m e d ia te ly  fo llo w in g  th e se  
p h a se s , o n  w h ic h  th e  sp r in g - tid e s  o cc u r. T h is  h a s  n e v e r  b e e n  
o b se rv e d  in  F ra n c e  e i th e r .  M a n y  s w a rm in g -m a x im a  o c c u r  
a b o u t  io  d a y s  a f te r  o n e  o f  th e  e x tre m e  p h a se s  o f  th e  m o o n , 
e-g- 3 - 5  J u ly  1937= 1 8 -1 9  J u ly  1937, e a r ly  in  J u ly  1938, 
2 1 -2 3  J u ly  1938, e a r ly  in  A u g u s t 1938, 2 5 -2 6  J u n e  1939, 
l í  J u l y  1939 a n d  12 A u g u s t 1939, w h ic h  p o in ts  to  th e  p o ssi­
b il i ty  o f  sp a w n in g -m a x im a  d u r in g  th e se  e x tre m e  p h ases .

I  w o u ld , h o w e v e r, e m p h a s iz e  th e  fa c t t h a t ,  ev e n  i f  a  m a x im u m  
o f  s p a w n in g  d u r in g  th e  e x tre m e  p h a se s  o f  th e  m o o n  (so d u r in g  
s p r in g - tid e )  s h o u ld  o c c u r , th e re  is c e r ta in ly  n o  d if fe re n c e  
b e tw e e n  th e  fu ll-m o o n  sp r in g - tid e  a n d  th e  n e w -m o o n  s p r in g ­
t id e .  So I  c a n  n o t  b e a r  o u t  O r t o n  (1 9 2 6 ), w h o  assu m es a  m a x i­
m u m  o f  sp a w n in g  d u r in g  fu ll m o o n  o n ly . I  d a r e  n o t  y e t d e c id e  
i f  th e  p e r io d ic i ty  o f  sw a rm in g  in  th e  O o s te rsc h e ld e  ju s tif ie s  th e  
c o n c lu s io n  t h a t  m o s t o f  th e  sp a w n in g  o cc u rs  d u r in g  th e  sp r in g ­
t id e . M y  d a t a  sh o w , h o w e v e r, th a t  sp a w n in g  c e r ta in ly  is n o t  
l im ite d  to  sp r in g - tid e s , a n d  in  n o  case  to  th e  fu ll-m o o n  s p r in g ­
t id e . M o re o v e r  th e  d ia g ra m s  sh o w  th a t  s p a w n i n g ,  w h ic h  m o s t 
p r o b a b ly  o cc u rs  a b o u t  7 -1 0  d ay s  b e fo re  s w a rm in g , does n o t  
r e q u ir e  h ig h  w a te r - te m p e ra  tu re s . W e m a y  s ta te ,  o n  th e  c o n ­
t r a r y ,  t h a t  o f te n  a  p ro fu se  sp a w n in g  m u s t  h a v e  ta k e n  p la c e  
d u r in g  fa ir ly  lo w  w a te r - te m p e r a tu re s .

S o  s u m m a r iz in g  o u r  k n o w led g e  a b o u t  th e  p e r io d ic i ty  o f  
s w a r m i n g  o f  Ostrea edulis, e sp ec ia lly  b a s e d  o n  th e  o b se rv a ­
tio n s  in  th e  O o s te rsc h e ld e  a n d  o n  th e  g ra p h s  o f  th e  F re n c h  
in v e s tig a tio n s , I  c a n  s ta te  th a t :  < . .. .
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1. S w a rm in g  is n o t  a  s im p le  f u n c tio n  o f  th e  a c tu a l  w a te r -  
te m p e r a tu r e .  T h e  g r a p h  o n  th e  n u m b e r  o f  f re e -sw im m in g  
la rv a e  d o es  n o t  r u n  s tr ic t ly  p a ra l le l  to  t h a t  o n  th e  w a te r -  
te m p e r a tu re .

I  w o u ld  h a v e  i t  c le a r ly  u n d e r s to o d ,  h o w e v e r, t h a t  th is  does 
n o t  p re c lu d e  a l l  in f lu e n c e  o f  th e  w a te r - te m p e ra tu re  o n  th e  
p e r io d ic i ty  o f  sw a rm in g . T h is  in f lu e n c e  is o f  a  r a th e r  co m p le x  
n a tu r e ,  h o w e v e r, as h a s  b e e n  d iscu ssed  in  p re v io u s  c h a p te rs .  
T h e  m o th e r-o y s te rs  d o  n o t  a w a it  f a v o u ra b le  w e a th e r  b e fo re  
e je c tin g  th e i r  la rv a e .

2. S lig h t  v a r ia t io n s  in  s a lin ity  a p p a r e n t ly  h a v e  n o  in f lu e n c e  
o n  sw a rm in g .

3. S w a rm in g  ta k es  p la c e  d u r in g  f in e  w e a th e r  as w ell as 
d u r in g  r a in y  w e a th e r .  S tro n g  w in d s  d o  n o t  p r e v e n t  sw a rm in g .

4 . S w a r m i n g  is d e p e n d e n t  o n  th e  p e r io d ic i ty  o f  s p  a w n i n g .  
T h e  d u r a t io n  o f  th e  p e r io d  o f  in c u b a t io n  w ill v a r y  to  a  c e r ta in  
d e g re e  w ith  th e  w a te r - te m p e ra tu re .

5. S p a w n i n g  is n o t  l im ite d  to  th e  fu ll m o o n  s p r in g - tid e  
in  H o lla n d  a n d  F ra n c e . T h e r e  a re  in d ic a t io n s , h o w e v e r, t h a t  
a  c o n s id e ra b le  p a r t  o f  th e  sp a w n in g  te n d s  to  b e  c o n c e n t r a ­
te d  a t  b o th  o f  th e  sp r in g tid e s .

6. S p a w n i n g  does n o t  e x c lu s iv e ly  sh o w  its  m a x im a  d u r in g  
v e ry  h ig h  w a te r - te m p e ra  tu re s .

7. T h e  p e r io d ic i ty  o f  s p a w n i n g  is g o v e rn e d  m a in ly  b y  th e  
p e r io d ic i ty  o f  s e x - c h a n g e ,  w h ic h  is in  its  tu r n  d e p e n d e n t  
o n  t e m p e r a t u r e  a n d  p ro b a b ly  o n  m e t a b o l i c  c o n d i t i o n s .

I t  is n o t  y e t  k n o w n  i f  a  c h e m ic a l s t im u la tio n  o f  so m e k in d  
p la y s  a n y  p a r t  b y  c a u s in g  a  s tr ic tly  s im u lta n e o u s  sp a w n in g  
o f  t h a t  p e rc e n ta g e  o f  o y s te rs  w h ic h  is a t  t h a t  v e ry  m o m e n t 
r e a d y  to  sp a w n . T e m p e ra tu re -c o n d i t io n s  b e in g  p ro p itio u s , w e 
m a y  e x p e c t  100 %  o r ev e n  m o re  th a n  100 %  o f  a  p o p u la tio n  
o f  Ostrea edulis to  fu n c tio n  a s  fem a les  e v e ry  y e a r , ev e n  in  th e  
c o u n tr ie s  a r o u n d  th e  N o r th -S e a .

So fa r  th e  o n ly  re l ia b le  m e th o d  to  re c o rd  th e  r a te  o f  sw a rm in g  
is a  f r e q u e n t  o b se rv a tio n  o f  th e  n u m b e r  o f  o y s te r la rv a e  in  th e  
w a te r .  I  c o n s id e r  a  f r e q u e n t  e x a m in a tio n  o f  fa ir ly  la rg e  sam p les  
o f  a d u l t  o y ste rs  in  o rd e r  to  f in d  th e  m e a su re  o f  s p a w n i n g  less 
s u ita b le  to  a s c e r ta in  th e  p e r io d ic ity  o f  s w a r m i n g ,  fo r w e sh a ll 
a lw a y s  h a v e  to  ta k e  in to  a c c o u n t  t h a t  o y ste rs  a t  d if fe re n t lev e ls



EX PER IM EN TS AND OBSERV A TIO N S ON  SW A RM IN G , E T C . 8 9

o f  th e  b ed s , so liv in g  u n d e r  d if fe re n t  c o n d itio n s , a n d  o y ste rs  o f  
d if fe re n t age-c lasses , w ill p ro b a b ly  sh o w  a  d if fe re n t p e r io d ic ity  
o f  sp a w n in g . B y o b se rv in g  th e  n u m b e r  o f  la rv a e  p e r  u n i t  o f  
w a te r  th is  d if f ic u lty  m a y  b e  e lu d e d .

N o  in v e s tig a to r  in  E u ro p e  h a s  s u c c e e d e d  so f a r  in  d e d u c in g  
a  re l ia b le  m a th e m a tic a l  fo rm u la ,  e x c lu s iv e ly  b u i l t  u p  o f  ea s ily  
o b se rv a b le  fa c to rs , su c h  as w a te r - te m p e ra tu re ,  fo r th e  p u rp o se  
o f  fo re c a s tin g  sw a rm in g . S u c h  a  fo rm u la  w o u ld  r e n d e r  th e  
tim e -c o n s u m in g  p la n k to n - in v e s t ig a t io n s  su p e rflu o u s .

I n  v ie w  o f  th e  c o m p le x ity  o f  th e  p rocesses w h ic h  p re c e d e  
sw a rm in g  a n d  th e  f itfu l w e a th e r -c o n d it io n s  o n  th e  A tla n t ic  
coasts  o f  E u ro p e ,  I  d o  n o t  e x p e c t  t h a t  su c h  a  r e a l ly  re l ia b le  
fo rm u la  w ill so o n  b e  fo u n d .1)

X I I .  T H E  E X T E N T  O F  T H E  A N N U A L  P R O D U C T IO N  O F  L A R V A E

T h e  to ta l  a m o u n t  o f  la rv a e  w h ic h  is p ro d u c e d  a n n u a l ly  o n  
c e r ta in  p r o d u c in g  g ro u n d s  is n o t  a lw a y s  th e  sa m e . T h e r e  a re  
s e v e ra l  f a c to rs  w h ic h  g o v e rn  th e  q u a n t i ty  o f  th is  p r o d u c t io n  
a n d  i t  is in te re s t in g  to  f in d  o u t  to  w h a t  d e g re e  th e se  fa c to rs  
v a r y  in  th e  O o s te rsc h e ld e . S o m e  o f  th e m  w ill b e  fa ir ly  c o n s ta n t ,  
w h ile  o th e rs  w ill sh o w  w id e  f lu c tu a tio n s . T h e  la t t e r  w ill b e  
m a in ly  re sp o n s ib le  fo r  d iffe ren ce s  in  th e  a n n u a l  p r o d u c t io n  o f  
la rv a e .

T h e se  fa c to rs  a re :

a. T h e  a g e  a t  w h ic h  o y ste rs  r e a c h  se x u a l m a tu r i ty  in  th e  
lo c a li tie s  c o n c e rn e d .

b. T h e  p e rc e n ta g e  o f  o y s te rs  p a r t ic ip a t in g  in  fe m a le  r e p r o ­
d u c t io n  e v e ry  y e a r .

c. T h e  n u m b e r  o f  la rv a e  p ro d u c e d  b y  o n e  o y s te r  in  th e  fe m a le  
re p ro d u c in g  p h a s e .

d . T h e  n u m b e r  o f  s e x u a lly  m a tu r e  o y ste rs  o n  th e  p ro d u c in g  
g ro u n d s  a n d  th e  p r o p o r t io n  o f  th e  s tre n g th  o f  th e  ag e -  
classes o f  w h ic h  t h a t  n u m b e r  is co m p o se d .

J) I n  a  re ce n t p a p e r  L o o s a n o f f  (1939) tells us a b o u t  o b servations of 
a  sp aw n in g  b y  Ostrea virginica a t  w a te r- te m p e ra tu re s  be low  20o C . E v en  
th e  m a x im u m  b o tto m w a te r- te m p e ra tu re s  in  th e  e n tire  reg io n  re m a in e d  
b e lo w  th is figure. T h ese  o b se rv a tio n s  show  th a t  ev en  th e  m eth o d s  fo r p re ­
d ic tin g  th e  tim e  o f  sp aw n in g  in  Ostrea virginica a re  n o t y e t infallib le.
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I  b e liev e  t h a t  th e  a g e  a t  w h i c h  t h e  o y s t e r  r e a c h e s  
s e x u a l  m a t u r i t y  w ill b e  fa ir ly  c o n s ta n t  in  o n e  sp e c ia l lo c a lity , 
a t  le as t in  lo c a litie s  lik e  th e  O o s te rsc h e ld e  w h e re  th e  y e a rly  
d iffe ren ces  in  te m p e r a tu r e  a re  n o t  v e ry  g re a t .  I n  w a te rs  w h ere  
fem a le  re p ro d u c tio n  ta k e s  p la c e  o n ly  a t  a  fa ir ly  a d v a n c e d  ag e  
w e  n ee d  esp ec ia lly  th e se  o ld e r  o y ste rs  to  o b ta in  a n  a d e q u a te  
p ro d u c tio n  o f  la rv a e , w h ile  in  o th e r  lo c a litie s  y o u n g e r  oysters 
w ill p la y  a n  im p o r ta n t  p a r t  in  r e p ro d u c t io n ,  w h ic h  is a n  
a d v a n ta g e  o f  p a r a m o u n t  im p o r ta n c e .

A t w h a t  a g e  does Ostrea edulis r e p ro d u c e  as a  fem a le?
In v e s tig a to rs  in  th e  S o u th  o f F ra n c e  (A rc a c h o n )  s ta te d  th a t  

oysters o f  o n e  y e a r  o ld , so in  th e ir  se c o n d  su m m e r , a r e  o ften  
fo u n d  to  c a r ry  la rv a e  th e re  ( G e r b e  1 8 7 6 , D a n t a n  1 9 1 3 ) .  D u p a in  
( 1 9 3 2 )  is o f  o p in io n  th a t  th e  p ro d u c tio n  o f  la rv a e  by  one- 
y e a r  o ld  oysters , a t ta c h e d  to  th e  c o llec to rs  (“ p iq u e ta g e ” ) 
u se d  in  th e ' e s tu a ry  o f  th e  r iv e r  C h a re n te  ( fa r th e r  n o r th  in  F ra n c e )  
is b y  n o  m e a n s  n e g lig ib le .

O r t o n  ( 1 9 3 7  a , 1 9 2 2  a) s ta te s  t h a t  a f te r  e x c e p tio n a lly  fine 
su m m e rs , lik e  t h a t  o f  19-21, th e  fem a le  p h a s e  m a y  b e  r e a c h e d  
in  12 m o n th s  in  th e  E n g lish  w a te rs ,  b u t  e v e n  th e re  o n ly  ex c e p ­
t io n a lly . T h is  is c o n f irm e d  b y  D o d d , e tc . ( 1 9 3 7 ) ,  w h o  in  1 9 3 6  
d e te c te d  so m e oysters c o n ta in in g  la rv a e  a m o n g s t a  n u m b e r  o f  
se lec ted  w e ll-g ro w n  o y ste rs , b o rn  in  th e  f in e  s u m m e r  o f  1 9 3 5 .

S p ä r c k  ( 1 9 2 2 ,  1 9 2 5 )  s ta te d  t h a t  in  th e  L im f jo rd  h e  n ev e r 
fo u n d  a n  o y ste r c a r ry in g  la rv a e  in  h is  se c o n d  s u m m e r  a n d  
th a t  ev en  th e  c o m p le t io n  o f  e g g -d e v e lo p m e n t in  th e  co u rse  o f  
th e  th ir d  su m m e r  is e x c e p tio n a l .  A s a  ru le  th e  o y ste rs  in  th e  
L im f jo rd  s ta r t  fe m a le  r e p r o d u c t io n  in  th e i r  fo u r th  su m m e r, 
so w h e n  th e  a n im a l  is th r e e  y e a rs  o ld . I t  w ill b e  c le a r  t h a t  such  
a  g re a t  d iffe re n c e  b e tw e e n  th e  ages a t  w h ic h  th e  o y s te r  re a c h e s  
m a tu r i ty  in  F ra n c e  a n d  D e n m a r k  w ill g o v e rn  th e  e x te n t  o f  
th e  p r o d u c t io n  o f  la rv a e  to  a  h ig h  d eg re e .

I  e x a m in e d  m a n y  o y ste rs  in  th e  O o s te rsc h e ld e  (H o lla n d )  a n d  
I  o b se rv e d  t h a t  w e  m a y  f in d  a  sm a ll p e rc e n ta g e  o f  o n e -y e a r  
o ld  oysters c a r ry in g  la rv a e  in  th e ir  se co n d  s u m m e r  (1937 , 1938,
1939) • I t  i s n o t  n e c e s sa ry  fo r  th e  p re c e d in g  s u m m e r  to  b e  
e x c e p tio n a lly  fine , fo r  e v e n  in  1937 (a f te r  th e  c o ld  s u m m e r  o f  
1936) I  d e te c te d  so m e o n e -y e a r  o ld  o y ste rs  w ith  la rv a e .

A s i t  is, I  c o n s id e r  th e  s h a re  in  la rv a e -p ro d u c t io n  o f  th ese  
o n e -y e a r  o ld  o y ste rs  o f  so l i t t le  im p o r ta n c e ,  n o t  o n ly  b e c au se  
o f  th e  sm a ll p e rc e n ta g e  p a r t ic ip a t in g ,  b u t  a lso  in  v ie w  o f  th e
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sm a ll n u m b e r  o f  la rv a e  in  e a c h  o f  th o se  o y ste rs , t h a t  th e ir  
in f lu e n c e  o n  th e  to ta l  n u m b e r  o f  la rv a e  p ro d u c e d  is n o t  lik e ly  
to  b e  o f  a n y  im p o r ta n c e  in  th e  O o s te rsc h e ld e .

A  d isc u ss io n  o f  th e  p e r c e n t a g e  o f  o y s t e r s  p a r t i c i p a t i n g  
i n  f e m a l e  r e p r o d u c t i o n  is to  b e  fo u n d  in  th e  se c tio n s  on  
th e  p h e n o m e n o n  o f  se x -c h an g e .

T h e r e  a re  m a n y  d a ta  a v a ila b le  o n  th e  p e rc e n ta g e  o f  oysters 
t h a t  c a r ry  la rv a e  s im u lta n e o u s ly . T h e  g r e a te r  th e  f re q u e n c y  o f  
s a m p lin g ,  th e  m o re  v a lu a b le  th e se  d a t a  w ill b e . F ro m  th e  
l a t t e r  th e  a p p ro x im a te  p e rc e n ta g e  o f  o y ste rs  p a r t ic ip a t in g  in  
fe m a le  re p ro d u c t io n  in  o n e  sp e c ia l y e a r  m a y  b e  c o m p u te d ,  
e s p e c ia lly  w h e n  th e  fre q u e n c y  o f  s a m p lin g  is fa ir ly  h ig h  a n d  
a  re l ia b le  s a m p lin g  o f  c o m p a r a b le  o y ste rs  is c a r r ie d  o u t.  H o w ­
e v e r , I  w a n t  to  e m p h a s iz e  t h a t  su c h  in v e s tig a tio n s  w ill o n ly  
y ie ld  d a t a  c o n c e rn in g  th e  a g e - c l a s s  f r o m  w h i c h  s a m p l e s  
a r e  c o l l e c t e d .  S im u lta n e o u s  s a m p lin g  f ro m  se v e ra l ag e -  
classes a n d  in  se v era l p la ce s  w ill b e  n e c e s sa ry  i f  w e  w a n t  to  fo rm  
a n  a d e q u a te  id e a  o f  th e  e x te n t o f  th e  sp a w n in g -a c tiv itie s  in  
th e  e n t i r e  p o p u la tio n .

S p ä r c k  ( 1 9 2 5 )  sta te s  th a t  in  th e  L im f jo rd  a b o u t  1 4 %  o f 
th e  m a tu r e  o y s te rs  m a y  b e  e x p e c te d  to  c a r ry  la rv a e  s im u lta n e ­
o u s ly  in  th e  b e g in n in g  o f  th e  seaso n . T h is  p e rc e n ta g e  dec reases  
a s  th e  se a so n  a d v a n c e s .

H a g m e i e r  ( 1 9 1 6 )  a t  L is t  fo u n d  a b o u t  io  to  15 % , th a t  c a r r ie d  . 
la rv a e  s im u lta n e o u s ly . O r t o n  ( 1 9 2 6 ,  1 9 2 8  a) s ta te s  t h a t  in  th e  
E n g lish  w a te rs  th e  m a x im u m  p e rc e n ta g e  o f  o y s te rs  c a r ry in g  ' 
la rv a e  s im u lta n e o u s ly  is u su a lly  a b o u t  25 %  a t  th e  h e ig h t  o f 
th e  se aso n . O n c e  h e  ev e n  r e c o rd e d  33 % .  O r t o n  c o m p u te d  
th a t  e s p e c ia lly  d u r in g  fin e  su m m e rs  m o re  th a n  1 0 0  %  o f  th e  
a d u l t  o y s te rs  w ill fu n c tio n  as fem a les  in  th e  E n g lish  w a te rs .

H o p k in s  ( 1 9 3 7 )  in v e s tig a te d  th e  c losely  r e la te d  Ostrea lurida 
i n  th e  P u g e t  S o u n d  a n d  fo u n d  th a t  a  p e rc e n ta g e  o f  15 to  20 %  
o y ste rs  c a r ry in g  la rv a e  s im u lta n e o u s ly  is c o m m o n  th e re ,  th o u g h  
p e a k s  o f  35 %  a n d  ev e n  4 5  %  m a y  b e  fo u n d , e sp e c ia lly  in  th e  
b e g in n in g  o f  th e  season .

T h o u g h  I d id  n o t  c a r ry  o u t  f re q u e n t  s a m p lin g s  o f  o y ste rs  in  
o r d e r  to  e x a m in e  th e  p e rc e n ta g e  c a r ry in g  in  th e  O o s te rsc h e ld e ,
I m a d e  so m e  o b se rv a tio n s  d u r in g  th e  s u m m e r  se aso n  o n  th e  
p e rc e n ta g e  o f  in c u b a t in g  oysters , e x a m in in g  n a t iv e  o y ste rs  as
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w ell as o y s te rs  im p o r te d  f ro m  F ra n c e .  I  c a r r ie d  o u t  th ese  
in v e s tig a tio n s  in  o rd e r  to  f in d  o u t  i f  s u b s e q u e n t s w a rm in g  o f  
so m e im p o r ta n c e  w as still to  b e  e x p e c te d ;  fo r in s ta n c e , a f te r  
th e  fa ilu re  in  s e ttin g  o f  th e  la rv a e  o f  th e  f irs t im p o r ta n t  m a x im u m  
o f  s w a rm in g  in  th e  b e g in n in g  o f  J u ly  1938. I n  t h a t  p a r t i c u la r  
ca se  I  fo re c a s t su b s e q u e n t sw a rm in g , fo r  b o th  th e  n a t iv e  a n d  
F re n c h  o y ste rs  p ro v e d  to  b e  c a r ry in g  la rv a e  f ro m  20 to  25 %  
o n  J u ly  th e  1 5 th  ( i 9 3 8 )-

V e ry  in te re s tin g  a re  th e  d a t a  o b ta in e d  in  1939. A s m a y  b e  
seen  f ro m  th e  d ia g ra m  (fig. io  a ) h e a v y  s w a rm in g  o c c u rre d  
o n  J u n e  2 5 /2 6  a n d  2 9 /3 0 , J u ly  5, 11 a n d  24  a n d  A u g u s t  7, 
11 / 12  a n d  22.  M o d e ra te  sw a rm in g  to o k  p la c e  o n  J u n e  19 a n d  
A u g u s t  4 . O f  less im p o r ta n c e  is th e  s w a rm in g  o n  J u n e  13.

I n  1939 I  a s c e r ta in e d  th r e e  tim es  in  sa m p le s  o f  50  oysters 
th e  p e r c e n ta g e  o f  o y ste rs  c a r ry in g  la rv a e ,  e a c h  t im e  in  th e  
sa m e  th r e e  p a rc e ls  o f  o y ste rs . O n e  p a rc e l  co n s is te d  o f  n a t iv e  
o y ste rs  o f  a b o u t  50  k g  a  1000 , th e  se co n d  p a rc e l  o f  n ew ly - 
im p o r te d  F re n c h  o y ste rs  o f  a b o u t  25 k g  a n d  th e  th i r d  p a rc e l 
o f  F re n c h  o y ste rs  im p o r te d  th e  y e a r  b e fo re  (1 9 3 8 ), w e ig h in g  
a b o u t  4 5  kg.

I  r e c o rd e d :

N ativ es  

w h ite  b lack to ta l

F re n c h  1939 

w h ite  b lack  to ta l

F re n c h  1938 

w h ite  b lack  to ta l

J u n e  20 20% 22% 42% 14% 4%  18% 6% 8%  14%
J u ly  12 4% 6% 10% 4% 0%  4% 4% 0%  4 %
A u g u st 2 6% 4% 10% 16% 8%  24% 20% 0%  20%

(62% ) (46% ) (38% )

T h o u g h  th e  sa m p le s  c o n ta in  b u t  50  o y ste rs  I  w ill y e t  assu m e 
t h a t  th e se  f ig u re s  d o  n o t  d e v ia te  to o  m u c h  f ro m  th e  r e a l  p e r ­
c e n ta g e s . T h e  e x a m in a t io n  o f  12 J u ly  sh o w e d  s m a lle r  p e r c e n t­
ages, w h ic h  is in  a c c o rd a n c e  w ith  th e  s c a n ty  s w a rm in g  d u r in g  
th e  d a y s  fo llo w in g  o n  th e  1 2 th  o f  J u ly .  T h e  sm a lle r  p e rc e n ta g e  
o f  b la c k -s ic k  o y s te rs  o n  th e  2 n d  o f  A u g u s t is in  a c c o rd a n c e  w ith  
th e  m o d e ra te  s w a rm in g  o n  A u g u s t  4 , w h ile  th e  h ig h e r  p e rc e n ta g e  
o f  w h ite -s ic k  o y ste rs  o n  t h a t  d a te  a c c o u n ts  fo r  th e  h e a v y  s w a rm in g  
o n  th e  7 th  o f  A u g u s t.

I t  w ill b e  c le a r  th a t  th e  in c u b a t io n  a c tu a l ly  o b se rv e d  d u r in g  
th e se  in v e s tig a tio n s  c a n ,  o n  a  l ib e ra l  c a lc u la t io n , o n ly  h a v e
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c o n tr ib u te d  to  th e  s w a rm in g -m a x im a  o n  J u n e  2 5 /2 6  a n d  2 9 /3 0 , 
A u g u s t  4 , 7 a n d  p e rh a p s  a lso  to  t h a t  o n  A u g u s t 11 /1 2 .

I  a c tu a lly  o b se rv e d  th a t  a b o u t  50  %  o f  th e  o y ste rs  in c u b a te d .  
A s th ese  50 %  c a n  o n ly  a c c o u n t  fo r  a b o u t  h a l f  o f  th e  to ta l  
s w a rm in g  (p ro b a b ly  fo r s till less), I  c o n c lu d e  th a t  a b o u t  100 %  
o f  th e  to ta l  p o p u la t io n  m u s t  h a v e  b e e n  fu n c tio n in g  a s  fem ales 
in  th e  O o s te rsc h e ld e  in  1939. I t  is m y  b e l ie f  t h a t  th e  sw a rm in g  
to w a rd s  th e  e n d  o f  A u g u s t, o b se rv e d  in  1938 a n d  1939, m u s t  be 
a s c r ib e d  to  oysters fu n c tio n in g  as fem ales  fo r  th e  se co n d  tim e  
d u r in g  th a t  season .

I n  a n y  case m y  d a t a  o n  th e  p e r io d ic i ty  o f  s w a rm in g , in  
c o m b in a t io n  w ith  som e d a t a  o n  th e  p e rc e n ta g e  o f  oysters 
c a r ry in g  la rv a e  in d ic a te  t h a t  a t  le a s t 75 %  o f  th e  a d u l t  oysters 
fu n c tio n  as fem a les  a n n u a l ly ,  a n d  so m e tim e s  p ro b a b ly  m o re .

W e  a lre a d y  d iscussed  t h a t  th e  f re q u e n c y  o f  se x -c h a n g e  w ill 
g o v e rn  th e  p e rc e n ta g e  o f  o y s te rs  fu n c tio n in g  as fem ales  d u r in g  
o n e  seaso n  a n d  th a t  th e  f re q u e n c y  o f  s e x -c h a n g e  is g o v e rn e d  
in  its  tu r n  b y  th e  w a te r - te m p e ra tu re  a n d  p ro b a b ly  b y  th e  
a m o u n t  o f  n o u r is h m e n t. So c o ld  su m m e rs  m a y  b e  e x p e c te d  
to  c a u se  a  d e c re a s e  in  th e  p r o d u c t io n  o f  la rv a e  b y  d e c re a s in g  
th e  p e rc e n ta g e  o f  oysters t h a t  fu n c tio n  a s  fem a les  (e .g . 1936). 
F in e  su m m e rs  w ill p ro d u c e  th e  o p p o s ite  effect.

T h e r e  a re  m a n y  d a t a  o n  th e  n u m b e r  o f  l a r v a e  th a t  
m a y  b e  fo u n d  i n  o n e  i n c u b a t i n g  o y s t e r .

L e e u w e n h o e k  ( 1 7 2 2 )  w as th e  f irs t to  fo rm  a n  e s tim a te , b u t  
h e  d a r e d  n o t  m e n tio n  th e  n u m b e r ,  fo r h e  sa id  th e y  w o u ld  n o t 
b e lie v e  h im  a n y h o w ! D a v a i n e  ( 1 8 5 3 )  e s tim a te d  a b o u t  1 .1 2 5 .0 0 0  
la rv a e  in  o n e  in c u b a t in g  a d u l t  a n d  M o e b iu s  ( 1 8 8 3 )  fo u n d  b y  
w e ig h in g  a b o u t  1 .0 0 0 .0 0 0  la rv a e  in  th e  m a n tle  c h a m b e r  o f 
o n e  a d u l t .  D a n t a n  ( 1 9 1 3 )  c a r r ie d  o u t  m o re  d e ta i le d  in v e s ti­
g a tio n s  a t  A rc a c h o n  in  th e  S o u th  o f  F ra n c e .  H e  c o m p u te d  
t h a t  o n e -y e a r  o ld  o y ste rs  p ro d u c é  a b o u t  1 0 0 .0 0 0  la rv a e ,  tw o - 
y e a r  o ld  o y ste rs  a b o u t  2 5 0 .0 0 0  la rv a e  a n d  o ld e r  oysters a b o u t  
7 5 0 .0 0 0  la rv a e . A s h e  fo u n d  n o  d iffe re n c e  b e tw e e n  th e  n u m b e rs  
o f  “ w h ite ”  la rv a e  a n d  th e  n u m b e r  o f  “ b la c k ”  la rv a e , h e  c o n ­
c lu d e d  th a t  n o  m o r ta l i ty  o r  losses o f  a n y  im p o r ta n c e  a re  lik e ly  
to  o c c u r  d u r in g  in c u b a tio n .

O r t o n  fo u n d  5 2 5 .0 0 0  la rv a e  in  sm a ll th r e e  o r  fo u r  y e a r  o ld  
o y ste rs  f ro m  th e  r iv e r  B la c k w a te r  a n d  o n ce  3 .0 0 0 .0 0 0  in  a  
g ia n t  oyster.



94 P . E O R R IN G A '

A ll th e se  d a t a  in d ic a te  t h a t  th e  u s u a l  e s t im a te  t h a t  m a rk e ta b le  
o y ste rs  (fo u r  o r  five y ea rs  o ld ) p ro d u c e  a b o u t  1.0 0 0 .0 0 0  la rv a e  
d u r in g  e a c h  fe m a le  r e p ro d u c t io n  w ill b e  a b o u t  c o r re c t.  S tress 
m u s t  b e  la id  o n  th e  fa c t t h a t  th e  p ro p o r t io n  o f  th e  s tre n g th  
o f  th e  age-classes is o f  im p o r ta n c e ,  as y o u n g e r  o y ste rs  p ro d u c e  
f a r  few er la rv a e  th a n  o ld e r  ones.

Ostrea lurida

M a rk e ta b le  O ly m p ia  o y ste rs  ( Ostrea lurida) , w h ic h  a re  m u c h  
sm a lle r  th a n  Ostrea edulis, p ro d u c e  a b o u t  2 5 0 .0 0 0  to  300 .000  
la rv a e ,  a c c o rd in g  to  H o p k in s  (1 9 3 7 ).

Ostrea virginica

N o n - in c u b a tin g  oysters p r o d u c e  fa r  m o re  eggs th a n  in c u ­
b a t in g  oyste rs , b u t  th e  n u m b e r  o f  th e i r  la rv a e  w ill h a v e  d e ­
c re a se d  c o n s id e ra b ly  b y  th e  t im e  th e y  r e a c h  th e  s ta g e  a t  w h ic h  
th e  la rv a e  o f  in c u b a t in g  o y s te rs  sw a rm , w h ile  in  in c u b a t in g  
o y ste rs  th e  n u m b e r  o f  s w a rm in g  la rv a e  is a b o u t  e q u a l  to  th e  
n u m b e r  o f  fe r tiliz e d  eggs. N e l s o n  ( 1921)  e s tim a te s  a  sp a w n in g  
o f  16 .000 .000  to  6 0 .0 0 0 .0 0 0  eggs in  Ostrea virginica. T h e  to ta l  
a n n u a l  p ro d u c tio n  b y  o n e  fe m a le  o f  th is  species (w h ic h  does 
n o t  sh o w  a  f re q u e n t se x -c h a n g e !)  is e s t im a te d  b y  N e e d l e r  
(1932 a) a t  a b o u t  5 0 0 .0 0 0 .0 0 0  eggs a n d  b y  P r y t h e r c h  (1934  b) 
a t  a b o u t  100 .000 .000  to  5 0 0 .0 0 0 .0 0 0  eggs.

Ostrea gigas

G a l t s o f f  (1930 b ) s ta te d  t h a t  th e  n o n - in c u b a t in g  Ostrea 
gigas  w ill sp a w n  5 5 .0 0 0 .0 0 0  eggs a t  a  tim e .

T h o u g h  in v e s tig a to rs  a re  a g re e d  o n  th e  a v e r a g e  n u m b e r  
o f  l a r v a e  p r o d u c e d  b y  o n e  fe m a le  o f  Ostrea edulis, m a n y  
in v e s tig a to rs  s ta te  m o re  o r  less im p o r ta n t  a n n u a l  f l u c t u a t i o n s  
in  th is  n u m b e r ,  b r o u g h t  a b o u t  b y  d iffe ren ce s  in  e x te rn a l 
c o n d itio n s .

S p ä r c k  ( 1 9 2 5 )  b e l i e v e s  t h a t  n o t  o n l y  t h e  a c t u a l  s u m m e r  
t e m p e r a t u r e  g o v e r n s  t h e  a m o u n t  o f  e g g s  p r o d u c e d ,  b u t  t h a t  
t e m p e r a t u r e - c o n d i t i o n s  i n  t h e  p r e c e d i n g  a u t u m n  a r e  a ls o  o f  
i n f lu e n c e ,  a s  e g g - d e v e l o p m e n t  o f t e n  se ts  i n  t o w a r d s  t h e  e n d  
o f  t h e  p r e c e d i n g  s e a s o n .

H a g m e i e r  a n d  S c h u b e r t  ( 1 9 3 0 )  a r e  a ls o  o f  o p i n i o n  t h a t  t h e  
w a t e r - t e m p e r a t u r e  d u r i n g  t h e  p r e c e d i n g  a u t u m n  a f f e c ts  r e ­
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p r o d u c t io n .  T h a t  th e  c o n d it io n  o f  th e  a d u l t  o y ste rs  w ill in f lu e n c e  
th e  n u m b e r  o f  eggs p ro d u c e d  b y  th e se  o y ste rs  is h ig h ly  p ro b a b le .  
T h u s  i t  is s ta te d  b y  G a a r d e r  a n d  S p ä r c k  (1932) t h a t  fe e d in g -  
c o n d itio n s  in  th e  N o rw e g ia n  p o lle n  m a y  sh o w  w id e  f lu c tu a t io n s . 
I n  su m m e rs  w i th  s c a n ty  s u n lig h t th e r e  is b u t  l i t t le  a lg a l g ro w th  
in  th e se  p o lle n ;  b a c te r ia  a n d  P e r id in e a  w ill p r e d o m in a te  th e n . 
T h is  w ill r e s u l t  in  a  b a d  c o n d i t io n  o f  th e  a d u l t  o y s te rs ; m a n y  
o f  th e m  w ill e v e n  d ie . S u c h  su m m e rs  a re  c h a r a c te r iz e d  b y  a 
d e c re a se  in  th e  p r o d u c t io n  o f  la rv a e ,  m a in ly  o w in g  to  m a ln u ­
t r i t io n  o f  th e  a d u lts .

O r t o n  ( 1 9 3 7  a )  is  i n c l i n e d  t o  n e g l e c t  t h e  d i f f e r e n c e s  i n  t h e  
p r o d u c t i o n  o f  l a r v a e :  “ T h e r e  is  n o  d o u b t  t h a t  l a r v a e  o c c u r  i n  
a b u n d a n c e  i n  t h e  w a t e r  e v e r y  y e a r ” .
- V o is in  s ta te s  ( 1 9 3 1 ) :  “ N o u s  so m m e s  d o n c  e n c o re  o b lig é s  d e  
c o n s ta te r  to u te  l ’o b sc u r ité  q u i  e n to u re  les d if fé re n ts  fa c te u rs  
d ’in f lu e n c e  q u i  ré g isse n t la  p o n te  des h u ître s . C ’e s t p o u r q u o i  
to u te  te n ta t io n  p o u r  p ré v o ir  à  lo n g u e  é c h é a n c e  l ’é p o q u e  e t 
l ’ a m p l i t u d e 1) d es  p o n te s  est, e n  é ta t  d e  n o s  co n n a issa n ce s , 
v o u é e  à  u n  é c h e c ” .

Ostrea virginica

A m e r ic a n  in v e s tig a to rs  m a d e  m o re  e la b o ra te  s tu d ie s  o f  th e  
in f lu e n c e  o f  e x te r n a l  c o n d itio n s  o n  th e  a m o u n t  o f  eggs p r o ­
d u c e d  b y  fe m a le  o y ste rs , e sp ec ia lly  b y  e s t im a tin g  a n d  m e a su r in g  
th e  th ic k n e s s  o f  g o n a d - tis su e  s h o r t ly  be fo re  sp a w n in g . N e l s o n  
(1 928  a) s ta te s  t h a t  a  c o ld  s p r in g  (e .g . 1926) re su lts  in  a  b a d  
d e v e lo p m e n t o f  th e  g o n a d s  fo r  la c k  o f  n o u r is h m e n t.

P r y t h e r c h  s ta te s  (1 929  a ,  1934 b ) t h a t  th e re  is a  m a rk e d  
c o r re la t io n  b e tw e e n  th e  w a te r - te m p e ra tu re  f ro m  A p r i l  to  J u n e  
a n d  th e  p r o d u c t io n  o f  la rv a e . T h e  th ic k n ess  o f  g o n a d - tis su e  
v a r ie s  f ro m  a b o u t  1,5 c m  (e .g . 1925) to  a b o u t  0 ,5  c m  (e .g . 
1926, 1927), r e s u lt in g  in  im p o r ta n t  d iffe ren ces  in  th e  n u m b e r  
o f  eggs p r o d u c e d  in  th e se  y ea rs . D u r in g  1925 th e  w a te r - te m ­
p e r a tu r e  f ro m  A p r i l  to  A u g u s t w as a b o v e  th e  n o rm a l . 
P r y t h e r c h  says t h a t  “ i t  is lik e ly  t h a t  th e  fu llness  o f  g o n a d  
d e v e lo p m e n t is d e p e n d e n t  o n  th e  a m o u n t  o f  fo o d  c o n s u m e d  
b y  th e  o y s te r” . P r y t h e r c h  (1929) p o in ts  to  th e  in v e s tig a tio n s  
b y  G a l t s o f f  (1928) o n  th e  c o r re la t io n  b e tw e e n  th e  w a te r -  
te m p e r a tu r e  a n d  th e  v o lu m e  o f  w a te r  sieved  o ff  b y  th e  gills

1) S p a c in g  is m ine .
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( Ostrea virginica) . W ith  th e  a id  o f  th ese  d a t a  o b ta in e d  b y  la b o ra -  
to ry -e x p e r im e n ts  a n d  o f  d a ta  o n  th e  w a te r - te m p e ra tu re s  
P r y t h e r c h  c o m p u te s  h o w  m a n y  litre s  o f  w a te r  w e re  sieved  o ff  
b y  a n  a v e ra g e  o y s te r  d u r in g  th e  m o n th s  o f  A p ri l ,  M a y , J u n e  
a n d  J u ly  in  th e  y ea rs  1 9 2 2  to  1 9 2 7  in  M illfo rd  H a r b o r  (C o n n .) . 
A c c o rd in g  to  P r y t h e r c h  th e  n o rm a l a v e rag es  a re : A p ril 2 5  
litre s , M a y  4 0 8  litre s , J u n e  8 1 6  li t re s ,  J u ly  9 9 5  litre s , to ta l  
2 2 4 4  litre s . A  c o m p a r iso n  o f  th e se  y ea rs  show s th a t  th e  m a x im u m  
w as a t ta in e d  in  1 9 2 2 :  2 5 5 1  litre s  a n d  th e  m in im u m  1 9 2 6 :  
2 0 4 0  litre s .

A c c o rd in g  to  P r y t h e r c h  th e se  r e la t iv e ly  s lig h t d iffe ren ces 
b e tw e e n  th e  v o lu m e s  o f  f i l te re d  w a te r  a r e  re sp o n s ib le  fo r th e  
e n o rm o u s  a n n u a l  d iffe ren ce s  in  e g g -p ro d u c tio n , th e  e x te n t  o f  
w h ic h  is d ir e c tly  d e d u c ib le  f ro m  th e  th ic k n ess  o f  th e  g o n a d -  
tissues.

H e  does n o t  m e n tio n  th e  p o ss ib ility  th a t  th e  a m o u n t  o f  
n o u r is h m e n t p e r  l i t re  m a y  h a v e  v a r ie d , to o , in  th o se  y ea rs . U n le ss  
w e a re  g iv e n  th e  a m o u n t  o f  n o u r is h m e n t p e r  l i tre ,  I  d o  n o t  
b e liev e  t h a t  P r y t h e r c h  w ill e v e r  c o n v in c e  us th a t  o n ly  th e  
s lig h t d iffe ren ce s  in  th e  li t re s  o f  f ilte re d  w a te r  c o m p u te d  b y  
h im  a re  re a lly  re sp o n s ib le  fo r  th e  d iffe ren ce s  in  e g g -p ro d u c tio n .

H e  e s tim a te s  m o re o v e r  th e  e x te n t  o f  e g g -p ro d u c tio n  d u r in g  
th e  y ea rs  1 9 2 2 -1 9 2 7  f ro m  d iffe ren ce s  in  th e  sp a tfa ll  o b se rv e d  
d u r in g  th e se  y e a rs , s ta r t in g  f ro m  th e  a s su m p tio n  t h a t  th e re  is 
a  d ire c t c o r re la t io n  b e tw e e n  e g g -p ro d u c tio n  a n d  sp a tfa ll.

I  d is a g re e  w ith  P r y t h e r c h  w h e n  h e  s ta te s  t h a t  th e  a m o u n t  
o f  eggs p r o d u c e d  is th e  m a in  fa c to r  g o v e rn in g  sp a tfa ll ,  fo r th e  
p e rc e n ta g e  o f  eggs b e c o m in g  s p a t  w ill v a r y  a c c o rd in g  to  e x te rn a l  
c irc u m s ta n c e s  a t  th e  p e la g ic  s tag e . S p a tfa ll is n o  re l ia b le  
s ta n d a r d  fo r  e g g -p ro d u c tio n .

Ostrea edulis

W h a t d o  w e k n o w  a b o u t  th e  v a r ia t io n  in  th e  p ro d u c tio n  o f  
la rv a e  in  th e  O o s te rsc h e ld e ?  T h o u g h  th e  w a te r - te m p e ra tu re s  
since  19 2 1 a re  k n o w n  to  m e  a n d  I  h a v e  also  ro u g h  e s tim a te s  o f  
th e  sp a tfa ll d u r in g  th e  y ea rs  1 9 2 1 -1 9 3 5  a t  m y  d isp o sa l, I  sh a ll 
n o t  t r y  to  c o m p u te  f ro m  th e se  d a ta  th e  in f lu e n c e  o f  th e  w a te r -  
te m p e r a tu r e  d u r in g  th e  p re c e d in g  a u tu m n s  a n d  sp rin g s  o n  th e  
e x te n t  o f  th e  p r o d u c t io n  o f  la rv a e , as I  a m  c o n v in c e d  th a t  
th e  sp a tfa ll  is n o  r e l ia b le  s ta n d a r d  fo r  th e  p r o d u c t io n  o f  la rv a e .

H o w e v e r , th e se  d a t a  d o  p e r m i t  m e to  s ta te  t h a t  a  re la tiv e ly
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p o o r  c o n d i t io n  o f  th e  oysters in  th e  p re c e d in g  a u tu m n  does 
n o t  n e c e s s a r i ly  re su lt  in  a  p o o r  sp a tfa ll  in  th e  n e x t  su m m e r 
seaso n .

S in ce  1 935  p la n k to n  in v e s tig a tio n s  h a v e  m a d e  i t  possib le  to  
f o rm  a n  a d e q u a te  id e a  o f  th e  a m o u n t  o f  la rv a e  p ro d u c e d  in  
in  th e  O o s te rsc h e ld e . T h e se  d a t a  c a n  b e  c o m p u te d  f ro m  th e  
d ia g ra m s  b y  s tu d y in g  in  p a r t i c u la r  f lu c tu a tio n s  in  th e  n u m b e r  
o f  th e  y o u n g e s t la rv a e . I n  c o m p a r in g  e .g . th e  d ia g ra m s  fo r 
1936, 1937, 1938 a n d  1939 w e s h o u ld  b e a r  in  m in d  th a t  in  1936 
th e  sa m p le s  w ere  n o t  co lle c te d  e x a c t ly  in  th e  c e n tre  o f  la rv a e -  
p r o d u c t io n  ( th e  Y ersch e  B an k ) b u t  a t  th e  s ta t io n  S trije n . A  
c o m p a r is o n  o f  th e  d a ta  o f  th e se  y e a rs  a t  th e  s ta t io n  K a tte n d ijk e  
c o n v in c in g ly  show s th a t  th e  p ro d u c t io n  o f  la rv a e  in  1936 w as 
m u c h  sm a lle r  th a n  in  su b s e q u e n t y ea rs .

T h e r e  h a s  b e e n  a  m a rk e d  in c re a se  in  la rv a e -p ro d u c t io n  fro m  

1 9 3 6  to  l 939-

B efo re  c o n s id e r in g  th e  po ssib le  in f lu e n c e  o f  te m p e r a tu re  a n d  
fe e d in g  o n  th e  p ro d u c t io n  o f  la rv a e ,  w e sh a ll t r y  to  e s tim a te  
th e  n u m b e r  o f  a d u l t  o y ste rs  (o y sters  f ro m  th e ir  th i r d  su m m er)  
t h a t  w e re  p re s e n t  o n  th e  o y ste r  g ro u n d s  in  th e se  successive 
y e a rs :

1936 a b o u t  14 500 000 a d u l t  oysters
1937 »  2 4 0 0 0 0 0 0  „
1938 „  3 0 0 0 0 0 0 0  „
1939 »  3 6 0 0 0 0 0 0  „

T h e  in c re a se  in  la rv a e -p ro d u c tio n  a p p e a rs  to  r u n  p a ra l le l  to  
th e  in c re a se  in  th e  n u m b e r  o f  a d u l t  oyste rs . T h is  does n o t  m e a n , 
h o w e v e r, t h a t  d iffe ren ces in  te m p e r a tu re  a n d  fe e d in g -c o n d itio n s  
m a y  n o t  a lso  in f lu e n c e  th e  p r o d u c t io n  o f  la rv a e ,  b u t  I  b e liev e  
th e  in f lu e n c e  o f  th e  n u m b e r  o f  a d u l t  o y ste rs  to  b e  v e ry  g re a t .

W h e n  w e  c o m p a re  th e  w a te r - te m p e ra tu re s  in  th e  sp r in g s  o f 
th e se  y e a rs  ( ta b le  1), w e f in d  th a t  i t  is im p o ss ib le  to  sh o w  a  
m a rk e d  c o r re la t io n  b e tw e e n  th e  w a te r - te m p e ra tu re s  a n d  th e  
e x te n t  o f  th e  a n n u a l  p ro d u c tio n s  o f  la rv a e . T h e  y ea rs  w h e n  th e  
la rv a e  w e re  v e ry  a b u n d a n t  (1 938  a n d  1939) h a d  c o ld  sp rin g s , 
w ith  w a te r - te m p e ra tu re s  b e lo w  th e  n o rm a l . T h e  y e a r  1937 
sh o w s a  s p r in g  w ith  w a te r - te m p e ra tu re s  a b o v e  th e  n o rm a l ;  still 
th is  y e a r  does n o t  sh o w  a n  a b u n d a n t  p r o d u c t io n  o f  la rv a e , n o t 
e v e n  w h e n  w e ta k e  in to  a c c o u n t th e  a b o v e -m e n tio n e d  in c re ase

7
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in  th e  n u m b e r  o f  a d u l t  o y ste rs . T h e  sp r in g s  o f  1935 a n d  1936 
sh o w  a p p ro x im a te ly  th e  s a m e  te m p e ra tu re -c o n d it io n s ,  b u t  in  
I 935  th e  n u m b e r  o f  la rv a e  p ro d u c e d  w as  h ig h e r  th a n  t h a t  in  
1936. T h e  p ro d u c tio n  o f  la rv a e  in  1936 w as  e x tre m e ly  p o o r , 
e v e n  w h e n  th e  n u m b e r  o f  a d u l t  oysters is ta k e n  in to  a c c o u n t , b u t  
te m p e ra tu re -c o n d it io n s  in  t h a t  s p r in g  d id  n o t  d e v ia te  m u c h  
f ro m  th o se  in  th e  r ic h  y e a rs  1938 a n d  1939. T h e  y ea rs  1938 a n d  
1939> w ith  th e ir  a b u n d a n t  p r o d u c t io n  o f  la rv a e ,  w e re  p re c e d e d  
b y  a u tu m n s  w ith  r a th e r  fa v o u ra b le  te m p e ra tu re -c o n d it io n s ,  
w h ile  1936 a n d  1937 w ere  p re c e d e d  b y  a u tu m n s  w ith  lo w er 
w a te r - te m p e ra tu re s .

T h is  does n o t  suffice, h o w e v e r , to  co n v in c e  m e  o f  th e  c o r re c t­
ness o f  th e  a s su m p tio n s  o f  H a g m e i e r  a n d  S p ä r c k , w h o  s ta te  
t h a t  th e  w a te r - te m p e ra tu re s  in  th e  p re c e d in g  a u tu m n  g re a tly  
in f lu e n c e  th e  e x te n t  o f  th e  p r o d u c t io n  o f  la rv a e .

I  h a v e  n o  d a ta  a b o u t  th e  in f lu e n c e  o f  fa c to rs  like  q u a l i ty  a n d  
q u a n t i ty  o f  n o u r is h m e n t o n  th e  a n n u a l  p r o d u c t io n  o f  la rv a e  in  
th e  O o s te rsc h e ld e .

I  a g re e  w ith  V o is in  th a t  w e  h a v e  to  a w a it  h o w  m a n y  la rv a e  
w ill a p p e a r  in  th e  p la n k to n  e a c h  y ea r . T h e r e  is n o t  y e t  a  re lia b le  
fo rm u la  to  p re d ic t  i t .  T h e  la rg e r  th e  n u m b e r  o f  a d u l t  oysters , 
h o w e v e r , th e  g re a te r  th e  c h a n c e  o f  a n  a d e q u a te  p r o d u c t io n  o f  
la rv a e .
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X I I I .  T H E  S IZ E  O F  T H E  P E L A G IC  L A R V A E  

Ostrea edulis

M o e b iu s  (1 8 8 3 ) in fo rm s  us t h a t  th e  la rv a e  o f  Ostrea edulis 
m e a su re  f ro m  0 ,1 5  to  0 ,1 8  m m  ( th e  g re a te s t  le n g th  o f  th e  she ll 
p a ra lle l  to  th e  h in g e )  a t  th e  m o m e n t  w h e n  th e y  a r e  se t free . 
H a g m e i e r  (1916) o rg a n iz e d  his m e a s u r e d  la rv a e  (e x p e rim e n ts  
o n  p r o p a g a t io n  in  a n  en c lo se d  o y s te r-p it)  in  th r e e  g ro u p s : 
n e w ly - lib e ra te d  la rv a e  m e a s u r in g  0 ,1 7  to  0,21 m m , g ro w n -u p  
la rv a e  0 ,22  to  0 ,2 6  m m  a n d  m a tu r e  la rv a e  0 ,27  to  0 ,3 0  m m . 
H a g m e i e r  m a d e  se v e ra l o b se rv a tio n s  o n  la rv a e  m e a su r in g  a b o u t  
0 ,21 m m , w h ile  s till h e ld  in  th e  m a n tle  c h a m b e r  o f  th e  
a d u l t .  M o re o v e r  h e  o b ta in e d  so m e in d ic a t io n s  t h a t  th e  size o f  
th e  n e w ly - lib e ra te d  la rv a e  te n d s  to  d e c re a se  to w a rd s  th e  e n d  
o f  th e  seaso n  o f  r e p r o d u c t io n :  “ E s h a t  d e n  A n sc h e in  als o b  g e g e n  
E n d e  d e r  B ru tz e it  d ie  G rösse  d e r  f risch  au sg es to ssen en  L a rv e n  
a b g e n o m m e n  h ä t te ,  d o c h  re ic h e n  m e in e  M e ssu n g en  n ic h t  au s  
u m  d ie se  T a ts a c h e  e in w a n d f re i  fe s tz u s te lle n ” .

B o u r y  (1930) a n d  V o is in  ( 1931 ) d iv id e  th e ir  la rv a e  in  la rv a e  
in  th e  firs t s ta g e  a n d  la rv a e  in  h e  se co n d  s tag e , th e  fo rm e r  b e in g  
s tr a ig h t-h in g e d , th e  la t t e r  b e in g  p ro v id e d  w ith  a n  u m b o . 
S tra ig h t-h in g e  la rv a e  m e a su re  f ro m  165 u. to  228 y ,  u m b o - la rv a e  
f ro m  200 u to  295 y.; so b o th  g ro u p s  o v e r la p . A c c o rd in g  to  
B o u r y  f ix a tio n  ta k es  p la c e  a t  a  sh e ll- le n g th  o f  a b o u t  270 u , 
la rv a e  la rg e r  th a n  270 y. b e in g  r a re .  E r d m a n n  (1934) in fo rm s us 
t h a t  th e  la rv a e  o f  Ostrea edulis a re  se t fre e  n o rm a lly  a t  a  she ll- 
le n g th  o f  0 ,1 6  to  0 ,1 8  m m . I n  th e  c o u rse  o f  h is  e x p e r im e n ts  h e  
fo u n d  th a t  a  h ig h  w a te r - te m p e ra tu re  sh o r te n s  th e  p e r io d  o f  
in c u b a t io n ,  w h ils t  d e c re a s in g  th e  size o f  th e  f re sh ly - lib e ra te d  
la rv a e ,  a n d  co n v e rse ly . A  w a te r - te m p e ra tu re  o f  2 3 0 C  re su lte d  
in  a n  in c u b a t io n  p e r io d  o f  6 to  8 d ay s  a n d  in  a  sh e ll- le n g th  o f  
th e  l ib e ra te d  la rv e a  o f  0 ,1 6  to  0 ,17 m m . A  w a te r - te m p e ra tu re  
o f  13 to  14 0 G re su lte d  in  a n  in c u b a t io n  p e r io d  o f  18 d ay s  a n d  
in  a  sh e ll- le n g th  o f  th e  s w a rm in g  la rv a e  o f  0 ,2 0  to  0,21 m m . So w h e n  
H a g m e i e r  f in d s  a  d e c re a s in g  sh e ll- le n g th  o f  th e  sw a rm in g  
la rv a e  to w a rd s  th e  e n d  o f  th e  season , th is  m a y  b e  d u e  to  a  h ig h e r  
w a te r - te m p e ra tu re  d u r in g  in c u b a t io n  in  th e  se c o n d  p a r t  o f  
th e  season . O r t o n  (1937  a) re c o rd s  t h a t  th e  o v a r ia n  egg  
m e asu res  150 p., th e  s p h e r ic a l se g m e n tin g  e m b ry o  130 a ,  a n d  
th e  sw a rm in g  la rv a e  f ro m  170 to  190 p. (I.e. p . 4 1 ) ; o cc as io n a lly
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T A B L E  I I I

T H E  S IZ E  O F  N E W L Y -L IB E R A T E D  O Y S T E R L A R V A E

D ate
o f

sw arm ing

A verage 
te m p e ra ­
tu re  d u r ­
ing  in c u ­

b a tio n

T e m p e r­
a tu re  a t  

sw arm ing

D is tr ib u tio n  o f th e  n ew ly -libera ted  

la rv ae  o v e r th e  size-classes

15X l í “ 16 X 11 [J- 17 X 11V 18 X i iy-

23 J u n e  1938 16° C 18o C 1% 12% 41% 46%

28 J u n e  1936 20° C 21° C 5% 13% 52% 30%

27 J u n e  1938 17o C 18° C 1% 17% 46% 35%

i 3 j u n e  1939 18o C 16,5 c 0% 15% 49% 36%

2 1 J u ly  1938 i 7,5 °C 18o C 6% 29% 50% 15%

19 J u n e  1939 17o c i 8 3 C 4% 28% 46% 22%

26 J u n e  1939 18° C 18° C 4% 28% 41% 27%

11 J u ly  1939 18,5' C i B,5°C 4% 39% 50% 7%

29 J u n e  1939 18° C i 7>5°C 5% 35% 46% 14%

9 J ulY *938 170 C 170 C 6% 35% 45% 14%

5 Ju ly  1939 18° C i 8,5°C 5% 42% 43% 10%

7 A ug. 1939 190 G 190 C 14% 37% 42% 7%

8 A ug. 1938 20° C 230 C 9% 40% 35% 16%

4  A ug. 1939 i 9 »5 °C 19° C 8% 42% 4 i% 9%

24 J u ly  1939 190 c i 8,5°C 5% 45% 43% 7%

19 J u ly  1937 20° C 21° C 10% 43% 34% 13%

18 A ug. 1937 20° C 190 C 9% 47% 35% 9%

22 A ug. 1939 I9 >5 °C 20,5 C 11% 50% 29% 6%

3 J u ly  1937 190 C 21° C 16% 52% 28% 4%

12 A ug. 1939 i 8 ,5°C 18° C 16% 54% 24% 6%

24 A ug. 1938 190 C 18° G 64% 30% 4% oO/2/0
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th e y  m a y  b e  fo u n d  in  th e  in c u b a t in g  m o th e r -o y s te r  w ith  
sh e lls  as lo n g  as 210 to  220 y  (N .B . o n  p a g e  118 I.e. O r t o n  
d e c la re s  t h a t  “ th e  u su a l size a t  w h ic h  th e y  a re  se t free  is w h e n  
th e  sh e ll m e a su re s  a b o u t  190 to  200 (u lo n g  b y  a b o u t  170 a  
b r o a d ” . T h is  is n o t in  a c c o rd a n c e  w ith  h is  a s se r tio n  o n  p a g e  
41 !). A c c o rd in g  to  O r t o n  m a tu r e  la rv a e  m e a su re  f ro m  270 
to  290 u.

C o l e  (1 9 3 9 ) sta te s  t h a t  a t  l ib e r a t io n  h is  la rv a e  m e a su re d  
f ro m  0 ,1 6  to  0 ,2 0  m m , p re d o m in a n t ly  f ro m  0 ,1 8  to  0 ,1 9  m m . 
L a r v a e  f ro m  th e  sam e p a r e n t  d id  n o t  v a r y  in  size m o re  th a n  
0 ,0 1 5  m m . R e c e n tly  se t s p a t  m e a s u re d  f ro m  0 ,2 9  to  0,31 m m  in  
h is  ta n k ,  th e  p ig m e n tsp o t d e v e lo p e d  a t  a  d ia m e te r  o f  0 ,27  to  
0 ,2 8  m m . C o l e  m e n tio n s  a b e r ra t io n s  in  b o th  d ire c tio n s : la rg e  
la rv a e  o f  0 ,3 3  to  0 ,35  m m , a t  a  size o f  0 ,3 3  m m  o fte n  w ith o u t 
a n y  t r a c e  o f  a  p ig m e n ts p o t ( ta n k - e x p e r im e n t  1937) a n d  a  case 
in  w h ic h  a l l  th e  m a tu re  la rv a e  r e m a in e d  u n d e r  0 ,2 8 5  m m  a n d  
sh o w e d  p ig m e n tsp o ts  a t  0 ,255  m m  a lre a d y  (H e lfo rd  R iv e r , 
C o rn w a ll ,  1938 ). C o l e  assum es th a t  e x te rn a l  c o n d itio n s  m a y  
b e  re sp o n s ib le  fo r  th e se  la rg e  p o o r ly  d if fe re n tia te d  la rv a e  a n d  
th e se  sm a ll c o m p le te ly  d if fe re n tia te d  la rv a e .

W h a t  a b o u t  th e  size o f  th e  o y s te r la rv a e  in  th e  O o s te rsc h e ld e ?  
F ro m  th e  d ia g ra m s  w e c a n  d e r iv e  d a ta  a b o u t  th e  size o f  th e  
la rv a e  a t  l ib e ra t io n  as w ell a s  a t  s e ttin g . So I  s o r te d  o u t  a  lo t 
o f  m a rk e d  s w a rm in g  d a te s . A  c o n s id e ra b le  s w a rm in g  (o n  th e  
Y e rsc h e  B a n k ) causes a  s h a rp  r ise  in  th e  n u m b e r  o f  la rv a e  in  
c o n s e q u e n c e  o f  th e  lib e ra tio n  o f  n e w  la rv a e . T h e n  th e  la rg e  
m a jo r i ty  o f  th e  la rv a e  o f  th e  sm a lle r  size-classes m a y  b e  c o n s id e r­
e d  a s  n e w ly - lib e ra te d  la rv a e . S o  w e c a n  fo rm  a n  id e a  o f  th e  
size o f  th e  la rv a e  a t  sw a rm in g  b y  c o m p a r in g  th e  n u m b e r  o f 
la rv a e  in  e a c h  o f  th e  sm a lle r  size-classes o n  th e  d a te s  o f  s w a rm ­
in g , a l th o u g h  I a d m it  th a t  a  s lig h t in te r fe re n c e  b y  la rv a e  th a t  
a r e  a l r e a d y  p re s e n t b e fo re  s w a rm in g  sets in  is u n a v o id a b le .

T h e s e  d a t a  a re  a r r a n g e d  in  o r d e r  o f  a  d e c re a s in g  s ize  o f  th e  
n e w ly - lib e ra te d  la rv a e  in  ta b le  I I I .  F ro m  th is  ta b le  w e c a n  d e d u c e  
t h a t  in  th e  m a jo r i ty  o f  cases th e  size o f  th e  la rv a e  a t  l ib e ra tio n  
v a r ie s  b e tw e e n  0 ,175  m m  a n d  0 ,1 8 5  m m - L a r v a e  m e a su r in g  fro m  
0 ,1 6 5  to  0 ,1 7 5  m m  a re  o f te n  re c o rd e d  a n d  a re  so m e tim es  even  
a b u n d a n t .  I  se ld o m  o r  n e v e r  fo u n d  la rv a e  o f  a  size sm a lle r  th a n  
0 ,1 6 5  m m  in  th e  p la n k to n -sa m p le s . S o m etim es  a  fa ir ly  c o n s id e r­
a b le  p a r t  o f  th e  l ib e ra te d  la rv a e  m e a su re  f ro m  0 ,1 8 5  to  0 ,200  
m m , b u t  so fa r  I  h a v e  n e v e r  re c o rd e d  d u r in g  s w a rm in g  a
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m a rk e d  in c re a se  in  th e  n u m b e r  o f  la rv a e  o f  a  size la rg e r  th a n  
0 ,2 0 0  m m .

F u r th e r  w e m a y  s ta te  t h a t  a p p a r e n t ly  te m p e r a tu r e  is n o t  all- 
p o w e rfu l in  th is  re sp e c t. A l th o u g h  in  g e n e ra l  h ig h  w a te r-  
te m p e r a tu re s  d u r in g  in c u b a t io n  c o in c id e  w ith  a  s m a lle r  size 
o f  th e  l ib e r a te d  la rv a e , th e re  a r e  so m a n y  e x c e p tio n s  t h a t  I 
c a n n o t  e n d o rse  u n c o n d i t io n a lly  E r d m a n n ’s a s s u m p tio n  th a t  
te m p e r a tu r e  d u r in g  in c u b a t io n  r e g u la te s  th e  size o f  th e  sw a rm in g  
la rv a e . D u r in g  th e  low  w a te r - te m p e ra tu re s  in  th e  firs t p a r t  o f  
J u ly  1938 (16  to  17 0 C ) I  m e a s u re d  th e  la rv a e  o f  m a n y  in c u b a t in g  
o y ste rs , b u t  I  n e v e r  re c o rd e d  la rv a e  la rg e r  t h a n  0 ,2 0 0  m m  in  
th e  m a n tle  c h a m b e r . I  d id  n o t  m e a su re  la rv a e  in c u b a te d  
b e lo w  16° C .

I t  is a  s tr ik in g  fa c t th a t  th e  l ib e ra tio n s  in  J u n e  a re  a l l  in c lu d e d  
in  th e  f irs t p a r t  o f  th e  ta b le , so a m o n g  th e  y o u n g  la rv a e  o f  a  
fa ir ly  la rg e  size, w h ile  th e  sw a rm in g  in  A u g u s t, e sp ec ia lly  in  
th e  se c o n d  p a r t  o f  A u g u s t, w ill a lw ay s b e  fo u n d  in  th e  seco n d  
p a r t  o f  th e  ta b le  a m o n g  th e  sm a lle r  la rv a e . G e n e ra lly  th e  w a te r -  
te m p e r a tu re s  a re  so m e w h a t h ig h e r  in  A u g u s t, b u t  th is  c e r ta in ly  
c a n n o t  a lw a y s  a c c o u n t  fo r th e  sm a lle r  size o f  th e  A u g u s t la rv a e  
(e .g . 12 A u g u s t  1939, in c u b a te d  a t  18 ,5o C ). M o re o v e r  I  r e c o rd e d  
th e  a p p e a r a n c e  o f  l a r g e  la rv a e  in  th e  p la n k to n  d u r in g  h i g h  
w a te r - te m p e ra tu re s  as e a r ly  as 28 J u n e  1936. I n  m y  o p in io n  
th e  w a te r - te m p e ra tu re  d u r in g  in c u b a t io n  p r o b a b ly  h a s  som e 
in f lu e n c e  o n  th e  size a t  w h ic h  th e  la rv a e  a re  l ib e r a te d ,  e sp ec ia lly  
w h e n  th e  d iffe ren ce s  a re  g re a t ,  b u t  m o re o v e r  I  a m  in c lin e d  to  
a s su m e  t h a t  H a g m e i e r  w as r ig h t  w h e n  h e  su p p o se d  th a t  th e  
size  o f  th e  la rv a e  te n d s  to  d e c re a s e  n e a r  th e  e n d  o f  th e  season . So 
f a r  I  h a v e  r e c o rd e d  to o  few  l ib e ra tio n s  in  A u g u s t d u r in g  low  
w a te r - te m p e ra tu re s  to  b e  a b le  to  s ta te  w ith  c e r ta in ty  t h a t  th e  
d a te  o f  l ib e r a t io n  is m o re  im p o r ta n t  th a n  th e  w a te r - te m p e ra tu re  
a t  th e  t im e  o f  in c u b a t io n ,  a t  le a s t  w h e n  th e  v a r ia t io n s  in  te m p e r ­
a tu re s  a re  n o t  v e ry  g re a t .

L a r v a e  p r o v id e d  w ith  a  p ig m e n ts p o t (so -ca lled  m a tu r e  la rv a e )  
u su a lly  m e a s u re  f ro m  0 ,2 6 0  to  0 ,3 0 0  m m  in  th e  O o s te rsc h e ld e . 
M o s t o f  th e m  a re  o f  a  size f ro m  0,275  1:0 °52 85 m m - M a tu re  
la rv a e  s o m e w h a t sm a lle r  th a n  0 ,260  m m  w e re  o n ly  re c o rd e d  
d u r in g  th e  m o n th  o f  A u g u s t. L a r v a e  la rg e r  th a n  0 ,3 0 0  m m . o cc u r 
v e ry  r a r e ly  in  th e  p la n k to n  o f  th e  O o s te rsc h e ld e ; th e  la rg e s t 
p la n k to n ic  la rv a  I  ev e r  o b se rv e d  m e a su re d  0 ,3 1 5  m m . I t  is 
m y  b e l ie f  t h a t  th e  la rg e  la rv a e  o f  C o l e  i n  o n e  o f  h is  ta n k s  a re
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c e r ta in ly  a b e r r a n t ,  b u t  h is  la rv a e  f ro m  H e lfo rd  R iv e r  a re  o f  a  
q u i te  n o r m a l  size, c o m p a re d  w ith  th e  la rv a e  in  th e  O o s te r ­
sc h e ld e .

A  c o m p a r iso n  o f  th e  n u m b e r  o f  o y s te r la rv a e  th a t  m a y  be 
fo u n d  i n  1 0 0  l i t r e s  o f  w a t e r  in  th e  d if fe re n t c e n tre s  o f  sp a t-  
p r o d u c t io n  in  E u ro p e  is h a r d ly  p o ssib le . T h e  F re n c h  in v e s tig a ­
to rs  d o  n o t  k n o w  th e  v o lu m e  o f  w a te r  th e y  f ilte r  o ff  w ith  th e ir  
p la n k to n -n e ts .  T h o u g h  th e  G e rm a n  a n d  D a n is h  d a ta  a lso  re fe r  
to  n e t- to w in g , i t  is c le a r  t h a t  la rv a e  a re  fa r  s c a n tie r  in  th e  W a tte n ­
m e e r  a n d  L im f jo r d  t h a n  in  th e  F re n c h  w a te rs .  G a a r d e r  a n d  
S p ä r c k  (1932) c o u n te d  20 to  60  o y s te r  la rv a e  in  io  litre s  o f  
p o ll-w a te r  (N o rw a y ) , w h ic h  c o rre sp o n d s  w ith  m y  d a ta  f ro m  th e  
O o s te rsc h e ld e . I n  th e  O o s te rsc h e ld e  a  few  h u n d re d s  o f  o y s te r­
la rv a e  p e r  100 litre s  m a y  o c c u r  a t  th e  h e ig h t  o f  th e  season , 
ev e n  in  p la c e s  fa ir ly  r e m o te  f ro m  th e  s w a rm in g  c e n tre . D u rin g  
s w a rm in g  q u a n ti t ie s  o f  1000 la rv a e  a n d  m o re  p e r  100 li tre s  o f  
w a te r  m a y  b e  c o u n te d  in  th e  c e n tre  o f  la rv a e -p ro d u c tio n .

X IV . F O O D  A N D  F E E D IN G  O F  T H E  L A R V A E

O r t o n ’s s ta te m e n t  (1937 a) th a t  th e  eggs o f  th e  E u ro p e a n  
a n d  k in d r e d  o y ste rs  a r e  su p p lie d  w ith  su c h  a  la rg e  s to re  o f 
re se rv e  m a te r ia ls  th a t  th e  la rv a e  w ill n o t  n e e d  m u c h  a c tu a l  
fo o d  b efo re  s e t t le m e n t , m u s t b e  ta k e n  w ith  a  g r a in  o f  sa lt. T h e  
y o lk -m a te r ia l  o f  th e  eggs in d e e d  re n d e rs  a c tiv e  n o u r is h m e n t 
u n n e c e s sa ry  fo r  som e t im e  a f te r  th e  sp a w n in g  o f  th e  eggs. T h u s  
i t  h a s  b e e n  s ta te d  b y  P r y t h e r c h  (1924) fo r  Ostrea virginica a n d  
b y  F u j i t a  (1934) fo r Ostrea gigas t h a t  a c tiv e  n o u r is h m e n t o n ly  
b e g in s  w h e n  a  c e r ta in  d e g re e  o f  la rv a l  d e v e lo p m e n t h a s  b ee n  
r e a c h e d . A c tiv e  n o u r is h m e n t  in  th e  la rv a e  o f  in c u b a to r y  species 
o f  o y ste rs  s ta r ts  b e fo re  s w a rm in g  ta k es  p la c e , so d u r in g  in c u b a ­
tio n . I t  w as D a n t a n  (1 9 1 6 ) w h o  n o tic e d  th a t  la rv a e  sh o w  a 
s to m a c h  c o n te n t  d u r in g  in c u b a t io n ,  w h ic h  s ta te m e n t  w as c o n ­
f irm e d  b y  E r d m a n n ’s in v e s tig a tio n s  (1 9 3 4 ): “ I c h  k o n n te  e in ­
w a n d fre i fe s ts te llen , d ass  sie w ä h re n d  d ie se r  Z e i t  sc h o n  au s  d e m  
d ie  M a n te lh ö h le  d u rc h s trö m e n d e n  K ie m e n w a s se r  N a h r u n g  zu  
s ic h  n e h m e n ” .

Y o n g e  (1926) h a s  d e s c r ib e d  in  d e ta il  h o w  th e  la rv a e  feed . By 
fe e d in g  i t  c a r m in  g ra in s , e a s t in d ia n  in k  a n d  i ro n -s a c c h a ra te  
h e  w as  in  a  p o s it io n  to  fo llo w  th e  e n tire  p ro cess . F ro m  th ese
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e x p e r im e n ts  w e m a y  c o n c lu d e  th a t  th e  y o u n g  la rv a e  in g e s t 
a n y th in g  o f  a n  a d e q u a te  size. So th e  a c tu a l  o b se rv a tio n s  o f  
th e  in g e s tio n  o f  a  c e r ta in  fo o d  m a te r ia l  ( H a g m e i e r  i  9 3 1  : 
d e tr i tu s ,  yeast-ce lls , s ta r c h  g ra in s , S p ä r c k  1 9 2 7 :  C h lo re lla )  
does n o t  p ro v e  th a t  th is  k in d  o f  fo o d  c a n  b e  d ig e s te d  b y  
th e  la rv a e , a t  le as t n o t  b e fo re  th e  p o ss ib ility  o f  r e a r in g  th e  la rv a e  
w ith  th is  food  till f ix a tio n  h a s  b e e n  p ro v e d . K ä n d l e r  ( 1 9 3 0 )  
d id  n o t  su c ce ed  in  r e a r in g  th e  la rv a e  b y  fe e d in g  th e m  a  p u re  
c u l tu re  o f  C h lo re lla , a  n o n -m o tile  a lg a .

T h e  a u th o rs  ag re e  in  s ta t in g  t h a t  th e  la rv a e  a re  u n a b le  to  
in g e s t fo o d -p a rtic le s  la rg e r  t h a n  8 to  io  u . S p ä r c k  (1927) 
o b se rv e d  th a t  ev en  N itzsch ia  minutissima  is to o  la rg e  to  b e  in ­
ges ted .

I t  h a s  a p p e a re d  to  b e  p o ss ib le  to  r e a r  o y s te r la rv a e  in  v itro  
til l  s e t t le m e n t b y  s u p p ly in g  c u l tu re s  o f  c e r ta in  m ic ro -o rg a n ism s  
a s  food  m a te r ia l  ( C o l e  1936, 1938 b ,  1939, E r d m a n n  1933, 
H o r i  1933, B r u c e  a n d  P a r k e  1938, 1940). I n  c o -o rd in a tio n  
w ith  h is  la rg e -sca le  ta n k -b r e e d in g  C o l e  (1939) c a r r ie d  o u t  
la b o ra to r y  e x p e r im e n ts , b y  w h ic h  h e  p ro v e d  t h a t  h is  o r ig in a l 
h y p o th e s is  (1936) t h a t  th e  la rv a e  o f  Ostrea edulis r e q u ire  n u d e  
n a n n o p la n k to n  flag e lla tes  as fo o d  m a te r ia l  is c o r re c t.  So fa r  h e  
h a s  o n ly  su c ce ed ed  in  o b ta in in g  s e ttin g  in  v itro  b y  fee d in g  th e  
la rv a e  c u ltu re s  o f  su c h  sm a ll n u d e  flag e lla tes . N o n -m o tile  g re e n  
o r  b lu e  a lg a e  o f  a  s u ita b le  size p ro v e d  to  b e  useless to  th e  la rv a e  
as fo o d . B r u c e , K n i g h t  a n d  P a r k e  (1938 , 1940) su c c e e d e d  
likew ise  in  re a r in g  th e  la rv a e  til l  s e t t le m e n t b y  fe e d in g  c u ltu re s  
o f  se v e ra l species o f  sm a ll f la g e lla te s  (1 -7  p.). S o m e  species o f 
f lag e lla te s  p ro v e d  to  b e  m o re  efficacious t h a n  o th e rs . I n  th e ir  
m o s t successfu l e x p e r im e n ts  th e  n u m b e r  o f  la rv a e  r e a re d  f ro m  
lib e ra t io n  to  s e tt le m e n t e x c e e d e d  9 0 % , in  o n e  ca se  ev en  9 9 %  
o f  th e  n u m b e r  in tro d u c e d  in  th e  e x p e r im e n ta l  vessel. T h e  la rv a e  
a re  p ro b a b ly  u n a b le  to  d ig e s t th e  f irm  ce ll-w a lls  o f  th o se  n o n -  
m o ti le  a lg a e , p o ssib ly  b e c a u s e  o f  th e  r a p id  p a s sa g e  o f  th e  food  
th r o u g h  th e  in te s tin a l t r a c t .  C o l e  (1936) c o n firm s  th e  s ta te m e n t 
o f  S p ä r c k  t h a t  n o n -m o tile  a lg a e  o f  a  s u ita b le  size a re ,  h o w ev e r, 
r e a d i ly  in g e s te d  b y  th e  la rv a e .  A fte r  s e t t le m e n t d ig e s tio n  o f  
f irm  ce ll-w alls  b eco m es p o ss ib le , so t h a t  n o n -m o tile  a lg a e  c a n  b e  
u sed  as fo o d ; m e a n w h ile  th e  q u a n t i ty  o f  fo o d  r e q u ir e d  in c reases  
c o n s id e ra b ly  a f te r  m e ta m o rp h o s is .

C o l e  s u c c e e d e d  i n  s t i m u l a t i n g  t h e  g r o w t h  o f  t h e s e  f l a g e l l a te s  
i n  h i s  t a n k s  a n d  i n  p r e v e n t i n g  a  p r e d o m i n a n c e  o f  u n d i g e s t a b l e
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n o n -m o tile  a lg a e  b y  th e  u se  o f  o ff-sh o re  w a te r  a n d  b y  a n  o rg a n ic  
e n r ic h m e n t  in  th e  s h a p e  o f  a  d a i ly  a d d i t io n  o f  a  c e r ta in  a m o u n t  
o f  g ro u n d  c ra b  to  th e  w a te r .  I n  th is  w a y  h e  o b ta in e d  a  r a p id  
m u lt ip l ic a t io n  o f  sm a ll n a n n o - p la n k to n ic  f lag e lla te s , so t h a t  
a d e q u a te  fo o d -c o n d itio n s  a re  c r e a te d  fo r th e  la rv a e , w h ic h  w ill 
th e n  d ev e lo p  a n d  s e ttle  in  th e  ta n k s .

H o r i  (1 9 3 3 ), h o w e v e r, su c c e e d e d  in  r e a r in g  th e  la rv a e  o f  
Ostrea g igas  in  v itro  til l  s e t t le m e n t b y  fee d in g  a  c u l tu r e  o f  th e  
n o n -m o tile  a lg a  Chlorella pacifica. I t  h a s  n o t  b e e n  m a d e  c le a r  
w h e th e r  th e  la rv a e  o f  th is  o y s te r  a r e  a b le  to  d ig e s t th e  ce llw a lls  
o f  su c h  a lg a e  o r  w h e th e r  i t  is th e  v e ry  th in  ce ll w a ll o f  th is  species 
o f  a lg a  ( U y e d a  1927) w h ic h  re n d e rs  its  d ig e s tio n  possib le .

T h e  N o rw e g ia n  p o lle n  h a v e  b e e n  c losely  e x a m in e d  ( G a a r d e r  
1932, G a a r d e r  a n d  S p ä r c k  1932, G a a r d e r  1933), e sp ec ia lly  
th e  E sp e v ik -p o ll a n d  th e  S ae l0 -p o ll. O w in g  to  th e  e x c e p tio n a l 
h y d r o g ra p h ic  c o n d itio n s  in  th e  p o lle n  (d iscu ssed  a l re a d y  in  a 
p re v io u s  se c tio n )  th e  d a n g e r  o f  a  s h o r ta g e  o f  s u ita b le  fo o d  is n o t 
im a g in a ry .  E sp e c ia lly  su m m e rs  w ith  s c a n ty  s u n l ig h t  m a y  b e  th e  
c a u se  o f  a  v e ry  p o o r  a lg a l g ro w th ,  c a u s in g  a  p o o r  c o n d it io n  
a n d  e v e n  s ta rv a t io n  o f  a d u l t  oysters .

T h e  in v e s tig a to rs  in q u ir e d  in to  th e  p r o d u c t iv i ty  o f  th ese  
p o lle n  a n d  e ffe c te d  a n  in o rg a n ic  e n r ic h m e n t  (n itro g e n ,  
p h o s p h o r  a n d  c o p p e r)  to  a m e lio ra te  th e  c o n d itio n s  fo r a lg a l  
g ro w th . T h e y  p a id  sp ec ia l a t te n t io n  to  th e  o c c u r re n c e  o f  sm a ll 
n o n -m o tile  a lg a e , a s  th e y  su p p o se d  th a t  th e se  m ig h t b e  a  su ita b le  
fo o d -m a te r ia l  fo r o y s te r la rv a e . T h is  a s s u m p tio n  w as n o t  b a se d  
u p o n  e x p e r im e n ts  in  v itro . G a a r d e r  a n d  S p ä r c k  d id  n o t  
a c tu a l ly  p ro v e  th a t  n o n -m o tile  a lg a e  c a n  b e  d ig e s te d  b y  th e  la rv a e ,  
a l th o u g h  th e y  r e a d i ly  in g e s t th e m . I  w ill n o t  a b s o lu te ly  d e n y  
t h a t  th e  h ig h  te m p e r a tu r e  o f  th e  p o li-w a te r  (fli 2 5 0 C ) m a y  e n ­
a b le  th e  o y s te r  la rv a e  to  d ig e s t n o n -m o tile  a lg a e , b u t  th is  r e m a in s  
s till to  b e  p ro v e d . G a a r d e r  a n d  S p ä r c k  c a n n o t  p o in t  to  m a rk e d  
a m e lio ra tio n s  in  s e ttin g  as th e  re s u lt  o f  th e i r  e x p e r im e n ts . 
I n o rg a n ic  e n r ic h m e n t  m a y  ca u se  r a th e r  d a n g e ro u s  c h a n g e s  in  
h y d r o g ra p h ic  c o n d itio n s , as fo r in s ta n c e  a n  a la r m in g  rise  o f  th e  
p H  b y  a n  in c re a se  in  a s s im ila tio n . O y s te r la rv a e  d ie  w h e n  th e  p H  
ex ceed s 9 .0 . A d d it io n  o f  c o p p e r  c o u n te ra c ts  a lg a l  g ro w th  a n d  
a s s im ila tio n  a n d  th u s  th e  rise  o f  th e  p H ;  a d d i t io n s  o f  m o re  th a n  
0 ,0 4 0  m g  C u  p e r  l i t re  a r e  in ju r io u s  to  o y s te r la rv a e , a c c o rd in g  
to  th e se  in v e s tig a to rs . G a a r d e r  a n d  S p ä r c k  a d d e d  c o p p e r  to  
th e  p o ll-w a te r ,  as th e y  th o u g h t  i t  possib le  t h a t  i t  m ig h t  c o n ta in



io6 P . K O R R IN G A

to o  l i t t le  c o p p e r  to  r e n d e r  a  g o o d  d e v e lo p m e n t o f  th e  la rv a e  
p o ss ib le  ( P r y t h e r c h  1 9 3 1 , 1 9 3 4  a ) ,  a l th o u g h  a  r e a l  sh o r ta g e  
o f  c o p p e r  h a s  n e v e r  a c tu a l ly  b e e n  d e m o n s tr a te d  in  th e  E u ro p e a n  
o y s te rc u ltu re  re g io n s . T h e  f a v o u ra b le  effec t o f  th e  a d d i t io n  o f  
c o p p e r  to  th e  p o ll-w a te r ,  a s  m e n tio n e d  b y  G a a r d e r , w as 
p ro b a b ly  n o t  a p p a r e n t  e n o u g h  to  a llo w  o f  d e m o n s tr a t io n  b y  
n u m b e rs . .

I  d id  n o t  c a r ry  o u t  e x p e r im e n ts  to  in v e s tig a te  th is  m a t te r  in  
th e  O o s te rsc h e ld e . A s g e n e ra l  food  c o n d itio n s  h a v e  a p p e a r e d  
to  b e  r e m a rk a b ly  f a v o u ra b le  to  a d u l t  o y ste rs  h e r e  d u r in g  th e  
la s t  few  y e a rs , I  a m  in c lin e d  to  b e lie v e  w ith  O r t o n  ( 1 9 3 7  a) 
t h a t  th e  a b se n c e  o f  su ffic ien t s u ita b le  food  a t  th e  r ig h t  t im e  in  
th e  o p e n  sea  is a  p o ssib le , th o u g h  p e rh a p s  n o t  a  p r o b a b le  fa c to r  
O f  c o u rse  th is  p ro b le m  is w o r th  sp e c ia l in v e s tig a tio n . I  r e g re t 
h a v in g  to  a d m i t  t h a t  w e  k n o w  b u t  v e ry  l i t t le  a b o u t  th e  p ro d u c tiv ity  
o f  th e  O o s te rsc h e ld e . W e k n o w  p ra c t ic a l ly  n o th in g  a b o u t  th e  
lo c a l v a r ia t io n s  in  q u a n t i ty  a n d  a b o u t  th e  cyc les o f  n i tro g e n , 
p h o s p h o r ,  m a n g a n e s e  a n d  o th e r  im p o r ta n t  e le m e n ts , w h ic h  in  
c o -o p e ra tio n  w ith  o th e r  fac to rs , lik e  te m p e r a tu re  a n d  lig h t,  g o v e rn  
th e  p ro d u c t iv i ty  o f  th e  w a te r .

X V . D I S T R IB U T IO N  O F  O Y S T E R L A R V A E  D U R IN G  T H E I R
P E L A G IC  L IF E

O y s te r la rv a e  a re  s o m e w h a t h e a v ie r  th a n  s e a w a te r . B y  c ilia r  
a c t io n  o f  th e  v e lu m  th e y  a re  a b le  to  c o u n te r a c t  th e  in f lu e n c e  
o f  g r a v i ta t io n .  So b y  sw im m in g  o r  ce as in g  to  sw im  th e y  c a n  to  
som e e x te n t  c o n tro l  th e i r  v e r t ic a l  lev e l in  th e  w a te r .

W h e n  w e  o b se rv e  o y s te r la rv a e  in  a  sm a ll g lass j a r ,  w e sh a ll 
see t h a t  p a r t  o f  th e m  a re  sw im m in g  a c tiv e ly  a n d  t h a t  a n o th e r  
p a r t  is ly in g  o n  th e  b o tto m , w h ile  a g a in  o th e rs  m a y  b e  fo u n d  
h a n g in g  q u ie t ly  o n  th e  su rfa ce -f ilm . W h e n  w e  s tir  th e  w a te r  
v ig o ro u s ly , th u s  c a u s in g  sev ere  tu rb u le n c e s , a l l  th e  la rv a e  
r e t r a c t  th e i r  v e lu m  a n d  s in k  to  th e  b o tto m .

I t  w o u ld  b e  in te re s t in g  to  k n o w  w h e th e r  o y s te r la rv a e  e x h ib it  
a n y  r h y th m ic a l  m o v e m e n ts  in  th e  sea , w h e th e r  th e y  te n d  to  
a c c u m u la te  n e a r  th e  su rfa c e  a t  o n e  tim e  o f  th e  d a y  o r  a t  a  c e r ta in  
s ta g e  o f  th e  t id e  a n d  to  s in k  a t  o th e r  tim es.

W e k n o w  b e fo re h a n d  th a t  i t  is p ro b a b ly  n o t  n ec essa ry  fo r 
la rv a e  o f  Ostrea edulis to  re s t o n  th e  b o tto m  o r  o n  th e  su rfa ce -  
f ilm  d u r in g  th e i r  p e la g ic  life . T h is  is w h a t  w e le a r n  f ro m  th e
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e x p e r ie n c e  in  th e  N o rw e g ia n  o y s te r-p o o ls . T h e  b o t to m  o f  th e se  
p o lle n  is r ic h  in  h y d ro g e n  su lp h id e  ( G a a r d e r  a n d  Bj e r k a n  
1934), w h ile  o x y g e n  is la c k in g . So th e  la rv a e  c a n n o t  re s t o n  th e  
b o t to m  th e re . T h e  su rfa c e -la y e rs  a r e  fresh  o r  a lm o s t fresh , so 
t h a t  re s tin g  o n  th e  su rfa ce -f ilm  is also  im p o ss ib le . N o n e th e le ss  
o y s te r la rv a e  d e v e lo p  til l  s e t t le m e n t  in  th e  p o lle n , f ro m  w h ic h  
w e m a y  c o n c lu d e  th a t  re s tin g  o n  b o t to m  o r  su rfa c e -f ilm  is m o s t 
p ro b a b ly  n o t  n e c essa ry  d u r in g  p e la g ic  life .

I  sh a ll d iscuss s e p a ra te ly  v a r io u s  fa c to rs  w h ic h  m a y  a ffec t 
v e r tic a l m ig ra tio n s , su ch  as d iffe ren ce s  in  te m p e r a tu re ,  sa lin ity , 
l ig h t ,  c u r re n t-v e lo c ity  a n d  th e  in f lu e n c e  o f  w a v e -a c tio n  o n  th e  
v e r t ic a l  d is t r ib u t io n  o f  th e  o y s te r la rv a e .

I n  a n o th e r  se c tio n  sp e c ia l a t te n t io n  w ill b e  p a id  to  th e  v e r tic a l 
d is t r ib u t io n  o f  m a tu re  o y s te r la rv a e .

T h e  i n f l u e n c e  o f  l i g h t  o n  v e r t i c a l  d i s t r i b u t i o n  

P e t e r s e n  ( 1 9 0 8 )  to ld  us a b o u t  h is  o b se rv a tio n s  in  th e  L im f jo rd

Ld
Cl
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Fig. l í .  N u m b e r o f  o y ste rla rv ae  in  th e  course o f  th e  tid a l 
cycle. S ta tio n  Y ersche Bank.
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“ B o th  n ig h t  a n d  d a y , in  b r ig h t ,  s u n n y  a n d  in  d u ll w e a th e r ,  th e  
sp a t  w as fo u n d  o n  th e  su r fa c e , b u t  c o n s ta n t ly  a lso  in  d e e p e r  
w a te r ” .

G e rm a n  in v e s tig a to rs  d id  n o t  su c ce ed  in  f in d in g  a n y  a p p r e c ia ­
b le  in f lu e n c e  o f  l ig h t  o n  th e  m o v e m e n ts  o f  o y s te r la rv a e  in  th e  
co u rse  o f  th e i r  e x p e r im e n ts  in  v itro  ( H a g m e i e r  1932). S u ch  
o b se rv a tio n s  in  v itro  (in  a  la rg e  c o n ta in e r )  h a d  b e e n  m a d e  befo re  
b y  M a z z a r e l l i  (1922) ,  w h o  d id  n o t  o b se rv e  a n y  p h o to ta c t ic a l  
m o v e m e n ts  e i th e r :  “ O  c h e  il  v aso  s ia  te n u to  n e lh  o sc u r ità , o in  
p ie n a  lu c e , o v vero  c h e  so le  u n  la to  d e l v aso  stesso s ia  co lp ito  
d a  ra g g i lu m in o s i, re s ta n d o  ne lF  o sc u r ità  il re s to , le  la rv e  d e l l’ 
o s tr ic a  c o n t in u a n n o  se m p re  a d  a g g ira rs i in  t u t t a  la  m assa  
a c q u e a , n e l la  q u a le  se g u ita n o  a  d is tr ib u irs i  in  m a n ie r a  afTatto 
u n ifo rm e ” .

I  d id  n o t  co m e ac ro ss  o th e r  o b se rv a tio n s  o n  th e  in f lu e n ce  o f  
l ig h t  o n  th e  v e r tic a l m o v e m e n ts  o f  o y s te r la rv a e . N o r  d id  I

F ig . 12. N u m b e r o f o y ste rla rv ae  in  th e  course  o f  th e  t id a l cycle. 
S ta tio n  K a tte n d ijk e .
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f in d  a n y  c o m p a r iso n s  o f  th e  n u m b e r  o f  o y s te r la rv a e  n e a r  th e  
su rfa c e  a n d  in  d e e p e r  la y e rs  d u r in g  n ig h t  a n d  d a y .

I n  th e  s u m m e rs  o f  1937, 1938 a n d  1939 I  c o lle c te d  m a n y  
sp e c ia l p la n k to n -s a m p le s  a t  d if fe re n t  s tag es  o f  th e  tid e s , so m e ­
tim e s  c o n t in u in g  sa m p lin g  fo r 24  h o u r s  in  o n e  s ta tio n . S o m e o f  
th e se  series o f  sa m p le s  w e re  c o lle c te d  in  th e  s ta t io n  Y ersch e  
B a n k . D u r in g lo w  w a te r  th e  d e p th  is a b o u t  2 ,00  m e tre s  h e re , d u r in g  
h ig h  w a te r  a b o u t  5 ,00  m e tre s . T h e  sa m p le s  w e re  c o lle c te d  a b o u t  
0 ,3 0  m  b e lo w  th e  su rfa ce  a n d  a b o u t  0 ,5 0  m  a b o v e  th e  b o tto m .

O th e r  se ries o f  sa m p le s  w e re  c o l le c te d  a t  th e  s ta t io n  K a tte n -  
d ijk e , w h e re  th e  d e p th  is a b o u t  15 m e tre s . H e re  I  co lle c te d  
sa m p le s  a b o u t  0 ,3 0  m  b e lo w  th e  s u r fa c e  a n d  a t  a  d e p th  o f  a b o u t  
5 m e tre s  b e lo w  th e  su rfa ce . T h e  b o t to m  c o u ld  n o t  b e  a p p r o a c h e d  
h e re , as th e  le n g th  o f  th e  su c tio n -h o se  d id  n o t  a llo w  o f  th is .

T h e  re su lts  o f  so m e  o f  th e se  in v e s tig a tio n s  h a v e  b e e n  v isu a liz e d  
g ra p h ic a l ly  (fig . 11, 12).  I  sh a ll o f te n  re fe r  to  th e se  d a ta .

I n  n i g h t - s a m p l e s  o f  50 li tre s  f ro m  th e  s ta t io n  Y ersch e  
B a n k  I  c o u n te d  e .g .:

D a te H o u r S urface B ottom

14 V I I  1937 23 -! 5 64 69 la rv ae
19 V I I  1937 24.00 106 156 >5
22 V II  1937 24.00 50 44 „

22 V I I  1938 24.00 112 124
23 V I I  1938 I -3 ° 113 Go 5?
23 V I I  1938 4.30 155 175
15 V I I  1939 0.30 118 109 (fig- 11)
15 V I I  1939 3-30 127 55 (fig- 1 0

845 792

T h e r e  a p p e a r s  to  b e  n o  a p p re c ia b le  d if fe re n c e  in  th e  n u m b e r  
o f  la rv a e  in  th e  su rfa c e -la y e rs  a n d  in  th e  b o tto m -la y e rs  d u r in g  
th e  n ig h t.

T h e  d a t a  o n  co u p le s  o f  n ig h t-s a m p le s  c o lle c te d  a t  K a tte n d i jk e  
sh o w  a  s till c lo se r  s im ila r i ty  in  th e  n u m b e r  o f  la rv a e  in  th e  
su rfa c e - la y e rs  a n d  a t  a  d e p th  o f  5 m e tre s  (fig. 12).  A s w ill b e  
d isc u sse d  b e lo w , w e  sh a ll a lw ay s e x p e c t a  s o m e w h a t ir re g u la r  
c o u rse  o f  th e  n u m b e r  o f  la rv a e  a t  th e  s ta t io n  Y e rsc h e  B a n k , 
o w in g  to  th e  p ro x im ity  o f  l ib e r a t in g  a d u lts .
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S om e d a t a  o n  sa m p le s  d u r in g  d a y l i g h t  a re  (a lso  Y ersch e  
B an k , 50 litre s ) :

D ate H o u r
N u m b e r o f  la rv ae

Surface B o tto m

15 V I I  1937 10.00 43 60
20 V I I  1937 12.00 120 117
23 V I I  1937 12.00 50 72
23 V I I  1937 18.00 56 31
22 V I I  1938 1-2,0 298 189
22 V I I  1938 9.00 188 170
22 V I I  1938 10.30 75 158
22 V I I  1938 12.00 123 1 '3
22 V I I  1938 15.00 149 102
22 V I I  1938 16.30 255 128
22 V I I  1938 I 7-I 5 192 227
22 V I I  1938 18.00 93 123
15 V I I  1939 8.00 126 112 i f̂ig. 11)
15 V I I  1939 9 -3° 158 144 (fig. 11)
15 V I I  1939 11.30 153 138 (fig. 11)
15 V I I  1939 12.30 147 120 (fig. 1 1)
15 V I I  1939 14.00 82 150 (fig. 11 )
15 V I I  1939 15-30 109 93 (fig- 1 ')
15 V I I  1939 17.00 123 75 (fig- u l
15 V I I  1939 18.30 97 148 (fig. 11)

2637 2470

So th e re  is n o  c o n s id e ra b le  d if fe re n c e  in  th e  n u m b e r  o f  la rv a e  
n e a r  th e  b o t to m  a n d  in  th e  su rfa c e  la y e rs  d u r in g  d a y l i g h t  e ith e r . 
I n  th is  ca se , to o , th e  c o u p les  o f  sam p les  co lle c te d  a t  K a tte n d i jk e  
(fig. 12) sh o w  a  s till c lo ser re se m b la n c e  as re g a rd s  th e  n u m b e r  
o f  la rv a e  a t  th e  su rfa ce  a n d  a t  a  d e p th  o f  5 m e tre s .

So fa r  m y  fie ld  o b se rv a tio n s  h a v e  sh o w n  t h a t  th e  e n o rm o u s  
d if fe re n c e  in  i l lu m in a t io n  b e tw e e n  d a y  a n d  n ig h t  does n o t 
seem  to  h a v e  a n y  in f lu e n c e  o n  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  
la rv a e  o f  Ostrea edulis. V a r ia t io n s  in  i l lu m in a tio n  o f  less im p o r t ­
a n c e , c a u se d  e.g . b y  d iffe re n c e s  in  c lo u d in ess  n e v e r  a p p e a re d  
to  h a v e  a n  a p p re c ia b le  in f lu e n c e  o n  th e  v e r t ic a l  d is t r ib u t io n  o f  
o y s te r la rv a e  in  th e  O o s te rsc h e ld e . T h is  does n o t  su rp r is e  m e, 
s ince  I  f a ile d  to  d e te c t  a n  in f lu e n c e  o f  th e  d if fe re n c e  in  i l lu m in a ­
t io n  b e tw e e n  d a y  a n d  n ig h t.

A ll th is  in  p e r fe c t a g r e e m e n t  w ith  th e  o b se rv a tio n s  in  vitro- 
b y  M a z z a r e l l i  a n d  w ith  th o s e  in  H e lig o la n d .
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T h e  i n f l u e n c e  o f  t e m p e r a t u r e  o n  v e r t i c a l  d i s t r i b u t i o n

T h e r e  a re  o n ly  a  few  in v e s tig a to rs  w h o  te ll u s s o m e th in g  a b o u t  
th e  in f lu e n c e  o f  te m p e r a tu re  o n  th e  v e r t ic a l  d is t r ib u t io n  o f  
o y s te r la rv a e . M a z z a r e l l i  (1922) n o tic e d  th a t  h is la rv a e  in  
v i t r o  so m e tim es  ro se  to  th e  su rfa c e  in  g ro u p s  a n d  th e re u p o n  
sa n k  to  th e  b o t to m  a g a in  in  a  w a y  th a t  s tr ik in g ly  re se m b le d  
th e  m o v e m e n ts  o f  c o n v e c tio n -s tre a m s . H e  a s su m e d  d iffe ren ces  
in  te m p e r a tu r e  to  b e  th e  ca u se  o f  th is  p h e n o m e n o n . H a g m e i e r  
(1 9 3 2 ) to ld  us th a t  su ch  m o v e m e n ts  in  v itro  h a v e  a lso  b e e n  
o b se rv e d  in  th e  H e lig o la n d  la b o ra to ry .  T h e  G e rm a n  in v e s tig a ­
to rs  a s c r ib e d  th e m  likew ise  to  c o n v e c tio n -s tre a m s  a n d  to  d if fe re n ­
ces i n  te m p e r a tu re .  W h e n  th e  te m p e r a tu r e  in  th e  b a s in  is p e rfe c tly  
e q u a b le ,  th is  p h e n o m e n o n  does n o t  o c c u r .

P e r k in s  ( 1 9 3 1  ), in q u ir in g  in to  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  
la r v a e  o f  Ostrea virginica in  B a rn e g a t  B a y  (U .S .A .) ,  te lls  us th a t  
th e  p a r t  p la y e d  b y  te m p e r a tu r e  in  b r in g in g  a b o u t  v e r t ic a l  
m ig ra tio n s  o f  th e  la rv a e  is in s ig n if ic a n t th e re . I n  B a rn e g a t 
B a y  th e  te m p e r a tu re  o f  su rfa c e -  a n d  b o tto m -la y e rs  d if fe re d  i°  
o r  2° C . T h e r e  a p p e a re d  to  b e  n o  m a rk e d  r e la t io n  a t  a n y  tim e  
b e tw e e n  te m p e r a tu re  a n d  v e r t ic a l  d is t r ib u t io n  (fie ld  o b s e rv a tio n s ) .

T h e  t id a l  m ix in g  o f  th e  w a te r  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  
is so th o r o u g h  th a t  m a rk e d  d iffe ren ces  in  te m p e r a tu r e  b e tw e e n  
s u rfa c e -la y e rs  a n d  b o tto m -la y e rs  p r a c tic a lly  n e v e r  o c c u r . T h e  
d iffe re n c e s  in  te m p e r a tu re  b e tw e e n  b o t to m -w a te r  a n d  su rfa ce -  
w a te r ,  r e a d  o ff  b y  m e  w h ils t c o lle c tin g  th e  series o f  sa m p le s  a t  
th e  s ta t io n  Y ersch e  B a n k , a lw a y s  r e m a in e d  b e lo w  i °  G a n d  o ften  
w e re  h a r d ly  p e rc e p tib le . T h e  te m p e ra tu re s  a t  K a t te n d i jk e  
(su rfa c e  a n d  5 m e tre s  b e lo w  th e  su rface ) sh o w e d  th e  sa m e  p h e n o m ­
e n o n . T h e  in s ig n ifica n ce  o f  th e  d iffe ren ce s  is p ro b a b ly  th e  
r e a s o n  w h y  I  c a n n o t  d e d u c e  f ro m  m y  d a t a  a n y  a p p a r e n t  r e la t io n  
a t  a n y  t im e  o f  d a y  o r n ig h t b e tw e e n  w a te r - te m p e ra tu re  a n d  v e r t ic ­
a l  d is t r ib u t io n .  T h is  does n o t  im p ly , h o w e v e r, t h a t  th e  la rv a e  
o f  Ostrea edulis a re  u n a b le  to  re a c t  u p o n  m a rk e d  d iffe re n c e s  in  
te m p e r a tu re .  T h e  p o ss ib ility  re m a in s  t h a t  th e  v e r t ic a l  d is tr i­
b u t io n  is n o t  th e  sa m e  d u r in g  low  w a te r - te m p e ra tu re s  (e .g . 16 
to  I 7 ° C )  as d u r in g  h ig h  te m p e ra tu re s  (e .g . 2 2 0 G ). A lth o u g h  
m y  sp e c ia l series o f  sam p les  w e re  co lle c te d  d u r in g  te m p e ra tu re s  
f ro m  18 to  2 0 0 C , I  do  n o t  b e lie v e  in  su c h  a  d iffe re n c e , h o w e v e r, 
fo r  th e  d ia g ra m s  o n  m y  d a i ly  sa m p le s  d o  n o t  p ro v id e  th e  s lig h t­
es t in d ic a t io n  o f  its o c c u rre n c e .



112 P . K O R R IN G A

M o re o v e r  i t  h a s  b e e n  p ro v e d  b y  M a z z a r e l l i  (1922) th a t  th e  
la rv a e  o f  Ostrea edulis sh o w  a  u n ifo rm  d is t r ib u t io n  in  v itro  a t  
w a te r - te m p e ra tu re s  fa r  b e lo w  160 C .

T h e  i n f l u e n c e  o f  w i n d  a n d  w a v e - a c t i o n  o n  v e r t i c a l  
d i s t r i b u t i o n

B o u r y  ( 1930) c o m p a re d  th e  n u m b e r  o f  o y s te r la rv a e  in  sam p les  
c o lle c te d  b y  n e t- to w in g  a lo n g  th e  su rfa ce  a n d  so m e w h a t d e e p e r . 
H e  c o lle c te d  som e sa m p le s  o n  a  d a y  w ith  m o d e ra te  w in d  a n d  
a n o th e r  n u m b e r  d u r in g  s lig h t a ir .

I n  sp ite  o f  th e  fa c t th a t  th e  to w in g  o f  a  p la n k to n - n e t  is n o t 
a  re l ia b le  m e th o d  o f  c o lle c tin g  q u a n t i ta t iv e  sa m p le s , w h ile  
m o re o v e r  th e  n u m b e r  o f  sa m p le s  c o lle c te d  w as r a th e r  sc a n ty  
a n d  th e  d iffe ren ce s  in  th e  n u m b e r  o f  la rv a e  w e re  n o t  v e ry  
c o n s id e ra b le , B o u r y  c o n c lu d e d  th a t  w a v e -a c tio n  ex p e ls  th e  
la rv a e  f ro m  th e  su rfa c e  la y e rs : “ L o rsq u e  l ’e a u  es t c a lm e  les 
la rv e s  n a g e n t  d o n c  s u r to u t  p rè s  d e  la  su rfa c e ; m a is  p o u r  p e u  
q u ’il a i t  d e  v a g u e s  elles d e s c e n d e n t vers les c o u c h es  t r a n q u i l le s ” . 
H is  c o m p a tr io t  B o r d e  ( i 9 3 i ,  1932) tr ie d  to  f in d  o u t  w h e th e r  
B o u r y ’s  a s su m p tio n  h e ld  g o o d  for th e  b a s in  o f  A rc a c h o n . H e  
c o m p a re d  m a n y  sa m p le s  c o lle c te d  b y  n e t- to w in g  in  d if fe re n t 
w a te r - la y e rs  in  v a r io u s  w e a th e rc o n d itio n s . B o r d e  w as u n a b le  
to  c o n f irm  B o u r y ’s d a ta .  H e  d id  n o t  f in d  r e la t iv e ly  few er la rv a e  
in  th e  su rfa c e  la y e rs  d u r in g  r o u g h  sea  th a n  d u r in g  sm o o th  sea.

T h e  d a t a  o n  m y  sp ec ia l se ries o f  sa m p le s  a llo w  m e  to  in q u ir e  
in to  th is  m a t te r ,  too . I  s o r te d  o u t  th e  co u p le s  o f  sa m p le s  th a t  
w e re  c o lle c te d  e i th e r  d u r in g  r o u g h  sea , c a u se d  b y  s tro n g  w inds, 
o r  d u r in g  sm o o th  sea  o r  s l ig h t  r ip p lin g , d u r in g  c a lm  o r  s lig h t 
a i r .  T h e  o th e r  sa m p le s  w e re  co lle c te d  d u r in g  in te rm e d ia te  
d e g re e s  o f  w in d  a n d  sea  a n d  a r e  th e re fo re  less s u ita b le  fo r a  c o m ­
p a r is o n  o f  th e  v e r t ic a l  d is t r ib u t io n  o f  o y s te r la rv a e  d u r in g  sm o o th  
s e a  a n d  ro u g h  sea.

T h e s e  d a t a  show  th a t  in  th e  O o s te rsc h e ld e  th e re  is n o  a p ­
p r e c ia b le  d if fe ren ce  b e tw e e n  th e  v e r t ic a l  d is t r ib u t io n  o f  o y s te r­
la rv a e  d u r in g  c a lm  w e a th e r  w ith  a  sm o o th  sea  a n d  d u r in g  
ro u g h  w e a th e r .  O n  a n  a v e ra g e  th e  v e r t ic a l  d is t r ib u t io n  d u r in g  
s m o o th  sea  is s im ila r  to  t h a t  d u r in g  ro u g h  sea . D u r in g  ro u g h  
sea  th e  o y s te rla rv a e  a re  n o t  ex p e lle d  f ro m  th e  su rfa ce -lay e rs  
in to  th e  q u ie te r  d e e p e r  la y e rs .
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S ta tio n
D a te  o f  

sam p lin g .
H o u r W in d W ate r

N u m b e r  o f larvae  
in  50 litres.

Surface B ottom

Y ersche B ank io  V I I  1937 18.30 strong ro u g h 92 47
(L .W . 2,00 m ) 22 V I I  1937 24.00 strong fa irly  rough S» 44
(H .W . 5 ,00 m ) 2 3 V I I 1937 6.00 stro n g ro u g h 73 35

23 V I I 1937 12.00 stro n g ro u g h 5° 72
23 V I I  1937 18.00 stro n g ro u g h 56 31
23 V I I  1938 6.00 fa irly  stro n g rough 124 141
15 V I I  1939 3-30 fa irly  stro n g ro u g h 127 55
15 V I I  1939 15-30 fa irly  stro n g ro u g h 109 93
15 V I I  1939 17.00 fa irly  s tro n g rough 123

804

75

593

1 4 V I I 1937 23-15 calm sm ooth 64 69
15 V I I  1937 10.45 calm sm ooth 43 60
19 V I 1 1937 6.00 slig h t a ir rip p lin g 68 28
1 9 V I I 1937 24.00 calm sm ooth 106 156
22 V I I  1938 7-30 sligh t a ir r ip p lin g 289 189
22 V I I  1938 9.00 sligh t a ir r ip p lin g 188 170
22 V I I  1938 10.30 slig h t a ir r ip p lin g 75 158
22 V I I  1938 12.00 sligh t a ir r ip p lin g 123 113
22 V IT  1938 15.00 sligh t a ir r ip p lin g 149 102
22 V I I  1938 16.30 slig h t a ir r ip p lin g 255 128
22 V I I  1938 17-15 slig h t a ir rip p lin g 197 227
22 V I I  1938 18.00 slig h t a ir rip p lin g 93 123
22 V I I  1938 21.00 slig h t a ir r ip p lin g 150 93
22 V I I  1938 22.30 slig h t a ir rip p lin g 225 5Ö
22 V I I  1938 24.00 slig h t a ir rip p lin g 1 12

2137

Surface

124

1796

5 m etres
K a tte n d ijk e IO V I I I  1938 7.00 fa irly  strong ro u g h 14 25
(L .W . 12,00 m ) io  V I I I  1938 8.30 fa irly  strong ro u g h 41 34
(H .W . 15,00 m ) io  V I I I  1938 9-15 fa irly  stro n g ro u g h 73

128

52 

111

6 V I I I  1937 10.30 calm sm ooth 27 40
6 V I I I  1937 16.30 calm sm ooth 1 7 !5

io  V I I I  1938 10.00 slig h t ait- rip p lin g 3Ö 55
io  V I I I  1938 11.30 slig h t a ir rip p lin g 100 Ü3
io  V I I I  1938 20.30 slig h t aii- rip p lin g 43 53
io  V I I I  1938 22.00 calm sm ooth 127 130
h  V I I I  1938 i .00 calm sm ooth 126

478

114

4 9 °
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T h e  i n f l u e n c e  o f  s a l i n i t y  o n  v e r t i c a l  d i s t r i b u t i o n

As fa r  as I  k n o w  o n ly  L e e n h a r d t  (1924) m e n tio n s  a  possib le  
in f lu e n ce  o f  d iffe ren ces in  s a lin ity  o n  th e  v e r t ic a l  d is tr ib u t io n  
o f  th e  la rv a e  o f  Ostrea edulis. L e e n h a r d t  s ta te s  t h a t  th e  la rv a e  
a re  e x p e lle d  f ro m  th e  su rfa c e -la y e rs  d u r in g  r a in y  w e a th e r . H e  
does n o t,  h o w e v e r, a d d u c e  fac ts  to  p ro v e  h is s ta te m e n t.

M y d a t a  d o  n o t  p o in t  to  a n y  in f lu e n c e  o f  r a in y  w e a th e r  on  
th e  v e r t ic a l  d is t r ib u t io n  o f  o y s te r  l a r v a e 1), b u t  th e  p o ss ib ility  
o f  such  a n  in f lu e n c e  in  a  v e ry  th in  la y e r , im m e d ia te ly  u n d e r  
th e  su rface , re m a in s , fo r  I  co lle c te d  m y  su rfa ce -sam p le s  som e 
20 o r 30 c m  b e lo w  th e  su rfa ce . I n  a n y  case su c h  a n  in flu e n c e  
o f  ra in y  w e a th e r  in  su c h  a  th in  la y e r  w ill b e  n eg lig ib le  a n d  it  
w ill h a v e  n o  a p p re c ia b le  e ffec t o n  th e  d is t r ib u t io n  o f  a ll th e  
la rv a e  b e n e a th  th is  lev e l.

In flu e n c e  o f  s a lin ity  o f  a n o th e r  k in d  is d iscussed  b y  A m e ric a n  
in v e s tig a to rs  fo r Ostrea virginica.

J u l iu s  N e l s o n  (1916) n o tic e d  d iffe ren ces  in  v e r tic a l d is t r ib u ­
tio n  a t  d if fe re n t s tages o f  th e  tid e . H e  b e lie v e d  th a t  th e  la rv a e  
rise  in to  th e  tid e  e a r ly  in  flow , a n d  se ttle  to  th e  b o tto m  befo re  
e b b  b eg in s  a n d  a re  th u s  a b le  to  m ig ra te  la n d w a rd s  a n d  to  a v o id  
a  ra p id  d isp e rs io n  b y  th e  t id a l  s tre a m s. H is  son , T h u r l o w  C. 
N e l s o n , assu m ed  so m e  y ea rs  la te r  (1921) t h a t  th e  y o u n g e s t 
stages o f  th e  la rv a e  d o  n o t  sh o w  a n y  m a rk e d  d if fe re n c e  in  th e ir  
v e r tic a l d is tr ib u t io n ; c o n s e q u e n tly  th e y  a re  c a r r ie d  se a w a rd  
f ro m  th e  b ed s  (su rp lu s  o f  e b b ) . T o w a rd s  th e  e n d  o f  th e  firs t 
w eek  o f  la rv a l life a  d is t in c t a c tiv e  r e a c tio n  to  th e  e b b  a n d  flow  
o f  th e  tid e  is e v id e n c e d : “ w ith in  o n e  h o u r  a f te r  th e  tid e  h as  
b e g u n  to  fa ll th e  g r e a t  m a jo r i ty  o f  th e  o y s te rla rv a e  in  th e  la te r  
stages h a v e  su n k  to  o r  u p o n  th e  b o tto m . T h e r e  th e y  r e m a in  
u n ti l  th e  t id e  h a s  b e g u n  to  flow , w h e n  th e y  sw im  u p w a rd s  a n d  
a re  c a r r ie d  to w a rd s  h e a d w a te rs  b y  th e  in c o m in g  tid e . By r e p e a t ­
in g  th is  p e r fo rm a n c e  w ith  e a c h  e b b  a n d  flow  th e  la rv a e  a re  
a b le  b y  p ro g re ss iv e  s ta g es  to  m o v e  u p s tr e a m  fo r c o n s id e ra b le  
d is ta n c e s”  (D e la w a re  B ay ).

N e l s o n  c a r r ie d  o u t  m a n y  in v e s tig a tio n s  in  B a rn e g a t B ay

1) T h e  sam ples fro m  th e  s ta tio n  K a tte n d ijk e  co llected  on  th e  19th o f 
A ugust 1938 (fig. 2) w ere  p ra c tic a lly  a ll p ro c u re d  in  ra in y  w eath e r.
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( N .J . ) ,  w h ic h  c o n firm e d  th e  o c c u r re n c e  o f  m a rk e d  d iffe ren ces 
in  th e  v e r t ic a l  d is t r ib u t io n  d u r in g  d if fe re n t s tag es  o f  th e  tid e . 
M o re o v e r  h e  su c c e e d e d  in  f in d in g  th e  ca u se  o f  th is  p h e n o m e n o n . 
(1 9 2 6 , 1927, 1928 a ,  1931).

M a rk e d  d iffe ren ces  in  s a lin ity  m a y  o c c u r  th e re  in  th e  v a r io u s  
w a te r - la y e rs . D u r in g  flo o d -tid e  t h e  h e a v ie r  w a te r  o f  re la tiv e ly  
h ig h  specific  g r a v i ty  c re ep s  u p  a lo n g  th e  b o tto m . T h e  z o n e  o f  
t r a n s i t io n  m a y  b e  v e ry  s h a rp  (d iffe re n ces  in  sp . g r . f ro m  1,010 
to  1 ,018  fo r  in s ta n c e ) .  I n  th is  z o n e , w h ic h  lies im m e d ia te ly  on  
th e  su r fa c e  o f  th e  la y e r  o f  d en se  b o tto m -w a te r ,  th e  la rv a e  o f  
o y s te rs  a n d  o th e r  a n im a ls  m a y  b e  fo u n d  in  c o m p a ra tiv e ly  e n o r ­
m o u s  n u m b e rs .  T h is  d is c o n tin u ity  la y e r , w 'he re  th e  u p p e r  m o re  
b ra c k is h  w a te r  is in  c o n ta c t  w ith  th e  h e a v ie r  m o re  sa lin e  w a te r ,  
is c a lle d  th e  h a lic l in e . N e l s o n  s ta te s  t h a t  i t  s h o u ld  n o t  b e  as su m ed  
th a t  th e  la rv a e  “ seek  o u t”  a  zo n e  o f  o p t im u m  s a lin ity  a n d  c o n g re ­
g a te  th e re .  O n  th e  c o n tra ry , th e  e ffec t o f  th e  s a lin ity  g ra d ie n t  
a p p e a r s  to  b e  o n e  o f  p u re ly  r e l a t i v e  s a lin ity  c h a n g e . A c c o rd in g  
to  N e l s o n  th e  c o n g re g a tio n  in  th e  h a l ic l in e  is p ro b a b ly  th e  re su lt  
o f  a  s tim u lu s  a r is in g  f ro m  r a p id  o sm o tic  ch a n g e s  in  p ass in g  f ro m  
w a te r  o f  lo w  sa lin ity  in to  th a t  o f  h ig h e r  s a lin ity  a n d  v ic a  v e rsa . 
O n c e  c a u g h t  in  th e  h a lic l in e , th e  la rv a e  c a n n o t  ea s ily  e sca p e  
f ro m  i t :  i f  th e y  te n d  to  sink  in to  th e  h e a v ie r  sa lin e  w a te r ,  th e  
r a p id  o sm o tic  ch a n g e s  s tim u la te  th e  la rv a e  to  sw im  u p w a rd s  a n d  
w h e n  th e y  sw im  in to  th e  m o re  b ra c k is h  la y e rs , th e  la rv a e  sh r in k  
b a c k  f ro m  th e  r a p id  o sm o tic  c h a n g e s  in  th e  o th e r  d ire c tio n . 
A s a  r u le  th is  s tra t if ic a tio n  d is a p p e a rs  d u r in g  e b b . R o u g h  w e a th e r  
f u r th e r s  a  r a p id  m ix in g  o f  th e  w a te r .  As th e  c u rre n t-v e lo c it ie s  
m a y  d if fe r  in  th e  v a r io u s  w a te r!  ay e rs , th e  p re se n c e  o f  th e  
h a l ic l in e  a n d  its  in f lu e n c e  o n  th e  v e r t ic a l  d is t r ib u t io n  o f  o y s te r ­
la rv a e  m a y  v e ry  w ell ca u se  a  passiv e  m ig ra tio n  in  so m e h o r iz o n ta l  
d ire c tio n .

N e l s o n  o fte n  s ta te s  th a t  th e  la rv a e  te n d  to  a c c u m u la te  n e a r  
th e  b o t to m , w h e n  th e re  is n o  h a lic l in e . H is  d a t a  d o  n o t  p ro v e  
th is , h o w e v e r . W h e n  th e re  is l i t t le  d iffe re n c e  in  specific  g ra v ity  
b e tw e e n  th e  w a te r  o f  th e  su rface  a n d  th e  b o t to m , th e  la rv a e  
a p p e a r  to  b e  a b o u t  u n ifo rm ly  d is t ib u te d  (1928 a :  fig. 2, d ia g ra m  
2 a n d  3 ). T h e  n u m b e r  o f  la rv a e  n e a r  th e  b o t to m  is th e n  a b o u t  
e q u a l  to  t h a t  n e a r  th e  su rface . W h e n  th e re  is a  h a lic l in e , v e ry  few  
la rv a e  w ill b e  fo u n d  n e a r  th e  b o t to m  in  th e  la y e rs  o f  h ig h  
sa lin ity .

S e k i  a n d  T a n a k a  ( 1 9 3 1 )  o f t e n  n o t i c e d  m a r k e d  d i f f e r e n c e s
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in  th e  n u m b e r  o f  la rv a e  o f  Ostrea denselamellosa in  sa m p le s  fro m  
th e  su rfa c e  a n d  f ro m  d e e p e r  la y e rs . A lth o u g h  th e i r  n u m b e rs  o f  
la rv a e  (p ra c tic a lly  a lw ay s  less th a n  100 p e r  100 litre s) a re , 
s tr ic tly  sp e a k in g , to o  sm a ll to  b a s e  co n c lu s io n s  o n , th e se  d iffe ren ces 
m a y  p o ss ib ly  b e  a t t r ib u te d  to  th e  d iffe ren ces  in  s a lin ity  t h a t  h a v e  
b e e n  r e c o rd e d  b y  th ese  a u th o rs ,  a l th o u g h  d iffe ren ces  in  te m p e r a ­
tu r e ,  w h ic h  o c c u rre d  likew ise , m a y  also  h a v e  ex e rc ise d  th e ir  
in f lu e n c e .

I  d o  n o t  k n o w  w h e th e r  th e  la rv a e  o f  Ostrea edulis te n d  to  
r e a c t  to  m a rk e d  s tra t if ic a tio n s  o f  th e  w a te r  in  th e  sa m e  w ay . 
T h e  w a te r  in  th e  O o s te rsc h e ld e  gets so th o ro u g h ly  m ix e d  b y  
th e  t id a l  c u r re n ts  th a t  a n y  d if fe re n c e  in  s a lin ity  b e tw e e n  th e  
su rfa c e -la y e rs  a n d  th e  b o t to m -w a te r  is h a r d ly  p e rc e p tib le . T h e  
a b s e n c e  o f  a  h a lic l in e  in  th e  O o s te rsc h e ld e  s im p lifies  th e  s tu d y  
o f  th e  o y s te r la rv a e  th e re , as n o  in te r fe re n c e  o n  th e  p a r t  o f  th e  
s a lin ity  is to  b e  fe a re d . I t  w o u ld  b e  in te re s tin g  to  in q u ir e  in to  
th e  b e h a v io u r  o f  th e  la rv a e  o f  Ostrea edulis in  re sp e c t o f  sa lin ity  
in  a  p la c e  w h e re  h y d r o g ra p h ic  c o n d itio n s  c o r re s p o n d  w ith  
th o se  in  B a rn e g a t B ay  ( N .J . ) .

T h e  i n f l u e n c e  o f  t h e  c u r r e n t - v e l o c i t y  o n  v e r t i c a l
d i s t r i b u t i o n

T h e  p a p e r s  b y  A m e r ic a n  in v e s tig a to rs  m e n tio n  tw o  e n tire ly  
d if fe re n t  w ay s  in  w h ic h  th e  c u r re n t-v e lo c ity  in f lu e n c e s  th e  v e r tic a l 
d is t r ib u t io n  o f  th e  la rv a e  o f  Ostrea virginica.

I n  th e  f irs t p la c e  th e re  a re  th e  d a ta  o n  p la n k to n - s a m p l in g  in  
M ilfo rd  H a r b o r  (C o n n .)  a n d  a d ja c e n t  w a te rs  ( P h y t h e r c h  1 9 2 9 , 
G a l t s o f f , P r y t h e r c h  a n d  M a c  M i l l a n  1 9 3 0 ) .  T h e  in v e s tig a ­
to rs  c o lle c te d  p la n k to n  sa m p le s  b y  to w in g  a  p la n k to n - n e t  a n d  
b y  p u m p in g  u p  k n o w n  q u a n t i t ie s  o f  w a te r  a n d  f il te r in g  th e m  
th ro u g h  a  p la n k to n -n e t .  A lth o u g h  p ro fu se  s e tt le m e n t o ccu rs  in  
th e  p la c e s  w h e re  th e y  s a m p le d , th e y  fo u n d  b u t  v e ry  few  la rv a e  
in  th e i r  sa m p le s . M a n y  sa m p le s  c o n ta in e d  n o  la rv a e  a t  a ll. 
T h e y  t r ie d  to  f in d  o u t  th e  c a u se  o f  th is  s c a rc ity  o f  la rv a e  in  th e  
sa m p le s  in  th e se  p la ce s , w h e re  s e tt le m e n t is a b u n d a n t .  T h e  
m a jo r i ty  o f  a  series o f  sa m p le s , co llec te d  d u r in g  a n  e n t ire  tid a l  
cy c le , b o th  f ro m  th e  su rfa c e  a n d  f ro m  th e  b o tto m -la y e rs , p ro v e d  
to  c o n ta in  n o  la rv a e  a t  a ll, w h ile  th e  n u m b e r  o f  la rv a e  in  o th e r  
sa m p le s  w as  v e ry  sm a ll. I t  sh o u ld  b e  r e m a rk e d  t h a t  th e  m a jo r i ty  
o f  th e se  la rv a e  w e re  fo u n d  to  b e  in  th e  la te r  stages o f  d e v e lo p m e n t.
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T h e  la rg e s t n u m b e r  w as c o u n te d  in  th e  sa m p le s  c o lle c te d  a t  lo w  
slack  w a te r  (e .g . 12 0  p e r  2 0 0  g a l lo n ) . T h is  le d  P r y t h e r c h  to  assu m e 
th a t  th e  la rv a e  o n ly  sw im  r o u n d a b o u t  s lack  w a te r  a n d  re s t o n  
th e  b o t to m  fo r th e  r e m a in d e r  o f  th e  t id a l  cyc le . A t  h ig h  s lack  
w a te r  th e  n u m b e r  w as a lso  v e ry  sm a ll, h o w e v e r, a n d  th e  n u m b e r  
o f  la rv a e  a t  lo w  slack  w a te r  is m in u te  in  c o m p a r iso n  w ith  th e  
n u m b e rs  o b se rv e d  e lsew h e re  o n  th e  ea s t co a s t o f  N o r th  A m e ric a .

P r y t h e r c h  assum es th a t  th e  la rv a e  d ro p  to  th e  b o t to m  w h e n  
th e  c u r re n t-v e lo c ity  exceeds a  c e r ta in  d e g re e . I n d e e d  h e  su c c e e d ­
ed  in  f in d in g  so m e la rv a e  in  b o t to m  m a te r ia l ,  co lle c te d  a t  a  
m o m e n t o f  c o n s id e ra b le  c u rre n t-v e lo c ity . Y e t I  b e liev e  th a t  th e  
n u m b e r  o f  la rv a e  h e  fo u n d  o n  th e  b o t to m  is r a th e r  sm a ll in  
c o m p a r iso n  w ith  th e  h e a v y  sp a tfa ll  i n  th a t  lo c a lity . P r y t h e r c h  
t r ie d  to  im i ta te  th e  c u r re n t-v e lo c ity  in  a  la rg e  e l lip tic a l ta n k  
(1 .000  g a l lo n ) . T h e  la rv a e  in  th is  c o n ta in e r  d r o p p e d  to  th e  
b o tto m  w h e n  th e  a r tif ic ia l c u r re n t-v e lo c it ie s  e x c ee d ed  0 ,3  to  
0 ,5  fo o t p e r  se co n d . (8 ,5  to  14 cm  p e r  se c o n d ) . I  w a n t  to  r e m a rk ,  
h o w e v e r, t h a t  a n  e x p e r im e n t  in  a  ta n k  like  th a t  does n o t  r e p r o ­
d u c e  n a tu r a l  c o n d itio n s . T h e  c i rc u la r  w a te r  m o v e m e n t in  th e  
ta n k  in tro d u c e s  a  c e n tr ifu g a l fo rce , w h ic h  c o m p lic a te s  th e  s i tu a ­
tio n . M o re o v e r, w a te r  m o v e m e n ts  in  c o n ta in e rs  a re  a c c o m p a n ie d  
b y  m o re  v ig o ro u s  tu rb u le n c e s  th a n  w a te rm o v e m e n ts  in  th e  o p en  
sea. E x p e r im e n ts  in  sm a lle r  j a r s  h a v e  sh o w n  th a t  th e  la rv a e  
so o n  d ro p  to  th e  b o t to m  w h e n  v ig o ro u s  tu rb u le n c e s  o cc u r.

T h e  re su lts  o f  th e  in v e s tig a tio n s  b y  o th e r  sc ien tis ts  a re  n o t  
in  a g re e m e n t w ith  P r y t h e r c h ’s a s su m p tio n  th a t  th e  la rv a e  o f  
Ostrea virginica d ro p  to  th e  b o tto m  w h e n  th e  c u r re n t-v e lo c ity  
ex ceed s 0 ,5  fo o t p e r  se c o n d . P e r k in s  ( 19 3 1 ,  1 9 3 2 )  fo r in s ta n c e , 
fo u n d  th a t  th e  la rv a e  a re  sw im m in g  a c tiv e ly  d u r in g  c u r re n t-  
v e lo c ities  th a t  so m e tim es  e x c ee d  0 ,7  fo o t p e r  se co n d . I n  m a n y  
p la c e s  th e  la rv a e  a re  a b u n d a n t  d u r in g  a ll s tag es  o f  th e  tid e . 
I t  is still a n  u n so lv e d  p ro b le m  w h y  P r y t h e r c h  f o u n d  so few  
la rv a e  in  th e  sa m p le s  c o lle c te d  n e a r  M ilfo rd  H a r b o r .

W h a t d o  w e k n o w  a b o u t  th is  in f lu e n c e  o f  th e  c u r re n t-v e lo c ity  
o n  th e  la rv a e  o f  Ostrea edulis? T h e  fa c t t h a t  th e  v e r t ic a l  d is tr i­
b u t io n  o f  o y s te r la rv a e  in  th e  N o rw e g ia n  o v s te r-p o lle n  is fa ir ly  
u n ifo rm  ( G a a r d e r  1 9 3 2 )  c le a r ly  show s th a t  th e  a b se n c e  o f  a n y  
c u r re n t-v e lo c ity  does h a v e  as a  re su lt  t h a t  th e  la rv a e  d ro p  to  
th e  b o tto m -la y e rs ,  as is so m e tim es  su p p o se d . H a g m e i e r  ( 1 9 3 1 ,  
1 9 3 2 )  s ta te s  th a t  th e  la rv a e  o f  Ostrea edulis d o  n o t  te n d  to  d ro p
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to  th e  b o t to m  in  q u ie t  p la c e s  in  th e  o p e n  sea , as is o ften  
a ssu m ed . S u rfac e -sam p les  co lle c te d  in  su ch  q u ie t  p la ce s  d o  
n o t  show  fa r  few er la rv a e  t h a n  sa m p le s  c o lle c te d  f ro m  th e  
b o tto m -la y e rs .

M y  series o f  sa m p le s  c o lle c te d  in  th e  O o s te rsc h e ld e  e n a b le  m e 
to  in q u ir e  in to  th is  m a tte r ,  as I  co lle c te d  se v e ra l series o f  sam ples 
d u r in g  tw o  e n tire  t id a l  cyc les a t  th e  s ta t io n  Y e rsc h e  B a n k . O n e  
o f  th e m  is v isu a liz ed  in  fig . 11. T h e  c u r re n t-v e lo c ity  in  th e  
su rfa ce -lay e rs  exceeds 25 c m /s e c  a b o u t  o n e  h o u r  a f te r  slack  
w a te r ,  a b o u t  tw o  h o u rs  a f te r  s lack  w a te r  th e  v e lo c ity  is fro m  
30 to  40  cm /se c . O n e  h o u r  b e fo re  th e  n e x t  s la ck  w a te r  th e  v e lo c ity  
is a g a in  25 c m /se c . So fa r  I  h a v e  n e v e r  o b se rv e d  t h a t  th e  la rv a e  
te n d  to  d ro p  to  th e  b o t to m  w h e n  th e  c u r r e n t  v e lo c ity  a t ta in s  
th e se  figu res. I t  m a y  b e  seen  (fig. 11 ) t h a t  n o  m a rk e d  p eak s  in  
th e  n u m b e r  o f  la rv a e  o c c u r  d u r in g  s la ck  w a te r .  T h e  b o tto m
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Fig. 13. N u m b e r o f  o y ste rla rv ae  in  th e  course o f th e  t id a l cycle. 
S ta tio n  263.

sa m p le s  w ere  co llec te d  a b o u t  50 c m  a b o v e  th e  b o tto m , w h ere  
th e  c u rre n t-v e lo c ity  (m e a s u re d  b y  R ijk s w a te rs ta a t)  is b u t  a 
tr if le  sm a lle r  th a n  th a t  a t  th e  su rface . A b o u t  io  c m  a b o v e  th e  
b o t to m  th e  c u r re n t-v e lo c ity  a t ta in s  20 to  25 c m /se c  a t  th e  h e ig h t 
o f  th e  tid e . T h e  g re a te s t  n u m b e r  o f  la rv a e  (300  p e r  50 litres) 
in  th e  series co llec ted  a t  th is  s ta t io n  o n  22 J u ly  1938, w as c o u n te d  
in  th e  su rfa c e -sa m p le , c o lle c te d  a t  h a l f  flow  ( a t  7 .30 h .) ,
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w h e n  th e  v e lo c ity  o f  th e  t id a l  c u r r e n t  w as a b o u t  40  c m /se c . T h e  
la rg e s t  n u m b e r  I  ever m e t  w ith  i n  th e  O o s te rsc h e ld e  (2000  p e r  
50 litre s )  o c c u r re d  in  a  sa m p le  c o l le c te d  likew ise  a t  h a l f  flow  
( a t  18.00 h .)  o n  th e  14 th  o f  J u ly  1937 a t  th e  sa m e  s ta tio n . T h is  
e n o rm o u s  n u m b e r  m u s t b e  a t t r ib u te d  to  th e  p ro x im ity  o f  l ib e r a ­
t in g  a d u lts .

I n  se ries o f  sa m p le s  co llec te d  in  s ta t io n  263 , s o m e w h a t fa r th e r  
w e s tw a rd  (fig . 13), w h e re  c u rre n t-v e lo c it ie s  ex ceed  50 c m 'se c  
fo r so m e t im e , I  d id  n o t  n o tic e  a n y  d ro p p in g  to  th e  b o tto m  
e i th e r .

E v e n  a t  K a t te n d i jk e  (fig . 12) s u c h  a  d ro p p in g  does n o t  o cc u r, 
a l th o u g h  h e re  th e  c u r re n t-v e lo c ity  exceeds 50 c m /se c  f ro m  one 
h o u r  a f te r  s la c k  w a te r  till o n e  h o u r  b e fo re  th e  n e x t  s la ck  w a te r , 
o f te n  e x c e e d in g  100 c m /se c  a t  th e  h e ig h t  o f  th e  tid e . T h e se  
sa m p le s  d o  sh o w  m a rk e d  p ea k s  in  th e  n u m b e r  o f  la rv a e  d u r in g  
a  c e r ta in  s ta g e  o f  th e  t id e  ( a t  lo w  w a te r ) ,  b u t  i t  is c le a r  t h a t  th is  
h a s  n o th in g  to  d o  w ith  th e  c u r re n t-v e lo c ity , fo r th e  p e a k s  do  
not o c c u r  a t  high  s lack  w a te r .  T h is  p h e n o m e n o n  w ill b e  e x p la in e d  
p re s e n t ly .

A lth o u g h  th e  c u rre n t-v e lo c itie s  in  th e  O o s te rsc h e ld e  fa r  exceed  
0 ,5  fo o t p e r  se c o n d  ( th e  l im it  fo r a c tiv e  sw im m in g , as as su m ed  
b y  P r y t h e r c h ) ,  I  n e v e r  n o tic e d  t h a t  th e  la rv a e  o f  Ostrea edulis 
t e n d  to  d r o p  to  th e  b o t to m  d u r in g  th e se  s tro n g  t id a l  c u r re n ts .

T h e  la rv a e  o f  Ostrea denselamellosa w e re  co lle c te d  b y  S e k i  a n d  
T a n a k a  ( 1931 ) in  la rg e  n u m b e rs  d u r in g  a  c u r re n t-v e lo c ity  o f  
1 ,45 m iles  p e r  h o u r .  T h e  su rfa c e -sa m p le s  d id  n o t  c o n ta in  few er 
la rv a e  t h a n  th e  b o tto m -sa m p le s , so th e se  la rv a e  d o  n o t  d ro p  to  
th e  b o t to m  e i th e r .

T h e  o th e r  w a y  in  w h ic h  th e  c u r re n t-v e lo c ity  in flu e n c e s  th e  
v e r t ic a l  d is t r ib u t io n  o f  o y s te rla rv a e  is d iscussed  b y  P e r k i n s  
(1 9 3 i , 1932). P e r k i n s  w o rk e d  in  th e  sa m e  lo c a li ty  as N e l s o n : 
v iz . B a rn e g a t B a y  N .J .  H e  s ta te d  th a t  o f ten  th e re  is n o  a p p a r e n t  
c o r r e la t io n  b e tw e e n  s a lin ity  a n d  th e  d is t r ib u t io n  o f  la rv a e :  “ In  
fa c t th e  c u rv e  o f  v e r tic a l d is tr ib u t io n  w as p ra c t ic a l ly  th e  sam e 
as w h e n  s h a r p  s tra t if ic a tio n  w as e v id e n t” . “ W h e n  w e see th a t  
c o n c e n tra t io n s  o f  la rv a e  o c c u r  a t  levels o th e r  th a n  w h e re  s a lin ity  
c h a n g e s  a r e  g r e a t  a n d  th a t  th e  d is tr ib u t io n a l c u rv e  is p ra c tic a lly  
th e  sa m e  w h e th e r  a  h a l ic l in e  is p re se n t o r  n o t,  i t  is c le a r  t h a t  h e re  
s a lin ity  is n o t  p la y in g  a  p a r t .  O n  th e  o th e r  h a n d  th e  d is tr ib u t io n a l 
c u rv e  does n o t  fo llow  th e  t id a l  v e lo c ity  c u rv e  in  its  g e n e ra l
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asp e c ts” . T h is  h e  s ta te d  in  h is  f irs t p a p e r  ( 1 9 3 1 ) , a f te r  h e  h a d  
c a r r ie d  o u t  so m e  m e a su re m e n ts  o f  th e  t id a l  ve lo c itie s  a t  d if fe re n t 
d e p th s , b u t  w ith o u t  a  s im u lta n e o u s  s a m p lin g  o f  o y s te r la rv a e  
a t  th e se  v a r io u s  levels.

P e r k i n s  d o e s  n o t  b e l i e v e  t h a t  s a l i n i t y  is  a l l - i m p o r t a n t  i n  
b r i n g i n g  a b o u t  a n  o r i e n t a t i o n  o f  b i v a l v e  l a r v a e ,  b u t  h e  a s s u m e s  
t h e  c u r r e n t - v e l o c i t y  t o  b e  t h e  c a u s e  o f  t h e  i n e q u a l  v e r t i c a l  d i s t r i ­
b u t i o n ;  a c c o r d i n g  t o  h i m  t h e  i n c r e a s e  o f  t h e  n u m b e r  o f  l a r v a e  
is  c o m m e n s u r a t e  w i t h  t h e  i n c r e a s e  i n  c u r r e n t - v e l o c i t y .

P e r k in s  e m p h a s i z e s  t h a t  t h e  l a r v a e  d o  n o t  a c t i v e l y  s e e k  o u t  
t h e  z o n e  o f  g r e a t e s t  c u r r e n t - v e l o c i t y ,  b u t  t h a t  t h e y  a r e  s w e p t  
p a s s iv e ly  i n t o  t h e  l a y e r  o f  i n c r e a s e d  c u r r e n t - v e l o c i t y .

P e r k in s  e x p la in s  th e  m e c h a n is m  as fo llow s: “ I t  is a  fa c t 
g e n e ra lly  k n o w n  to  ph y sic is ts  t h a t  p a r tic le s  c a r r ie d  b y  a  s tr e a m  
o f  l iq u id  th r o u g h  a  c y l in d r ic a l tu b e  b e c o m e  a g g re g a te d  in  th e  
ax is o f  th e  s tre a m . T h is  is d u e  to  f r ic tio n  a g a in s t  th e  w a lls  o f  
th e  tu b e  w h ic h  slow s u p  th e  p e r ip h e ra l  la y e r . S im ila r ly  in  a  
sh a llo w  b o d y  o f  w a te r  su c h  as B a rn e g a t B ay  th e re  is f r ic tio n  
a g a in s t  th e  b o t to m  a n d  a t  th e  su rfa ce  w a te r -a ir  in te r fa c e  so 
t h a t  p a r tic le s  c a r r ie d  in  th e  c u r r e n t  te n d  to  b e c o m e  a g g re g a te d  
in  th e  a x ia l  s t r e a m  a n d  fo rm , n o t  a  e o n e , as in  th e  c y lin d r ic a l 
tu b e ,  b u t  a  w ed g e . I n  th is  w a y  th e  v e r t ic a l  d is t r ib u t io n  n o t  o n ly  
o f  o y s te r la rv a e  b u t  o f  a ll o th e r  sm a ll la rv a e  a n d  lifeless p a r tic le s  
m a y  b e  a c c o u n te d  fo r” .

T h e  a m o u n t  o f  su sp e n d e d  lifeless m a t te r  show s likew ise  a  
m a x im u m  in  th e  z o n e  o f  g re a te s t  c u rre n t-v e lo c ity . I n  o r d e r  to  
sh o w  t h a t  h e  w as r ig h t  in  h is  su p p o s itio n s , P e r k in s  co llec te d  
in  th e  n e x t  y e a r  so m e series o f  p la n k to n -sa m p le s  a t  d if fe re n t  
d e p th s , a t  th e  sa m e  t im e  m e a s u r in g  th e  c u r re n t-v e lo c ity  (fig. 14). 
I t  is h is  o p in io n  th a t  th e se  d a t a  suffice to  p ro v e  th e  co rrec tn ess  
o f  h is  a s su m p tio n s . I n  th is  se c o n d  p a p e r  ( 1 9 3 2 )  P e r k in s  a d m its  
t h a t  th e  la rv a e  a re  fo u n d  in  th e  h a lic l in e , w h e n e v e r  c u r re n t-  
v e lo c itie s  a r e  sm a ll a n d  s a lin ity  ch a n g e s  re la tiv e ly  g re a t .

I n  th e  f irs t p la c e  I  w a n t  to  m a k e  so m e re m a rk s  a b o u t  h is 
d ia g ra m s  (fig. 14):

P l a t e  i . O y s te r la rv a e  r e s p o n d in g  to  s a lin ity  ch a n g e s , w h ic h  
a c c o rd in g  to  P e r k in s  o n ly  o cc u rs  w h e n  th e  c u r re n t-v e lo c ity  is 
n e g lig ib le .

F ig. I .  L a r v a e  c o n g re g a te d  in  th e  h a l ic l in e ;  th e  c u r re n t-
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v e lo c itie s  in  th e  u p p e r  la y e rs , to  40  c m  a b o v e  th e  h a lic l in e , 
e x c e e d  30 fee t p e r  m in u te !  (T h e  m a x im u m  c u rre n t-v e lo c ity  
r e c o rd e d  in  h is  d ia g ra m s  does n o t  a t ta in  4 5  fe e t p e r  m in u te ) .  
T h e  c u r re n t-v e lo c ity  is c e r ta in ly  n o t  n e g lig ib le  in  th is  case.

F ig. 3. P e r k in s  asc rib es  a  s l ig h t  p e a k  in  th e  n u m b e r  o f  la rv a e  
a b o v e  th e  m a x im u m  in  th e  h a l ic l in e  to  a n  in c re a se  o f  th e  c u r r e n t  
v e lo c ity  in  th e  la y e r  in  q u e s tio n . T h is  c u r r e n t  v e lo c ity  re m a in s  
b e lo w  20 fee t p e r  m in u te ,  so t h a t  a c tio n  o f  th e  c u r r e n t  ve lo c ity  
is m o re  lik e ly  in  th e  case v isu a liz e d  in  fig. 1.

F ig . 4 . T h e  c u r re n t-v e lo c ity  ex ceed s 40  fee t p e r  m in u te  a n d  
still th e  la rv a e  re sp o n d  to  th e  h a lic lin e .

P l a t e  2 . O y s te r la rv a e  r e s p o n d in g  to  ch a n g e s  in  c u r r e n t  
v e lo c ity .

F ig. 6. “ R e m a rk a b le  c o r re la t io n  b e tw e e n  v a r ia t io n s  in  c u r r e n t  
v e lo c ity  a n d  v e r t ic a l  d is t r ib u t io n  o f  o y s te r la rv a e ” . T h e  c u r r e n t  
v e lo c ity  does n o t  a t ta in  15 fe e t p e r  m in u te  a n d  in  m y  o p in io n  
th e  n u m b e r  o f  la rv a e  is n o t  so  r e m a rk a b ly  c o m m e n s u ra te  w ith  
th e  c u r r e n t  v e lo c ity .

F ig. 8. T h e  c u r re n t-v e lo c ity  ex ceed s 20 fe e t p e r  m in u te  a n d  
m ig h t  b e  e x p e c te d  to  co m e  in to  o p e ra tio n .

T h e se  fig u res  sh o w  th a t  th e  la rv a e  a re  se ld o m  a b u n d a n t  in  
la y e rs  w ith  a  s a lin ity  a b o v e  23  ° /00. T h e  o n ly  case o f  a n  a b u n ­
d a n c e  o f  la rv a e  close to  th e  b o t to m  is r e p re s e n te d  b y  fig. 8, 
w h e re  th e  s a lin ity  re m a in s  b e lo w  i 8 ° / 00 to  n e a r  th e  b o tto m . 
I  b e lie v e  t h a t  sa lin ity  p la y s  a  g re a te r  p a r t  th a n  P e r k in s  is 
in c lin e d  to  a d m it.

I  d o  n o t  b e l i e v e  t h a t  t h e  f o r c e s  w h i c h ,  a c c o r d i n g  t o  P e r k in s , 
a r e  t h e  c a u s e  o f  t h e  d i f f e r e n c e  i n  t h e  v e r t i c a l  d i s t r i b u t i o n ,  a r e  
s t r o n g  e n o u g h  to  b r i n g  a b o u t  a  m a r k e d  a c c u m u l a t i o n  o f  t h e  
l a r v a e  i n  t h e  l a y e r  o f  g r e a t e s t  c u r r e n t - v e l o c i t y  i n  t h e  c o u r s e  o f  
t h e  f e w  h o u r s  t h a t  t h e  c u r r e n t s  a r e  r a t h e r  c o n s i d e r a b l e .

I t  is po ssib le  to  c o m p u te  th e  fo rc e  ex e rc ised  o n  a  p a r t ic le  
s u s p e n d e d  in  a  m e d iu m  o f  w h ic h  th e  c u rre n t-v e lo c it ie s  in  th e  
d if fe re n t  la y e rs  a re  n o t  th e  sa m e . T a y l o r  ( 1 9 2 8  a) g ives a 
f o rm u la  fo r t h a t  fo rce . I f  w e  k n o w  th e  fo rc e , th e  size o f  th e  
p a r t ic le  a n d  th e  v isco sity  o f  th e  m e d iu m , i t  is p o ss ib le  to  c o m p u te  
th e  v e lo c ity  w ith  w h ic h  th e  p a r t ic le  te n d s  to  m o v e  to w a rd s  th e
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la y e r  o f  g re a te s t  c u r re n t-v e lo c ity . T h is  fo rce  is s tro n g  e n o u g h  
to  b r in g  a b o u t  a n  a c c u m u la t io n  o f  th e  la rv a e  in  a  few  h o u rs , 
w h e n  th e  c u r re n t-v e lo c it ie s  a re  a b o u t  40 fee t p e r  m in u te .

I n  th e  ca se  o f  o y s te r la rv a e  th e  p a r tic le s  a re , h o w e v e r, n o t 
su sp e n d e d , b u t  th e y  m o v e  a lo n g  w ith  th e  m e d iu m . T h e  fo rce  
ex e rc ised  o n  a  p a r t ic le  in  th is  c a se  is m a n y  tim es  sm a lle r  th a n  
th a t  in  ca se  o f  a  su sp e n d e d  p a r t ic le .  T h o u g h  T a y l o r  gives th e  
e n e rg y -fu n c tio n  fo r th is  sy stem  w a te r /p a r t ic le  (1928  b ) ,  i t  is 
v e ry  d if fic u lt to  c a lc u la te  h o w  g r e a t  th e  fo rce  re a lly  is, as som e 
o f  th e  co effic ien ts  a r e  d ifficu lt to  c o m p u te .

T h e re fo re  I  d o  n o t b e liev e  t h a t  th e  fo rce  in  q u e s tio n  is g re a t  
e n o u g h  to  b r in g  a b o u t  th e  effec t o b se rv e d  b y  P e r k i n s . P e r k i n s  

d id  n o t  c o lle c t series o f  sa m p le s  d u r in g  a n  e n t ire  t id a l  cycle , 
so i t  is im p o ss ib le  to  in fe r  f ro m  h is  d a t a  in  h o w  fa r  d iffe ren ces 
in  th e  h o r iz o n ta l  d is t r ib u t io n  o f  th e  la rv a e  p la y  a  p a r t  in  th e  
v e r t ic a l  d is t r ib u t io n .  F o r  i f  th e  la rv a e  a re  t r a n s p o r te d  b y  th e  
c u r re n ts  f ro m  th e  c e n tre  o f  la rv a e -p ro d u c t io n  to  a  s ta t io n  w h ere  
th e  la rv a e  a re  r a th e r  sca rce  a n d  th e  c u rre n t-v e lo c it ie s  a re  d if fe r­
e n t  in  th e  v a r io u s  w a te r - la y e rs , i t  is v e ry  w ell possib le  t h a t  w e 
sh a ll f in d  a  fa r  g r e a te r  n u m b e r  o f  la rv a e  in  th e  la y e r  o f  g re a te s t 
c u r r e n t  v e lo c ity  d u r in g  a  c e r ta in  p a r t  o f  th e  t id a l  cyc le .

T h e  c u r re n ts  in  th e  O o s te rsc h e ld e  a re  m a n y  tim e s  s tro n g e r  
th a n  th o se  o b se rv e d  b y  P e r k i n s . C o n s e q u e n tly , i f  P e r k i n s ’ 

h y p o th e s is  is c o r re c t ,  a n  a c c u m u la t io n  o f  th e  la rv a e  in  th e  la y e r  
o f  g re a te s t  c u r re n t-v e lo c ity  is b o u n d  to  o c c u r  in  th e  O o s te rsc h e ld e . 
I  n e v e r  o b se rv e d , h o w e v e r, a  d if fe re n c e  b e tw e e n  th e  n u m b e r  
o f  la rv a e  n e a r  th e  su rfa c e  ( la y e r  o f  g re a te s t  c u r re n t-v e lo c ity )  
a n d  n e a r  th e  b o t to m  a t  th e  h e ig h t  o f  th e  t id e  a n d  a t  slack  
w a te r .  I  th e re fo re  c o n c lu d e  th a t  th e  fo rce  ex e rc ise d  b y  a  d if fe r ­
en c e  in  c u r re n t-v e lo c ity  in  th e  v a r io u s  w a te r - la y e rs  is n o t  s tro n g  
e n o u g h  in  th e  O o s te rsc h e ld e  to  b r in g  a b o u t  a  m a rk e d  d iffe ren ce  
in  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  la rv a e . A s th e  c u r re n ts  w ere  
fa r  s lo w er in  P e r k i n s ’ case , th is  fo rc e  w as m o s t p ro b a b ly  too  
sm a ll to  h a v e  b r o u g h t  a b o u t  th e  d iffe ren ces o b se rv e d  b y  h im .

M o v e m e n t s  i n  h o r i z o n t a l  d i r e c t i o n

P e r k i n s  s ta te s  ( 1 9 3 1  ) : “ A  k n o w le d g e  o f  h o r iz o n ta l  d is t r i­
b u t io n  is o f  e x tre m e  im p o r ta n c e  in  d e te rm in in g  th e  lo c a tio n  o f 
s e tt in g  a re a s , b e c a u s e  i t  h a s  b e e n  k n o w n  fo r m a n y  y ea rs  t h a t  sets 
a r e  h e a v ie s t  in  lo c a li tie s  w h e re  th e  la rv a e  h a d  b e e n  m o s t a b u n ­
d a n t . ”  I t  is e a sy  to  u n d e r s ta n d  th a t  th e  p re se n ce  o f  a n  a d e q u a te
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n u m b e r  o f  m a tu r e  la rv a e  is th e  m o s t im p o r ta n t  c o n d itio n  in  
p ro c u r in g  a  sp a tfa ll  o f  c o m m e rc ia l m a g n itu d e .  S e v e ra l in v e s ti­
g a to rs  h a v e  p ro v e d  in d e e d  th a t ,  g e n e ra lly  sp e a k in g , th e  h e a v ie s t 
sp a tfa lls  a r e  to  b e  e x p e c te d  in  th o se  lo c a litie s  w h e re  la rv a e  a re  
m o s t a b u n d a n t  ( C h u r c h i l l  a n d  G u t s e l l  1921, N e l s o n  1923 b : 
Ostrea virginica). I t  is im p o ss ib le , h o w e v e r, to  d e te rm in e  th e  
h o r iz o n ta l d is t r ib u t io n ,  un less  v e r t ic a l  m a x im a  a re  k n o w n .

O n ly  P r y t h e r c h  ( 1 9 2 9 )  assu m es th a t  th e  o y s te r la rv a e  a re  
b u t  to  a  n e g lig ib le  d e g re e  su b je c t  to  th e  d isp e rs in g  a c tio n  o f  
th e  t id a l  c u r re n ts  a n d  th a t  th e y  w a n d e r  o n ly  a  few  h u n d r e d  
y a rd s  f ro m  th e i r  p la c e  o f  o rig in . A c c o rd in g  to  h im  th e  la rv a e  h a v e  
to  res t o n  th e  b o t to m  d u r in g  b y  fa r  th e  g r e a te r  p a r t  o f  th e  t id a l  
cycle to  a v o id  d isp e rs io n . P r y t h e r c h i  a s su m p tio n  does n o t  
rece iv e  a n y  s u p p o r t  f ro m  o th e r  A m e r ic a n  in v e s tig a to rs . S in ce  
m y  d a ta  c o n c e rn in g  th e  la rv a e  o f  Ostrea edulis in  th e  O o s te rsc h e ld e  
e n a b le d  m e  to  p ro v e  th a t  s tro n g  t id a l  c u r re n ts  d o  n o t cause  
th e  la rv a e  to  d r o p  to  th e  b o tto m , I  d o  n o t  th in k  th a t  i t  is n ec essa ry  
fo r m e to  ta k e  P r y t h e r c h ’s v iew s in to  a c c o u n t.

N e l s o n  (1926 , 1927, 1928 a , 1931) discusses a  possib le  in f lu ­
ence  o f  v e r t ic a l  d is t r ib u t io n  (as b r o u g h t a b o u t  b y  m a rk e d  d if fe r­
ences in  sa lin ity )  o n  h o r iz o n ta l  d is t r ib u t io n . W h e n  o y s te r la rv a e  
te n d  to  c o n g re g a te  in  a  sp e c ia l la y e r  a n d  th e  v a r io u s  lay ers  
show  m o re o v e r  d if fe re n t c u rre n t-v e lo c it ie s , i t  is p o ss ib le  a n d  
ev en  p r o b a b le  t h a t  h o r iz o n ta l  d is t r ib u t io n  is a ffe c te d  b y  th is  
s ta te  o f  a ffa irs . I t  is d o u b tfu l ,  h o w e v e r, w h e th e r  th is  in f lu e n c e  is 
so efficacious as i t  w as a s su m e d  to  b e  b y  N e l s o n  in  a  p re v io u s  p a p e r
(1921 ), in  w h ic h  h e  su p p o se d  th a t  th e  la rv a e  m ig ra te  u p s tre a m . 
T h e  in f lu e n c e  o f  th e  s a lin ity  d isc u sse d  a b o v e  m a k es  a  m o v e m e n t 
u p s tr e a m  b y  p ro g re ss iv e  s tag es  in  p r in c ip le  p o ssib le , b u t  th e  
c o m b in a t io n  o f  th e  in f lu e n c e  o f  s a lin ity  a n d  t h a t  o f  d if fe re n t 
c u rre n t-v e lo c itie s  m a y  as w ell h a v e  a  r e s u l ta n t  in  a n o th e r  o r 
ev en  in  th e  o p p o s ti te  d ire c tio n .

T h e re  a re  n o t  m a n y  d a t a  a v a ila b le  o n  th e  h o r iz o n ta l  d is tr i­
b u tio n  o f  th e  la rv a e  o f  Ostrea edulis. G e rm a n  in v e s tig a to rs  
( K ä n d l e r  1928, H a g m e i e r  a n d  S c h u b e r t  1930) m a d e  som e 
o b se rv a tio n s  o n  th e  h o r iz o n ta l  d is t r ib u t io n  o f  th e  la rv a e  p ro d u c e d  
b y  th e  seed -o y ste rs  im p o r te d  in  th e  W a tte n m e e r . T h e y  fo u n d  
la rv a e  in  p la c e s  fa ir ly  d is ta n t  f ro m  th e  p la c e  o f  l ib e r a t io n  a n d  
c o n c lu d e d  t h a t  th e  la rv a e  h a d  b e e n  d isp e rsed  b y  th e  tid a l  
s tream s. M a n y  o f  th e m  w e re  w a sh e d  a w a y  in to  th e  N o rth s e a  
w h en c e  th e y  b u t  s e ld o m  re tu r n e d .
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B o r d e  (1932) s ta te d  t h a t  th e  la rv a e  o f  Ostrea edulis a r e  p r o ­
d u c e d  in  a  c e r ta in  p a r t  o f  th e  b a s in  o f  A rc a c h o n , b u t  t h a t  th e y  
a p p e a r  to  b e  d is tr ib u te d  o v e r  th e  e n t ire  b a s in  a f te r  a  c o u p le  
o f  d ay s . H a v i n g a  (1932) a n d  O r t o n  (1 937  a) assu m e likew ise 
t h a t  th e  la rv a e  a re  p ro b a b ly  m o v e d  u p  a n d  d o w n  in  th e  tid e  
a n d  t h a t  m a n y  la rv a e  a re  c a r r ie d  a w a y  f ro m  th e  b ed s  n e v e r  
to  r e tu r n .

M y  sp e c ia l series o f  sa m p le s  c o lle c te d  in  v a r io u s  s ta tio n s  in  
th e  O o s te rsc h e ld e , w h e re  I  o f te n  s a m p le d  fo r 24  h o u rs  a t  a  
s t r e tc h ,  e n a b le  m e  to  in q u ir e  in to  th is  m a tte r .

I h a v e  a l re a d y  s ta te d  t h a t  th e  v e r tic a l d iffe ren ce s  in  te m p e r ­
a t u r e  a n d  sa lin ity  a re  a lw a y s  n e g lig ib le  in  th e  O o s te rsc h e ld e , 
so t h a t  c o m p lic a tio n s  in  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  la rv a e , 
b r o u g h t  a b o u t  b y  th e se  fa c to rs , a r e  n o t  to  b e  e x p e c te d  h e re . 
M o re o v e r  th e  v e r tic a l d is t r ib u t io n  p ro v e d  to  b e  e s sen tia lly  th e  
s a m e  a t  s lack  w a te r  a n d  a t  th e  h e ig h t  o f  th e  t id e ,  w h e n  th e  c u r re n t-  
v e lo c ity  exceeds 100 c m  p e r  se c o n d  in  m a n y  p la c e s . F ro m  th is  i t  
a p p e a r s  t h a t  th e  la rv a e  o f  Ostrea edulis r e f ra in  f ro m  d ro p p in g  to  
th e  b o t to m  w h e n  th e  c u r re n t-v e lo c ity  ex ceed s e .g . 100 c m  p e r  
se c o n d .

A s d iffe ren ces  in  i l lu m in a t io n  a n d  w a v e -a c tio n  likew ise  a p ­
p e a r e d  to  h a v e  n o  in f lu e n c e  o n  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  
la rv a e ,  w e m a y  c o n c lu d e  t h a t  in  th e  O o s te rsc h e ld e  th e  la rv a e  
a r e  a b o u t  u n ifo rm ly  d is t r ib u te d  in  a  v e r t ic a l  sense a t  a n y  tim e  
o f  th e  d a y  a n d  th e  n ig h t,  in  a ll k in d s  o f  w e a th e rc o n d itio n s  
a n d  a t  a ll stages o f  th e  t id e . As a  re s u lt  o f  th is  u n ifo rm  v e r tic a l 
d is t r ib u t io n  w e m a y  e x p e c t  t h a t  th e  la rv a e  a re  a b s o lu te ly  a t  
th e  m e rc y  o f  th e  tid a l  c u r re n ts .  A s to  th e  d ir e c tio n  a n d  th e  force 
o f  th e  t id a l  c u r re n ts ,  I  re fe r  to  th e  d e s c r ip tio n  in  th e  c h a p te r  
o n  h y d ro g ra p h ic a l  c o n d itio n s  (fig. 1 , 2 ) .

T h e  la rv a e  a re  l ib e ra te d  in  th e  b a s in  o f  th e  O o s te rsc h e ld e , so 
t h a t  th e  v e ry  f irs t la rv a e  in  th e  b e g in n in g  o f  e a c h  n e w  season  
m a y  b e  e x p e c te d  to  a p p e a r  a t  th e  s ta t io n  Y e rsc h e  B a n k . A ll 
th e  s w a rm in g  tak es p la c e  in  th is  re g io n , w h ic h  causes  s h a rp  peaks 
in  th e  n u m b e r  o f  la rv a e  a t  th is  s ta tio n . T h e  t id a l  c u r re n ts  
d isp e rse  th e se  la rv a e  a n d  d is t r ib u te  th e m  o v e r  a  la rg e  a re a . So 
w e  sh a ll f in d  th a t  th e  n u m b e r  o f  la rv a e  a t  a  s ta t io n , s i tu a te d  a t  
so m e  d is ta n c e  fro m  th e  c e n tre  o f  sw a rm in g , te n d s  to  in c re ase  
so m e  t im e  a f te r  sw a rm in g ; th e  g r e a te r  th e  d is ta n c e , th e  la te r  
th is  in c re a se  is to  b e  e x p e c te d . I t  is se lf-e v id e n t t h a t  th is  d isp e rs io n  
ca u se s  a  d e c re a se  o f  th e  g r e a t  n u m b e r  o f  y o u n g  la rv a e  c o u n te d
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o n  th e  d a y  o f  sw a rm in g  in  th e  c e n tre  Y e rsc h e  B a n k . T h e  r e a l  
e x te n t  o f  s w a rm in g  o n  o n e  p a r t i c u la r  d a y  c a n  b e  d e d u c e d  f ro m  
th e  d e g re e  w ith  w h ich  th e  n u m b e r  o f  la rv a e  in c re ase s  a t  a  m o re  
d is ta n t  s ta t io n  a n d  f ro m  th e  n u m b e r  o f  la rv a e  in  th e  c e n tre  
a f te r  d isp e rs io n . T h e  a m p li tu d e  o f  th e  n u m b e r  o f  la rv a e  d u r in g  
s w a rm in g  in  th e  c e n tre  i ts e lf  is a  less re l ia b le  m e a su re , as 
i t  is a f fe c te d  b y  th e  d e g re e  o f  p ro x im ity  o f  th e  lib e ra tin g  
a d u lts .  T h u s  th e  en o rm o u s  n u m b e r  o f  la rv a e  (2 000  p e r  50 litre s) 
in  a  s a m p le  co llec te d  o n  th e  14 th  o f  J u l y  1937 a t  th e  s ta t io n  
Y e rsc h e  B a n k , fo r in s ta n c e , d id  n o t  p o in t  to  a  h e a v y  sw a rm in g , 
fo r th e  d ia g r a m  (fig. 8) c le a r ly  show s t h a t  i t  m u s t  b e  a t t r ib u te d  
to  th e  im m e d ia te  p ro x im ity  o f  o n e  (o r  m o re )  l ib e r a t in g  a d u lt( s ) .

V e ry  in s tru c tiv e  is th e  n u m b e r  o f  la rv a e  a t  th e  s ta t io n  K a t te n -  
d ijk e  in  th e  co u rse  o f  a  t id a l  cy c le  (fig. 12).  A s th e re  a re  n o  
a d u l t  o y s te rs  in  th e  n e ig h b o u rh o o d , K a t te n d i jk e  rece iv es a ll its 
la rv a e  f ro m  th e  b as in  b y  th e  a c t io n  o f  th e  t id a l  c u r re n ts .

F ro m  th e  series o f  sm a ll c h a r ts  (fig. 2) i t  m a y  b e  seen  th a t  
th e  w a te r  w h ic h  fills th e  b a s in  a t  h ig h - tid e  m o v es  w es tw a rd s  
d u r in g  e b b  a n d  re a c h e s  K a tte n d i jk e  a b o u t  tw o  o r  th re e  h o u rs  
b e fo re  lo w  s la ck  w a te r . T h e n  fo r som e tim e  i t  m o v es  s till f a r th e r  
w e s tw a rd s  to  r e tu r n  d u r in g  flow . So th e  w a te r  a t  th e  s ta tio n  
K a tte n d i jk e  d u r in g  a  few  h o u rs  r o u n d a b o u t  lo w  s la ck  w a te r  
consists o f  w a te r  th a t  fills th e  b a s in  o f  th e  O o s te rsc h e ld e  a t  
h ig h  w a te r .  A b o u t  h ig h  tid e  th e  w a te r  a t  th e  s ta t io n  K a tte n d ijk e  
consists  o f  w a te r  d e r iv e d  f ro m  th e  “ o u tly in g  d is t r ic t” , s i tu a te d  
N .W . o f  th is  s ta tio n . A s th e  C h a n n e l o f  th e  O o s te rsc h e ld e  show s 
a  s u rp lu s  o f  e b b , p a r t  o f  th e  lo w -tid e  w a te r  d e r iv e d  f ro m  th e  
b a s in  w ill n o t  r e tu r n  to  th e  b a s in  d u r in g  th e  n e x t  flow', b u t  w ill 
m ix  w ith  th e  h ig h - tid e  w a te r  f ro m  th e  o u tly in g  d is tr ic t .

T w o  se ries o f  sa m p le s  c o lle c te d  d u r in g  24 h o u rs  a t  th is  s ta t io n  
b o th  y ie ld e d  th e  sa m e  resu lts . I n  fig. 12 th e  d a t a  f ro m  th e  s a m ­
p lin g  f ro m  io  to  l í  A u g u s t 1938 a re  v isu a liz e d . T h e y  show ' a  
m a rk e d  c o r re la t io n  b e tw e e n  th e  t id a l  cyc le  a n d  th e  n u m b e r  
o f  la rv a e .

D u r in g  lo w  tid e , w h e n  fo r so m e h o u rs  th e  w a te r  is m a d e  u p  
o f  th e  w a te r  t h a t  fills th e  b a s in  d u r in g  h ig h  tid e , th e  n u m b e r  
o f  la rv a e  is g re a t ,  w h ile  th e  n u m b e r  o f  la rv a e  c o u n te d  in  th e  
sa m p le s  c o lle c te d  d u r in g  h ig h  t id e ,  w h e n  th e  w a te r  is d e r iv e d  
f ro m  th e  o u tly in g  d is tr ic t ,  is re la tiv e ly  sm a ll. T h e  la rv a e  
p re s e n t  d u r in g  h ig h  tid e  a t  th is  s ta t io n  o r ig in a te  likew 'ise f ro m  
th e  b a s in  o f  th e  O o s te rsc h e ld e , h o w e v e r; th e y  a re  in tro d u c e d
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w ith  th e  w a te r  o f  th e  successive  su rp lu se s  o f  e b b  w h ic h  a re  m ix e d  
w ith  a  g r e a t  d e a l  o f  p ra c t ic a l ly  “ b a r r e n ”  w a te r  f ro m  th e  o u tly in g  
d is tr ic t. I t  w ill b e  c le a r  t h a t  th is  w ill r e s u lt  in  d iffe ren ces  in  
th e  c o m p o s itio n  o f  age-classes a t  h ig h -w a te r  a n d  a t  lo w -w a te r . As 
a  m a t te r  o f  fa c t w e  d o  f in d  th a t  th e  h ig h -w a te r  la rv a e  a re  o n  
a n  a v e ra g e  o f  a  la rg e r  size th a n  th e  lo w -w a te r  la rv a e . A t  th is  s ta ­
tio n  n e w ly - lib e ra te d  la rv a e  a re  p ra c t ic a l ly  n e v e r  m e t  w ith  d u r in g  
h ig h  w a te r .  I t  m a y  b e  seen  in  fig . 12 t h a t  a t  K a t te n d i jk e  th e  
p e r c e n t a g e  o f  e a r l ie r  la rv a e  is m u c h  sm a lle r  d u r in g  h ig h - tid e  
t h a n  d u r in g  lo w -tid e . T h is  series o f  sa m p le s  p ro v id e s  a t  th e  
sa m e  tim e  a n  in s ta n c e  o f  a n  a lm o s t n e g lig ib le  d if fe ren ce  b e tw e e n  
th e  sa m p le s  c o lle c te d  n e a r  th e  su r fa c e  a n d  th o se  co lle c te d  a t  
a  d e p th  o f  5 m e tre s .

Fig. 15. N um ber o f oysterlarvae in the 
course o f th e  tida l cycle. S tation  E .V .

W h e n  w e c o lle c t a  series o f  sa m p le s , s till m o re  d is ta n t  f ro m  
th e  b a s in  (e .g . s ta t io n  E .V . fig. 15), w e  sh a ll e x p e c t a  p r io r i  
(p ro v id e d  w e  d o  n o t  cross th e  lo w -tid e  b o u n d a r y  o f  th e  b a s in -  
w a te r )  a  s h o r te r  p e r io d  w ith  a m p le  la rv a e  d u r in g  lo w  w a te r  
th a n  a t  th e  s ta t io n  K a tte n d ijk e .  F ig . 15, w h ic h  re p re se n ts  su c h  
a  series, show s a t  th e  sa m e  tim e  t h a t  th e  m a x im u m  n u m b e r  
o f  la rv a e  d u r in g  lo w -w a te r  (80 p e r  100 litre s) r e m a in e d  c o n s id e r ­
a b le  b e lo w  th e  m a x im u m  at. th e  s ta t io n  K a tte n d i jk e  o n  th a t  d a y  
(a b o u t  150 p e r  100 li t re s ) .  O n  20 J u ly  1936 w e m a d e  a  t r ip  f ro m  
B e rg e n  o p  Z o o m  to  th e  o u tly in g  d is tr ic t  (Z ie r ik z e e ) , o n  w h ic h  
o cc as io n  w e c o lle c te d  p la n k to n -s a m p le s  in  m a n y  p la ce s . A  s u d d e n  
d ro p  in  th e  n u m b e r  o f  o y s te r la rv a e  in d ic a te d  th a t  w e h a d  
crossed  th e  b o u n d a r y  o f  th e  b a s in -w a te r .  T h is  b o u n d a ry  a p p e a r e d  
to  b e  s i tu a te d  b e tw e e n  W e m e ld in g e  a n d  K a tte n d i jk e ,  a b o u t  4
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h o u rs  a f te r  lo w -w a te r .  T h e  n e x t d a y , w h e n  w e m a d e  th e  t r ip  
in  th e  re v e rse d  d ire c tio n , w e  tr a c e d  th e  b o u n d a ry  so m e w h a t 
N .W . o f  K a t te n d i jk e  ( n e a r  th e  s ta t io n  E .V .)  a b o u t  4  h o u rs  a fte r 
h ig h  w a te r .  T h is  is p e r fe c tly  in  a c c o rd a n c e  w ith  th e  d a t a  o n  
th e  m o v e m e n ts  o f  th e  b a s in -w a te r  s u p p lie d  b y  R ijk s w a te rs ta a t ,  
v isu a liz e d  in  th e  series o f  sm a ll c h a r ts  (fig. 2 ). T h e  p o in t  o f  th e  
to n g u e  o f  b a s in -w a te r  w h ic h  in tru d e s  in  N .W . d ire c tio n  d u r in g  
e b b  a p p e a rs  to  b e  less r ic h  in  la rv a e  t h a n  th e  re s t o f  th e  to n g u e .

T h e  p o in t  o f  th e  to n g u e  is m a d e  u p ,  g e n e ra lly  sp e a k in g , o f  
th e  w a te r  t h a t  e n te rs  th e  b a s in  d u r in g  th e  v e ry  la s t s ta g e  o f  
th e  flow  a n d  w h ic h  does n o t  p e n e tr a te  fa r  in to  th e  b as in . W h e n  
th e  p o in t  o f  th e  to n g u e  is less r ic h  in  la rv a e ,  w e sh a ll a lso  e x p e c t 
few er la rv a e  in  th e  w e s te rn  p a r t  o f  th e  b a s in  d u r in g  h ig h -w a te r .  
T h a t  th is  is r e a lly  th e  case  is sh o w n  b y  a  series o f  sa m p le s  ta k e n  
in  th e  w e s te rn  p a r t  o f  th e  b a s in  (s ta t io n  263, fig. 13). A s h e re  
w e a re  q u i te  close to  th e  c e n tre  o f  la rv a e -p ro d u c t io n  th e  d if fe r­
en c e  in  th e  n u m b e r  o f  la rv a e  b e tw e e n  h ig h  w a te r  a n d  low  w a te r  
is m u c h  s lig h te r . A s is to  b e  e x p e c te d , th e  a v e ra g e  size o f  th e  
la rv a e  is la rg e s t  d u r in g  h ig h  tid e , fo r d u r in g  low  tid e  w e fin d  
m o re  n e w ly - l ib e ra te d  la rv a e .

I  p ro c u re d  m a n y  series o f  sa m p le s  d u r in g  a n  e n t ire  t id a l  cycle  
a n d  o th e rs  d u r in g  24  h o u rs  a t  th e  s ta t io n  Y ersch e  B a n k , th e  sam e 
s ta tio n  w h e re  o n e  o f  th e  d a i ly  sa m p le s  is c o lle c te d . I  in v a r ia b ly  
n o tic e d  th a t  th e  c o u rse  o f  th e  n u m b e r  o f  la rv a e  is n o t  so n e a tly  
g ra d u a l  as, fo r in s ta n c e , a t  th e  s ta t io n  K a tte n d i jk e .I  o ften  m e t 
w ith  p ea k s  o f  g r e a te r  o r  le sse r im p o r ta n c e  a n d  w ith  d iffe ren ces 
b e tw e e n  th e  n u m b e r  o f  la rv a e  a t  th e  su rfa c e  a n d  th e  b o tto m .

A  c o m p a r iso n  o f  a l l  th e se  series o f  sa m p le s  p ro v e d , h o w ev e r, 
th a t  th e se  p ea k s  a re  n o t  c o r re la tiv e  w ith  th e  t id a l  cyc le  a n d  
th a t  th e  d iffe ren ce s  in  v e r t ic a l  d ire c tio n  h a v e  n o th in g  to  do  
w ith  v a r ia t io n s  in  fa c to rs  lik e  i l lu m in a tio n ,  te m p e r a tu re ,  sa lin ity , 
w a v e -a c tio n  a n d  c u r re n t-v e lo c ity . I n  fig . 11 su c h  a  series o f  
sa m p le s  is v isu a liz e d . F ro m  th is  i t  m a y  b e  seen  th a t  th e re  is n o  
r e g u la r i ty  in  th e  o c c u r re n c e  o f  th e  v e r t ic a l  d iffe ren ces  in  th e  
d is t r ib u t io n  o f  th e  la rv a e .

I n  m y  o p in io n  a l l  th e se  d e v ia tio n s  f ro m  th e  “ n o r m a l”  cou rse  
a n d  f ro m  th e  “ n o r m a l”  v e r t ic a l  d is t r ib u t io n , o b se rv e d  a t  th is 
s ta tio n , m a y  b e  a t t r ib u te d  to  th e  p ro x im ity  o f  l ib e r a t in g  ad u lts . 
T h is  s ta t io n  is s i tu a te d  in  th e  c e n tre  o f  th e  m o s t im p o r ta n t  
o y s te r-b e d s . T h e  w a te r  t h a t  passes th is  p la c e  a t  a ll s tages o f  
th e  tid a l  cyc le  h a s  flo w ed  fo r so m e tim e  o v e r th e se  o y ste r-b ed s.
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T h o u g h  s w a rm in g  te n d s  to  b e  c o n c e n t r a te d  to  a  c o n s id e ra b le  
d e g re e , s in g le  l ib e r a t in g  a d u lts  a r e  p r a c t ic a l ly  n e v e r  a b s e n t.  T h e  
n e a r e r  th e  s ta t io n  o f  s a m p lin g  is to  th e  a d u l ts ,  th e  g r e a te r  th e  
c h a n c e  th a t  th e  la rv a e  o f  o n e  o r  m o re  l ib e r a t in g  a d u l ts  w ill 
in te r fe re  w ith  th e  n o rm a l r e g u la r  c o u rse  o f  th e  g r a p h  o n  th e  
n u m b e r  o f  la rv a e .

I  m e n tio n e d  b efo re  t h a t  a t  th is  s ta t io n  I  o n ce  c o u n te d  2000 
la r v a e  p e r  50  litre s  o n  a  d a y  o n  w h ic h  th e  a v e ra g e  n u m b e r  
o f  la rv a e  w as a b o u t  100 p e r  50 litre s .  I f  m y  su p p o s itio n  th a t  
th e se  ir re g u la r i t ie s  a t  th is  s ta tio n  a r e  m a in ly  d u e  to  th e  p ro x im ity  
o f  l ib e r a t in g  a d u l ts  is r ig h t,  w e m a y  e x p e c t  th e se  p ea k s  to  b e  
c a u s e d  b y  a  su d d e n  a b u n d a n c e  o f  th e  y o u n g e s t p la n k to n ic  
la rv a e ,  in  o th e r  w o rd s , w e m a y  e x p e c t th e  g ra p h s  o n  th e  
o ld e r  la rv a e  n o t  to  r u n  p a ra lle l  to  th e  g r a p h  o n  th e  to ta l  n u m b e r .  
T h is  a p p e a r s  to  b e  th e  case: w h e n  tr a c in g  a  s e p a r a te  g r a p h  fo r 
e a c h  size-class I  f in d  t h a t  o n ly  th e  y o u n g e s t la rv a e  a re  g u ilty  
o f  th e  i r re g u la r i t ie s .  G e n e ra lly  s p e a k in g  w e m a y  s ta te  t h a t  th e  
n u m b e r  o f  la rv a e  a t  th e  s ta t io n  Y e rsc h e  B a n k  does n o t  sh o w  
a n y  m a rk e d  t id a l  f lu c tu a tio n s .

S u m m a r iz in g ,  I  b e liev e  I  m a y  s ta te  t h a t  th e  la rv a e  o f  
Ostrea edulis a r e  p ass iv e ly  m o v e d  u p  a n d  d o w n  in  th e  tid e .

T h e  t id a l  c u r re n ts  d isp e rse  th e m  a n d  tr a n s p o r t  th e m . I t  h a s  
b e e n  sh o w n  t h a t  th e  d a t a  o n  th e se  tr a n s p o r ts  p e r fe c tly  f it in  
w i th  th e  d a t a  o n  th e  t id a l  m o v e m e n ts  su p p lie d  b y  R ijk s w a te r ­
s ta a t .  T h e  w a te r  in  th e  c e n tre  o f  b a s in  o f  th e  O o s te rsc h e ld e  
c o n ta in s  a n  a p p ro x im a te ly  e q u a l n u m b e r  o f  la rv a e  th r o u g h o u t  
a  t id a l  cyc le .

S ta tio n s  s i tu a te d  w est o f  th e  b a s in  a re  c h a ra c te r iz e d  b y  a  
s m a lle r  n u m b e r  o f  la rv a e  a t  h ig h - t id e ;  th e  f a r th e r  w est th e  g re a te r  
th e  d if fe re n c e  b e tw e e n  th e  h ig h -w a te r  a n d  th e  lo w -w a te r  n u m b e r .  
T h e  f a r th e r  w e s t th e  s h o r te r  th e  p e r io d  w ith  m a n y  la rv a e  a n d  
th e  sm a lle r  th e  to ta l  n u m b e r  o f  la rv a e  d u r in g  th e  e n t i r e  t id a l  
cy c le .

T h e  la rv a e  a r e  a p p a r e n t ly  u n a b le  to  c o u n te r a c t  d isp e rs io n . 
T h is  in a b i l i ty  c le a r ly  show s th e  e n o rm o u s  a d v a n ta g e  o f  su ffic ie n t­
ly  e n c lo se d  b re e d in g -g ro u n d s . A n  a d e q u a te  r e te n t io n  o f  th e  la rv a e  
is o n ly  to  b e  e x p e c te d  in  p la c e s  w h e re  th e  tid e s  p e r fo rm  a  
m o r e  o r  less p e r fe c tly  o sc illa tin g  m o v e m e n t, w h ic h  e n a b le s  th e  
m a jo r i ty  o f  la rv a e  to  r e tu r n  to  th e  g ro u n d s  a f te r  e a c h  t id a l  
cy c le .

I n  c o n n e c t io n  w ith  th e  p o in ts  d isc u sse d  a b o v e  I  w a n t  to

9
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m a k e  a  few  a d d i t io n a l  r e m a rk s  a b o u t  th e  r e l ia b i l i ty  o f  m y  
d a i ly  sa m p le s  (fig. 8, 9 , io ) .  A t  th e  s ta t io n  K a tte n d i jk e  th e  d a ily  
sa m p le s  a r e  p ro c u re d  a t  lo w  s la c k  w a te r .  R o u n d a b o u t  lo w  w a te r  
th e  n u m b e r  o f  la rv a e  is g r e a t  th e re . T h e  m o m e n t  o f  s a m p lin g  
is s e ld o m  m o re  t h a n  h a l f  a n  h o u r  re m o v e d  f ro m  th e  m o m e n t 
o f  lo w  s la ck  w a te r .  C o n s e q u e n tly  e r ro rs  c a u se d  b y  u n tim e ly  
s a m p lin g  a re  n o t  to  b e  e x p e c te d . T h e  d e p th  o f  s a m p lin g  is 
a lw a y s  5 m e tre s  h e re . A s n o  v a r ia t io n s  in  v e r t ic a l  d is t r ib u t io n  
o c c u r  h e re ,  e r ro rs  o w in g  to  d iffe ren ce s  in  i l lu m in a t io n ,  sa lin ity , 
t e m p e r a tu re ,  w a v e -a c tio n  o r  t id a l  c u r re n ts  a r e  n o t  to  b e  e x p e c te d . 
C o n s e q u e n tly  (a n d  th is  m a y  b e  d e d u c e d  likew ise  f ro m  th e  d ia ­
g ra m s)  th e  a b r u p t  t r a n s i t io n  f ro m  s a m p lin g  a t  e v e n in g  lo w  w a te r  
to  t h a t  a t  m o rn in g  lo w  w a te r  ( in d ic a te d  b y  “ m ”  in  th e  d ia ­
g ra m s)  h a s  n o  in f lu e n c e  w h a te v e r  o n  th e  n u m b e r  o f  la rv a e  
c o lle c te d . P u m p  sa m p lin g  a t  lo w  s la ck  w a te r  does n o t  y ie ld  
u n r e l ia b le  re su lts , fo r  I  n e v e r  n o tic e d  few er la rv a e  in  th e  sam p les  
c o l le c te d  j u s t  a t  s lack  w a te r  (fig . 11, 12).  H e n c e  i t  fo llow s th a t  
th e  la rv a e  a re  m o s t p ro b a b ly  n o t  a b le  to  c o u n te r a c t  p e rc e p ­
t ib ly  th e  su c tio n  o f  th e  p u m p  b y  th e ir  o w n  lo c o m o tiv e  fo rce.

A t th e  s ta t io n  Y ersch e  B a n k  sa m p le s  a re  p r o c u r e d  a b o u t  h a l f  
a n  h o u r  a f te r  lo w  slack  w a te r  a n d  a b o u t  tw o  fe e t a b o v e  th e  
b o tto m . I r r e g u la r i t ie s  o w in g  to  th e  p ro x im ity  o f  l ib e r a t in g  a d u lts  
m a y  o c c u r  h e re . T h e  o c c u r re n c e  o f  s w a rm in g  is so o n  n o tic e d  a t  
th is  s ta t io n .  T h e  e x te n t o f  e a c h  s w a rm in g  c a n  safe ly  b e  d e d u c e d  
f ro m  th e  n u m b e r  o f  la rv a e  c o u n te d  in  th e  sa m p le s  c o lle c te d  a t  
b o th  s ta tio n s  o n  th e  d a y  a f te r  sw a rm in g .

W e a th e rc o n d it io n s , t id a l  c u r re n ts ,  d iffe ren ce s  in  sa lin ity  a n d  
th e  a b r u p t  t r a n s i t io n  to  th e  m o rn in g - tid e s  a p p a r e n t ly  h a v e  n o  
in f lu e n c e  o n  th e  re l ia b il i ty  o f  th e  s a m p lin g  a t  th is  s ta t io n  e ith e r .

I n  o r d e r  to  e x p la in  th e  o c c u r re n c e  o f  fa ir ly  la rg e  n u m b e rs  o f 
s p a t  in  p la c e s  fa ir ly  d is ta n t  f ro m  th e  s p a w n in g -g ro u n d s , sev era l 
in v e s tig a to rs  suggest a  s e c o n d a ry  a c c u m u la t io n  o f  la rv a e . T h is  
a c c u m u la t io n  is n o t  a s c r ib e d  to  d iffe ren ce s  in  v e r t ic a l  d is tr i­
b u t io n  b y  th e se  a u th o rs .

T h e y  s p e a k  o f  ed d ies  a n d  o f  b ig h ts  w h e re  th e  c u r re n ts  a re  
n e g lig ib le . I n  p la c e s  like  th e se  th e  la rv a e  a r e  su p p o se d  to  a c c u m u ­
la te  b y  a n  u n e x p la in e d  m e c h a n is m  ( C h u r c h i l l  a n d  G u t s e l l , 

i 9 2 i ,  N e l s o n ,  1 9 2 1 ,  K ä n d l e r ,  1 9 2 8 ,  1 9 3 0 ) .  I n  p la c e s  w h ere  
th e  s a m e  b o d y  o f  w a te r  m a in ta in s  its e lf  d u r in g  a n  e n t ire  t id a l  
cy c le  th e  d isp e rs io n  b y  th e  c u r re n ts  w ill b e  less e ffec tive . T h is  
p h e n o m e n o n  is n o t  o b se rv e d  in  th e  O o s te rsc h e ld e , h o w ev e r,
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o w in g  to  th e  th o r o u g h  t id a l  m ix in g  a n d  th e  c o n s id e ra b le  t id a l  
r a n g e  (3 to  4  m e tre s ) .

T h is  is n o t  w h a t  th e se  w ri te r s  h a v e  in  v ie w , h o w e v e r; w h a t  
th e y  d o  th in k  o f  is a  s e c o n d a ry  a c c u m u la t io n  in  su c h  p la c e s  
a f te r  a  p re v io u s  d isp e rs io n : “ A n d e rse its  b e w irk t  d ie  B o d e n ­
g e s ta l tu n g  im  V e re in  m i t  S tro m s ta u u n g e n  u n d  W irb e lb ild u n g e n  
w ie d e ru m  A n h ä u fu n g e n  v o n  A u s te rn la rv e n  a n  e in z e ln e n  S te llen , 
d ie  sich  d a r u m  d u r c h  e in e n  re ic h e n  B ru tfa l l  a u s z e ic h n e n ” . 
( K ä n d l e r , 1930). A c c o rd in g  to  N e l s o n  (1921) e d d ie s  a c t  as 
a  s o r t  o f  “ t r a p ”  fo r th e  la rv a e  a n d  h e , to o , m e n tio n s  a  h e a v y  
sp a tfa ll  in  su c h  p laces.

T h e y  n e v e r  s ta te  th e  r e a l  d if fe re n c e  b e tw e e n  th e  n u m b e r  o f  
la rv a e  in  th e  b u lk  o f  th e  w a te r  a n d  in  su c h  ed d ie s . I t  is m y  
o p in io n  th a t  th e  h e a v y  sp a tfa ll  in  su c h  p la c e s  is w h a t  le d  to  
th e se  su p p o s itio n s . I t  w ill b e  d iscu ssed  b e lo w  t h a t  th e  p ro p o r ­
t io n  b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  th e  in te n s ity  
o f  s e ttin g  is n o t  th e  sa m e  a t  e a c h  s ta t io n .  C o n s e q u e n t ly  th e re  
m a y  b e  p la c e s , th o u g h  r e m o te  f ro m  th e  c e n tre  o f  la rv a e -p ro d u c -  
t io n , w h ic h  m a y  y e t sh o w  a n  a b u n d a n t  sp a tfa ll. W e n e e d  n o t 
assu m e a  p re v io u s  a c c u m u la t io n  o f  th e  la rv a e  tq  a c c o u n t  fo r 
th is  p h e n o m e n o n .

U n less  w e su p p o se  t h a t  th e  la rv a e  re s t o n  th e  b o t to m  d u r in g  
p a r t  o f  th e  t id a l  cyc le  o r  t h a t  c i rc u la r  c u r re n ts  ca u se  c e n tr ifu g a l 
fo rces o f  som e im p o r ta n c e ,  I  k n o w  o f  n o  o th e r  k in d  o f  m e c h a n is m  
c a p a b le  o f  a c c u m u la t in g  a g a in  th e  d isp e rse d  la rv a e . S in c e  su c h  
a  re s tin g  o n  th e  b o t to m  d o es  n o t  o c c u r  in  th e  O o s te rsc h e ld e  
a n d  as I  h a v e  n e v e r  m e t  w ith  su ch  a n  a c c u m u la t io n ,  I  d o  n o t  
b e lie v e  th a t  th is  p h e n o m e n o n  o cc u rs  h e re .

X V I. D U R A T IO N  O F  T H E  PE L A G IC  STA G E

A p a r t  f ro m  th e  q u a l i ty  a n d  q u a n t i ty  o f  th e  a v a ila b le  n o u r is h ­
m e n t ,  w h ic h  fa c to r  h a s  a l re a d y  b e e n  d iscu ssed  in  a  p re v io u s  
c h a p te r ,  th e re  a re  so m e o th e rs  w h ic h  d e te rm in e  o r  a re  su p p o se d  
to  d e te rm in e  th e  g e n e ra l  g ro w th -c o n d itio n s  fo r  th e  la rv a e  a n d  
th r o u g h  th is  th e  d u r a t io n  o f  th e  p e la g ic  s ta g e . I  sh a ll re sp e c tiv e ly  
d iscuss th e  fa c to rs  s a lin ity  a n d  w a te r - te m p e ra tu re .

T h e  e f f e c t  o f  s a l i n i t y  o n  t h e  d e v e l o p m e n t  o f  o y s t e r ­
l a r v a e

M a n y  e x p e r im e n ts  in  v i t r o  h a v e  b e e n  c a r r ie d  o u t  b y  se v e ra l 
sc ien tis ts  in  o rd e r  to  a s c e r ta in  th e  o p tim u m  sa lin ity  fo r th e  d e v e lo p -
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m e n t o f  o y s te r la rv a e . L a r v a e  o f  n o n - in c u b a to r y  species o f  oysters 
le n d  th em se lv es  a d m ir a b ly  to  th is  p u rp o s e , fo r  a r tif ic ia l f e r ti l iz a ­
tio n  succeeds easily  in  th e se  species. T h e  fo llo w in g  d a t a  h a v e  
b e e n  o b ta in e d  in  th is  w a y :

S p e c ie s
S

al
in

it
y 

li
m

it
s 

be
tw

ee
n 

w
h

ic
h

 
d

ev
el

o
p

m
en

t 
is

 
p

o
ss

ib
le

O
pt

im
um

 
sa

li
n

­
ity

 
fo

r 
ea

rl
y

 
d

ev
el

o
p

m
en

ta
l 

st
ag

es

S
al

in
it

y 
in 

th
e 

lo
ca

lit
y 

w
h

er
e 

th
es

e 
o

y
st

er
s 

gr
ow

 
w

il
d

A u t h o r

Ostrea circumpicta P i l s b y 2 8 - 3 8 % , , 2 3 - 3 5 % o A m e m iy a  (1 9 2 8 6 )
Ostrea denselamellosa

L i s c h k e ...................... • 20- 35% 0 3 0 - 3 3 % o 26-34% o A m e m iy a  (1 9 2 1 , 
1 9 2 8 6 )

Ostrea gigas T h u n b e r g i 5 - 2 5 % o 1o - 32% o A m e m iy a  (1 9 2 8 6 )

8-35% o l 8 - 2 7% o
2 3 —2 5 0/  0 0  

2 0 —2 2 % 0

A m e m iy a  ( 1921 ) 
S e n o ,  H o r i  a n d  
K u s a k a b e  (1 9 2 6 )  
F u jit a  (1 9 2 9 )

Ostrea gigas v a r .
sikamea A m e m iy a I5 -2 5 ° /o o 8 - 3 0 V00 A m e m iy a  (1 9 2 8 6 )

Ostrea rivularis G o u ld I5 -2 5 ° /o o !0 - 3 0 % o A m e m iy a  (1 9 2 8 6 )
Ostrea spinosa Q u o y . 30- 38% o 2 5 - 3 3 °/oo A m e m iy a  (1 9 2 8 6 )
Ostrea virginica G m e -

l i n ....................................... I 5_ 39°/oo 25—29°/oo A m e m iy a  (1 9 2 6 )

H>5~ 39°loo 2 3 0/ 0 0 C l a r k  (1 9 3 5 )
Gryphaea angulata L a m . 21- 43°  loo 28-35% o A m e m iy a  (1 9 2 6 )

D e v e lo p m e n t o ften  te n d s  to  b e c o m e  i r r e g u la r  a n d  o ften  show s 
a  c o n s id e ra b le  r e ta r d a t io n  in  cases w h e n  s a lin ity  is u n fa v o u ra b le .

I t  m a y  b e  seen  th a t  th e re  is in  m a n y  cases a  m a rk e d  re la t io n  
b e tw e e n  th e  o p t im u m  sa lin ity  fo r d e v e lo p m e n t in  v itro  a n d  th e  
s a lin ity  in  p la ce s  w h e re  th e  species u n d e r  c o n s id e ra t io n  g ro w  
w ild . D u r in g  th e ir  la rv a l  life , to o , l i t to r a l  species a re  m o re  e u r ih a -  
lin e .

A s re g a rd s  Ostrea virginica so m e d a ta  o n  f ie ld -o b se rv a tio n s  
a re  a v a ila b le . N e l s o n  ( 1 9 2 1 )  s ta te s  th a t  o y s te r  c u l tu re  is poss­
ib le  b e tw e e n  sa lin itie s  o f  io  to  3 i ° / 00. H o p k i n s  ( 1 9 3 1 )  m a d e  
so m e o b se rv a tio n s  in  G a lv e s to n  B ay  (T e x a s ) ,  w h e re  c o n s id e ra b le  
v a r ia t io n s  in  s a lin ity  f r e q u e n t ly  o c c u r . H e  a s su m e d  a  c o r re la t io n  
b e tw e e n  in c re ase s  in  s a lin i ty  a n d  th e  in te n s ity  o f  se ttin g . A lth o u g h  
“ q u a n t i ta t iv e  m e th o d s  o f  m e a s u r in g  th e  a b u n d a n c e  o f  o y ste r­
la rv a e  in  p la n k to n c o lle c tio n s  w e re  n o t  e m p lo y e d ” a n d  h is m e th -
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od s o f  m e a s u r in g  th e  in te n s ity  o f  s e ttin g  a re  n o t  v e ry  re lia b le , 
h e  s ta te d  t h a t  “ th e  re su lts  in d ic a te  t h a t  s e tt in g  p e r io d s  fo llo w ed  
r is in g s  in  s a lin i ty  a b o v e  a p p ro x im a te ly  2 0 ° /00, a l th o u g h  i t  is 
c e r ta in ly  im p o ss ib le  to  s ta te  a n  e x a c t  l im i t” . A s a  m a t te r  o f  
f a c t  h is  d a t a  sh o w  th a t  s e ttin g  a lso  o c c u r re d  w ith  sa lin it ie s  o f  
8 to  i 6 ° / 00. A  p ro fu se  sp a tfa ll w as  e v e n  o b se rv e d  a t  i 2 ° / 0O 
(I.e . p . 70 fig . 12).

A s re g a rd s  Gryphaea angulata i t  m a y  b e  r e m a rk e d  th a t  R a n s o n ’ s 

(1 9 3 8 ) o b se rv a tio n s  a re  n o t  in  a g r e e m e n t  w ith  A m e m i y a ’ s  (1926) 
d a t a .  R a n s o n  s ta te d  t h a t  n o  sp a tfa ll  is to  b e  e x p e c te d  in  p la c e s  
w h e re  th e  s a lin i ty  exceeds 2 4 ° /00. T h e  n a tu r a l  b e d s  o f  th e  
P o r tu g u e s e  o y ste rs  a r e  a lw ay s  s i tu a te d  in  p la ce s  w ith  a  s a lin ity  
b e lo w  th is  f ig u re . I n  d ry  y ea rs  th e  s a lin ity  in  th e  F re n c h  e s tu a r ie s  
te n d s  to  in c re a se  to  su ch  a  h ig h  d e g re e  t h a t  n o  sp a tfa ll  o f  Gryphaea 
angulata  ta k e s  p la c e . B o r d e  a n d  B o r d e  (1938) a s su m e  likew ise  
t h a t  h ig h  sa lin itie s  a re  u n fa v o u ra b le  fo r  th e  r e p r o d u c t io n  o f 
th e  P o r tu g u e s e  o y ste r.

A s a r ti f ic ia l f e r ti l iz a tio n  h a s  b e e n  u n su ccessfu l in  Ostrea edulis 
so f a r  a n d  i t  is ev e n  im p o ss ib le  to  r e a r  y o u n g  e m b ry o s  ta k e n  
f ro m  th e  m a te r n a l  m a n tle c h a m b e r ,  th e  o p t im u m  s a lin ity  for 
d e v e lo p m e n t in  v itro  c a n n o t  b e  a s c e r ta in e d  in  th e  sa m e  w a y  as 
in  th e  n o n - in c u b a to r y  oysters.

A m e m i y a  (1 9 2 6 ) tr ie d  to  d o  so , b u t  h e  s ta te d  t h a t  h is  re su lts  
a r e  n o t  su ffic ie n t to  b a se  co n c lu s io n s  on .

G a a r d e r  (1932 , 1933) a n d  G a a r d e r  a n d  B j e r k a n  (1934) 
a s su m e  th a t  th e  la rv a e  o f  Ostrea edulis r e q u ir e  a  s a lin ity  o f  2 4 ° /00 
o r  m o re  fo r  successfu l g ro w th  a n d  p re s u m e  t h a t  th e  o p t im u m  
s a l in i ty  w ill b e  a b o u t  30 to  3 5 % 0. M a z z a r e l l i  (1924) o b se rv e d  
a  n o r m a l  la rv a l  d e v e lo p m e n t in  th e  L a g o  F u s a ro  w ith  sa lin itie s  
f ro m  34  to  3 9 ,5 ° /00- T h e  s a lin ity  d u r in g  C o l e ’ s (1939) successfu l 
e x p e r im e n ts  in  ta n k s  v a r ie d  f ro m  30 ,5  to  3 2 ,5 °/% . O r t o n  (1937  a) 
a s su m es  t h a t  th e  s a lin ity  o f  th e  w a te r  in  th e  sea  is p ro b a b ly  
r a r e ly  u n s u i ta b le  fo r la rv a l  d e v e lo p m e n t.

T h o u g h  th e  sa lin ity  in  th e  O o s te rsc h e ld e  v a r ie s  b u t  s lig h tly  
in  th e  c o u rse  o f  th e  su m m e r , th e re  m a y  b e  so m e d if fe re n c e  in  
s a l in i ty  in  d if fe re n t  y ea rs .

T h e  ta b le  o n  p a g e  134 c le a rly  show s th a t  in  th e  O o s te rsc h e ld e  
th e r e  is n o  c o r re la t io n  b e tw e e n  th e  in te n s ity  o f  th e  s e tt in g  a n d  
th e  a v e ra g e  s a lin i ty  d u r in g  th e  seaso n  o f  r e p ro d u c tio n .

I t  is m y  o p in io n  th a t  v a r ia t io n s  in  s a lin ity  b e tw e e n  2 5 ° /00 a n d
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Y ear Average Sum m er-salinity Spatfall.

1922 29% ±  i com plete failure
1 9 2 5 28% ±  i good
1926 2 7 %  ±  i profuse
1928 28% ±  i profuse
r929 28% ±  i very ab u n d an t
1931 28% ±  1 m oderate
1 9 3 4 29 to 30% ±  I failure
1 9 3 5 28% ±  i good
1 9 3 6 2 7 %  ±  i com plete failure
1 9 3 7 26% ±  1 m oderate
1 9 3 8 28 to 29%  ±  I good
!939 2 7 %  ±  I good

3 5 % o  p r o b a b ly  h a v e  l i t t le  o r  n o  in f lu e n c e  o n  la rv a l  g ro w th  
a n d  d e v e lo p m e n t  in  Ostrea edulis. So I  a g re e  w ith  V o i s i n  ( 1 9 3 3 )  

w h o  s ta te s : “ L a  s a lin ité ,  si e lle  se m a in t ie n t  d a n s  des lim ite s  
n o rm a le s , p a r a î t  n e  j o u e r  q u ’u n  rô le  assez e ffa c é .”  E x c e lle n t 
sp a tfa lls  o c c u r re d  in  th e  O o s te rsc h e ld e  w ith  sa lin itie s  f ro m  2 7  

to  2 9 ° /00, b u t  o th e r  fa c to rs  a r e  p ro b a b ly  re sp o n s ib le  fo r  th e  
e n o rm o u s  a n n u a l  v a r ia t io n s  in  sp a tfa ll. I  n e v e r  d e te c te d  a n y  
v a r ia t io n  in  th e  r a te  o f  d e v e lo p m e n t o f  th e  o y s te r la rv a e  in  th e  
O o s te rsc h e ld e  c o r re la tiv e  w ith  th e se  s lig h t a n n u a l  d iffe re n c e s  in  
sa lin ity .

T h e  e f f e c t  o f  w a t e r - t e m p e r a t u r e  o n  t h e  d e v e l o p m e n t  
o f  o y s t e r l a r v a e

J u s t  a s  in  th e  case  o f  sa lin ity , i t  is ea s ie r  to  in v e s tig a te  th e  
in f lu e n c e  o f  th e  w a te r - te m p e ra tu re  o n  th e  d e v e lo p m e n t o f  la rv a e  
o f  n o n - in c u b a to r y  oysters t h a n  o f  in c u b a to r y  species. T h e  s tu d y  
o f  th e  in flu e n c e s  o f  te m p e r a tu r e  d u r in g  e a r ly  d e v e lo p m e n ta l  
s tag es in  v itro  is p o ss ib le  a f te r  a r tif ic ia l fe r til iz a tio n . T h e  s tr ic tly  
s im u lta n e o u s  sp a w n in g  in  Ostrea virginica a n d  Ostrea gigas 
fa c il i ta te s  th e  d e te r m in a t io n  o f  th e  d u r a t io n  o f  p e la g ic  life in  
th e  o p e n  sea .

Ostrea gigas

F e r t i l iz a t io n  ta k es  p la c e  m o s t v iv id ly  a n d  th e  r a te  o f 
d e v e lo p m e n t  o f  th e  y o u n g  la rv a e  o f  Ostrea gigas p ro v e d  to  be 
m o s t r a p id  a t  te m p e r a tu re s  f ro m  2 3  to  2 7 0 C  ( F u j i t a  1 9 2 9 ,
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S e n o , H o r i  a n d  K u s a k a b e  1 9 2 6 ) .  E l s e y  ( 1 9 3 6 )  a n d  E l s e y  a n d  
Q u a y l e  ( 1 9 3 9 )  o b se rv e d  in  L a d y s m ith  H a r b o r  th a t  th e  d u r a t io n  
o f  th e  p e la g ic  s ta g e  o f  th is  o y s te r  is a b o u t  18 d ay s  a t  te m p e ra tu re s  
o f  2 1  to  2 2 °  C .

Ostrea virginica

M iss C l a r k  ( 1 9 3 5 )  sh o w e d  b y  e x p e r im e n ts  in  v itro  t h a t  
th e  r a te  a t  w h ic h  e a r ly  d e v e lo p m e n t ta k es  p la c e  v a rie s  c o n s id e r ­
a b ly  a t  d if fe re n t  te m p e ra tu re s .  T h e  f irs t sw im m in g  s ta g e  is 
re a c h e d  25 h o u rs  a f te r  f e r t i l iz a tio n  a t  150 C  a n d  a f te r  3 h o u rs  
a t  3 0 0 C .

W h e n  th e  d a y  o n  w h ic h  th e  s im u lta n e o u s  sp a w n in g  o f  Ostrea 
virginica o cc u rs  is k n o w n , i t  is p o ss ib le  to  a s c e r ta in  th e  le n g th  
o f  th e  p e la g ic  s ta g e  b y  d e te rm in in g  th e  m o m e n t  a t  w h ic h  th e  
f irs t  sp a tfa ll ta k es  p la c e .

J u l i u s  N e l s o n  (1908) p re s u m e d  th a t  th e  p e la g ic  s ta g e  la s te d  
f ro m  o n e  w eek  a t  24 to  2 7 o C  to  th r e e  w eeks a t  21 to  2 4 0 C. 
C h u r c h i l l  a n d  G u t s e l l  (1921) m e n tio n e d  a  free  sw im m in g  
s ta g e  o f  12 to  14 d ay s  a t  2 1 0 C . N e l s o n  (1923  a) s ta te d  15 d ay s  
o f  p e la g ic  life  in  B a rn e g a t B ay , w h ile  th e  te m p e r a tu r e  v a r ie d  
f ro m  21 to  2 4 o C ; la te r  o n  (1 928  a) h e  s ta te d  13 d ay s  a t  te m p e r a ­
tu re s  o f  23 to  2 5 o C  a n d  17 d a y s  w h e n  th e  w a te r  w as 2 0 0 C. 
A c c o rd in g  to  N e e d l e r  (1932  a) th e  fre e -sw im m in g  s ta g e  o ften  
la s ts  th re e  w eeks in  th e  c o ld e r  w a te r  o f  C a n a d a .  P e r k i n s  (1932) 
s ta te s  th a t  lo w  w a te r - te m p e ra tu re s  a re  o ften  th e  ca u se  o f  a  
p r o t r a c te d  f re e -sw im m in g  p e r io d . W h e n  h ig h  w a te r - te m p e ra -  
tu re s  a re  re c o rd e d  (2 5 o C  a n d  m o re ) ,  f ix a tio n  w ill b e  o b se rv e d  
f ro m  th e  tw e lf th  d a y  a f te r  sp a w n in g . M e d c o f  (1939) c a r r ie d  
o u t  in v e s tig a tio n s  in  C a n a d a  (B idefo rd  R iv e r ) .  H e  s ta te d  th a t  
th e  d u r a t io n  o f  th e  p e la g ic  s ta g e  th e re  is a b o u t  30 d a y s  a t  190 C , 
a b o u t  26 d ay s  a t  2 0 o C  a n d  a b o u t  24  d ay s  a t  2 1 0 C , w h ic h  
f ig u re s  a re  c o n s id e ra b ly  h ig h e r  th a n  th o se  o f  C h u r c h i l l  a n d  
N e l s o n . I t  is d o u b tfu l,  h o w e v e r, w h e th e r  h is  d a te s  a re  a b s o lu te ly  
re l ia b le ;  M e d c o f  a d m its  t h a t  h is  c o n s tru c tio n s  a re  p a r t ly  co n ­
je c tu r a l .

T h e  d e te rm in a t io n  o f  th e  le n g th  o f  th e  f re e -sw im m in g  p e rio d s  
p re se n ts  m o re  d ifficu lties  in  in c u b a to ry  species o f  o y ste rs , b e c a u se  
th e se  o y ste rs  d o  n o t  sh o w  a  s tr ic tly  s im u lta n e o u s  s w a rm in g . I t  
is o n ly  p o ss ib le  to  sp e a k  o f  m a x im a  o f  s w a rm in g , fo r d u r in g  th e  
se a so n  o f  r e p r o d u c t io n  h a r d ly  a  d a y  passes w ith  n o  sw a rm in g  
a t  a ll. S w a rm in g  u s u a lly  in it ia te s  w ith  th e  a p p e a r a n c e  o f  a
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sm a ll n u m b e r  o f  la rv a e  in  th e  p la n k to n ,  p r a c t ic a l ly  n o n e  o f  
w h ic h  m a y  r e a c h  th e  f ix a tio n  s ta g e , b e c a u s e  o f  th e ir  sm a ll 
n u m b e r .  T h e  m e a s u r in g  o f  th e  d u r a t io n  o f  th e  fre e -sw im m in g  
p e r io d  b y  a s c e r ta in in g  th e  p e r io d  o f  t im e  e la p s in g  b e tw e e n  th e  
a p p e a ra n c e  o f  th e  f irs t la rv a e  in  th e  p la n k to n  a n d  th e  o b se rv a tio n  
o f  th e  f irs t sp a tfa ll m u s t  th e re fo re  b e  r e g a rd e d  as a n  a l to g e th e r  
u n re lia b le  m e th o d . I t  is n e c e s sa ry  to  a s c e r ta in  th e  in te rv a l  b e ­
tw e e n  a  m a x im u m  o f  s w a rm in g  a n d  a  m a x im u m  o f  s e t t in g  in  
o r d e r  to  k n o w  th e  d u r a t io n  o f  th e  p e la g ic  s ta g e  in  th e  fie ld . F o r  
th is  a  v e ry  f re q u e n t e x a m in a t io n  o f  la rv a e  a n d  s e ttin g  is r e q u ir e d .  
O fte n  th e  sp a tfa ll does n o t  sh o w  c le a rly  m a rk e d  m a x im a , w h ich  
m a k es  th e  d e te rm in a t io n  o f  th e  le n g th  o f  th e  p e la g ic  s ta g e  
p r a c tic a lly  im p o ss ib le  in  su c h  cases.

Ostrea lurida

S t a f f o r d  (1914) e s t im a te d  th e  le n g th  o f  th e  fre e -sw im m in g  
p e r io d  in  th e  O ly m p ia  o y s te r  a t  a b o u t  o n e  m o n th .

I t  w as G a l t s o f f ’s  (1929) o p in io n  th a t  th e  le n g th  o f  th is  
p e r io d  is a b o u t  14 d ay s . C o e  (1932 c) e v e n  p re s u m e d  t h a t  th e  
fre e -sw im m in g  s ta g e  is so s h o r t  in  Ostrea lurida  t h a t  th e  ch a n ce s  
o f  a  d isp e rs io n  o f  la rv a e  b y  th e  c u r re n ts  a r e  l im ite d .

N e ith e r  o f  th e se  a u th o rs  h a d  m a n y  re lia b le  d a t a  a t  th e ir  
d isp o sa l.

I t  w a s  H o r i  ( 1 9 3 3 )  w h o  r e a r e d  t h e s e  l a r v a e  i n  v i t r o  t i l l  

f i x a t i o n  i n  2 2  d a y s  a t  2 0 0 G  b y  f e e d i n g  t h e m  g r o u n d  s e a - l e t t u c e .

H o p k i n s ’ (1937) in v e s tig a tio n s  e n a b le d  h im  to  e s ta b lish  th e  
d a te s  o f  sp a w n in g  a n d  th u s  to  a s c e r ta in  th e  m a x im a  o f  sw a rm in g  
in  O ly m p ia  oysters . Q u a n t i ta t iv e  in v e s tig a tio n s  o n  th e  a b u n d a n c e  
o f  la rv a e  in  th e  w a te r  w e re  n o t  m a d e , h o w e v e r, so i t  w as im p o ss i­
b le  fo r h im  to  fo llow  th e  la rv a l  a g e -g ro u p s . H o p k i n s  e x a m in e d  
th e  sp a tfa ll,  to o , a n d  i t  is p o ss ib le  to  r e a d  f ro m  h is  d ia g ra m s  (e.g . 
fig. 40) t h a t  th e  p e r io d  w h ic h  e lap ses  b e tw e e n  sp a w n in g  a n d  
s e tt in g  ex ceed s o n e  m o n th  (17 to  i8 ° C ) .  So H o p k i n s ’ co n c lu s io n  
t h a t  , , th e  fre e -sw im m in g  p e r io d  a p p e a r s  to  b e  30 to  40  o r  m o re  
d ay s , d e p e n d in g  la rg e ly  p e rh a p s  o n  w a te r - te m p e ra tu re s ,  so th a t  
th e  to ta l  la rv a l  life is a t  le a s t  40  d a y s”  w ill n o t  b e  fa r  f ro m  th e  
t r u th .  T h is  show s t h a t  S t a f f o r d ’ s  firs t e s tim a te  w as  a b o u t  r ig h t.
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Ostrea edulis

P e t e r s e n  (1908) o b se rv e d  t h a t  th e  la rv a e  o f  Ostrea edulis 
sw im  a c tiv e ly  in  w a te r  o f  130 C . H e  d e te c te d  th e  p re se n c e  o f 
la r v a e  in  th e  p la n k to n  a t  150 C . H a g m e i e r ’ s (1916) d a t a  on  
ta n k -b r e e d in g  e n a b le d  h im  to  s ta te  t h a t  th e  f re e -sw im m in g  
p e r io d  la sts  f ro m  io  to  14 d a y s  a t  18 to  2 1 0 C . M a z z a r e l l i

(1 9 2 2 ) s u c c e e d e d  in  r e a r in g  th e  la rv a e  o f  Ostrea edulis in  v itro  
til l  s e t t le m e n t .  T h e  w a te r - te m p e ra tu re  in  h is  c o n ta in e rs  w as n o t 
c o n s ta n t  d u r in g  h is e x p e r im e n ts . H e  s ta te d  t h a t  th e  d u r a t io n  
o f  th e  fre e -sw im m in g  p e r io d  is a b o u t  16 to  17 d a y s  a t  a  w a te r -  
t e m p e r a tu r e  f ro m  15 to  16° C . T h e  w a te r - te m p e ra tu re  in c re a se d  
d u r in g  h is  e x p e r im e n ts , so t h a t  th e  te m p e r a tu r e  in  th e  f irs t p a r t  
o f  th e  f re e -sw im m in g  p e r io d  d u r in g  w h ic h , in  m y  o p in io n , th e  
la r v a e  a re  m o s t se n sitiv e , m u s t h a v e  b e e n  fa ir ly  lo w  (14  to  150 C .)

M a z z a r e l l i  fo u n d  v ia b le  la rv a e  in  th e  w a te r  o f  th e  L a g o  
F u s a ro  a t  a n y  te m p e r a tu re  b e tw e e n  130 C  a n d  3 0 o C . H e  assum es 
th a t  th e  la rv a e  o f  Ostrea edulis c a n  s ta n d  a n y  v a r ia t io n  in  te m p e r ­
a tu r e  b e tw e e n  th e se  figu res.

B o u r y  ( 1 9 2 8 )  c o n c l u d e d  t h a t  h e  c o u l d  n o t  s t a t e  a  l i m i t  

b e l o w  w h i c h  l a r v a l  d e v e l o p m e n t  a n d  f i x a t i o n  a r e  n o t  p o s s i b l e .

K ä n d l e r  ( 1 9 3 0 )  s ta te d  t h a t  th e  la rv a e  r e q u ir e  a  te m p e ra tu re  
o f  a b o u t  2 0 °  C  to  g ro w  a n d  se ttle : “ E rs t  e tw a  v o n  1 8 0 C  a b  
g e s ta t te n  s ic h  d ie  E n tw ic k lu n g s b e d in g u n g e n  g ü n s tig  u n d  d ie  
W a s s e r te m p e ra tu re n  m ü ssen  s ich  e in e  Z e i t la n g  u m  2 0 o C  u n d  
d a r ü b e r  h a l te n ,  d a m it  d ie  A u s te rn b r u t  h e r a n w ä c h s t  u n d  sich  
fe s ts e tz t .”

T h e r e  a re  m o re  s ta te m e n ts  to  th is  e ffec t, fo r in s ta n c e  t h a t  b y  
G a a r d e r  (1 9 3 3 ) w ho  says t h a t  th e  la rv a e  r e q u ir e  2 0 o C  for 
n o r m a l  d e v e lo p m e n t a n d  th a t  b y  L a m b e r t  (1935) w h o  te lls  us 
t h a t  n o  f ix a tio n  ta k es  p la c e  b e lo w  180 C.

I w a n t  to  e m p h a s iz e  t h a t  i t  is w ro n g  to  a rg u e  o n  th e  a s su m p ­
t io n  t h a t  n o  d e v e lo p m e n t a n d  n o  f ix a tio n  a re  p o ss ib le  b e lo w  
th e se  te m p e r a tu re s ,  i f  th is  a s su m p tio n  is b a s e d  o n  th e  fa c t th a t  
o n e  d o es  n o t  su c c e e d  in  f in d in g  s p a t  a f te r  sw a rm in g  d u r in g  a  
c o ld  sp e ll. W h e n  th e  la rv a e  a re  n o t  v e ry  a b u n d a n t  a n d  th e  p e la g ic  
s ta g e  is p r o t r a c te d  o w in g  to  lo w  w a te r - te m p e ra tu re s ,  th e  n u m b e r  
o f  l a r v a e  t h a t  su rv iv es til l  f ix a tio n  m a y  b e  so sm a ll t h a t  i t  is 
e x t re m e ly  d if f ic u lt to  fin d  so m e sp a t.  T h e  e x p e r im e n ts  b y  
M a z z a r e l l i  p ro v e  t h a t  la r v a l  d e v e lo p m e n t a n d  sp a tfa ll  a re  
c e r ta in ly  p o ss ib le  a t  fa ir ly  lo w  w a te r - te m p e ra tu re s .
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C h a i l l é ( i 9 3 8 )  expresses h im s e lf  m o re  c a u tio u s ly  w h e n  h e  
s ta te s : “ D a n s  nos e a u x  o n  p e u t  d ire  q u ’a u  dessous d e  18 d eg rés  
l a  r é c o lte  e s t p r a t iq u e m e n t  n u l le ;  les h u ître s  p o n d e n t ,  les la rv e s  
so n t ém ises, m a is  elles p é r is s e n t a v a n t  d ’a v o ir  a t te in t  le u r  s ta d e  
d e  f ix a t io n .”

E r d m a n n  ( 1 9 3 4 )  o b se rv e d  t h a t  f ix a tio n  in  v itro  is s till po ssib le  
a f te r  v e r y  lo n g  p e r io d s  o f  p e la g ic  life (e .g . 5 0  d a y s ) . C o l e ’ s 

e x p e r im e n ts  in  ta n k s  ( 1 9 3 6 ,  1 9 3 9 )  y ie ld e d  so m e f u r th e r  d a ta .  
H e  o b se rv e d  f ix a tio n  9  to  io  d a y s  a f te r  s w a rm in g  a n d  c o n c lu d e d  
t h a t  th e  p e la g ic  s ta g e  w as m u c h  sh o r te r  t h a n  h a d  b e e n  assu m ed  
b y  H a g m e i e r  a n d  M a z z a r e l l i . C o l e  fo rg o t to  m e n tio n , 
h o w e v e r , t h a t  th e  w a te r - te m p e ra tu re  in  h is  ta n k s  w as 21 to  
2 2 °  C , w h ic h  te m p e r a tu r e  is m u c h  h ig h e r  th a n  t h a t  in  th e  e x p e r i­
m e n ts  o f  th e  a b o v e -m e n tio n e d  a u th o rs .  F ro m  th e  d a t a  in  h is  
se co n d  p u b l ic a t io n  i t  m a y  b e  se e n  th a t  th e  le n g th  o f  th e  free- 
sw im m in g  p e r io d  in  h is  ta n k s  w as  a b o u t  io  to  11 d a y s  a t  te m p e r a ­
tu re s  f ro m  a b o u t  1 9  to  2 0 o C .

S u m m a r iz in g ,  w e  f in d  th a t  th e  fo llo w in g  f ig u re s  h a v e  b e e n  
s ta te d :

tem pera tu re D uration  of pelagic stage A uthor

1 5 - 1 6 °  C 16-17 days M a z z a r e l l i  (1 9 2 2 )
1 8 - 2 1 °  C 10-14 davs H a g m e ie r  (1 9 1 6 )
19-20° C i o - 11 days C o l e  ( 1 9 3 6 )  ,
2 1 - 2 2 °  c 9-10  days C o l e  (1 9 3 9 )

T h e  le n g th  o f  th e  p e la g ic  s ta g e  in  th e  O o s te rsc h e ld e  c a n  b e  
a p p r o x im a te d  b y  c o m p a r in g  in  th e  d ia g ra m s  th e  m a x im a  o f  
s w a rm in g  w ith  th e  m a x im a  i f  se ttin g .

I t  s h o u ld  b e  b o rn e  in  m in d  th a t  th e se  c o m p a r iso n s  a re  so m e­
w h a t  a r b i t r a r y ,  fo r  th e  s e tt in g  w as n o t  a s c e r ta in e d  d a ily , b u t  
in  p e r io d s  o f  th re e  d ay s , as w ill b e  d iscussed  b e lo w . T h e  c e n tre  
o f  su c h  a  p e r io d  m a y  b e  a s su m e d  to  re p re s e n t a b o u t  th e  r ig h t  
p la c e  o f  th e  m a x im u m  o f  s e ttin g . S o m etim es  n o  m a rk e d  m a x im a  
o f  s e t t in g  o c c u r . M a x im a  o f  s w a rm in g  a re  a lso  o f te n  n o t  c le a rly  
m a rk e d  a n d  s e c o n d a ry  w av e s  o f  sw a rm in g  f re q u e n tly  in te rfe re . 
(S ee ta b le  o n  p a g e  1 3 9 . )

T h e s e  d a t a  d o  n o t  d if fe r  e s sen tia lly  f ro m  th o se  o f  o th e r  
in v e s tig a to rs  c o lle c te d  in  th e  a b o v e  ta b le .
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Dates

sw arm ing setting

16° G 17° C 14 days 8 -9  V II 1938 22 V I I 1938
17o C 16° C 13 days 27 V I r 938 io  V II 1938
i 7° C 17° C 12 days 23 V I 1938 4 V II 1938
19o G 18-19° C 12 days 17-18 V II 1939 29 V II •939

20-21° C 18-19° C 9-10  days 18-19 V II *937 29 V II 1937
21° C 21° C 7 days 21 V I ¡936 28 V I 1936

22,5° G 22° C 7 days I  I  —I  2 V I I *935 1 8 -1 9 V II 1935
22° G 23° C 6 days 2-3  V II I 1938 8 -9  V II I 1938

I  w a n t  to  c o n c l u d e  t h a t  t h e  l e n g t h  o f  t h e  p e l a g i c  s t a g e  is 
l a r g e l y  d e p e n d e n t  o n  t h e  w a t e r - t e m p e r a t u r e  a n d  t h a t  C o l e  
u n d e r e s t i m a t e s  t h i s  i n f l u e n c e  w h e n  h e  s u g g e s t s  t h a t  t h e  l e n g t h e n ­
i n g  o f  t h e  f r e e - s w im m in g  p e r i o d  b y  w a t e r - t e m p e r a t u r e s  a s  lo w  
a s  15  to  17 0 G  is  n o t  l ik e l y  t o  e x c e e d  o n e  d a y  o r  a t  m o s t  tw o .

T h o u g h  w e k n o w  th e  le n g th  o f  th e  f re e -sw im m in g  p e r io d  a n d  
a lso  th e  m e a su re  in  w h ic h  th e  size o f  th e  o y s te r la rv a e  in c re ase s  
d u r in g  th is  p e r io d ,  w e  a re  n o t  ju s t if ie d  in  c o m p u tin g  th e  d a i ly  
g r o w th - r a te  b y  a  s im p le  d iv is io n  o f  th e se  tw o  fig u res . I t  is v e ry  
w e ll possib le  t h a t  th e  d a i ly  g ro w th - ra te  v a r ie s  c o n s id e ra b ly  in  
th e  co u rse  o f  th e  p e la g ic  p e r io d .

A s fa r  as I  k n o w  o n ly  N e l s o n  ( 1 9 2 3  b ) a n d  M e d c o f  ( 1 9 3 9 )  
p u b lis h e d  so m e d a t a  a b o u t  th e  d a ily  g ro w th - r a te  o f  th e  la rv a e  
o f  Ostrea virginica. N e l s o n  m e a s u re d  r e g u la r ly  a  n u m b e r  o f  
la rv a e  f ro m  eggs s p a w n e d  s im u lta n e o u s ly  o n  o n e  p a r t i c u la r  d a y  
in  B a rn e g a t  B ay . T h e  g ro w th -c u rv e  p ro v e d  to  b e  o f  a  s ig m o id a l 
s h a p e ; so th e  g ro w th - ra te  a p p e a r s  to  in c re a se  d u r in g  th e  firs t 
p a r t  o f  th e  p e la g ic  s ta g e  a n d  to  d e c re a se  d u r in g  th e  se co n d  
p a r t .  I  d o u b t ,  h o w e v e r, w h e th e r  th e  la s t  p a r t  o f  th e  c u rv e  is 
q u i te  re lia b le , fo r f ix a tio n , u n lik e  sp a w n in g , is n o t  q u ite  s im u lta ­
n e o u s  in  Ostrea virginica. N e l s o n  m e a s u re d  a  c e r ta in  n u m b e r  o f 
la rv a e  ( i o )  a n d  n o t  th e  la rv a e  f ro m  a  c e r ta in  v o lu m e  o f  w a te r ;  
c o n s e q u e n tly  w e  d o  n o t  k n o w  h o w  m a n y  o f  th e  o r ig in a l la rv a e  
h a d  se ttle d  a lre a d y . H o w e v e r , s e ttin g  w ill n o  d o u b t  in flu e n c e  
th e  a v e ra g e  size o f  th e  la rv a e  d u r in g  th e  v e r y  la s t  p a r t  o f  th e  
p e la g ic  s ta g e . I n  ca se  w e  o b se rv e  a  “ d e c re a se  in  g r o w th - r a te ” 
s h o r tly  b e fo re  s e ttin g , b y  m e a su r in g  a  c e r ta in  n u m b e r  o f  la rv a e ,
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th e re  is a  p o ss ib ility  t h a t  su c h  a  d e c re a se  m u s t  b e  a t t r ib u te d  to  
f ix a tio n  o f  th e  m o st p re c o c io u s  la rv a e . F o r  th e se  p re c o c io u s  la rv a e  
d is a p p e a r  f ro m  th e  p la n k to n  b y  a t ta c h m e n t ,  so th a t  o n ly  
th e  la te -c o m e rs  g e t m e a su re d .

M e d c o f  (1 9 3 9 )  c o n s tru c te d  h is g ro w th -c u rv e s  w ith  th e  a id  
o f  f re q u e n c y  p o ly g o n s  fo r la rv a l  m e a s u re m e n t,  p lo t te d  o n  a  
p e rc e n ta g e  basis. H e  d id  n o t  s a m p le  d a i ly  a n d  s e c o n d a ry  w aves 
o f  sp a w n in g  in te r fe re d . T h o u g h  h is  c o n s tru c tio n s  a re  p a r t ly  
c o n je c tu ra l,  w e m a y  y e t c o n c lu d e  f ro m  th e m  t h a t  th e  g ro w th -  
r a te  in c re ase s  in  th e  c o u rse  o f  th e  p e la g ic  p e r io d .

A  close s tu d y  o f  m y  d ia g ra m s  (fig . 8 , 9, io )  m a y  y ie ld  som e 
d a t a  o n  th e  d a ily  g r o w th - r a te  o f  th e  la rv a e  o f  Ostrea edulis d u r in g  
th e i r  p e la g ic  life. I t  sh o u ld  b e  b o rn e  in  m in d  th a t  th e  d iv is ion  
in  size-classes in  th e  d ia g ra m s  d o es  n o t  im p ly  a  d iv is io n  in  age- 
classes! T h e r e  is a n  a p p a r e n t  d if fe re n c e  in  th e  p ro p o r tio n s  b e ­
tw e e n  th e  n u m b e rs  o f  la rv a e  in  th e  d if fe re n t classes o f  th e  sm a lle r  
sizes (165  u- to  210 y) a n d  b e tw e e n  th e  classes o f  th e  la rg e r  sizes 
(2 1 0  «  to  300 ¡J-). T h e  d e c re a se  in  th e  n u m b e r  o f  la rv a e  in  th e  
c o u rse  o f  th e  p e la g ic  s ta g e  a p p e a r s  to  b e  fa r  m o s t c o n s id e ra b le  
in  th e  g ro u p s  o f  th e  sm a lle r  sizes. T h is  p h e n o m e n o n  is n o t  d u e  
to  th e  d isp e rsa l o f  n e w ly - l ib e ra te d  la rv a e , fo r th e  d ia g ra m s  fo r 
K a t te n d i jk e  sh o w  th e  sa m e  fac ts . S u c h  a  p h e n o m e n o n  m a y  b e  
a t t r ib u te d  to  th e  o p e ra t io n  o f  tw o  fa c to rs , a  d if fe re n tia l d e a th -  
r a te  a n d  a  d if fe re n tia l g ro w th -ra te .  I n  th is  p a r t i c u la r  case I 
m e a n  b y  th e  w o rd  “ d e a th ”  a  d is a p p e a ra n c e  o f  th e  la rv a e  f ro m  
th e  p la n k to n  in  th e  b a s in , w h ic h  m a y  b e  c a u se d  b y  r e a l  d e a th  
o r  b y  d isp e rs io n  o f  th e  la rv a e  to  o th e r  b o d ie s  o f  w a te r .  T h e  la rv a e  
o f  a ll size-classes a p p e a r e d  to  b e  e q u a l ly  s u b je c t  to  th e  d isp e rs in g  
a c t io n  o f  th e  c u r re n ts  (see v e r t ic a l  d is t r ib u t io n ) .

A  g r e a t  m a n y  p la n k to n - e a t in g  a n im a ls  a re  th e  ca u se  o f  th e  
u n t im e ly  d e a th  o f  c o u n tle s s  o y s te r la rv a e  a n d  a l th o u g h  i t  is 
p o ss ib le  t h a t  som e o f  th o se  a n im a ls  p re fe r  to  fee d  o n  th e  y o u n g e s t 
s tag es  o r  a r e  n o t  a b le  to  in g e s t th e  la rg e r  la rv a e ,  I  d o  n o t  b e liev e  
th a t  su c h  a  p re fe re n c e  c a n  b e  th e  o n ly  ca u se  o f  th e  c o n s id e ra b le  
d if fe re n c e  in  th e  p r o p o r t io n  o f  th e  n u m b e rs  o f  la rv a e  in  th e  
v a r io u s  size-classes. I t  is m y  o p in io n  t h a t  th is  d if fe re n c e  in  ca su a l-  
itie s  p o in ts  to  th e  o c c u r re n c e  o f  a  d if fe re n tia l g ro w th -ra te .  I f  
w e  a ssu m e  th a t  th e  d a i ly  “ d e a th ” - ra te  th r o u g h  d isp e rs io n  a n d  
d e v o u r in g  is a b o u t  th e  sa m e  in  th e  co u rse  o f  p e la g ic  life, b u t  
t h a t  th e  g ro w th -ra te  o f  th e  la rv a e  in c re ase s  (so t h a t  a  v e ry  
r a p id  g ro w th  o cc u rs  a f te r  th e  size o f  210 y  h a s  b e e n  a t ta in e d ) ,
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w e sh a ll e x p e c t  a  d iffe ren ce  in  th e  p ro p o r tio n s  o f  th e  la rv a l  
g ro u p s  as d e d u c ib le  f ro m  th e  d ia g ra m s .

I t  is m y  b e l ie f  t h a t  m y  d a ta  p o in t  to  th e  p r o b a b i l i ty  t h a t  th e  
g ro w th - r a te  in c re a se s  c o n s id e ra b ly  in  th e  c o u rse  o f  th e  p e la g ic  
life o f  Ostrea edulis, so t h a t  g ro w in g  f ro m  210 y  to  300  y  re q u ire s  
f a r  less t im e  th a n  g ro w in g  f ro m  1 7 0 -1 8 0  y  to  210  y . S u c h  a n  
in c re a s in g  g r o w th - r a te  is in  a g r e e m e n t  w ith  th e  r e s u l t  o f  th e  
A m e r ic a n  in v e s tig a tio n s  o n  Ostrea virginica; m y  d ia g ra m s  d o  n o t 
p o in t  to  a n y  d e c re a s e  o f  th e  g ro w th - r a te  n e a r  th e  e n d  o f  th e  
p e la g ic  s ta g e , h o w ev e r.

X V I I .  D E S T R U C T IV E  A G E N C IE S

I f  a ll th e  la rv a e  w h ic h  a re  p r o d u c e d  in  o n e  s in g le  y e a r  in  th e  
b a s in  in  th e  O o s te rsc h e ld e  sh o u ld  r e a c h  th e  a d u l t  s ta g e , th e  
b a s in  w o u ld  b e  f ille d  u p  w ith  th e m  to  a b o v e  th e  h ig h -w a te r  
m a rk .  A  v e ry  h ig h  p e rc e n ta g e  o f  th e  la rv a e  d is a p p e a rs  f ro m  th e  
p la n k to n  b e fo re  th e  s e tt in g  s ta g e  is re a c h e d . O n ly  p a r t  o f  th e  
m a tu r e  la rv a e  su c c e e d  in  f in d in g  a  s u ita b le  c u l tc h  to  a t ta c h  
th e m se lv e s  a n d  o n ly  a  sm a ll p e rc e n ta g e  o f  th e  n e w ly -se ttle d  
s p a t  w ill r e a c h  th e  a d u l t  s tage .

T h e  d e s tru c tiv e  ag en c ies  w h ic h  cau se  th e  d is a p p e a ra n c e  o f 
so m a n y  o y s te r la rv a e  f ro m  th e  p la n k to n  m a y  b e  d iv id e d  in  
a b io t ic  a n d  b io tic  ones.

A b i o t i c  d e s t r u c t i v e  a g e n c i e s
T i d a l  c u r r e n t s

A ll th in g s  c o n s id e re d , th e  t id a l  c u r re n ts  c a n n o t  b e  c lassed  
a m o n g  th e  d e s tru c tiv e  ag en c ies  in  a  n a r ro w e r  sense , fo r th e y  do  
n o t  c a u se  a n  u n t im e ly  d e a th  o f  p la n k to n ic  o y s te r la rv a e . N e v e r th e ­
less th e  d is a p p e a ra n c e  o f  a  c o n s id e ra b ly  p a r t  o f  th e  o y s te r la rv a e  
f ro m  th e  p l a n k t o n  a b o v e  t h e  o y s t e r - g r o u n d s  is d u e  to  
th e  a c t io n  o f  th e  t id a l  c u r re n ts .  M a n y  o f  th e  la rv a e  w h ic h  a re  
s w e p t a w a y  d u r in g  e b b  d o  n o t  r e tu r n  d u r in g  th e  n e x t flow . 
H y d r o g r a p h ic  c o n d itio n s  d e te rm in e  w h a t  p e rc e n ta g e  o f  th e  la rv a e  
sh a ll  b e  c a r r ie d  a w a y  f ro m  th e  o y s te r-g ro u n d s  b y  th e  tid a l  
c u r r e n ts .  I t  h a s  b e e n  d iscu ssed  in  a  p re v io u s  c h a p te r  t h a t  th e  
w a te r  re n e w a l d u r i n g  e a c h  t i d a l  c y c l e  in  th e  b a s in  o f  th e  
O o s te rs c h e ld e  is b u t  s lig h t. T h e  la rv a e  w h ic h  d o  n o t  r e tu r n  
to  th e  b a s in  a r e  s till a liv e  w h e n  th e y  a r r iv e  in  o th e r  b o d ie s  o f 
w a te r  a n d  p r o b a b ly  g ro w th -c o n d itio n s  th e re  d o  n o t  d if fe r  m u c h  
f ro m  th o se ' in  th e  b a s in . T h o se  la rv a e  a re  d isp e rs e d  to  su c h  a
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d e g re e , h o w e v e r , t h a t  th e  n u m b e r  o f  la rv a e  p e r  100 litre s  o f  
w a te r  is so sm a ll in  th e  o u tly in g  d is tr ic t ,  t h a t  th e  p la n t in g  o f  
c u l tc h  m a te r ia l  th e re  w o u ld  n o t  b e  ju s t if ie d  f ro m  a  c o m m e rc ia l 
p o in t  o f  v ie w . A s a  g r e a t  p a r t  o f  th e  su b so il in  th e  o u tly in g  d is t r ic t  
is a b s o lu te ly  u n s u ita b le  fo r th e  f ix a t io n  o f  o y s te r la rv a e  a n d  n a tu r a l  
c u ltc h  m a te r ia l  is v e ry  sc a rc e , b y  f a r  th e  g r e a te r  p a r t  o f  th e  o y s te r­
la rv a e  w h ic h  a re  c a r r ie d  a w a y  b y  th e  t id a l  c u r re n ts  to  th e  o u t­
ly in g  d is t r ic t  w ill n o t  b e  a b le  to  f in d  a  su ita b le  p la c e  to  se ttle . 
C o n s e q u e n tly  th o se  la rv a e  h a v e  n o t  o n ly  d is a p p e a re d  f ro m  th e  
b a s in , b u t  th e y  s h o u ld  b e  c o n s id e re d  as lo s t fo r th e  g r e a te r  p a r t .

I n  th e  se c tio n  “ H y d ro g r a p h ic a l  c o n d itio n s”  i t  h a s  b e e n  s ta te d  
th a t  a b o u t  4 %  o f  th e  w a te r  o f  th e  b a s in  o f  th e  O o s te rsc h e ld e  
d is a p p e a rs  d u r in g  e a c h  t id a l  cy c le , c a r ry in g  its  p la n k to n  a lo n g  
w ith  it .  A f te r  14 d a y s  a b o u t  3 5 %  o f  th e  o r ig in a l w a te r  is s till 
p re s e n t  in  th e  b a s in . T h e  to ll  le v ie d  e a c h  t id e  o f  th e  o y s te rla rv a e  
b y  th e  t id a l  c u r re n ts  is c o n s e q u e n tly  n o t  v e ry  g r e a t  in  th e  O o s te r ­
sc h e ld e . W h e n  th e  p e la g ic  s ta g e  is p r o t r a c te d  b y  u n fa v o u ra b le  
te m p e ra tu re -c o n d it io n s ,  th e  p e r c e n ta g e  th a t  r e m a in s  in  th e  
b a s in  w ill b e  sm a lle r  th a n  t h a t  w h ic h  re m a in s  w h e n  th e  p e la g ic  
s ta g e  is s h o r t .  W e a re , h o w e v e r, n o t  ju s t if ie d  in  d e d u c in g  f ro m  
th e  fo re g o in g  th a t ,  in  case o f  a  p e la g ic  p e r io d  o f  14 d ay s , a b o u t  
65  %  o f  th e  la rv a e  in i t ia l ly  p r e s e n t  in  th e  b a s in  d is a p p e a r  f ro m  
th e  p la n k to n  b y  th e  a c t io n  o f  th e  t i t a l  c u r re n ts ,  fo r  th e re  a re  
s till o th e r  fa c to rs  c a u s in g  loss o f  la rv a e . C o n s e q u e n tly  th e  4 %  
loss b y  th e  t id a l  w a te r - re n e w a l fo rm s o n ly  a  p a r t  o f  th e  to ta l  
t id a l  loss, so t h a t  th e  losses d u r in g  th e  n e x t t id e  m u s t  b e  s u b s tra c t-  
e d  f ro m  a  f ig u re  s m a lle r  t h a n  9 6 %  o f  th e  o r ig in a l  n u m b e r  o f  
la rv a e . C o n s e q u e n tly  th e  to ta l  loss c a u se d  b y  th e  t id a l  c u r re n ts  
in  th e  c a u se  o f  th e  p e la g ic  s ta g e  is n o t  (100 — 0 ,9 6 3 °  X 10 0 )%  
o f  th e  o r ig in a l  n u m b e r ,  b u t  f a r  less. H o w  m u c h  i t  is in  re a lity  
w ill b e  d isc u sse d  p re se n tly .

W a t e r - t e m p e r a t u r e

C h u r c h i l l  (1920) a n d  N e l s o n  (1920 , 1921) a s su m e  th a t  th e  
la rv a e  o f  Ostrea virginica a r e  e x tre m e ly  se n s itiv e  to  s u d d e n  
d ec reases  in  th e  te m p e r a tu r e  o f  th e  w a te r .  “ A  d ro p  w ith in  24  h o u rs  
o f  f ro m  3 0 to  5 0 m a y  b e  fo llo w e d  a lm o s t im m e d ia te ly  b y  th e  
d is a p p e a ra n c e  o f  a  la rg e  p a r t  o f  th e  la rv a e  f ro m  th e  w a te r ”  
( N e l s o n  1921).

P r y t h e r c h  (1929) a n d  G a l t s o f f , P r y t h e r c h  a n d  M c M i l l a n  
(1 9 3 0 ), o n  th e  c o n t r a ry ,  s ta te d  t h a t  th e ir  s tu d ie s  h a d  sh o w n
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t h a t  o y s te r la rv a e  c a n  s ta n d  s u d d e n  c h a n g e s  in  te m p e ra tu re .  
P r y t h e r c h  does n o t  ev e n  ta k e  in to  a c c o u n t th e  effec t o f  b io lo g ­
ic a l  c o n d itio n s  d u r in g  th e  p e la g ic  s ta g e  o n  th e  p e rc e n ta g e  o f  
la rv a e  th a t  re a c h e s  m a tu r i ty .  H e  assu m es t h a t  esp ec ia lly  th e  
n u m b e r  o f  eggs p ro d u c e d  d e te rm in e s  w h e th e r  th e  c ro p  o f  s p a t  
w ill b e  su ffic ien t o r  n o t.  I  b e lie v e  t h a t  th is  v ie w  sh o u ld  b e  a t t r i ­
b u te d  to  th e  c irc u m s ta n c e  t h a t  P r y t h e r c h  c o u ld  n o t  fo llow  th e  fa te  
o f  th e  la rv a l  h e rd s , b e c a u se  o f  th e  s c a rc ity  o f  la rv a e  in  h is  sa m p le s .

M iss C l a r c k  (1935) o b se rv e d  th a t  th e  la rv a e  o f  Ostrea virginica 
( in  v itro )  c a n  s ta n d  c o n s id e ra b le  d iffe ren ce s  in  te m p e r a tu re .  D e ­
creases in  te m p e r a tu re  d o  n o t  so so o n  c a u se  a  c o n s id e ra b le  m o r ­
ta lity .

M a z z a r e l l i  (1924) s ta te d  t h a t  th e  la rv a e  o f  Ostrea edulis c a n  
s ta n d  te m p e ra tu re s  f ro m  120 to  3 0 0 C  a t  le a s t. S u d d e n  ch a n g e s  
in  te m p e ra tu re  d o  n o t  c a u se  a  h e a v y  m o r ta l i ty .  T h e  la rv a e  
sw im  a c tiv e ly  a t  1 3 0 C . S p ä r c k  (1927) t r a n s p o r te d  o y s te r la rv a e  
in  th e rm o fla sk s  w ith  ic e  (o° C ) . T h e  c h a n g e s  f ro m  i8 °  to  o° 
a n d  la te r  o n  f ro m  o° to  180 d id  n o t  d o  a n y  h a r m  to  th e  la rv a e  
o f  Ostrea edulis. L a te r  o n  (1929) h e  p ro v e d  t h a t  th e  la rv a e  c a n  
s ta n d  a  te m p e r a tu re  o f  o° fo r  24  to  4 8  h o u rs , e v e n  o f  - 2 °  C  fo r 
a  s h o r t  t im e  a n d  o f  a b o u t  5 0 C  fo r  se v e ra l w eeks. S o  C o l e  (1939) 
is r ig h t  w h e n  h e  sta te s  t h a t  “ o n ce  sh e d , th e  la r v a e  a re  e x c e p tio n ­
a lly  h a r d y ” . C o l e ’s v ie w  th a t  a f te r  l ib e r a t io n  th e  food  s u p p ly  
r a th e r  th a n  te m p e ra tu re  is th e  c r i t ic a l  f a c to r ,  is, h o w e v e r, 
o n ly  a p p lic a b le  to  ta n k  c o n d itio n s . O n e  o f  th e  p r in c ip a l  a d v a n ta ­
ges o f  s p a t-p ro d u c tio n  in  a n  en c lo se d  b a s in  is th e  in c re a se d  
m e a su re  o f  p ro te c tio n  i t  a ffo rd s  to  th e  la rv a e . T id a l  c u r re n ts  
a n d  a  g r e a t  m a n y  a n im a l  e n e m ie s  a re  th u s  s h u t  o u t  f ro m  th e  
ta n k s . C o n s e q u e n tly  th e  le n g th  o f  th e  p e la g ic  p e r io d  h a s  n o t 
m u c h  in f lu e n c e  o n  th e  p e rc e n ta g e  o f  la rv a e  t h a t  r e a c h  th e  
s e ttin g  s tag e . I n  th e  o p e n  sea , o n  th e  c o n tra ry ,  a n im a l  en em ies 
a n d  th e  t id a l  c u r re n ts  e x a c t d a i ly  a  h e a v y  to ll  o f  th e  la rv a e ,  so 
t h a t  ev e ry  p r o tra c t io n  o f  th e  p e la g ic  s ta g e  w ill c a u se  a  d ec rease  
in  th e  p e rc e n ta g e  o f  la rv a e  t h a t  re a c h e s  m a tu r i ty .  A n d  a l th o u g h  
lo w  w a te r - te m p e ra tu re s  d o  n o t  d ire c tly  ca u se  a n  u n tim e ly  d e a th  
o f  o y s te r la rv a e , th e y  d o  b r in g  a b o u t  a  p r o t r a c t io n  o f  th e  p e la g ic  
s ta g e  a n d  th u s  b e c o m e  th e  ca u se  o f  h e a v y  losses.

A s th e  p r o t r a c t io n  o f  th e  p e la g ic  s ta g e  m a y  b e  c o n s id e ra b le  
(22° C : 7 d ay s , 160 C : 16 d a y s  o f  p e la g ic  life ), i t  is m y  o p in io n  
t h a t ,  a l th o u g h  o y s te rla rv a e  a re  e x c e p tio n a lly  h a r d y  a n d  
c a n  s ta n d  v e ry  lo w  te m p e ra tu re s ,  th e  in f lu e n c e  o f  th e  w a te r -
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te m p e r a tu r e  o n  th e  e x te n t  o f  th e  la rv a l  losses d u r in g  th e  p e lag ic  
s ta g e  is v e ry  g re a t.

O t h e r  a b i o t i c  f a c t o r s  a r e  se ld o m  c o n s id e re d  as d e s tru c tiv e  
ag e n c ie s  d u r in g  th e  p e la g ic  p e r io d .  N e l s o n  (1921) s ta te s  th a t  
s tro n g  w in d s , w h ic h  s tir  u p  la rg e  a m o u n ts  o f  s e d im e n t,  d e s tro y  
m a n y  la rv a e :  th e  la rv a e  fill th e ir  d ig e s tio n  t r a c ts  w ith  d ir t  
in s te a d  o f  w ith  th e ir  a c c u s to m e d  fo o d , w h ic h  m a y  c a u se  th e ir  
d e a th .

G a a r d e r  (1932) s ta te s  t h a t  a  p H  a b o v e  9 .0 0  is in ju r io u s  to  
o y s te r la rv a e . A n o rg a n ic  e n r ic h m e n t  c a u se d  h ig h  p H  v a lu e s  in  
th e  p o lle n . H is  e x p e r im e n ts  in  v itro  sh o w e d  m o re o v e r  t h a t  a  
c o p p e r  c o n te n t  o f  m o re  t h a n  0 ,0 4  m g  p e r  l i t re  is in ju r io u s  to  
o y s te r la rv a e .

B i o t i c  d e s t r u c t i v e  a g e n c i e s

A  g r e a t  m a n y  m a r in e  a n im a ls  th a t  n a tu r a l ly  fee d  o n  p la n k to n -  
o rg a n ism s  e x a c t a  v e ry  h e a v y  to ll o f  o y s te r la rv a e  d u r in g  th e  
p e la g ic  p e r io d .  I t  is p ro b a b le  t h a t  p r a c tic a lly  a ll k in d s  o f  a n im a ls  
w h ic h  s t r a in  th e  w a te r  fo r  th e i r  food  in g e s t o y s te r la rv a e . S u ch  
a n im a ls  c a n  b e  d iv id e d  in  b o tto m -d w e lle r s  a n d  sessile fo rm s , su ch  
as b a rn a c le s , se a -sq u ir ts , o th e r  b iv a lv e s , c e r ta in  w o rm s, h y d ro id s , 
e tc . ,  p e la g ic  fo rm s, su c h  as m o s t  k in d s  o f  y o u n g  fish , e .g . h e r r in g  
a n d  a n c h o v y , a n d  som e re p re s e n ta t iv e s  o f  th e  m a c ro p la n k to n , 
su c h  as Aurelia aurita a n d  C te n o p h o ra .

I n  se v e ra l cases th e  in g e s tio n  o f  o y s te r la rv a e  h a s  a c tu a l ly  b e e n  
o b se rv e d  a n d  th e ir  p re se n c e  in  th e  s to m a c h -c o n te n t o f  v a rio u s  
f re s h ly -c a u g h t a n im a ls  h a s  b e e n  d e m o n s tra te d .

T h u s  O r t o n  (1922 b ) te lls  us th a t  th e  je lly -f ish  Aurelia aurita 
g re e d ily  in g es ts  la rv a e  o f  Ostrea edulis, w h ic h  a re  a lso  to  b e  fo u n d  
in  th e  s to m a c h -c o n te n t o f  th e se  a n im a ls  w h e n  c a u g h t  in  th e  
o p e n  sea . D o d g s o n  (1922) d esc rib es  o b se rv a tio n s  m a d e  b y  
S h e r w o o d : Noctiluca, p u t  to g e th e r  w ith  y o u n g  o y s te rla rv a e  
( Ostrea edulis) in  a n  a q u a r iu m ,  a p p e a r e d  to  c a u se  a  ra p id  
d im in u t io n  in  th e  n u m b e r  o f  th e se  la rv a e . T h e  a c tu a l  in g e s tio n  
o f  th e se  o y s te rla rv a e  w as r e p e a te d ly  o b se rv e d . H o r i  a n d  
K u s a k a b e  (1926) te ll u s t h a t  th e  la rv a e  o f  Ostrea gigas  a r e  e a te n  
b y  Noctiluca  a n d  b y  th e  la r v a e  o f  A c tin ia e .

I n  so m e cases o n e  k in d  o f  d e p re d a to r  is so n u m e ro u s  th a t  
b u t  v e ry  few  o f  th e  o y s te r la rv a e  c a n  e sca p e  it .  T h e  sp a tfa ll
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w ill b e  n e g l ig ib le  in  su ch  cases. T h u s  N e l s o n  (1925 a , 1925 b , 
1927 , 1929) te lls  us t h a t  th e re  h a v e  b e e n  y ea rs  in  w h ic h  m y r ia d s  
o f  th e  G te n o p h o re  M nemiopsis leidyi (A gassiz) d e c im a te d  th e  
la rv a e  o f  Ostrea virginica in  B a rn e g a t  B ay . A s m a n y  as 125 e a r ly  
la rv a e  w e re  fo u n d  in  th e  s to m o d e u m  o f  a  sing le  sp e c im e n  o f  
th is  C te n o p h o re  a n d  as so m etim es  15 C te n o p h o re s  o c c u r  in  o n e  
c u b ic  m e tre  o f  w a te r ,  th e  ra v a g e s  c a u se d  b y  th e se  a n im a ls  m a y  
a s su m e  a la r m in g  p ro p o rtio n s .

O th e r  k in d s  o f  C te n o p h o re s , s u c h  as Pleurobrachia, a r e  likew ise 
c la sse d  a m o n g  th e  en e m ie s  o f  o y s te r la rv a e  ( K i n c a i d  1 9 1 5 ) .

N e l s o n  (1921) rec k o n s  th e  a d u l t  oysters a m o n g  th e  d e p r e d a ­
to rs , fo r h e  fo u n d  so m e tim e s  as m a n y  as 62 m a tu r e  la rv a e  in  
th e  s to m a c h  o f  o n e  a d u l t  o y s te r. Y o n g e ’s (1926) c la ss in g  th e  
o y s te r  as w h o lly  h e rb iv o ro u s  d o es  n o t  c o r re s p o n d  w ith  th e  
fac ts  ( N e l s o n  1933), fo r  Ostrea virginica  ingests  a n im a l  fo rm s 
(N e m a to d e s )  a s  w ell a n d  is a b le  to  d ig e s t th e m , too .

A lth o u g h  so m e  a u th o rs  a s su m e  t h a t  a d u l ts  o f  Ostrea edulis lik e ­
w ise in g e s t a  g r e a t  m a n y  o y s te r la rv a e  (B i e r r y  a n d  G o u z o n  
!9 3 9 , C h a i l l é  1938), th e  r ig h tn e ss  o f  th is  a s su m p tio n  h a s  n o t  
b e e n  su ffic ie n tly  p ro v e d . I  o f te n  e x a m in e d  th e  s to m a c h -c o n te n t  
o f  th e  a d u l ts  o f  Ostrea edulis in  th e  O o s te rsc h e ld e  in  th e  c o u rse  
o f  th e  'season o f  r e p r o d u c t io n .  A lth o u g h  I  o c c a s io n a lly  m e t  w ith  
so m e o y s te r la rv a e  in  th e  s to m a c h -c o n te n t ,  I  n e v e r  fo u n d  su ch  
g r e a t  n u m b e rs  o f  in g e s te d  la rv a e  as N e l s o n  d id  in  Ostrea virgini­
ca. I t  is m y  b e l ie f  t h a t  o th e r  a n im a ls  c o n su m e  f a r  m o re  o y s te r­
la rv a e  th a n  a d u l t  o y ste rs  d o . S e a -sq u ir ts , b a rn a c le s  a n d  p la n k to n -  
e a t in g  fishes a b o u n d  in  th e  O o s te rsc h e ld e . Noctiluca  is o ften  
v e ry  n u m e ro u s  h e re .

E sp e c ia lly  in  th e  s u m m e r  o f  1938 I  n o tic e d  m y r ia d s  o f  Noctiluca  
a t  th e  s ta t io n  K a tte n d i jk e .  T h e  C te n o p h o re  Pleurobrachia is o f ten  
n u m e ro u s  in  th e  O o s te rsc h e ld e . I t  is m y  b e l ie f  t h a t  th e  to ll 
le v ie d  b y  a n im a l  d e p r e d a to r s  is th e  m o s t im p o r ta n t  ca u se  o f 
th e  d im in u t io n  o f  th e  la rv a l  h e rd s  in  th e  O o s te rsc h e ld e . I t  is 
v e r y  d if fic u lt to  e s t im a te  th e  p a r t  p la y e d  b y  e a c h  o f  th e  v a r io u s  
a n im a l  en e m ie s .

A l th o u g h  th e  n u m b e r  o f  c e r ta in  en em ies  is p r o b a b ly  lia b le  
to  a n n u a l  v a r ia t io n s ,  I  h a v e  n e v e r  y e t  f o u n d  a  s u d d e n  a b u n d a n c e  
o f  o n e  k in d  o f  e n e m y  c a u s in g  a  fa ilu re  o f  th e  sp a tfa ll in  th e  O o s te r ­
sc h e ld e . T h e  d a i ly  to ll e x a c te d  in  th e  o p e n  sea is v e ry  h e a v y  
a n d  e v e ry  p r o t r a c t io n  o f  th e  p e la g ic  p e r io d  (e .g . b y  lo w  w a te r -  
te m p e ra tu re s )  w ill d e c re a s e  th e  p e rc e n ta g e  o f  th e  la rv a e  re a c h in g

IO
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m a tu r i ty .  T h is  is th e  re a s o n  w h y  h ig h  w a te r - te m p e ra tu re s  a re  
so f a v o u ra b le  to  th e  p r o p a g a t io n  o f  oyste rs .

I t  is n o t  p o ss ib le  to  c o m p u te  th e  e x a c t  p e rc e n ta g e  o f  th e  la rv a e  
t h a t  r e a c h  m a tu r i ty ,  b u t  a s  th e  n u m b e r  o f  m a tu r e  la rv a e  in  
100 litre s  o f  w a te r  r a r e ly  ex ceed s a  few  te n s , I  b e liev e  th a t  u n d e r  
n o rm a l c o n d itio n s  less t h a n  1 0 %  o f  th e  la rv a e  r e a c h  m a tu r i ty  
in  th e  O o s te rsc h e ld e , p ro b a b ly  ev e n  fa r  less th a n  1 0 % . I f  I 
e s tim a te  ro u g h ly  f ro m  th e  d a t a  c o lle c te d  in  m y  d ia g ra m s  th e  
p e rc e n ta g e  o f  th e  la rv a e  t h a t  r e a c h  th e  fu ll-g ro w n  s ta g e , I  f in d  
th e  fo llo w in g  figu res:

w a te r- d u ra tio n  o f  th e  p e lag ic percen tag e
te m p e ra tu re period reach in g  m a tu r ity

22° C 6 -  7 d ay s (13 tides) io  %
20° C io  d ay s (19 tides) 5 %
18o C 12 days (23 tides) 2,5%

T h e se  fig u re s , w h ic h  a re  p a r t ly  c o n je c tu ra l ,  e n a b le  m e  to  
c a lc u la te  th e  d a i ly  losses (a ssu m in g  t h a t  th e  la rv a e  a r e  a b o u t  
e q u a lly  su b je c t to  d e v o u r in g  a n d  d isp e rs io n  d u r in g  th e ir  e n tire  
p e la g ic  life ). A fte r  n  tid e s  th e  r e m a in d e r  is: A  (1 — i / p ) n 
(A : o r ig in a l  n u m b e r  o f  la rv a e ,  i / p :  d e c re a se  d u r in g  o n e  tid a l 
cyc le). T h u s  i t  c a n  b e  c o m p u te d  f ro m  th e  figu res  in  th e  ta b le  
a b o v e  th a t  1 /p ,  th e  loss d u r in g  o n e  t id a l  cyc le , a m o u n ts  to  a b o u t  
!3  o r I 5 % - A s th e  w a te r  re n e w a l causes a  loss o f  a b o u t  4 %  
d u r in g  e a c h  t id a l  cyc le , th e  r e m a in in g  1 0 %  a re  c a u se d  b y  o th e r  
fac to rs , p ro b a b ly  m a in ly  b y  a n im a l enem ies.

C o n s e q u e n tly  w e  m a y  c o n c lu d e  t h a t  in  th e  O o s te rsc h e ld e , in  
c o n se q u e n c e  o f  fa v o u ra b le  h y d ro g ra p h ic a l  c o n d itio n s , th e  losses 
c a u se d  b y  th e  t id a l  c u r re n ts  a m o u n t  to  less th a n  o n e  th ir d  o f  
th e  to ta l  losses. I  d o  n o t  d o u b t  th a t  th is  p ro p o r t io n  w ill c o n tra s t  
fa v o u ra b ly  w ith  t h a t  in  m a n y  o th e r  b re e d in g -g ro u n d s  o f  Ostrea 
edulis.

X V I I I .  V E R T IC A L  D I S T R I B U T I O N  O F  F U L L -G R O W N  L A R V A E

A lth o u g h  i t  m a y  b e  a s su m e d  th a t  th e  o y s te rla rv a e  in  th e  O o s te r ­
sc h e ld e  a re , g e n e ra lly  sp e a k in g , u n ifo rm ly  d is t r ib u te d  in  a  
v e r t ic a l  sense  (as h a s  b e e n  d iscussed  in  a  p rev io u s  se c tio n ), th is  
does n o t  im p ly  th a t  fu ll-g ro w n  la rv a e , r e a d y  to  se ttle , a lso  show  a  
u n ifo rm  v e r t ic a l  d is t r ib u t io n .  D iffe re n ce s  in  th e  v e r t ic a l  d is tr i­
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b u t io n  o f  fu ll-g ro w n  la rv a e  w ill n o t  a p p re c ia b ly  a ffec t th e  g e n e ra l 
v e r t ic a l  d is t r ib u t io n ,  fo r th e  n u m b e r  o f  m a tu r e  la rv a e  o f  Ostrea 
edulis fo rm s b u t  a  sm a ll p e rc e n ta g e  o f  th e  to ta l  n u m b e r  o f  o y s te r­
la r v a e  in  th e  p la n k to n .

F u ll-g ro w n  la rv a e  a re  p ro v id e d  w ith  a  p ig m e n t- s p o t,  w h ich  
is o f te n  c re d ite d  w ith  a  p h o to se n s itiv e  c h a ra c te r .  I t  is o f te n  su p p o se d  
t h a t  th e  p ig m e n t- s p o t en a b le s  th e  la rv a e  to  r e a c t  to  d iffe ren ces  
in  l ig h t- in te n s ity . M o re o v e r, i t  is o f te n  a s su m e d  th a t  m a tu re  
la r v a e  sh o w  a  g e n e ra l  in c l in a t io n  to  m a k e  fo r  th e  b o t to m  reg io n s  
w h e n  th e  m o m e n t o f  f ix a tio n  d ra w s  n e a r .

N o t  m a n y  o b se rv a tio n s  h a v e  b e e n  m a d e  o n  th e  v e r tic a l 
d is t r ib u t io n  o f  fu ll-g ro w n  o y s te r la rv a e  so fa r. M a z z a r e l l i  (1922) 
w h o  r e a re d  la rv a e  o f  Ostrea edulis in  v itro ,  te lls  us t h a t  la rv a e , 
o n  re a c h in g  m a tu r i ty ,  cease  h a n g in g  o n  th e  su rfa c e -f ilm  o f  
th e  w a te r :  “ A d  u n  d a to  m o m e n to  sp a r ic e  d a l  p e lo  d e l l ’ a e q u a  
lo  s t r a to  fo rm a to  d a lle  la rv e  in  p o s iz io n e  d i r ip o so , le  q u a l i  si 
so m m e rg o n o  d e l tu t to  e si m e sc o la n o  a lle  a l t r e .”  V e ry  g ra d u a l ly  
“ lik e  a  g e n t le  r a in ” , th e  m a tu r e  la rv a e  m a k e  fo r th e  b o tto m . 
T h e  fu ll-g ro w n  la rv a e , w h ic h  c o n tin u e  sw im m in g , a r e  still 
u n ifo rm ly  d is t r ib u te d  in  th e  w a te r :  “ E  q u in d i  le n tis s im a m e n te , 
c o m o  u n a  p io g g e re lla  so ttile , le  la rv e  stesse  c o m in c ia n o  a  sc en d e re  
a l  fo n d o . L e  q u a l i  si a c c u m u le ra b b e ro  p o i v e rso  il fo n d o , m a  p u r  
r e s ta n d o  se m p re  le  la rv e  r e g o la rm e n te  d is t r ib u i te  in  t u t t a  la  
m a ssa  a c q u e a ,  il  lo ro  n u m e ro  v a  sc e m a n d o  a  p o c o  a  p o c o , m a n  
m a n o ,  ch e  m o lto  la rv e  v a n n o  e  p o sa rs i su l fo n d o , f in c h é  r a r e  
r e s ta ñ o  le  la rv e  n a t a n t i .”

C o l e  a n d  K n i g h t  J o n e s  (1939) in v e s tig a te d  th e  v e r tic a l 
d is t r ib u t io n  o f  o y s te r la rv a e  in  ta n k s . T h e y  s a m p le d  in  th e  
d a y t im e . E y e d  la rv a e  w e re  a b u n d a n t  in  th e  ta n k , b u t  th e ir  
d is t r ib u t io n  a p p e a r e d  to  b e  s im ila r  to  th a t  o f  e a r l ie r  la rv a e .

N o t  m u c h  is  k n o w n  a b o u t  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  f u l l -  
g r o w n  l a r v a e  o f  o t h e r  k in d s  o f  o y s te r s .  N e l s o n  ( 19 3 1  ) s t a t e s  t h a t  
h i s  i n v e s t i g a t i o n s  h a v e  s h o w n  t h a t  m a t u r e  l a r v a e  a r e  m u c h  
m o r e  a b u n d a n t  c lo s e  to  t h e  b o t t o m  t h a n  i n  t h e  u p p e r  l a y e r s ,  
b u t  h e  d o e s  n o t  g iv e  a n y  f i g u r e s  o r  d e t a i l s .

S e r i  a n d  T a n a k a  ( 1 9 3 1 )  s ta te  th a t  fu ll-g ro w n  la rv a e  o f  Ostrea 
denselamellosa a r e  m o re  n u m e ro u s  in  th e  lo w e r  la y e rs  t h a n  a t  
th e  su r fa c e  o f  th e  sea. I t  is d ifficu lt, h o w e v e r, to  in fe r  th e  c o r re c t­
ness  o f  th e ir  s ta te m e n t  f ro m  th e  figu res  in  th e ir  ta b le s . B o th  
fu ll-g ro w n  la rv a e  a n d  e a r l ie r  la rv a e  a re  m o re  n u m e ro u s  in  th e  
b o tto m -s a m p le s , p ro b a b ly  o w in g  to  d iffe ren ce s  in  sa lin ity .
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M o re o v e r  th e  sam p les  b u t  r a r e ly  c o n ta in  m o re  th a n  te n  m a tu r e  
la rv a e ,  in  m o s t cases ev en  fa r  fe w e r. S u c h  n u m b e rs  a re  to o  sm a ll 
to  b a s e  co n c lu s io n s  on.

I  in v a r ia b ly  m e a su re  a ll th e  la rv a e  in  th e  p la n k to n -sa m p le s  
c o lle c te d  in  th e  O o s te rsc h e ld e . M o re o v e r  I  n o te  d o w n  w h ic h  o f  
th e m  a re  p ro v id e d  w ith  a  p ig m e n t- s p o t.  C o n s e q u e n t ly  m y  sp e c ia l 
series o f  sa m p le s  in  p a r t i c u la r  e n a b le  m e  to  f in d  o u t  w h e th e r  o r 
n o t  fu ll-g ro w n  la rv a e  show  a  v e r t ic a l  d is t r ib u t io n  s im ila r  to  
t h a t  o f  e a r l ie r  la rv a e .

T h e  sp e c ia l sa m p le s  w e re  f i l te re d  o ff  f ro m  50 litre s  o f  w a te r .  
I  b u t  r a r e ly  m e t  w ith  m o re  t h a n  io  fu ll-g ro w n  la rv a e  in  th ese  
sa m p le s . A s th e  b o tto m  sa m p le s  a re  c o lle c te d  a b o u t  h a l f  a  
m e tr e  a b o v e  th e  b o tto m , i t  is p o ssib le , th o u g h  n o t  p ro b a b le ,  
t h a t  a n  a c c u m u la t io n  o f  m a tu r e  la rv a e  o cc u rs  in  la y e rs  s till 
c lo se r  to  th e  b o tto m .

A  series o f  sa m p le s  c o lle c te d  a t  th e  s ta t io n  Y e rsc h e  B an k  
(1 4  J u l y  1939, fig. 11) seem s to  p o in t  to  th e  p o ss ib ili ty  th a t  
m a tu r e  la rv a e  a re  re la tiv e ly  m o re  a b u n d a n t  n e a r  th e  su rfa ce  
d u r in g  th e  n ig h t  a n d  th a t  th e y  a re  d is t r ib u te d  m o re  u n ifo rm ly  in  
th e  d a y - t im e . I n  9 c o u p les  o f  sa m p le s  co lle c te d  a t  th is  s ta t io n  d u r in g  
d a rk n e ss  I  c o u n te d  46  fu ll-g ro w n  la rv a e  in  th e  su rfa c e  sam p les  
a n d  25 in  th e  b o t to m  sa m p le s . I n  33 co u p le s  o f  sa m p le s  c o lle c te d  
a t  th e  s a m e  s ta t io n  in  th e  d a y - t im e  I  c o u n te d  115 m a tu r e  la rv a e  
in  th e  su r fa c e  sa m p le s  a n d  127 in  th e  b o t to m  sam p les .

A t  K a t te n d i jk e  I  fo u n d  in  4  co u p le s  o f  n ig h t-sa m p le s  42 m a tu re  
la rv a e  in  th e  su rfa ce  sa m p le s  a n d  42 in  th e  sa m p le s  co lle c te d  
5 m e tre s  b e lo w  th e  su rface . I n  12 c o u p le s  o f  d a y -sa m p le s  I  
fo u n d  27  fu ll-g ro w n  la rv a e  in  th e  su rfa ce  sa m p le s  a n d  25 in  th e  
sa m p le s  p r o c u r e d  f ro m  a  d e p th  o f  5 m e tre s .

A lth o u g h  th e se  n u m b e rs  a r e  q u i te  sm a ll, I  b e liev e  t h a t  th e y  
su ffice to  ju s t ify  th e  c o n c lu s io n  t h a t  fu ll-g ro w n  la rv a e  sh o w , a t  
a n y  r a te  in  th e  d a y - tim e , a n  u n ifo rm  v e r t ic a l  d is tr ib u t io n .  I  
d a r e  n o t  d e c id e  w h e th e r  m a tu r e  la rv a e  a re  re a lly  m o re  a b u n d a n t  
in  th e  su rfa c e  la y e rs  d u r in g  d a rk n e s s , as fig . 11 seem s to  in d ic a te ;  
th e  n u m b e rs  a re  fa r  to o  sm a ll to  b ase  co n c lu s io n s  o n . M o re o v e r  
a t  th e  s ta t io n  K a tte n d i jk e  th is  p h e n o m e n o n  w as n o t  o b se rv e d  
(fig. 12). I n  a n y  case , I  n e v e r  n o tic e d  a  m a rk e d  a c c u m u la t io n  
o f  m a tu r e  la rv a e  in  th e  b o t to m  la y e rs , w h ic h  is in  a c c o rd a n c e  
w ith  th e  d a t a  o b ta in e d  b y  M a z z a r e l l i  a n d  C o l e .
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X I X . T H E  P R O C E S S  O F  A T T A C H M E N T

“ T h e  se ttin g  p e r io d , th o u g h  o f  re la tiv e ly  sh o rt 
d u ra tio n  in  th e  d e v e lo p m e n t o f  th e  oyster, is o f  p a r ­
tic u la r  im p o rta n c e , as a t  th is tim e  its ex istence as a 
se d e n ta ry  o rg an ism  begins, its fu tu re  lo ca tio n  is 
se lected  a n d  its possib ilities fo r surv iva l a re  d e te rm in e d  
by th e  a b ili ty  o f  th e  la rv a  to  o b ta in  a  fav o u rab le  p lace  
for a tta c h m e n t.”  ( P r y t h e r c h ,  1934 a).

I n  m a n y  a c c o u n ts  o f  th e  life  h is to ry  o f  th e  o y ste r th e  b e l ie f  
is f re q u e n tly  ex p re sse d  t h a t  f ix a t io n  o cc u rs  w h e n  th e  sh e ll 
b ec o m e s so h e a v y  th a t  th e  la rv a e  a re  n o  lo n g e r  a b le  to  sw im  
c o n tin u a l ly  a n d  c o n s e q u e n tly  s in k  to  th e  b o t to m  (e .g . M a z z a r e l l i  

1922).
H a g m e i e r  re je c te d  th is  v ie w  in  1916 a lre a d y . C o l e  a n d  

K n i g h t  J o n e s  a s se r t t h a t  th e  o ld  v ie w  is to ta l ly  e r ro n e o u s , as 
th e  sw im m in g  p o w e rs  o f  th e  la rv a e  a re  u n d o u b te d ly  g re a te s t  
d u r in g  th e  p e r io d  im m e d ia te ly  p re c e d in g  a t ta c h m e n t .

T h e  firs t p a r t  o f  th is  p e r io d ,  d u r in g  w h ic h  th e  la rv a  se a rch e s  
fo r a  su ita b le  s u b s t r a tu m  to  a t ta c h ,  is c a lle d  th e  s e a rc h in g  s ta g e  
( P r y t h e r c h  1934 a ) .  A t  th is  s ta g e  th e  la rv a  is sw im m in g  w ith  
its  fo o t p r o t r u d in g  ( C o l e  a n d  K n i g h t  J o n e s  1939: Ostrea edulis; 
P r y t h e r c h  i  9 3 4  a  : Ostrea virginica). P r y t h e r c h  o b se rv e d  th a t  
th e  m a tu r e  la r v a  o f  Ostrea virginica o f ten  p ro d u c e s  a  th in  
b y s su s - th re a d  in  th e  s e a rc h in g  p h a s e , in  m a n y  cases o f  a  c o n s id e r ­
a b le  le n g th . T h e  e n t i r e  s e tt in g  b e h a v io u r  m a y  b e  in te r p re te d  
as a n  e ffo rt to  f in d  th e  ec o lo g ic a l n o rm : i.e . th e  e n v iro n m e n ta l  
c o n d itio n s  t h a t  a r e  n e c e s sa ry  fo r th e ir  w e ll-b e in g  ( R u s s e l l  

1934)-
N e l s o n  ( 1931 ) says t h a t  o y s te r la rv a e  a re  p o s itiv e ly  s te re o - 

t r o p ic  d u r in g  th e  s e a rc h in g  p e r io d :  t h a t  is th e y  r e a c t  s tro n g ly  
to  c o n ta c t  w ith  su rfa ce s , w ith  a  te n d e n c y  to  c lin g  to  th e m  a n d  
to  c ra w l a b o u t  o n  th e m .

Y o k o t a  ( 1 9 3 6 ) x) te lls  us h o w  th e  fu ll-g ro w n  la rv a  o f  Ostrea 
gigas  re a c ts , w h e n , d e s c e n d in g , i t  com es in to  c o n ta c t  w ith  a n  
o b je c t. I t  w ill d e s c e n d  a b o u t  a n o th e r  0 ,4  c m  a n d  w ill th e n  rise 
as h ig h  as th e  o b je c t  w h ic h  g a v e  th e  s tim u lu s  a n d  c lin g  to  i t  
o r  c ra w l a b o u t  o n  it.

H o p k in s  ( 1 9 3 7 )  s u g g e s t s  t h a t  t h e  c h a n c e  o f  t h e  f o o t  t o u c h i n g  
a n  o b j e c t  d e c r e a s e s  a c c o r d i n g  a s  t h e  a n g l e  o f  s u r f a c e  o f  t h e  o b j e c t

*) I  w ish  to  express m y  th an k s  to M r. S. N ak an o  o f th e  Im p e r ia l  F isheries 
E x p e rim en ta l S ta tio n  fo r his k in d n ess to  tran s la te  Y o k o ta ’s p ap ers  fo r m e.



1 5 0 P . K O R R IN G A

d e p a r ts  m o re  a n d  m o re  f ro m  th e  “ u n d e r  h o r iz o n ta l” , seeing  
th a t  in  th e  n o rm a l sw im m in g  p o s it io n  o f  th e  l a n  a  o f  Ostrea 
lurida  ( a n d  o f  o th e r  species o f  oysters) th e  v e lu m  a n d  th e  fo o t 
p ro je c t u p w a rd s , a l th o u g h  H o p k in s  a d m its  t h a t  th e  fo o t is 
ex ten s ib le  in  a ll d ire c tio n s . H o p k in s  p u ts  fo rw a rd  th is  su g g e stio n  
in  e x p la n a tio n  o f  h is o b se rv a tio n s  o n  th e  in f lu e n c e  o f  th e  a n g le  
o f  su rface  o n  a t ta c h m e n t ,  w h ic h  p h e n o m e n o n  w ill b e  d iscussed  
b e lo w . M a tu re  la rv a e  o f  o th e r  k in d s  o f  o y ste rs  sw im  in  th e  sam e 
w ay , b u t  o f te n  sh o w  o th e r  re a c tio n s  w ith  r e g a rd  to  th e  a n g le  o f  
su rfa ce ; so i t  is m y  b e l ie f  t h a t  H o p k in s ’ e x p la n a t io n  is to o  s im p le .

T h e  seco n d  p a r t  o f  th e  p e r io d  im m e d ia te ly  p re c e d in g  a t t a c h ­
m e n t  is c a lle d  th e  c ra w lin g  p h a s e . D u r in g  th e  c ra w lin g  p h ase  
th e  la rv a  c raw ls  o v e r th e  su rfa c e  o f  th e  s u b s t r a tu m  w ith  th e  
v e lu m  r e t r a c te d ,  th e  fo o t e x te n d e d  in  f ro n t  a n d  d ra g g in g  th e  
shell. C ra w lin g  h a s  b e e n  o b se rv e d  in  Ostrea virginica ( N e l s o n  
1923 a , 1924 a ,  1924 b , P r y t h e r c h  1934 a ) ,  in  Ostrea edulis 
( C o l e  a n d  K n i g h t  J o n e s  1939) a n d  in  Ostrea gigas ( Y o k o t a  
1936 b ) . C ra w lin g  m a y  a l te r n a te  w ith  p e r io d s  o f  n o rm a l sw im ­
m in g . N e l s o n  (1 924  b ) s ta te s  t h a t  d u r in g  c ra w lin g  th e  la rv a e  
d e sc rib e  c irc les  o f  e v e r-d e c re a s in g  d ia m e te r ,  b u t  th e  o th e r  in v e s ti­
g a to rs  h a v e  n o t  c o n f irm e d  th is  s ta te m e n t.  C o l e  a n d  K n i g h t  
J o n e s  te ll u s th a t  th e  la rv a e  o f  Ostrea edulis c ra w l b a c k w a rd s  
a n d  fo rw a rd s  r a th e r  i r re g u la r ly  o v e r  a  few  c e n tim e tre s  o f  su rface , 
m a k in g  “ sm a lle r  e x c u rs io n s”  in  ev e ry  d ire c tio n . D u r in g  th e  
c ra w lin g  p h a s e  th e  fo o t o f  b o th  Ostrea edulis a n d  Ostrea virginica 
g r a d u a lly  ch a n g e s  f ro m  a  lo n g  s le n d e r  s h a p e  to  o n e  th a t  is sh o r t 
a n d  b ro a d .

B o th  P r y t h e r c h  ( 1934) a n d  Y o k o t a  ( 1936) s ta te  th a t  d u r in g  
c ra w lin g  th e  la rv a  s ta b iliz e s  its  b o d y  b y  s e n d in g  o u t  byssus. 
T h e se  b y ssu s - th re a d s , w h ic h  a r e  a t  firs t c y l in d r ic a l  a n d  a b o u t  
0 .004  m m  th ic k  ( P r y t h e r c h ) ,  p re v e n ts  th e  la rv a e  f ro m  b e in g  
w a sh e d  o ff  f ro m  th e  s u b s t r a tu m  d u r in g  c ra w lin g . Y o k o t a  
d escrib es  h o w  th e  la rv a  o f  Ostrea gigas c raw ls  to w a rd s  a  c u r r e n t  
p ro d u c e d  w ith  a  sy rin g e . I f  th e  c u r r e n t  is s tro n g e r  som e o f  th e  
la rv a e  ce ase  c ra w lin g  a n d  sw im  a w a y , w h ile  o th e rs  f irm ly  
s ta b ilize  th e  b o d y  o n  th e  c ra w lin g  su rface . T h e  b o d y  is s u p p o r te d  
b y  th e  byssus a n d  s lig h tly  ro ck s  f ro m  s id e  to  s id e  a g a in s t th e  
c u r re n t .  I f  th e  c u r r e n t  b e c o m e s  s till s tro n g e r  th e  byssus sn ap s 
off. T h is  e x p e r im e n t c a n  b e  r e p e a te d  se v e ra l tim es ; i t  is th é  
s im p les t w a y  to  sh o w  th e  ex is te n c e  o f  a  b y ssu s - th re a d .

S u ch  e x p e r im e n ts  h a v e  n o t  y e t b e e n  c a r r ie d  o u t  o n  th e  la rv a e
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o f  Ostrea edulis. C o l e  a n d  K n i g h t  J o n e s  (1939) r e g a rd  i t  as 
p o ss ib le  t h a t  su c h  a  fine b y ssu s- tra il is la id  b y  th e  E u ro p e a n  
o y s te r  d u r in g  th e  f in a l ph ases o f  c ra w lin g . H o r s t  (1 8 8 4 )  te lls 
us t h a t  h e  r e p e a te d ly  o b se rv e d  f in e  th re a d s ,  p ro b a b ly  byssus- 
th r e a d s ,  a t ta c h e d  to  re c e n tly  s e t  sp a t. I  a lso  o ften  o b se rv e d  
su c h  fin e  th r e a d s  a t ta c h e d  to  th e  s p a t  o n  m y  te s t-p la te s .

W h e n  c ra w lin g  is fin ish ed , t h e  re a l f ix a tio n  ta k es  p la c e . 
F o rm e r ly  i t  w as  g e n e ra lly  a s su m e d  th a t  th e  la rv a  a t ta c h e s  
i ts e lf  to  th e  s u b s t ra tu m  b y  s ta r t in g  th e  p r o d u c t io n  o f  th e  disso- 
c o n c h  she ll. I t  w as as su m ed  th a t  to  th is  e n d  a  c o n ta c t  w as e ffec t­
e d  b e tw e e n  th e  se c re tin g  ed g e  o f  th e  m a n tle  a n d  th e  s u b s t ra tu m  
( H o r s t  1 8 8 3 ,  R y d e r  1 8 8 3 , N e l s o n  1 9 2 3  a ,  P r y t h e r g h  1 9 2 4 :  
“ b y  m e a n s  o f  a  sh e lly  se c re tio n  o f  th e  le ft lo b e  o f  th e  m a n tle ” ).

I t  w as S t a f f o r d  (1913) w h o  fo u n d  t h a t  th e  sp a c e  b e tw e e n  
th e  le f t  v a lv e  o f  th e  s p a t  a n d  th e  s u b s t ra tu m  w as a lm o s t c o m ­
p le te ly  f illed  w ith  a  c e m e n t- l ik e  s u b s ta n c e . A n a to m ic a l  in v e s tig a ­
t io n s  o f  th e  fu lly  d e v e lo p e d  la r v a e  o f  Ostrea virginica le d  to  h is 
d isc o v e ry  o f  th e  b y ssu s-g la n d . H e  ca m e  to  th e  c o n c lu s io n  th a t  
th is  c e m e n t is p o u re d  o u t  in  l iq u id  fo rm  f ro m  th e  b y ssu s-g lan d . 
T h e  sa m e  c e m e n t-lik e  su b s ta n c e  b e tw e e n  th e  le f t v a lv e  o f  th e  
sh e ll a n d  th e  s u b s t ra tu m  w as fo u n d  b y  H o r i  (1926) in  Ostrea 
gigas. A s to  Ostrea edulis I  f re q u e n tly  o b se rv e d  th e  o c c u rre n c e  
o f  th e  c e m e n t b e tw e e n  th e  le ft p ro d is so c o n c h  sh e ll o f  th e  s p a t  
a n d  th e  s u b s t ra tu m ; c o n s e q u e n tly  i t  c e r ta in ly  is n o t  o n ly  th e  
n e w  d isso c o n c h  sh e ll w h ic h  a t ta c h e s  th e  s p a t  to  th e  co llec to r .

S t a f f o r d ’s a s su m p tio n  h as  b e e n  c o n f irm e d  b y  th e  d ire c t  
o b se rv a tio n s  o f  N e l s o n  (1924  b ) a n d  P r y t h e r g h  (1924) on  
Ostrea virginica a n d  o f  C o l e  a n d  K n i g h t  J o n e s  (1939) o n  
Ostrea edulis. T h e  c e m e n tin g  f lu id  is fo rc e d  o u t  o f  th e  byssus- 
g la n d  b y  o n e  o r  tw o  v ig o ro u s  c o n tra c tio n s  o f  th e  v a lv es a g a in s t  
th e  b a s e  o f  th e  fo o t. W ith  th e  a id  o f  th e  fo o t th e  le ft v a lv e  is 
p re s se d  a g a in s t  th e  s u b s t ra tu m  in  th e  p la c e  w h e re  th e  c e m e n tin g  
f lu id  h a s  b e e n  e x u d e d . C o l e  a n d  K n i g h t  J o n e s  (1939) te ll 
us t h a t  th e  b e h a v io u r  o f  th e  l a r v a  d u r in g  th e  f ix a tio n  a c t  is 
c u r io u s ly  re m in is c e n t o f  t h a t  o f  a  d o g  p r e p a r in g  its  b ed s : “ T h e  
la r v a  ro ck s  th e  sh e ll b a c k w a rd s  a n d  fo rw a rd s  a n d  to  som e e x te n t  
f ro m  s id e  to  s id e  w h ile , w e  su p p o se , th e  byssus c e m e n t is sq u e ez ed  
o u t ,  th e n  com es to  re s t, a n d  th e  she ll tw ists  o v e r  o n  its  side , 
th e  le f t v a lv e  w ith  to  b ig g e r  u m b o  u n d e rm o s t ,  c o m p le t in g  
th e  s e ttin g  p ro ce ss .”

T h e  c e m e n tin g  flu id  h a rd e n s  su ffic ien tly  in  a  m in u te  o r  tw o
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to  p r e v e n t  th e  n ew ly -se t s p a t  f ro m  b e in g  w a sh e d  o f f  b y  a  j e t  o f  
w a te r  f ro m  a  p ip e tte  ( C o l e  a n d  K n i g h t  J o n e s  1939, P r y t h e r c h  
1934). A c c o rd in g  to  N e l s o n  (1924  b )  th e  n e w ly -se t s p a t  o f  
Ostrea virginica is in c lin e d  to  th e  su r fa c e  o f  th e  s u b s t r a tu m  a t  
a n  a n g le  o f  a b o u t  30 d e g re es ; a c c o rd in g  to  P r y t h e r c h  (1 934  a) 
a t  a n  a n g le  o f  a b o u t  45  d eg re es . I  o b se rv e d  t h a t  th e  a n g le  o f  
in c l in a t io n  b e tw e e n  th e  s p a t  a n d  th e  s u b s t r a tu m  is a b o u t  45  
d e g re e s  in  Ostrea edulis. T h e  g ro w th  o f  th e  d isso c o n c h  sh e ll so o n  
r e n d e rs  th is  a n g le  o f  in c lin a tio n  less co n sp ic io u s .

B o th  E r d m a n n  (1934) a n d  C o l e  a n d  K n i g h t  J o n e s  (1934) 
te ll u s t h a t  la rv a e ,  d is lo d g ed  im m e d ia te ly  a f te r  s e ttin g , a r e  n o t  
o b se rv e d  to  a t te m p t  to  se t a  se co n d  t im e , a l th o u g h  th e se  la rv a e  
m a y  r e m a in  a liv e  fo r a  c o n s id e ra b le  tim e . E r d m a n n  c a m e  ac ro ss  
a  few  m a tu r e  la rv a e  w ith  a n  e m p ty  b y ssu s-g la n d . H e  assum es 
t h a t  th e se  la rv a e  a re  “ o v e r - r ip e ” : “ A lle m  A n sc h e in  n a c h  is t 
so m it d ie  S e z e rn ie ru n g s fä h ig k e it  d e r  D rü s e  a u f  e in e n  b e s tim m te n  
Z e i tp u n k t  b e s c h rä n k t.”  W ith  E r d m a n n  “ m a tu r i ty ”  o f  th e  la rv a e  
d e n o te s  a  p h y s io lo g ic a l p h a s e : th e  r ip en e ss  o f  th e  b y ssu s-g la n d .

H is  “ b e s c h rä n k te r  Z e i tp u n k t“  is a n  e la s tic  te rm , h o w e v e r, 
fo r  C o l e  a n d  K n i g h t  J o n e s  (1939) s ta te  t h a t  “ c ra w lin g  a l te r ­
n a t in g  w ith  p e r io d s  o f  n o rm a l sw im m in g , m a y  e x te n d  o v e r sev er­
a l  d a y s , i f  n o  s u ita b le  su rfa ce  fo r  a t ta c h m e n t  is p re s e n te d ;  th is  
h a p p e n s  f re q u e n tly  i f  fu lly  d e v e lo p e d  la rv a e  a re  k e p t  in  c le a n  
sm o o th  g lass  vessels w ith o u t  a n y  o th e r  o b je c t to  w h ic h  th e y  m a y  
a t ta c h .  T h is  a b i l i ty  to  d e la y  a t ta c h m e n t ,  i .e . m e ta m o rp h o s is ,  
is lik e ly  to  b e  o f  c o n s id e ra b le  v a lu e  in  a id in g  su rv iv a l o f  la rv a e  
c a r r ie d  to  p la c e s  w h e re  th e re  a r e  n o  s u ita b le  su rfaces  fo r a t t a c h ­
m e n t .”  I t  is th e  o p in io n  o f  se v era l A m e r ic a n  a u th o rs  ( P r y t h e r g h  
1929, M e d c o f  1939) t h a t  th e  fu ll-g ro w n  la rv a e  o f  Ostrea virginica 
se ttle  w i th o u t  a n y  c o n s id e ra b le  d e la y . T h e  la rv a e  f ro m  a  s in g le  
sp a w n in g  a p p e a r e d  to  a t ta c h  w ith in  a  p e r io d  o f  tw o  d ay s  a t  
m o st. I t  is m y  b e l ie f  t h a t  th e  e n o rm o u s  d if fe re n c e  b e tw e e n  th e  
n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  th e  n u m b e r  o f  successfu l s p a t  
(sec tio n  X X I I )  ju s tif ie s  th e  c o n c lu s io n  th a t  th e  p e r io d  d u r in g  
w h ic h  Ostrea edulis is a b le  to  a t ta c h  is lim ite d , w h ic h  is in  a c c o rd ­
a n c e  w ith  E r d m a n n ’s v iew .
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X X . T H E  O R IE N T A T I O N  O F  T H E  S P A T
“ I t  is  p r o b a b l e  t h a t  t h e  s e t t l i n g  d o w n  o f  p e l a g i c  

l a r v a e  is  a  m u c h  m o r e  p r e c i s e  a n d  c o m p le x  a f f a i r  
t h a n  w e  i m a g i n e ,  i n v o lv in g  s p e c if i c  b e h a v i o u r - a c t s  
o r  t r a i n s  o f  b e h a v i o u r . ”  ( R u s s e l l , 1 9 3 4 ).

I n  th e  c o u rse  o f  m y  e x a m in a t io n  o f  th e  s p a t  o n  m y  te s t-p la te s  
i t  s tru c k  m e  t h a t  th e  u m b o  o f  a  h ig h  p e rc e n ta g e  o f  th e  s p a t  
p o in ts  m o re  o r  less in  th e  sa m e  d ir e c tio n .  T h is  p h e n o m e n o n  h a s  
b e e n  n o tic e d  b e fo re  b y  o th e r  in v e s tig a to rs .  T h u s  H o r s t  (1883) 
te lls  us t h a t  th e  s p a t  o n  h is  te s t-c o lle c to rs  w as  fix ed  w ith  th e  h in g e  
u p p e rm o s t  ( Ostrea edulis). C o l e  a n d  K n i g h t  J o n e s  (1939) s ta te  
t h a t  th e  m a jo r i ty  o f  th e  la rv a e  o f  Ostrea edulis se t w ith  th e  
d o rsa l m a rg in  (i.e . th e  h in g e )  u p p e rm o s t  o n  in c lin e d  o r  v e r tic a l 
su rfaces.

P r y t h e r c h  s ta te s  (1 9 3 4 ): “ W h e n  o y s te r  la rv a e  se t u p o n  a  
v e r t ic a l  su rfa ce , th e y  in v a r ia b ly  p la c e  th e  she ll w ith  th e  d o rsa l 
e d g e  o r  h in g e  u p p e rm o s t”  ( Ostrea virginica). Y o k o t a  (1 936  b) 
te lls  us t h a t  o n  v e r t ic a l  su rfaces  i t  is n o rm a l  fo r th e  s p a t  to  a t ta c h  
w ith  th e  u m b o  to  th e  le f t (p o s te r io r  p a r t  tu r n e d  u p w a r d s ) , w h e n  
th e  s p a t  is seen  f ro m  th e  su rfa c e  o f  s e ttin g  ( Ostrea gigas). O n ly  
t r a n s p a r e n t  c o llec to rs  a llo w  us to  see th e  s p a t  f ro m  th e  su rfa ce  
o f  s e ttin g . O n  a n y  o th e r  k in d  o f  s u b s t r a tu m  w e sh a ll see th e  s p a t  
f ro m  th e  o p p o s ite  s id e . I f  h e  h a d  o b se rv e d  i t  f ro m  th is  side , 
Y o k o t a  w o u ld  h a v e  s ta te d  th e  u m b o s  o f  th e  m a jo r i ty  o f  his 
s p a t  a s  tu r n e d  to  th e  r ig h t .  O f  113 o f  h is  sp a ts  70 u m b o s  w e re  
th u s  tu r n e d  to  th e  r ig h t  (p o s te r io r  p a r t  tu r n e d  u p w a rd s ) ,  26 
u m b o s  p o in te d  u p w a rd s ,  io  p o in te d  d o w n w a rd s  a n d  7 w ere  
tu r n e d  to  th e  le f t  ( a n te r io r  p a r t  tu r n e d  u p w a rd s ) .

M y  in q u ir ie s  in to  th is  m a t te r  h a v e  sh o w n  m e  th a t  th e se  o b s e r ­
v a tio n s  o f  Y o k o t a  h o ld  g o o d  fo r Ostrea edulis, to o . I  n o te d  d o w n  
th e se  d a ta  in  a  k in d  o f  c o m p a ss -c a rd . T h e  d ire c tio n  “ N o r th ”  
in d ic a te s  th e  s id e  o f  th e  te s t-p la te  t h a t  w as  u p p e rm o s t d u r in g  
a t ta c h m e n t  (i.e . th e  p ro je c tio n  o f  th e  v e r t ic a l) .

Y o k o t a ’s d a t a  v i s u a l i s e d  i n  t h i s  m a n n e r  y i e l d  t h e  f o l lo w in g  
d i a g r a m :
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I  u sed  e ig h t sec to rs  in s te a d  o f  fo u r , h o w e v e r. I  h a v e  a n a ly z e d  
th e  o r ie n ta t io n  o f  th e  s p a t  I  fo u n d  o n  th e  te s t-p la te s  t h a t  I  u sed  
fo r  s tu d y in g  th e  effec t o f  th e  a n g le  o f  su rfa ce :
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T h e se  d a t a  c le a rly  sh o w  t h a t  th e  la rv a e  o f  Ostrea edulis p re fe r  
to  a t ta c h  w ith  th e  u m b o  p o in t in g  in  a  d e fin ite  d ire c tio n . T h is  
d ire c tio n  is n o t  s im p ly  “ u p w a r d s ”  o r  “ to  th e  r ig h t” , as th e  a b o v e - 
m e n tio n e d  a u th o rs  b e lie v e d , a l th o u g h  th e  m a jo r i ty  o f  th e  u m b o s 
c e r ta in ly  p o in t  to  th e  r ig h t  as w ell as u p w a rd s .

T h e  d ire c tio n  th e y  p re fe r  a p p a re n t ly  fo rm s a n  a n g le  fac in g  
to  th e  r ig h t  o f  a b o u t  3 0 o w ith  th e  h o r iz o n ta l  axis. I n  o th e r  w ords: 
th e re  is a n  a n g le  o f  6o° b e tw e e n  th e  d ire c tio n  o f  p re fe re n c e  
a n d  th e  p ro je c tio n  o f  th e  v e r tic a l (d ire c tio n  “ N o r th ” ). N o t all 
th e  la rv a e  su c ce ed  in  a t ta c h in g  in  th e  p re fe r re d  d ire c tio n ;  a  
c e r ta in  p e rc e n ta g e  p o in t  in  o th e r  d ire c tio n s , b u t  fo r th e  g re a te r  
p a r t  in  a d ja c e n t  d ire c tio n s  a n d  b u t  se ld o m  in  th e  o p p o s ite  
d ire c tio n . T h e  d is t r ib u t io n  o v e r  th e  c o m p a ss-c a rd  is re m a rk a b ly  
s im ila r  o n  te s t-p la te s  t h a t  h a v e  b e e n  ex p o sed  a t  an g le s  o f  su rface  
o f  9 0 o, H 2 | ° ,  6 7 ! °  a n d  1 3 5 0. F o r  th e  sake o f  u n ifo rm ity  I  h a v e  
a d o p te d  th e  n o ta t io n  o f  a n g le s  o f  su rfa c e  u sed  b y  o th e r  in v e s tig a ­
to rs . T h e  u p p e r  su rfa ce  o f  a  p la te  in c lin e d  a t  a n  a n g le  o f  4 5 0 is 
c o n s id e re d  as b e in g  a t  a n  a n g le  o f  1 3 5 0 to  th e  h o r iz o n ta l  a n d  
o th e r  su rfaces  a c c o rd in g ly . W h e n  th e  a n g le  o f  su rfa c e  is 157^°, 
th e  d is t r ib u t io n  is e s se n tia lly  th e  sa m e , b u t  a  g r e a te r  p e rc e n ta g e
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o f  th e  u m b o s  p o in t  in  th e  a d j a c e n t  d ire c tio n s  a n d  th e  n u m b e r  
t h a t  p o in t  in  th e  o p p o s ite  d ir e c t io n  is so m e w h a t g re a te r ,  too . 
I n  cases w h e re  th e  a n g le  o f  s u r fa c e  w as 4 5 0 a n d  e sp e c ia lly  in  
th o se  o f  22-§°, th e  p e rc e n ta g e  t h a t  p o in t  in  th e  o p p o s ite  d ire c tio n  
is s till g r e a te r ,  w h ile  m o re o v e r  t h e  a n g le  o f  p re fe re n c e  a p p e a r s  to  
b e  s o m e w h a t s m a lle r  th a n  3 0 o, as t h e  a d ja c e n t  se c to r  s i tu a te d  u n d e r  
th e  h o r iz o n ta l  ax is  (E .S .E .)  show s m o re  s p a t  th a n  th e  se c to r  (N . 
N .E .)  p la c e d  im m e d ia te ly  a b o v e  t h e  se c to r  o fp re fe re n c e  (E .N .E .) .

M o re o v e r  I  a n a ly z e d  th e  s p a t  o n  m a n y  te s t-p la te s  t h a t  h a d  
b e e n  e x p o se d  h o r iz o n ta lly . A s w ill  b e  d iscussed  b e lo w , th e se  
te s t-p la te s  h a v e  b e e n  p la c e d  in  c o n ta in e rs  o f  re in fo rc e d  co n c re te . 
T h e s e  c o n ta in e rs  a re  p la c e d  o n  th e  s e a b o tto m . I t  w as  n o t  p o ss ib le  
to  p la c e  su c h  a  c o n ta in e r  in  a  p re c ise ly  h o r iz o n ta l  p o s it io n . So 
th e  “ h o r iz o n ta l”  te s t-p la te s  h a v e  n o t  b e e n  ex p o sed  in  a  p rec ise ly  
h o r iz o n ta l  p o s it io n , b u t  a t  s lig h t a n g le s  in  a n  u n k n o w n  d ire c tio n .

T h e  o y s te r la rv a e  a re  a p p a r e n t ly  e x tre m e ly  se n s itiv e  to  th e  
a n g le  o f  su rfa c e , fo r a l th o u g h  th e  d e v ia tio n  f ro m  th e  h o r iz o n ta l  
w ill h a v e  b e e n  v e ry  s lig h t in  m o s t  o f  th e se  cases, th e  an a ly se s  o f 
th e  s p a t  p ra c t ic a l ly  a lw ay s  show  w h ic h  side  o f  th e  te s t-p la te  h as  
b e e n  u p p e rm o s t .  T h e  m o re  e q u a l  th e  d is t r ib u t io n  o v e r th e  co m - 
p a s s -c a rd , th e  s lig h te r  th e  d e v ia tio n  f ro m  th e  h o r iz o n ta l  w ill 
h a v e  b e e n . T h e  side  w h ic h  h a s  a p p a r e n t ly  b e e n  u p p e rm o s t  is 
in d ic a te d  b y  a n  a r ro w  (60 d e g re e s  to  th e  le ft f ro m  th e  d ire c tio n  
o f  p re fe re n c e ) .

14 246111

12 72

I  h e re in  r e p ro d u c e  th e  c o m p a ss-c a rd s  o f  tw o  cases w h ic h  d id  
n o t  sh o w  a  d is t in c t  d ire c tio n  o f  p re fe re n c e . T h e  te s t-p la te s  in  
q u e s tio n  w ill h a v e  b e e n  ex p o se d  a t  a n  a n g le , d e v ia tin g  lit tle  
f ro m  th e  h o r iz o n ta l :

v42

41
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T h e  p u l l  o f  g ra v ita t io n  is a p p a r e n t ly  th e  o n ly  fa c to r  th a t  
g o v e rn s  th is  r e m a rk a b le  o r ie n ta tio n .

T h is  a p p a r e n t  in f lu e n c e  o f  g r a v i ta t io n  o n  th e  s e t t in g  p rocess 
is n o t  in  a c c o rd a n c e  w ith  N e l s o n ’s v ie w  (1921) t h a t  th e  p u ll  
o f  g r a v i ta t io n  h as  p r a c tic a lly  n o  in f lu e n c e  in  d e te r m in in g  th e  
p o s itio n  o f  a t ta c h m e n t  o f  o y s te r la rv a e . W h e th e r  in  th is  re sp e c t 
Ostrea virginica re a c ts  in  th e  s a m e  w a y  as Ostrea edulis s till re m a in s  
to  b e  se en , h o w ev e r.

T e s t-p la te s  ex p o sed  b o th  in  l ig h t  a n d  d a rk n e ss  sh o w  th e  sam e 
p h e n o m e n o n . A n o th e r  se ries o f  e x p e r im e n ts  p ro v id e d  m e  w ith  
te s t-p la te s  a lo n g  w h ic h  th e  t id a l  c u r re n ts  sw e p t f ro m  o n e  a n d  
th e  sa m e  sid e  d u r in g  th e  e n t i r e  p e r io d  o f  ex p o su re . T h e  o r ie n ta t io n  
p ro v e d  to  b e  th e  sa m e  w h e th e r  th e  c u r r e n t  c a m e  f ro m  th e  “ le f t”  
(d ire c t io n  W ) o r  f ro m  th e  “ r ig h t”  (d ire c tio n  E ).

I t  is v e r y  r e m a rk a b le  t h a t  th e  o r ie n ta tio n  is e s sen tia lly  th e  
sa m e  o n  su rfa ce s  in c lin e d  a t  a n  a n g le  o f  0 to  9 0 o a n d  o n  those  
in c lin e d  a t  a n g le s  o f  90 to  1800, a l th o u g h  th e  ax is o f  th e  s p a t  
p o in ts  in  q u i te  d if fe re n t d ire c tio n s  in  a l l  th e se  cases.

X X I .  M E T H O D S  O F  D E T E R M IN IN G  T H E  IN T E N S IT Y  
O F  S E T T IN G

N o  d a t a  o n  f ie ld -o b se rv a tio n s  o n  th e  in te n s ity  o f  se ttin g  
th r o u g h o u t  th e  season  o f  r e p r o d u c t io n  in  Ostrea edulis are, a v a ila b le . 
C o l e  (1 9 3 9 ) m e a s u re d  th e  f re q u e n c y  o f  s e ttin g  in  ta n k s  (so 
u n d e r  s e m i- n a tu r a l  c o n d itio n s )  b y  ex p o s in g  sm o o th  sla te s  fo r 
24  h o u rs . A fte rw a rd s  th e  s p a t  w as c o u n te d  w ith  a  b in o c u la r  
m ic ro sc o p e .

M o re  is k n o w n  a b o u t  th e  in te n s ity  o f  s e ttin g  in  o th e r  species 
o f  oyste rs . I t  is m y  o p in io n , h o w e v e r, t h a t  th e  m e th o d s  g e n e ra lly  
u se d  c a n n o t  e x a c t ly  b e  c a lle d  sm a rt .

Gryphaea angulata

C h a u x - T h é  v e n i n  (1933 , 1934) im m e rse d  so m e te s t-co llec to rs  
e v e ry  f o r tn ig h t .  H e  d id  n o t  c o m p a re  th e  n u m b e rs  o f  s p a t  o f 
Gryphaea angulata  o n  th e se  c o llec to rs  til l  th e  n e x t y e a r .  A s th e  
p e rc e n ta g e  o f  th e  n e w ly -se t s p a t  su rv iv in g  til l  th e  n e x t  y e a r  is 
b u t  sm a ll a n d  m o re o v e r  n o t  a lw ay s th e  sa m e , th is  m e th o d  
c a n  h a r d ly  b e  c a lle d  q u a n t i ta t iv e .
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Ostrea virginica

N e l s o n  ( 1 9 2 3  b , 1 9 2 4  b , 1 9 2 7 ,  1 9 2 8  a , 1 9 3 0 , 1 9 3 1 )  d e te rm in e d  
th e  tim e  a n d  in te n s ity  o f  s e ttin g  b y  p la c in g  tw o  shells in  a  w ire  
b a s k e t, w h ic h  shells h e  in te n d e d  to  re p la c e  b y  a  n e w  c o u p le  
ev e ry  2 4  h o u rs . I n  p r a c t ic e ,  h o w e v e r, th e  p e r io d  o f  ex p o su re  
w a s  a lm o s t in v a r ia b ly  c o n s id e ra b ly  lo n g e r  th a n  2 4  h o u rs . T h e  
she lls  w e re  n o t  e x c h a n g e d  v e ry  re g u la r ly .  A lth o u g h  th e  o u te r  
su rfa ce s  o f  th e  shells m a y  f re q u e n tly  b e a r  a  g o o d  d e a l o f  sp a t,  
N e l s o n  “ fo r  ease a n d  a c c u ra c y ”  o n ly  c o u n te d  th e  s p a t  in  th e  
c o n c a v e  o r  in n e r  faces.

I t  is m y  b e l ie f  t h a t  she lls  a r e  n o t  s u ita b le  fo r  th e  p u rp o s e  o f  
d e te rm in in g  th e  in te n s ity  o f  s e ttin g  q u a n t i ta t iv e ly .  A s w ill be 
d iscu ssed  b e lo w  th e  a n g le  o f  su rfa c e  h a s  a  g r e a t  in f lu e n c e  o n  th e  
f re q u e n c y  o f  se ttin g . B o th  th e  i r r e g u la r  s h a p e  o f  th e  shells a n d  
th e  im p o ss ib ili ty  o f  e x p o s in g  th e m  e v e ry  t im e  in  e x a c tly  th e  
s a m e  p o s it io n  p re v e n t a  re l ia b le  m e a s u r in g  o f  th e  sp a tfa ll. 
N e l s o n  p la c e d  o n e  o f  h is  she lls  w ith  th e  in n e r  su rfa c e  u p w a rd s  
a n d  th e  o th e r  d o w n w a rd s , b u t  I  d o  n o t  b e liev e  t h a t  th is  is 
a n  effec tive  m e th o d  o f  g e t t in g  r o u n d  th is  d ifficu lty . P r y t h e r c h  
(1 9 2 9 ) a n d  H o p k in s  (1931) u se d  w ire  b a g s  w ith  shells to  d e te r ­
m in e  th e  f re q u e n c y  o f  s e ttin g , w h ile  M e d c o f  (1939) u se d  o n e  
s in g le  she ll, w h ic h  h e  ex p o se d  fo r  24  h o u rs .

L a t e r  o n  P r y t h e r g h  (1 934  a ) ,  in  a  sp e c ia l e x p e r im e n t, 
u s e d  a  m o re  q u a n t i ta t iv e  m e th o d . H e  im m e rse d  c e m e n t-c o a te d  
p a r t i t io n -c o lle c to rs  a t  r e g u la r  in te rv a ls .  H e  a l lo w e d  th e  s p a t  
to  g ro w  so m e w h a t b e fo re  h e  p ro c e e d e d  to  c o u n tin g . E rro rs  
o w in g  to  th e  in f lu e n c e  o f  th e  a n g le  o f  su rfa c e  n e e d  n o t  b e  fe a re d  
w i th  th is  d ev ice .

Ostrea lurida

C o e  (1 9 3 2  b )  a n d  C o e  a n d  A l l a n  ( 1 9 3 7 )  o b t a i n e d  s o m e  d a t a  
o n  t h e  s e a s o n  o f  a t t a c h m e n t  o f  Ostrea lurida i n  t h e  c o u r s e  o f  
t h e i r  s t u d i e s  o n  s e d e n t a r y  o r g a n i s m s .

B o th  B o n n o t  ( 1 9 3 6 ,  1 9 3 7  a )  a n d  H o p k in s  ( 1 9 3 7 )  u se d  w ire  
b a g s  filled  w ith  shells o f  Ostrea gigas to  d e te rm in e  th e  in te n s ity  
o f  se ttin g . T h e  shells r e m a in e d  in  th e  w a te r  fo r  7 d ay s . H o p k in s  
u s e d  tw o  series o f  b a g s  a t  e a c h  s ta tio n , so t h a t  th e  o n e  series 
o v e r la p p e d  th e  o th e r . T h e  s p a t  o n  th e  in n e r  su rfaces  o f  th e  shells 
w a s  c o u n te d  w ith  a  b in o c u la r  m ic ro sco p e . T h e  o u ts id e  o f  th e  
she lls  is to o  ro u g h  a n d  la m e lla te  fo r  th e  a t ta c h e d  s p a t  to  b e  
c o u n te d  w ith  su ffic ien t a c c u ra c y . A c c o rd in g  to  th e se  in v e s tig a to rs
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th e  in n e r  su rfaces c a r ry  o n  a n  a v e ra g e  a b o u t  30 to  3 5 %  o f  th e  
to ta l  n u m b e r  o f  s p a t  o n  th e  sh e ll. T h e  d iffe ren ce s  b e tw e e n  th e  
shells f ro m  o n e  b a g  in  th e  n u m b e r  o f  s p a t  c a u g h t  o n  th e  in sid e  
su rfaces  w ere  e n o rm o u s , w h ic h  is o b v io u s ly  d u e  to  d iffe ren ces 
in  th e  a n g le  a t  w h ic h  th e  she lls  w e re  h e ld ,  a s  w ell as to  th e ir  
size a n d  th e ir  p o s itio n  in  th e  b a g . I  d o  n o t  b e lie v e  t h a t  H o p k in s  
is r ig h t  in  as su m in g  th a t  a n y  e r r o r  t r a c e a b le  to  th e  a n g le  o f  
su rfa c e  is e l im in a te d  b y  th e  f a c t  t h a t  th e  she lls  a r e  h e ld  a t  every  
p o ss ib le  a n g le  in  th e  b a g .

T h e  m e th o d  o f  d e te rm in in g  th e  in te n s ity  o f  s e ttin g  u se d  in  
th e  O o s te rsc h e ld e  h as  b e e n  d e s c r ib e d  b r ie f ly  in  H a v i n g a ’s p a p e rs  
(1938 , 1939)- S in ce  1935 th e  p e r io d ic i ty  o f  th e  sp a tfa ll  h a s  b ee n  
d e te rm in e d  h e re  th r o u g h o u t  th e  seasons o f  re p ro d u c tio n .  I n  
1935 tw o  sp a tfa ll-s ta tio n s  w e re  e s ta b lish e d , in  1936 five, o f  w h ich  
th e  s ta tio n s  Y ersch e  B a n k  a n d  K a tte n d i jk e  a re  th e  m o s t im p o r t­
a n t  fo r o u r  p u rp o se , se e in g  t h a t  th e  d a ily  p la n k to n -sa m p le s  a re  
p ro c u re d  a t  th e se  s ta tio n s . T h e  sp a tfa ll  is m e a s u re d  b y  re g u la r ly  
ex p o s in g  sets o f  3 sp e c ia lly  p r e p a r e d  g lass p la te s  fo r p e r io d s  o f  3 
d a y s  a t  e a c h  s ta tio n . T h e  p la te s  a r e  p la c e d  in  c o n ta in e rs  o f  
re in fo rc e d  c o n c re te , w e ig h in g  a b o u t  4 0  k g , o f  w h ic h  th e  s id e ­
w alls  h a v e  o b lo n g  n a r ro w  h o le s  le t  in to  th e m  (fig. 16). T h e  p la tes  
a re  h e ld  in  th e  c o n ta in e rs  a t  an g le s  o f  4 5 0. A  r e g u la r  re c o rd  
h a s  b e e n  k e p t o f  th e  p la ce s  in  th e  c o n ta in e r  in  w h ic h  th e  p la te s  
h a v e  b e e n  ex p o sed  a n d  o f  th e  sides t h a t  h a v e  b e e n  u p p e rm o s t .  
T o  k ee p  o ff  f lo a tin g  se a -w e ed  th e  e n t ire  c o n ta in e r  is c o v e re d  w ith  
w ire -n e tt in g . T h e  c o n ta in e rs  a re  p la c e d  o n  th e  s e a -b o tto m  in  
p la c e s  w h ic h  a re  n o t  ex p o se d  d u r in g  lo w  w a te r .  T h e  p la te s , 
w h ic h  m e a su re  1 3 x 1 8  cm , a re  o f  g lass g ro u n d  o n  b o th  sides. 
T h e  g ro u n d in g  causes th e  c o a t in g  to  a d h e re  f irm ly  to  th e  p la tes . 
T h e  th in  c o a tin g  is c o m p o se d  o f  a  m ix tu re  o f  e q u a l  p a r ts  o f  c e m e n t, 
l im e , f in e  sa n d  a n d  w a te r .  T h is  c o a tin g  p ro v id e s  th e  o y s te rla rv a e  
w i th  a n  e x c e lle n t s u b s t ra tu m  to  a t ta c h  on.

B efore th e  p re p a re d  p la te s  c a n  b e  u sed  i t  is n e c essa ry  th a t  
th e y  sh o u ld  h a v e  b e e n  d r ie d  th o ro u g h ly . W h e n  th e  p la te s  h av e  
n o t  b e e n  d r ie d  lo n g  e n o u g h , th e y  w ill g e t c o v e re d  w ith  a  th in  
s lim y  la y e r  w h e n  ex p o sed  in  s e a w a te r ;  th is  la y e r  c a tc h e s  m a n y  
s a n d -p a r t ic le s  a n d  su ch  p la te s  a re  u n s u ita b le  as co llec to rs . T h e  
s a m e  p h e n o m e n o n  is o b se rv e d  w h e n  lim e d  tile -c o lle c to rs  h av e  
n o t  b e e n  th o ro u g h ly  d r ie d .  F re n c h  o y ste r fa rm e rs  sp e a k  o f  
su c h  tiles as “ c a illée55. I f  th e re  sh o u ld  b e  to o  l i t t le  t im e  fo r  th o r-
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F ig . 16. C o n ta in e r  fo r th e  F ig . 17. F lo a tin g  co n ta in e r fo r th e  gro w in g  
d e te rm in a tio n  o f  th e  in te n sity  u p  o f th e  sp a t. (P h o to  H a v in g a ) .

o f  th e  sp a tfa ll. (P ho to  
H a v in g a ) .

F ig . 18. C o n ta in e r  w ith  h o ri-  F ig . 19. C o n ta in e r fo r 12 p lates, 
z o n ta l a n d  v e r tic a l p la tes. (P h o to  H a v in g a ) .

(P h o to  H a v in g a ) .
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o u g h  d ry in g , b a th in g  in  a  so lu tio n  o f  s o d iu m -b ic a rb o n a te  m ay­
b e  s u b s t i tu te d  a s  a  w a y  o f  e l im in a tin g  th is  d r a w b a c k  ( C 0 2 !).

A fte r  th e  p la te s  h a v e  b e e n  ex p o sed  in  th e  c o n ta in e r  fo r  th re e  
d a y s  th e y  a re  r e p la c e d  b y  a n o th e r  set. T h e  p la te s  a re  c a r r ie d  in  
a  z in c  c o n ta in e r ,  f illed  w ith  s e a w a te r ,  to  a n  o y s te rp it  n e a r  th e  
la b o ra to r y  a t  B e rg e n  o p  Z o o m .

A s th e  c o u n t in g  o f  th e  s p a t  w ith  a  m ic ro sc o p e  is v e ry  tim e -  
d e v o u r in g , w e  le t  th e  s p a t  g ro w  fo r  a n o th e r  6 d ay s , so t h a t  th e y  
c a n  eas ily  b e  d e te c te d  w ith  a  len s m a g n ify in g  6 tim e s . F o r  th is  
p u rp o se  th e  p la te s  a re  p la c e d  fo r  6 d ay s  in  a  w o o d e n  b o x  f lo a tin g  
in  a n  o y s te rp i t  (fig. 17). T o  k ee p  o f f  f u r th e r  o y s te r la rv a e  a n d  
en em ies  a n d  to  a d m it  o rg a n ism s  o n  w h ic h  th e  n e w ly -se t sp a t 
c a n  fee d  tw o  o f  th e  s id e -w a lls  o f  th e  b o x  h a v e  b e e n  m a d e  o f  
b o ltin g  silk , w h ic h  is re g u la r ly  e x c h a n g e d  a n d  c le a n e d . I t  a p p e a re d  
to  m e  t h a t  p ra c t ic a l ly  n o n e  o f  th e  n ew ly -se t s p a t  d ie d  d u r in g  
th is  6 d a y s ’ p e r io d .  A t  th e  e n d  o f  i t  th e  p la te s  a re  c a r r ie d  to  th e  
la b o ra to r y ,  w h e re  th e y  a re  e x p o s e d  to  th e  a i r  to  d ry . W h e n  th e  
p la te s  a re  d ry , th e  c o u n t in g  o f  th e  s p a t  m a y  b e  p ro c e e d e d  to  
a t  a n y  t im e . T h e  shells o f  th e  s p a t  m e a su re  f ro m  a b o u t  0 ,6  to  
0 ,8  m m  a t  th e  t im e  th e y  a re  d r ie d .  T h is  size is r e a c h e d  in  6 to  
9 d ay s  o f  g ro w th  a f te r  a t ta c h m e n t .  T h e  la rg e s t  sp e c im e n  o ften  
r e a c h  1,0 m m  in  9 d a y s  o f  s e d e n ta ry  life.

I f  th e  p la te s  a re  ex p o se d  fo r  6 d ay s , w h ic h  is o f te n  th e  case 
w ith  sp e c ia l se ries o f  p la te s ,  th e  o ld e s t s p a t  w ill b e  a b o u t  12 
d a y s  w h e n  th e y  a r e  ta k e n  f ro m  th e  w a te r .  T h e  la rg e s t  s p a t  o n  
su c h  p la te s  m e a s u re  f ro m  1,2 to  1,4 m m .

T h e  y o u n g  s p a t  is ea s ily  re c o g n iz a b le . S o m etim es  th e  p la tes  
w ill a lso  b e  fo u n d  to  c a r ry  sm a ll m ussels (M ytilu s edulis) a n d  
sm a ll sp e c im e n s  o f  Tapes pullastra, w h ic h  d if fe r  n o t  o n ly  in  size 
a n d  c o lo u r  f ro m  o y s te r-sp a t,  b u t  w h ic h  a re  m o re o v e r  a t ta c h e d  
b y  m e a n s  o f  b y ssu s - th re a d s  o n ly  a n d  c a n  c o n s e q u e n tly  easily  
b e  m o v e d  to  a n d  f ro  w ith  a  n e e d le .

S o m e tim e s  p ro fu se  se ttin g s  o f  b a rn a c le s  w ill b e  fo u n d  to  o c c u r  
o n  th e  p la te s . T h e  in te n s ity  o f  th e  s e ttin g  o f  b a rn a c le s  sh o w ed  
m a rk e d  m a x im a  a n d  m in im a .

T h e  s p a t  is c o u n te d  w ith  th e  a id  o f  a  la rg e  k in d  o f  c o u n tin g -  
ta b le  o n  w h ic h  th e  p la te s  a r e  m o v e d  in  a  s y s te m a tic a l m a n n e r  
u n d e r  a  le n s , w h ic h  is h e ld  in  a  su p p o r t.

S p e c ia l se ries o f  p la te s  u se d  in  o th e r  e x p e r im e n ts  o n  th e  
sp a tfa ll  a r e  t r e a te d  in  th e  s a m e  w ay . T h e  p la te s  c a n  b e  u sed
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m o re  th a n  o n c e ; th e y  c a n  b e  c l e a n e d  b y  s c ru b b in g  th e m  w ith  
a n  a b ra s iv e .

X X I I .  T H E  C O R R E L A T IO N  B E T W E E N  T H E  N U M B E R  O F  F U L L - 
G R O W N  L A R V A E  A N D  T H E  IN T E N S I T Y  O F  S E T T IN G

A lth o u g h  i t  is se lf-e v id en t t h a t  th e  p re se n c e  o f  fu ll-g ro w n  
la rv a e  is a  c o n d i t io  sine  q u a  n o n  fo r s e ttin g , m a n y  a u th o rs  
s tu d y in g  th e  p ro b le m s  o f  sp a tfa ll  o m i t  to  in v e s tig a te  th e  n u m b e r  
o f  fu ll-g ro w n  la rv a e  q u a n t i ta t iv e ly .

T h e  w av es o f  s e ttin g  a re  d e te r m in e d  b y  a n  o p t im u m  c o m b i­
n a t io n  o f  c e r ta in  e n v iro n m e n ta l  fa c to rs . T h e  s u ita b il i ty  o f  a  
p a r t i c u la r  p la c e  fo r sp a tfa ll is d e p e n d e n t  o n  se v era l fa c to rs , as 
w ill b e  d iscussed  below . T h e s e  f a c to rs  m a y  ca u se  en o rm o u s  
d iffe re n c e s  in  th e  s u ita b il i ty  fo r c o lle c tin g  o y s te rsp a t. T h o u g h  
th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  in  d if fe re n t  p la ce s , w ith  d if fe re n t 
e n v iro n m e n ta l  c o n d itio n s , m a y  b e  th e  sa m e , th is  does n o t  im p ly  
t h a t  th e  n u m b e r  o f  s p a t  c a u g h t  w il l  a lso  b e  th e  sa m e . T h e  in te n ­
s ity  o f  s e ttin g  in  o n e  a n d  th e  s a m e  p la c e , h o w e v e r, is c o r re la tiv e  
w ith  th e  n u m b e r  o f  fu ll-g ro w n  la r v a e  p re s e n t th e re . I n  o th e r  
w o rd s : th e  p r o p o r t io n  b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  
a n d  th e  in te n s ity  o f  th e  s p a tfa ll  is fa ir ly  c o n s ta n t  fo r  e a c h  p a r t i c ­
u la r  p la c e , b u t  th e  V alue o f  th is  r a t i o  m a y  b e  d if fe re n t  fo r  ea ch  
p la c e .

I sh a re  K ä n d l e r ’s v iew  (1 9 2 8 ) t h a t  i t  is n o t  su ffic ien t to  
c o u n t  th e  to ta l  n u m b e r  o f  o y s te r la rv a e  in  th e  w a te r  o n  in v e s ti­
g a t in g  th e  p e r io d ic i ty  o f  s e ttin g , b u t  th a t  i t  is a lso  n e c e s sa ry  to  
m e a s u re  th e  la rv a e  a n d  th u s  to  d e te rm in e  th e  n u m b e r  o f  fu ll- 
g ro w n  la rv a e .

T h e  F re n c h  in v e s tig a to rs  d o  n o t  m e a su re  th e  la rv a e ,  b u t  th e y  
d iv id e  th e m  in  la rv a e  in  th e  f irs t s ta g e  ( s tra ig h t-h in g e  la rv a e )  
a n d  la rv a e  in  th e  seco n d  s ta g e  (u m b o  la rv a e ) .  B o u r y  (1930) 
su g g e s te d  a  c o m p a r iso n  o f  th e  n u m b e r  o f  la rv a e  in  th e  firs t 
s ta g e  w ith  th e  n u m b e r  in  th e  se c o n d  p h a s e , so as to  g e t  a n  id e a  
a b o u t  th e  a v e ra g e  d e g re e  o f  d e v e lo p m e n t o f  th e  la rv a e . I t  w as 
B o r d e  (1931 , 1932, 1935, 1936, 1937) w h o  e s ta b l ish e d  th e  
“ f ix a tio n -c o e ff ic ie n t”  :

n u m b e r  o f  la rv a e  in  th e  se c o n d  s ta g e  
to ta l  n u m b e r  o f  la rv a e

T h is  “ f ix a tio n -c o e ffic ie n t”  is a s su m e d  to  in d ic a te  w h a t  p e r c e n t­
a g e  o f  th e  la rv a e  a p p ro a c h e s  th e  s e ttin g  s tag e . I t  is m y  belief,
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h o w e v e r, t h a t  i t  is n o t  th e  p e r c e n t a g e  o f  fu ll-g ro w n  la rv a e  
w h ic h  is p ro p o r t io n a te  to  th e  in te n s i ty  o f  s e ttin g , b u t  th e  n u m b e r  
o f  fu ll-g ro w n  la rv a e  p e r  u n i t  o f  w a te r .  B o r d e  (1935) te lls  us 
t h a t  in  th e  b a s in  o f  A rc a c h o n  th e  to ta l  n u m b e r  o f  la rv a e  dec reases  
a c c o rd in g  as th e  sam p les a re  c o lle c te d  a t  g r e a te r  d is ta n c e s  f ro m  
th e  c e n tre  o f  la rv a e -p ro d u c tio n ,  b u t  t h a t  th e  “ f ix a tio n -c o e ff ic ie n t”  
in c re ase s  p ro p o r tio n a te ly  in  su c h  series o f  sam p les . T h e  sam e 
p h e n o m e n o n  m a y  n o  d o u b t  b e  o b se rv e d  e lsew h e re , fo r in s ta n c e  
i n  th e  O o s te rsc h e ld e . I n  th e  c e n tr e  o f  la rv a e  p r o d u c t io n  th e  
n u m b e r  o f  n e w ly - lib e ra te d  la rv a e  is g r e a te r  th a n  th a t  a t  o th e r  
s ta tio n s . A ssu m in g  th a t  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  is 
a b o u t  th e  sa m e  a t  th e  v a r io u s  s ta t io n s , th e  “ f ix a tio n -c o e ff ic ie n t”  
w ill b e  b y  fa r  th e  sm a lle s t in  th e  c e n tre  o f  la rv a e -p ro d u c tio n !  
T h e  sp a tfa ll p ro sp e c ts  a r e ,  h o w e v e r, c e r ta in ly  n o t  least 
f a v o u ra b le  in  th e  c e n tre  o f  la rv a e - p ro d u c t io n  ! I f  th e  n u m b e r  o f  
u m b o - la rv a e  re m a in s  c o n s ta n t  fo r som e d a y s  a t  a  p a r t ic u la r  
s ta t io n , a n d  w ith  i t  th e  sp a tfa ll p ro sp e c ts , a  n e w  w a v e  o f  sw a rm in g  
m a y  ca u se  a  c o n s id e ra b le  d e c re a s e  o f  th e  “ f ix a tio n -c o e ff ic ie n t”  ! 
T h e re fo re  i t  is m y  b e lie f  t h a t  th is  „ f ix a tio n -c o e ff ic ie n t”  is o f  no 
u se  in  th e  s tu d y  o f  th e  in te s ity  o f  th e  sp a tfa ll.  T h o u g h  h ig h  v a lu es 
o f  th is  co e ffic ien t w ill o f ten  b e  fo llo w ed  b y  a  h e a v y  sp a tfa ll,  its 
a p p l ic a t io n  is n o  sa fe g u a rd  a g a in s t  d is a p p o in tm e n ts  ( H e r m a n  
1938 a ,  L a d o u c e  1938 a ) .

I f  w e w a n t  to  k n o w  s o m e th in g  a b o u t  th e  sp a tfa ll  p ro sp e c ts , 
w e  sh a ll h a v e  to  d e te rm in e  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  
( if  d e s ire d : u m b o - la rv a e )  p e r  u n i t  o f  w a te r .

N e l s o n  (1927 , 1928 a , 1929 , 1930) v isu a liz e d  in  h is  d ia g ra m s  
b y  m e a n s  o f  so lid  b la c k  c irc le s  th e  sa m p le s  in  w h ic h  m a tu re  
o y s te r la rv a e  ( Ostrea virginica) fo rm e d  a  p o r t io n  o f  th e  to ta l 
c a tc h .  T h e  n u m b e r  o f  m a tu r e  la rv a e  p e r  u n i t  o f  w a te r  h a s  n o t 
b e e n  re c o rd e d  b y  N e l s o n , h o w e v e r.

H is  d ia g ra m s  show  th a t  th e  d u r a t io n  o f  s e ttin g  c losely  p a ra lle le d  
th e  p e r io d  d u r in g  w h ic h  e y e d  la rv a e  w e re  fo u n d  in  p la n k to n -  
c o llec tio n s .

P r y t h e r c h  (1929 , 1931 ) c o lle c te d  a  series o f  sa m p le s  (ea ch  
s a m p le  f ro m  200 g a llo n s o f  w a te r )  th r o u g h o u t  a  tid a l cycle; 
T h e  m a jo r i ty  o f  th e  o y s te r la rv a e  ( Ostrea virginica) in  th e se  sa m p le s  
w e re  fo u n d  to  b e  a t  la te r  s ta g e s  o f  d e v e lo p m e n t a n d  w ith in  a  
few  d a y s  o f  s e ttin g . R o u n d a b o u t  lo w  w a te r  h e  c o u n te d  a b o u t 
100 la rv a e  in  h is  sa m p le s , d u r in g  th e  r e m a in d e r  o f  th e  tid a l 
cy c le  less th a n  io . P r y t h e r g h  m e a s u re d  th e  sp a tfa ll  b y  im m e r ­
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sing  c e m e n t-c o a te d  p a r t i t io n - c o l le c to rs  f ro m  h o u r  to  h o u r . T h e  c o l­
le c to rs  ex p o sed  r o u n d a b o u t  lo w  w a t e r  c a u g h t  fa r  m o re  s p a t  th a n  
th e  o th e rs ,  w h ic h  fits in  w ith  th e  d a t a  o n  h is p la n k to n -sa m p le s .

S e k i  a n d  T a n a k a  ( 19 3 1 ) c o n c lu d e  th a t  th e  in te n s ity  o f  s e ttin g  
o f  Ostrea denselamellosa d e p e n d s  u p o n  th e  n u m b e r  o f  fu ll-g ro w n  
la rv a e ,  fo r  th e y  fo u n d  th a t  th e  t im e  a t  w h ic h  fu ll-g ro w n  la rv a e  
a b o u n d e d  w as th e  m o s t s u ita b le  m o m e n t  to  p la c e  co llec to rs .

T h e  d ia g ra m s  (fig . 7, 8, 9, io )  o n  th e  d a t a  o b ta in e d  in  th e  
c o u rse  o f  m y  in v e s tig a tio n s  in  th e  O o s te rsc h e ld e  (in  th e  y ea rs  
1936, 1937 1938 a n d  1939) sh o w  b o th  th e  n u m b e r  o f  la rv a e  in  
th e  d if fe re n t  size-classes p e r  100 l i t r e s  o f  w a te r  a n d  th e  n u m b e r  o f 
s p a t  c o lle c te d  o n  on e ' p la te  (i.e . th e  to ta l  n u m b e r  c a u g h t  b y  th e  
e n t i r e  se t d iv id e d  b y  3) a t  th e  s a m e  s ta t io n  in  p e r io d s  o f  3 d ay s . 
T h e  c o r re la t io n  b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  
th e  in te n s ity  o f  s e ttin g  strikes th e  e y e ,  e sp ec ia lly  i f  th e  le f t p a r t  
o f  th e  d ia g ra m  is c o v e re d  b y  a  p ie c e  o f  p a p e r ,  so th a t  o n ly  th e  
d a ta  o n  th e  la rg e s t  s ize -g ro u p s  ( f ro m  24 X 11 p- to  27 X n y - )  
a n d  th o se  o n  th e  sp a tfa ll  r e m a in  v is ib le . I t  is in te re s tin g  to  n o te  
th e  c lose  p a ra l le l is m  b e tw e e n  th e  in te n s i ty  o f  s e ttin g  a n d  th e  
p e r io d s  d u r in g  w h ic h  fu ll-g ro w n  la r v a e  a b o u n d .

V e ry  s tr ik in g  a re  th e  ev e n ts  in  th e  m o n th  o f  A u g u s t 1938. 
H ig h  w a te r - te m p e ra tu re s  f a v o u re d  th e  g ro w th  o f  th e  la rv a e  to  
su ch  a n  e x te n t  t h a t  th e  n u m b e rs  o f  fu ll-g ro w n  la rv a e  c o u n te d  
in  th e  sa m p le s  f ro m  5 to  a b o u t  14 A u g u s t  w e re  u n p re c e d e n te d ly  
h ig h . C o n s e q u e n t ly  th e  sp a tfa ll  w a s  v e ry  p ro fu se  d u r in g  th é  
sa m e  p e r io d . A  s lig h t p e a k  in  th e  n u m b e r  o f  m a tu r e  la rv a e  in  
th e  s e c o n a  p a r t  o f  J u ly  in  th e  s a m e  seaso n  c o rre sp o n d s  w ith  
a s lig h t in c ie a s e  o f  th e  sp a tfa ll  s h o r t ly  a f te r. I n  1939 th e  g re a te s t  
n u m b e rs  o f  fu ll-g ro w n  la rv a e  as w e ll as m o s t o f  th e  sp a tfa ll w e re  
r e c o rd e d  in  th e  m id d le  o f  J u ly .  I n  1937 i t  w as th e  seco n d  
p a r t  o f  J u ly  t h a t  y ie ld e d  th e  la rg e s t  n u m b e rs .

B o th  th e  s ta t io n  Y e rsc h e  B a n k  a n d  th e  s ta t io n  K a tte n d i jk e  
sh o w  th is  c o r re la t io n  b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  
a n d  th e  in te n s i ty  o f  s e ttin g . T h e  d ia g ra m s  c le a r ly  show , h o w e v e r, 
t h a t  th e  p ro p o r t io n  b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  
a n d  th e  n u m b e r  o f  s p a t  is n o t  sa m e  a t  th e se  tw o  s ta tio n s . T h e  
s a m e  n u m b e r  o f  m a tu r e  la rv a e  y ie ld s  fa r  m o re  s p a t  a t  th e  
s ta t io n  Y e rsc h e  B a n k  th a n  a t  th e  s ta t io n  K a tte n d i jk e .  I t  sh o u ld  
b e  re m e m b e re d , h o w e v e r , t h a t  th e  n u m b e r  o f  la rv a e  is fa ir ly  
c o n s ta n t  in  th e  c o u rse  o f  th e  t id a l  cycle a t  th e  s ta t io n  Y ersch e  
B a n k , w h ile  th e  n u m b e r  o f  la rv a e  a t  th e  s ta t io n  K a tte n d i jk e
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show s its  m a x im u m  r o u n d a b o u t  lo w  w a te r  ( th e  d a ily  sa m p le s  
a re  ta k e n  a t  lo w  w a te r  th e re ) .  M o re o v e r  th e re  a re  s till o th e r  
fac to rs  w h ic h  in f lu e n c e  th e  p r o p o r t io n  b e tw e e n  th e  n u m b e r  o f  
m a tu r e  la rv a e  a n d  th e  in te n s ity  o f  s e ttin g  a t  d if fe re n t s ta tio n s , 
as w ill b e  d iscu ssed  b e lo w .

I t  is n o t  ea sy  to  e s t im a te  w h a t  p e rc e n ta g e  o f  th e  m a tu re  
la rv a e  su c c e e d  in  a c c o m p lish in g  a t ta c h m e n t .

B i e r r y  a n d  G o u z o n  ( 1 9 3 9 )  e s t i m a t e  t h a t  a b o u t  4 0 0  o u t  
o f  i  0 0 0  0 0 0  n e w l y - l i b e r a t e d  l a r v a e  a t t a c h  o n  a n  a v e r a g e .

I t  is in te re s tin g  to  e s tim a te  th e  p ro p o r tio n s  b e tw e e n  th e  n u m b e r  
o f  y o u n g  la rv a e , m a tu r e  la rv a e  a n d  s p a t  in  th e  O o s te rsc h e ld e . 
T h e  fo llo w in g  a r e  th e  f ig u re s  fo r  th e  y e a r  1939 ( p a r t ly  c o n je c tu ra l)  :

T h e  n u m b e r  o f  a d u l t  o y ste rs  in  th e  O o s te rsc h e ld e  w as a b o u t  
36 000 000 in  1939, w h ile  th e  p e rc e n ta g e  o f  fu n c tio n a l fem ales 
in  th e  c o u rse  o f  th e  se aso n  o f  r e p ro d u c tio n  m a y  b e  e s tim a te d  a t  
7 5 %  to  1 0 0 % , as h a s  b e e n  d iscussed  a b o v e . T h e  n u m b e r  o f  
la rv a e  p ro d u c e d  b y  o n e  o y s te r  in  th e  fe m a le  s ta g e  v a r ie s  f ro m  
500 000  to  i 000  0 0 0 . H e n c e  th e  to ta l  p r o d u c t io n  o f  la rv a e  in  
1939 m a y  b e  e s tim a te d  a t  io  000  000  000  000  a t  le a s t. T h is  
f ig u re  is c e r ta in ly  n o t  to o  h ig h ,  fo r I  v e ry  o ften  c o u n te d  f ro m  
200 to  300 la rv a e  in  100 li tre s  o f  w a te r  a t  a  s ta t io n  s i tu a te d  fa r  
f ro m  th e  c e n tr e  o f  la rv a e -p ro d u c t io n  (K a tte n d ijk e ) .  F ro m  th is  
i t  fo llow s th a t  th e  w a te r  t h a t  fills th e  b a s in  d u r in g  h ig h  tid e  
(675  000  000 m 3) c o n ta in s  m o r e  th a n  o n e  la rv a  p e r  li t re ,  w h ic h  
com es to  m o re  th a n  1 000  0 0 0  000  000  la rv a e  in  th e  e n t ire  b a s in  
o n  o n e  p a r t i c u la r  d a y !

H o w  m a n y  la rv a e  r e a c h e d  th e  fu ll-g ro w n  s ta g e  in  th e  O o s te r ­
sc h e ld e  in  th e  c o u rse  o f  1939?

O n  se v e ra l d a y s  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  e x c e e d e d  
io  p e r  100 litre s  (fig . io )  a t  b o th  s ta tio n s , w h ic h  c o rre sp o n d s  
w ith  a t  le a s t  50 0 0 0  000 000  fu ll-g ro w n  la rv a e  in  th e  e n t ire  
b a s in  o n  o n e  p a r t i c u la r  d a y . I  b e liev e  t h a t  th e  to ta l  n u m b e r  o f  
fu ll-g ro w n  la rv a e  in  th e  c o u rse  o f  th is  se aso n  o f  r e p r o d u c t io n  
m a y  b e  e s t im a te d  a t  250 0 0 0  000 000 a t  le a s t (i.e . 2 ,5 %  o f  th e  
o r ig in a l  n u m b e r  o f  l a r v a e ) . I n  a  p re v io u s  se c tio n  I  e s tim a te d  th e  
p e rc e n ta g e  o f  la rv a e  r e a c h in g  m a tu r i ty  in  th e  O o s te rsc h e ld e  a t  
less th a n  1 0 % , p r o b a b ly  e v e n  f a r  less. O n ly  in  p e r io d s  c h a r a c ­
te r iz e d  b y  v e ry  f a v o u ra b le  w a te r - te m p e ra tu re s ,  su c h  as th e  m id d le  
o f  A u g u s t  1938  a n d  J u l y  1935 , does th e  p e rc e n ta g e  p ro b a b ly  
e x c ee d  1 0 % .
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I e x a m in e d  th e  n u m b e r  o f  s p a t  on  a  g o o d  m a n y  sa m p le s  o f  
tile -c o lle c to rs  a n d  o f  so w n -o u t s h e lls  in  th e  a u tu m n  o f  1939. 
K n o w in g  th e  to ta l  a m o u n t  o f  c o l le c to r -m a te r ia l ,  I  e s tim a te  
t h a t  th e  n u m b e r  o f  s p a t  c a u g h t  i n  th e  O o s te rsc h e ld e  in  1939 
a n d  su rv iv in g  til l  in  O c to b e r  a m o u n te d  to  a t  le a s t 250 000 000.

P e rh a p s  o n ly  1 o u t  o f  io  n e w ly - a t ta c h e d  s p a t  su rv iv es  ti l l  in  
O c to b e r .  T h e  o th e r  9 p e r ish , p a r t l y  b y  th e  a c tio n  o f  a n im a l  
en e m ie s , p a r t ly  b y  sm o th e r in g . T h e  m o s t n o to r io u s  en em ies  
a re  Carcinides maenas a n d  Asterias rubens. S m a ll sp e c im en s  o f  th e  
la t t e r  so m e tim es  o c c u r  in  g r e a t  a b u n d a n c e  o n  th e  tile -c o lle c to rs  
in  so m e p la ce s . S m o th e r in g  is c a u s e d  b y  a  r a p id  g ro w th  o f  o th e r  
sessile in v e r te b ra te s  (e.g. Ascidiella , Botryllus , S p o n g es  a n d  B ry ­
o zo a ) o r  b y  th e  d e p o s itio n  o f  s ilt o r  sa n d . I  b a se  th e  p ro p o r t io n  
i o u t  o f  io  o n  th e  fo llo w in g  fa c ts : T h e  su rfa c e  o f  th e  co llec to rs  
is o n ly  fo r a  l im ite d  p e r io d  s u i ta b le  fo r f ix a tio n . S o o n  a  th in  
s lim y  la y e r ,  fo rm e d  b y  a  g ro w th  o f  m ic ro sc o p ic a l a lg a e  a n d  
b a c te r ia ,  r e n d e rs  a t ta c h m e n t  im p o s s ib le . I t  is m y  b e l ie f  t h a t  th e  
s u ita b le  p e r io d  does n o t  e x c ee d  12 d ay s . M y  te s t-p la te s , w h ic h  
w e re  ex p o sed  in  th e  m o s t f a v o u ra b le  p a r t  o f  th e  seaso n  in  4  su cces­
sive  p e r io d s  o f  3 d ay s , a t  tw o  s ta t io n s  w h e re  m a n y  tile -c o lle c to rs  
a re  p la c e d  as a  ru le  (W e m e ld in g e  a n d  K a tte n d i jk e ) ,  c a u g h t 
f ro m  100 to  150 s p a t  in  th e  a g g re g a te .  T h e  su rfa c e  o f  a  tile -  
c o lle c to r  is a b o u t  8 tim es  as la rg e  a s  t h a t  o f  a  te s t-p la te .  So I  
a s su m e  th a t  th e  n u m b e r  o f  s p a t  c a u g h t  b y  o n e  ti le -c o lle c to r  
d u r in g  th e  m o s t f a v o u ra b le  p a r t  o f  th e  se aso n  1939 m a y  b e  
e s t im a te d  a t  500 o r  1000. O n  m a n y  tiles f ro m  th e se  s ta tio n s  
I c o u n te d  f ro m  50 to  100 s p a t  in  O c to b e r ,  w h ic h  show s th a t  
a b o u t  9 o u t  o f  io  s p a t  h a d  d is a p p e a re d .  T h is  p r o p o r t io n  is 
o f  c o u rse  su b je c t to  f lu c tu a tio n s  in  d if fe re n t y ea rs .

A s a t  le a s t 250 0 0 0  000 s p a t  su rv iv e d  till in  O c to b e r ,  th e  to ta l  
n u m b e r  o f  la rv a e  t h a t  a c c o m p lish e d  f ix a tio n  w ill h a v e  b e e n  a t  
le a s t  a b o u t  2 5 0 0 0 0 0 0 0 0 . So w e  m a y  say  t h a t  a b o u t  250 o u t  o f  
e v e ry  1 000  000  l ib e ra te d  la rv a e  se ttle d . T h is  n u m b e r  does n o t  
d if fe r  essen tia lly  f ro m  th e  e s t im a te  b y  B i e r r y  a n d  G o u z o n  
( i.e . 4 0 0 ).

W h e n  w e c o m p a re  th e  n u m b e r  o fs e tt ie d  s p a t  w ith  th e  n u m b e r  o f  
fu ll-g ro w n  la rv a e  in  th e  c o u rse  o f  th e  seaso n  o f  re p ro d u c tio n ,  
w e  sh a ll  f in d  th a t  o n ly  a b o u t  1 %  o f  th e  m a tu r e  la rv a e  su c ce ed  
in  a c c o m p lish in g  f ix a tio n !

T h o u g h  m y  fig u res  a re  p a r t ly  c o n je c tu ra l ,  I  a m  o f  o p in io n  
t h a t  in d e e d  b u t  a  sm a ll p e rc e n ta g e  o f  th e  fu ll-g ro w n  la rv a e



1 6 6 P . K O R R IN G A

su c ce ed  in  f in d in g  a  su ita b le  c o lle c to r  a n d  in  a t ta c h in g  o n  it. 
T h is  is p ro b a b ly  d u e  to  la c k  o f  c o l le c to r -m a te r ia l.  T h e  su rface  
o f  th e  c o llec to rs  is o n ly  fo r a  s h o r t  p e r io d  in  a  c o n d itio n  su ite d  
to  f ix a tio n . M o re o v e r  th e re  a re  v a s t a re a s  w h e re  th e  la rv a e , 
w h ic h  a re  a t  th e  m e rc y  o f  th e  t id a l  s tre a m s , p ra c tic a lly  n e v e r  
m e e t  w ith  a n y  su ita b le  p ie c e  o f  c o l le c to r -m a te r ia l.

I n te r f e re n c e  o n  th e  p a r t  o f  m a n  m a y  e ffec t a n  in c re a se  in  
th e  p e rc e n ta g e  o f  m a tu r e  la rv a e  t h a t  a c c o m p lish  a t ta c h m e n t .  
T o  t h a t  e n d  th e  o y s te r fa rm e r  w ill h a v e  to  la y  o u t  h is  c u ltc h  
in  a d e q u a te  a m o u n ts  in  s u ita b le  p la c e s  a n d  a t  th e  m o s t p ro p itio u s  
m o m e n t. N a tu r e  la rg e ly  g o v e rn s  th e  v a lu e s  o f  th e  o th e r  p r o p o r ­
tio n s  a n d  p e rc e n ta g e s .

T h e  sm a lln ess  o f  th e  p e r c e n ta g e  o f  m a tu r e  la rv a e  a c c o m p lish in g  
f ix a t io n  is th e  re a so n  w h y  th e  n u m b e r  o f  s p a t  p e r  c o lle c to r  does 
n o t  p e rc e p tib ly  d ec rease  w h e n  co llec to rs  a re  p la n te d  to g e th e r  
in  g r e a t  n u m b e rs  in  o n e  p la c e ,  i f  o n ly  c a re  is ta k e n  th a t  all o f  
th e m  a r e  ea s ily  accessib le  fo r  th e  la rv a e -b e a r in g  w a te r .  I n  m y  
e x p e r im e n ts  th e re  w as n o  p e r c e p t ib le  d if fe re n c e  b e tw e e n  th e  
n u m b e r  o f  s p a t  p e r  p la te  in  c o n ta in e rs  w ith  3 p la te s  a n d  in  th o se  
w ith  12 p la te s , p la c e d  a t  th e  s a m e  s ta tio n . T h e  o y s te rfa rm e r  in  
p la c in g  h is  co llec to rs  n e e d  n o t  ta k e  in to  a c c o u n t  t h a t “  w h ere  
th e  tile s  a re  m a n y , th e  sp a tfa ll  is p o o r” .

F ro m  th e  fo re g o in g  i t  m a y  b e  c o n c lu d e d  th a t  th e  “ usefu l e ffec t” 
is n o t  v e ry  g r e a t  in  th e  p r o p a g a t io n  o f  Ostrea edulis. O n ly  a b o u t  
25 o u t  o f  a  m illio n  la rv a e  a r e  fo u n d  b a c k  o n  th e  co llec to rs  in  
a u tu m n .

T h is  p e rc e n ta g e  o f  su rv iv a l is n o t  o n ly  sm a ll w h e n  co n s id e re d  
b y  itse lf, b u t  a lso  w h e n  c o m p a r e d  w ith  th e  re su lts  in  th e  p r o p a ­
g a t io n  o f  o th e r  k in d s  o f  m a r in e  M ollu scs. S m id t  (1 9 3 8 ), fo r in ­
s ta n c e ,  e s tim a te s  t h a t  a b o u t  o n e  e ig h th  o f  th e  la rv a e  o f  th e  
G a s t ro p o d  Rissoa membranacea su c ce ed  in  a c c o m p lish in g  m e ta ­
m o rp h o s is  !

X X I I I .  T H E  E F F E C T  O F  T E M P E R A T U R E  A N D  S A L IN IT Y  O N  
T H E  S E T T IN G  P R O C E S S

L e e n h a r d t  ( 1 9 2 2 ,  1 9 2 4 )  a s su m e d  th a t  m a tu r e  o y s te rla rv a e  
a r e  in c a p a b le  o f  a t ta c h m e n t ,  un less  th e  te m p e r a tu r e  o f  th e  
w a te r  is a t  le a s t 180 C : “ L a  f ix a tio n  n e  d e v a n t  s ’o p é re r  q u e  si 
l a  te m p é r a tu r e  é ta i t  d ’a u  m o in s  1 8 0” . M a z z a r e l l i  ( 1 9 2 4 ) ,  
h o w e v e r , a ssu re s  u s th a t  in  th e  la k e  o f  F u sa ro  f ix a tio n  is c e r ta in ly  
p o ss ib le  a t  te m p e ra tu re s  b e lo w  180 C . L a te r  F re n c h  in v es tig a -
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t o r s  ( e .g .  B o u r y  1 9 2 8 )  d i d  n o t  s u c c e d  i n  e s t a b l i s h i n g  a  t e m p e r a -  
t u r e - l i m i t  b e lo w  w h i c h  a t t a c h m e n t  is i m p o s s i b l e  ( f i e ld - o b s e r v a -  
t i o n s ) .

C o l e  (1939) o b se rv e d  th a t  f ix a t io n  in  h is  ta n k s  w as n o t  
a ffe c te d  b y  s u d d e n  falls in  te m p e r a tu r e .  H e  d esc rib es  se v era l 
cases in  w h ic h  a  s u d d e n  d ro p  in  w a te r - te m p e r a tu r e  h a d  n o  v is ib le  
e ffec t o n  th e  la rv a e  t h a t  a t  th is  t im e  w ere  o n  th e  p o in t  o f  se ttin g . 
U n d e r  ta n k -c o n d it io n s  n o  c o r r e la t io n  b e tw e e n  te m p e r a tu re  a n d  
in te n s ity  o f  s e t t in g  c a n  b e  e s ta b l is h e d .

I fu lly  su sc rib e  to  C o l e ’s v iew . A  c o m p a r iso n  o f  th e  n u m b e r  
o f  fu ll-g ro w n  la rv a e  a n d  th e  in te n s i ty  o f  s e ttin g  in  th e  O o s te r ­
sc h e ld e  h a s  le d  m e  to  th e  c o n c lu s io n  t h a t  f lu c tu a tio n s  in  w a te r -  
te m p e ra tu re  d o  n o t  a ffe c t th e  v a lu e  o f  th is  p ro p o r tio n .  A lth o u g h  
s to rm y  spells o f  w e a th e r  f re q u e n tly  o c c u r re d ,  o f ten  a c c o m p a n ie d  
b y  s u d d e n  d ro p s  in  w a te r - te m p e r a tu r e  (e.g . 2 2 -2 6  J u ly  1937, 
e a r ly  in  J u ly  1938, 1 2 -22  A u g u s t 1938, e a r ly  in  A u g u s t 1939), 
th e y  p ro d u c e d  n o  v is ib le  e ffec t o n  th e  c o r re la t io n  b e tw e e n  th e  
n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  th e  in te n s ity  o f  se ttin g .

T h o u g h  th e  in te n s ity  o f  s e t t in g  w as v e ry  s lig h t in  th e  first 
p a r t  o f  J u ly  1938 , o w in g  to  th e  s m a ll  n u m b e r  o f  m a tu r e  la rv a e , 
th e  d ia g ra m  c le a r ly  show s th a t  th e  p r o p o r t io n  b e tw e e n  th e  
n u m b e r  o f  m a tu r e  la rv a e  a n d  th e  n u m b e r  o f  s p a t  c a u g h t  o n  
th e  p la te s  w as e ssen tia lly  th e  sa m e  d u r in g  th e  s to rm y  d a y s  e a r ly  
in  J u ly  a n d  in  th e  s u b s e q u e n t c a lm e r  p e r io d .

I t  is m y  b e l ie f  t h a t  th e  p ro cess  o f  a t ta c h m e n t  is p ra c tic a lly  
n o t  l ia b le  to  v a r y in g  w a te r - te m p e ra tu re s  a n d  s to rm y  w e a th e r  
(o f  c o u rse  o n ly  as fa r  as te m p e r a tu re s  r e c o rd e d  in  th e  fie ld  in  
th e  su m m e r-m o n th s  a re  c o n c e rn e d ) .  T h is  is in  a c c o rd a n c e  w ith  
H o p k i n s ’ v ie w  (1 9 3 7 )  t h a t  “ lo c a l w e a th e r  c o n d itio n s  a p p e a r  to  
h a v e  li t t le  o r  n o  in f lu e n c e  u p o n  th e  s e ttin g  o f  la rv a e , sav e  in  
th e i r  effec t u p o n  w a te r - te m p e ra tu re  w h ic h  c o n tro ls  sp a w n in g  
a n d  r a te  o f  la rv a l  d e v e lo p m e n t.”

I t  h a s  b e e n  su p p o se d  b y  so m e th a t  sa lin ity  in f lu e n ces  th e  
in te n s ity  o f  s e ttin g . I n  th e  S o u th e rn  p a r ts  o f  th e  ra n g e  o f  Ostrea 
virginica (L o u is ia n a , G a lv e s to n  B ay) f lu c tu a tio n s  in  sa lin ity  a re  
o f te n  c o n s id e ra b le . M o o r e  a n d  P o p e  (1910) a n d  M o o r e  (1913) 
o b se rv e d  n o  sp a tfa ll  d u r in g  th e  p e r io d  in  w h ic h  th e  crevasse  
w a te r  f ro m  th e  r iv e r  M ississ ip p i w as  p o u r in g  o v e r  th e  b ed s . 
H o p k i n s  (1931 ) c o n c lu d e d  t h a t  se ttin g  p e r io d s  c o in c id e d  w ith  
in c re ase s  in  s a lin i ty  a b o v e  a b o u t  20 p a r ts  p e r  1000, a l th o u g h  n o
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ex a c t l im it  c o u ld  b e  s ta te d .  H e  assu m es th a t  “ c o m p le tio n  o f  
la rv a l d e v e lo p m e n t is n o t  a t ta in e d ,  un less  th e  w a te r  re a c h e s  
th e se  h ig h e r  c o n c e n tra t io n s .”  A s n o  e x a c t d a ta  o n  th e  n u m b e r  
o f  m a tu re  la rv a e  h a v e  b e e n  p ro v id e d  b y  th e se  a u th o rs ,  w e 
c a n n o t b e  su re  w h e th e r  th is  in flu e n c e  o f  s a lin ity  is d u e  to  a n  
in su ff ic ien t d e v e lo p m e n t o f  th e  la rv a e  o r  to  fa ilu re  in  f ix a tio n .

P r y t h e r g h  ( 1 9 3 4  a) a s c e r ta in e d  th e  t im e  r e q u ir e d  b y  th e  
la rv a e  to  c o m p le te  th e  s e t t in g  p ro cess  u n d e r  v a r io u s  s a lin ity  
co n d itio n s  (e x p e rim e n ts  in  v i t ro ) .  T h e  la rv a e  o f  Ostrea virginica 
w ere  fo u n d  to  c o m p le te  f ix a tio n  in  12 to  19 m in u te s  w h e n  th e  
sa lin ity  w as 1 6 - 1 8 ,6  ° /0o. H ig h e r  o r  lo w er sa lin itie s  a p p e a r e d  to  
p r o t r a c t  th e  s e ttin g  p ro ce ss  ( th e  lim its  w e re : 5 ,6  ° / 00 : 1 4 0  
m in u te s ; 3 2 ,2  ° / 00 : 1 4 4  m in u te s ) .  P r y t h e r c h  a s c r ib e d  th e  effect 
o f  sa lin ity  o n  th e  se ttin g  p ro ce ss  to  a  p h y s ic a l c h a n g e  in  th e  byssa l 
f lu id , in  c o n se q u e n c e  o f  w h ic h  th e  t im e  re q u ir e d  fo r its  c o m p le te  
d isc h a rg e  is a l te re d .

O b se rv a tio n s  in  L o n g  I s la n d  S o u n d  ( H ig g in s  1 9 3 8 )  h a v e  
sh o w n  th a t  th e  s a lin ity  o f  th e  b o tto m  w a te r  th e re  is o n ly  lia b le  
to  s lig h t se a so n a l c h a n g e s , so  t h a t  th is  fa c to r  c a n n o t  b e  h e ld  
re sp o n s ib le  fo r  th e  success o r  fa ilu re  o f  th e  sp a tfa ll.

T h e  sa m e  co n c lu s io n  m a y  b e  d r a w n  f ro m  th e  d a ta  c o n c e rn in g  
th e  O o s te rsc h e ld e . T h e  s a lin ity  in  th e  O o s te rsc h e ld e  is o n ly  
su b je c t to  s lig h t se a so n a l c h a n g e s  in  th e  y e a r ’s co u rse  a n d  re m a in s  
v ir tu a lly  th e  sa m e  f ro m  y e a r  to  y e a r  ( ta b le  2 , fig. 3 ) .  So th is 
fa c to r  c a n n o t  b e  h e ld  re sp o n s ib le  fo r  th e  success o r  fa ilu re  o f  
th e  sp a tfa ll in  th is  ca se  e i th e r .  A n y  d if fe re n c e  in  th e  p ro p o r tio n  
b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  th e  in te n s ity  o f  
se ttin g , o w in g  to  c h a n g e s  in  sa lin ity , c a n n o t  b e  sh o w n  h e re . 
E x p e r im e n ts  in  v itro ,  lik e  th o se  o f  P r y t h e r g h , h a v e  n o t  y e t 
b e e n  c a r r ie d  o u t  w ith  th e  la rv a e  o f  Ostrea edulis, b u t  i t  is a n  
e s ta b lish e d  fa c t ( M a z z a r e l l i  1 9 2 4 )  t h a t  f ix a tio n  o f  Ostrea edulis 
is c e r ta in ly  p o ss ib le  w ith  sa lin itie s  o f  ev e n  3 4  to  3 9  ° / 00.

X X IV . T H E  IN F L U E N C E  O F  C O P P E R  O N  T H E  
S E T T IN G  P R O C E S S

P r y t h e r g h  (1931 , 1934  a) a s c e r ta in e d  th e  in te n s ity  o f  se ttin g  
in  th e  co u rse  o f  th e  t id a l  cy c le  in  M ilfo rd  H a r b o r  ( Ostrea virginica). 
T h e  s e ttin g  th e re  a p p e a r e d  to  b e  b y  fa r  m o s t a b u n d a n t  r o u n d ­
a b o u t  lo w  w a te r .  H e  c o n c lu d e d : “ I t  is e v id e n t, th e re fo re , th a t  
a t ta c h m e n t  o f  th e  la rv a e  is n o t  a  h a p h a z a rd  p ro cess , b u t  is
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a  d e f in i t e  b i o l o g i c a l  r e a c t i o n  i n  r e s p o n s e  t o  s o m e  e n v i r o n m e n t a l  
s t i m u l u s . ”  P r y t h e r c h  a s c r i b e d  t h e  t i d a l  p e r i o d i c i t y  i n  s e t t i n g  
t o  d i f f e r e n c e s  i n  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  w a t e r  i n  t h e  
c o u r s e  o f  t h e  t i d a l  c y c le .

T h e  sa lin ity  a p p e a re d  to  sh o w  c o n s id e ra b le  d iffe ren ces  a t  d i f ­
f e re n t s tag es o f  th e  tid e , o w in g  t o  in f lo w in g  r iv e r -w a te r .  T h e  
r iv e r -w a te r  c o n ta in s  in  re la tiv e ly  la r g e  a m o u n ts  se v e ra l e le m e n ts  
w h ic h  a re  r a th e r  s c a n ty  in  s e a -w a te r .  C o n s e q u e n tly  th e se  e le m e n ts  
sh o w  th e i r  m a x im u m  a t  a b o u t  lo w  w a te r  a t  h is  s ta t io n . 
P r y t h e r c h  assu m es th a t  th e  p re s e n c e  o f  a d e q u a te  a m o u n ts  o f  
o n e  o f  th e se  e le m e n ts  is r e q u ir e d  to  in i t ia t e  th e  p ro cess  o f  a t t a c h ­
m e n t.  H e  c a m e  to  th e  co n c lu s io n  b o t h  b y  la b o ra to r y  e x p e r im e n ts  
a n d  fie ld  o b se rv a tio n s  th a t  th e  r e q u i r e d  e le m e n t is c o p p e r . H e  
p re su m e s  th a t  c o p p e r  d isso lv ed  in  r iv e r - w a te r  is p re c ip i ta te d  in  
th e  fo rm  o f  c o p p e r-o x y c h lo rid e  w h e n  th e  r iv e r -w a te r  is d is c h a r ­
g e d  in  th e  se a . A c c o rd in g  to  P r y t h e r c h  fin e  p a r tic le s  o f  th is  
p r e c ip i ta te  a re  in g e s te d  b y  m a tu r e  o y s te rla rv a e . H e  su p p o se d  
t h a t  th e  la rv a e  c a n n o t c o m p le te  a t ta c h m e n t ,  u n le ss  a d e q u a te  
q u a n t i t ie s  o f  c o p p e r  h a v e  b e e n  in g e s te d  b y  th e m .

P r y t h e r c h  t r i e s  t o  p r o v e  t h e  c o r r e c t n e s s  o f  h i s  a s s u m p t i o n  
b y  p o i n t i n g  t o  t h e  n e a t  p a r a l l e l i s m  b e t w e e n  t h e  c o u r s e  o f  a  g r a p h  
o n  t h e  i n t e n s i t y  o f  s e t t i n g  a n d  o n e  o n  t h e  c o p p e r  c o n t e n t  o f  t h e  
w a t e r  f o r  t h e  s a m e  s t a t i o n ,  ( f ig .  2 0 ) .

P e rso n a lly , I  d o  n o t  ag re e  w i th  P r y t h e r c h ’s in te r p re ta t io n .
I n  th e  f irs t p la c e  i t  is th e  c h e m ic a l  s id e  o f  th e  q u e s tio n  th a t  

is l ia b le  to  e x c e p tio n . I r .  F . L i e b e r t , D ire c to r  o f  th e  G o v e rn ­
m e n ta l  I n s t i tu t io n  fo r C h e m ic a l,  M ic ro b io lo g ic a l a n d  H y d ro -  
g r a p h ic a l  F ish e ry  R e se a rc h  in fo rm e d  m e  t h a t  th e  few  re lia b le  
d e te r m in a t io n s  o f  c o p p e r  in  s e a -w a te r  y ie ld e d  f ro m  0 ,0 0 5  to  
0 ,01 m g  p e r  li t re .  P r y t h e r c h ’s f ig u re s  a re  v e ry  h ig h ; th e y  a m o u n t  
f ro m  0 ,2 5  to  0 ,5 0  m g  p e r  l i t re  a t  lo w  w a te r . A  re l ia b le  d e te r m in a ­
t io n  o f  c o p p e r  w ith  s o d iu m d ia e th y ld i th io c a rb a m in a te  is o n ly  
p o ss ib le  a f te r  th e  e le m e n t ir o n ,  w h ic h  is a lw a y s  c o n ta in e d  in  
r e la t iv e ly  la rg e  a m o u n ts  in  r iv e r - w a te r ,  h a s  b e e n  e l im in a te d . 
P r y t h e r c h  d oes n o t  d e sc r ib e  i f  a n d  h o w  h e  e l im in a te d  iro n  a n d  
h e  d oes n o t  te ll  u s w h e th e r  o r n o t  h e  f il te re d  h is  sa m p le s  o f  w a te r .  
R e l ia b le  d e te rm in a tio n s  o f  th e  c o p p e r -c o n te n t  in  co a s ta l w a te r  
h a v e  n o t  b e e n  c a r r ie d  o u t  so fa r.

I n  th e  se c o n d  p la c e  i t  is th e  b io lo g ic a l a sp e c t th a t  is su b je c t 
to  e x c e p tio n . I  d o u b t  w h e th e r  o y s te r la rv a e  re a lly  in g e s t p a r tic le s  
o f  c o p p e r-o x y c h lo r id e . S o m e p r e l im in a r y  e x p e r im e n ts  w ith  y o u n g
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Fig . 20. T h e  in fluence  o f  co p p e r o n  th e  se ttin g  process. A fter 
P r y t h e r c h ,  a lte re d  b y  m e. T h e  g ra p h  o n  th e  n u m b e r  o f la rv ae  

h as b een  tra c e d  by  m e.
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o y ste rs  a n d  m u sse ls  h a v e  s h o w n  us th a t  th e y  d o  n o t  in g e s t 
c o p p e r-o x y c h lo rid e . T h e  p a r t ic le s  o f  c o p p e r-o x y c h lo r id e  a re  
re je c te d  b e  th e m  as p se u d o -fa e c e s . I n  a  l i t t le  t im e  th e y  close 
th e i r  shells a n d  s to p  feed in g .

P r y t h e r c h  d oes n o t  d e s c r ib e  in  h is  p a p e rs  h o w  h e  ex p ects  
h is  m a tu r e  la rv a e  to  sw im . I f  t h e  la rv a e  a re  c a r r ie d  a lo n g  w ith  
th e  c u rre n ts ,  th e y  w ill r e m a in  in  th e  s a m e  b o d y  o f  w a te r  d u r in g  
th e  e n tire  t id a l  cy c le , so t h a t  t h e y  a re  n o t  su b je c t to  d iffe ren ces  
in  th e  c h e m ic a l c o m p o s itio n  o f  t h e  w a te r  in  w h ic h  th e y  sw im . 
I t  is o n ly  w h e n  th e y  r e m a in  in  th e  sa m e  p l a c e  th r o u g h o u t  
th e  t id a l  cy c le  t h a t  a t  lo w  w a te r  th e y  m a y  fin d  th em se lv es  in  
w a te r  o f  a n o th e r  c h e m ic a l c o m p o s it io n  th a n  a t  h ig h  w a te r .  
P r y t h e r c h ’s v iew s o n  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  la rv a e  h av e  
so fa r  re c e iv e d  n o  s u p p o r t  w h a te v e r ,  as h a s  b ee n  d iscu ssed  a b o v e .

P r y t h e r c h  n eg lec ts  o n e  o f  th e  m o s t im p o r ta n t  fac to rs  
g o v e rn in g  th e  in te n s ity  o f  s e ttin g , i.e. th e  n u m b e r  o f  fu ll-g ro w n  
la rv a e  p e r  u n i t  o f  w a te r !  I f  th e r e  is a n y  fa c to r  in f lu e n c in g  th e  
in te n s ity  o f  s e t t in g  d u r in g  a  c e r ta in  p a r t  o f  th e  t id e , i t  is to  be 
e x p e c te d  th a t  th e  p r o p o r t io n  b e tw e e n  th e  n u m b e r  o f  m a tu r e  
la rv a e  a n d  th e  f re q u e n c y  o f  s e tt in g  w ill v a ry  in  th e  co u rse  o f  
th e  t id a l  cy c le . T h e  d e te r m in a t io n  o f  th e  in te n s ity  o f  s e t t in g  is 
n o t  su ffic ien t b y  its e lf  to  p ro v e  th e  in f lu e n c e  o f  su c h  a  fa c to r . I n  
a  p re v io u s  p a p e r  ( 1 9 2 9 )  P r y t h e r c h  s ta te d  th e  n u m b e r  o f  la rv a e  
(w h ic h  p ra c t ic a l ly  a ll o f  th e m  h a p p e n e d  to  b e  r e a d y  o r  n e a r ly  
r e a d y  to  se ttle )  p e r  2 0 0  g a llo n s  o f  w a te r  in  th e  c o u rse  o f  th e  t id a l  
cyc le . T h is  n u m b e r  sh o w e d  a  m a rk e d  p e a k  a t  lo w  w a te r .  I  a m  
in c lin e d  to  a s c r ib e  th e  d iffe ren ce s  in  th e  n u m b e r  o f  h is  la rv a e  
to  a n  in f lu e n c e  o f  th e  c u r re n ts  o n  th e ir  d is t r ib u t io n .  P r y t h e r c h  
g ives n o  d e ta ils  a b o u t  th e  c u r re n ts ,  h o w ev e r. I n  h is d ia g ra m  
( 1 9 3 4 )  I  t r a c e d  a  g r a p h  o n  th e  n u m b e r  o f  la rv a e  r e c o rd e d  in  
th e  a b o v e -m e n tio n e d  p a p e r  (fig. 2 0 ) ,  ta k in g  as m y  s ta r t in g -  
p o in t  th e  a v e ra g e  n u m b e r  o f  la rv a e  p e r  2 0 0  g a llo n s  in  3 series 
o f  h is  sa m p le s , c o lle c te d  in  3 successive d a y s  ( P r y t h e r c h  1 9 2 9 ) .  
T h is  g r a p h  c lo se ly  p a ra lle ls  t h a t  o n  th e  in te n s ity  o f  se ttin g !  I t  
sh o w s th a t  th e  p r o p o r t io n  b e tw e e n  th e  n u m b e r  o f  m a tu r e  la rv a e  
a n d  th e  in te n s ity  o f  s e ttin g  r e m a in e d  c o n s ta n t in  th e  c o u rse  o f  
th e  t id a l  cycle . T h is  p ro v e s  t h a t  o th e r  fa c to rs , su c h  as th e  c o p p e r  
c o n te n t ,  h a d  n o  in f lu e n c e  o n  th e  in te n s ity  o f  s e ttin g  !

F ro m  a ll th is  i t  w ill b e  c le a r  t h a t  P r y t h e r c h ’s o r ig in a l 
d ia g r a m  c a n n o t  b e  u se d  in  s u p p o r t  o f  h is a s su m p tio n s  !
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I d o  n o t  m e a n  t o  s a y  t h a t  o y s t e r l a r v a e  m a y  n o t  r e q u i r e  s o m e  

c o p p e r  i n  t h e  c o u r s e  o f  t h e i r  d e v e l o p m e n t .  I  o n l y  w a n t  t o  d e m o n ­

s t r a t e  t h a t  P r y t h e r c h ’s c o n c l u s i o n s  h a v e  n o t  b e e n  b o r n e  o u t  b y  

t h e  r e s u l t s  o f  h i s  f i e l d - e x p e r i m e n t s .  H is  c o n c l u s i o n s  t h a t  t h e  

l o c a t i o n  o f  n a t u r a l  o y s t e r b e d s  d e p e n d s  o n  t h e  l o c a l  o c c u r r e n c e  

o f  a d e q u a t e  a m o u n t s  o f  c o p p e r  a n d  t h a t  f a i l u r e s  i n  t a n k - b r e e d i n g  

c a n  b e  a s c r i b e d  t o  a  d e f i c i e n c y  o f  c o p p e r ,  a r e  v e r y  p r e m a t u r e .

N o r h a v e  P r y t h e r c h ’s a s su m p tio n s  b e e n  s u p p o r te d  b y  e x p e r i­
m e n ts  c a r r ie d  o u t  b y  o th e r  in v e s tig a to rs . N e l s o n  ( 1 9 3 1  ) tr ie d  
to  o b ta in  a  m o re  in te n s iv e  s e tt in g  b y  a d d in g  c o p p e r  to  th e  c u ltc h -  
m a te r ia l .  N e i th e r  in  B a rn e g a t  B ay  n o r  in  D e la w a re  B a y  w as 
th e re  a n y  ev id e n c e , h o w e v e r , t h a t  th e  t r e a tm e n t  o f  c u ltc h  w ith  
c o p p e r  sa lts  o r  th e  a d d i t io n  o f  m e ta llic  c o p p e r  se rv e d  to  in c re ase  
th e  sp a tfa ll. B asin g  h im s e lf  o n  P r y t h e r c h ’s  conc lusions, 
H o p k i n s  ( 1 9 3 7 )  a s c r ib e d  a  sm a ll d if fe re n c e  in  th e  v e r t ic a l  d is tr i­
b u t io n  o f  th e  sp a tfa ll  o f  Ostrea lurida to  v e ry  s lig h t d iffe ren ces 
in  sa lin ity  (i.e . in  th e  c h e m ic a l  c o m p o s itio n  o f  th e  w a te r ) .  I  
b e liev e , h o w e v e r, t h a t  th e re  is a  s im p le r  w a y  o f  a c c o u n tin g  
fo r  these  d iffe ren ces  in  sp a tfa ll , fo r  w h ic h  i t  w o u ld  b e  n ecessary , 
h o w e v e r, to  m e a su re  th e  c u r r e n t  v e lo c itie s  a n d  to  c o u n t  th e  la rv a e .

G a a r d e r  ( 1 9 3 2 ,  1 9 3 3 )  c o n s id e re d  th e  p o ss ib ility  o f  a  d efic iency  
o f  c o p p e r  in  th e  w a te r  o f  th e  en c lo se d  N o rw e g ia n  p o lle n . H e  
a d d e d  c o p p e r  to  th e  w a te r  o f  o n e  o f  th e  p o lle n , b u t  h e  d id  n o t  
o b se rv e  a  c le a r ly  m a rk e d  d if fe re n c e  b e tw e e n  th e  in te n s ity  o f  
s e ttin g  in  th e  t r e a te d  p o ll a n d  in  a  n e ig h b o u r in g  p o ll to  w h ich  
n o  c o p p e r  h a d  b e e n  a d d e d .

V o i s i n  ( 1 9 3 3 )  does n o t  a b s o lu te ly  d e n y  th a t  som e c o p p e r  m a y  
b e  re q u ire d  b y  o y s te r la rv a e . I f  i t  sh o u ld  b e  r e q u ir e d ,  h e  th in k s  
i t  v e ry  p r o b a b le  t h a t  c o a s ta l w a te rs  c o n ta in  th is  e le m e n t in  
su ffic ien t q u a n t itie s .  T h is  is a lso  m y  v iew  o f  th e  m a t te r .  I  h av e  
n e v e r  y e t m a d e  a n y  f ie ld -o b se rv a tio n  w h ic h  sh o w ed  t h a t  co p p e r  
affec ts  th e  sp a tfa ll  in  th e  O o s te rsc h e ld e . A s th e  sa lin ity  o f  th e  w a te r  
in  th e  O o s te rsc h e ld e  re m a in s  c o n s ta n t  in  th e  co u rse  o f  th e  tid a l 
cy c le , a n d  a lo n g  w ith  i t  th e  c o n te n t  o f  c h e m ic a l c o m p o n e n ts , 
i t  is im p o ss ib le  to  a sc r ib e  p e r io d ic itie s  in  sp a tfa ll h e re  to  a n  
in flu e n c e  o f  c o p p e r  o n  a t ta c h m e n t .
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X X V . T H E  C O R R E L A T IO N  B E T W E E N  T H E  P E R I O D I C I T Y  IN- 
S W A R M IN G  A N D  T H E  P E R I O D I C I T Y  IN  S E T T IN G

T h e  im p o r ta n c e  o f  a  su ff ic ie n t k n o w led g e  o f  th e  ev e n ts  in  
th e  co u rse  o f  th e  p e la g ic  life o f  o y s te r la rv a e  is o f ten  u n d e r e s t i ­
m a te d .  I n  p re v io u s  sections w e  d isc u sse d  h o w  v a r ia t io n s  in  
e n v iro n m e n ta l  co n d itio n s  w ill a f f e c t  th e  p e rc e n ta g e  o f  la rv a e  
t h a t  r e a c h  m a tu r i ty .

S e v e ra l a u th o r s  n e g le c t th e  in f lu e n c e  o f  th e  lo t  t h a t  b efa lls  
th e  la rv a e  a n d  assu m e th a t  th e  p e r io d ic i ty  in  s e ttin g  is p r o p o r ­
t io n a te  to  th e  p e r io d ic ity  in  s w a rm in g . T h u s  O r t o n  s ta te s  
(1937  a) : “ T h e  d en s ity  o f  th e  s u b s e q u e n t  fa ll w ill b e  p ro p o r t io n a l  
to  th e  p e rc e n ta g e  o f  b la ck sick  o y s te rs  i f  h e a l th y  g ro w th  a n d  
s e tt le m e n t o c c u rs .”

H o p k i n s  ( 1 9 3 7 )  ca re fu lly  a s c e r ta in e d  th e  f re q u e n c y  a n d  in te n ­
s ity  o f  sp a w n in g  in  Ostrea lurida b y  o p e n in g  o y ste rs  p e r io d ic a lly . 
H o p k i n s  m a d e  n o  q u a n t i ta t iv e  in v e s tig a tio n s  o n  th e  n u m b e r  o f  
la rv a e  in  th e  w a te r ,  fo r h e  c o n s id e re d  th is  su p e rf lu o u s  in  ca se  th e  
p e r io d ic i ty  o f  sp a w n in g  is p re c is e ly  k n o w n . I n  h is  d isc u ss io n  o f  
t h e  c o r re la t io n  b e tw e e n  sp a w n in g  a n d  s e ttin g  h e  h a s  to  a d m it ,  
h o w e v e r , t h a t  th e  re c o rd  o f  s e t t in g  re se m b le s  t h a t  o f  sp a w n in g  
in  so m e  re sp e c ts  on ly . H e  r e g a rd s  c o n s id e ra b le  d iffe ren ces  
in  m o r ta l i ty  o f  th e  la rv a e  o f  t h e  v a r io u s  sp a w n in g  m a x im a  
a s  a  possib le  e x p la n a tio n  o f  th e  im p e r fe c t  re se m b la n c e  b e tw e e n  
h is  g ra p h s  o n  sp a w n in g  a n d  s e tt in g .  A s h e  d id  n o t  h a v e  a t  h is  
d isp o sa l a n y  d a t a  o n  th e  co u rse  o f  ev en ts  in  th e  lo n g  p e r io d  o f  
p e la g ic  life  ( a b o u t  30 d a y s  in  Ostrea lurida), h e  w as u n a b le  to  
d e m o n s tr a te  th e  o c c u rre n c e  o f  s u c h  d iffe ren ces  in  m o r ta li ty .

P r y t h e r g h  ( 1 9 2 9 )  asc rib es  success o r fa ilu re  in  s e ttin g  o f  Ostrea 
virginica e n t ir e ly  to  success o r f a i lu re  in  sp a w n in g . A c c o rd in g  
to  h im  th e  q u a n t i t ie s  o f  eggs a n d  sp e rm  d e v e lo p e d  a n n u a l ly  
b y  a d u l t  o y s te rs  g o v e rn  th e  in te n s i ty  o f  se ttin g . H e  assu m es th a t  
th e  e x te n t  o f  sp a w n in g  a n d  w ith  i t  th e  e x te n t  o f  s e ttin g  a re  
g o v e rn e d  b y  te m p e r a tu r e  c o n d itio n s . H e  show s th a t  in  th o se  
s u m m e rs  b e tw e e n  1 9 2 2  a n d  1 9 2 7  t h a t  w e re  c h a ra c te r iz e d  b y  a  
successfu l s e t t in g  th e  a i r - te m p e ra tu re s  w e re  a b o v e  th e  n o rm a l. 
A lth o u g h  h is  co n c lu s io n  th a t  th e  w a rm e s t su m m e rs  y ie ld  th e  
b e s t  sp a tfa lls  h o ld s  g o o d  fo r th e  O o s te rsc h e ld e  as w e ll, as w ill 
b e  sh o w n  b e lo w , I  sh a ll d e m o n s tr a te  t h a t  h e re  i t  c e r ta in ly  is 
n o t  m a in ly  th e  in c re a se  in  th e  e x te n t  o f  sp a w n in g  ( b ro u g h t  a b o u t  
b y  fa v o u ra b le  te m p e ra tu re s )  th a t  is re sp o n s ib le  fo r th e  sa tis ­
fa c to ry  re su lts  in  w a rm  su m m ers.
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O th e r  a u th o r s  so m e tim es e x a g g e ra te  in  th e  o p p o s ite  d ire c tio n  
b y  d e n y in g  a ll  c o r re la t io n  b e tw e e n  e x te n t  a n d  p e r io d ic i ty  o f  
sp a w n in g  a n d  th e  in te n s ity  o f  se ttin g . T h u s  S t a f f o r d  (1 9 1 3 )  
s ta te d :  “ S p a tf a l l  is th e  a l l - im p o r ta n t  e v e n t. T h e  v a lu e  o f  th e  
o y s te r  h a rv e s t  d o es  n o t  d e p e n d  u p o n  th e  n u m b e r  o f  eggs sp a w n e d , 
n o r  u p o n  th e  n u m b e r  o f  la rv a e  i n  th e  w a te r ,  b u t  u p o n  th e  n u m b e r  
o f  successfu l s p a t .”

M iss C l a r k  ( 1 9 3 5 )  ca m e  n e a r e r  to  th e  t r u th .  S h e  o b se rv e d  
th a t  v a r ia t io n s  in  th e  se ttin g  o f  Ostrea virginica a re  o f te n  p ro d u c e d  
b y  v a r ia t io n s  in  th e  p e rc e n ta g e  o f  th e  la rv a e  t h a t  re a c h  m a tu r i ty .  
A lth o u g h  h e r  e x p e r im e n ts  in  v i t r o  sh o w ed  h e r  t h a t  lo w  w a te r -  
te m p e ra tu re s  b r in g  a b o u t  a  p r o t r a c t io n  o f  th e  p e la g ic  p e r io d , 
sh e  fa ile d  to  see t h a t  i t  is th e  p r o t r a c t io n  its e lf  w h ic h  is th e  cau se  
t h a t  b u t  few  la rv a e  re a c h  m a tu r i ty  a t  lo w  w a te r - te m p e ra tu re s .  
S h e  s ta te d  t h a t  th e  v a r ia tio n s  i n  te m p e ra tu re  a n d  sa lin ity , r e c o rd ­
e d  in  th e  f ie ld , d o  n o t  re a c h  v a lu e s  a t  w h ich  th e y  b e c o m e  in ju r io u s  
to  o y s te r la rv a e  b y  ca u s in g  u n tim e ly  d e a th .  I t  is, h o w ev e r, 
th e  p r o t r a c t io n  o f  th e  p e la g ic  p e r io d  its e lf  t h a t  is th e  d a n g e ro u s  
fa c to r ,  as th is  exposes th e  la r v a e  fo r a  lo n g e r  t im e  to  th e  m a n y  
d a n g e rs  b e s e tt in g  th e m .

B o th  S p ä r c k  (1929) a n d  H a g m e i e r  (1931) d e c la re  t h a t  low  
w a te r - te m p e ra tu re s ,  b y  p r o t r a c t in g  th e  p e la g ic  s ta g e , w ill o ften  
d e c re a se  th e  p e rc e n ta g e  o f  la r v a e  re a c h in g  m a tu r i ty  c o n s id e r ­
a b ly .

F ro m  m y  d ia g ra m s  I  sh a ll d iscu ss  s e p a ra te ly  th e  c o u rse  o f  ev en ts  
in  th e  O o s te rsc h e ld e  in  th e  y e a r s  1935, 1936, 1937, 1938 a n d  
T939-
1 9 3 5  ' )  (fig* 2 1 ) .

T h e  n u m b e r  o f  a d u l t  o y s te r  w as r a th e r  sm a ll in  1935. T h e r e ­
fo re  th e  to ta l  n u m b e r  o f  la rv a e  p ro d u c e d  in  th e  c o u rse  o f  th e  
se a so n  o f  r e p ro d u c t io n  w as n o t  v e ry  g re a t.  S w a rm in g  sh o w ed  
a  m a rk e d  m a x im u m  fro m  i o  to  12 J u ly .  J u s t  th e n  th e  w a te r -  
te m p e r a tu r e  h a p p e n e d  to  b e  v e ry  fa v o u ra b le  (a b o v e  2 2 0 C ), 
so t h a t  a  h ig h  p e rc e n ta g e  o f  th e se  la rv a e  r e a c h e d  th e  fu ll-g ro w n  
s ta g e , w h ic h  r e s u lte d  in  a  m a rk e d  m a x im u m  o f  s e ttin g  in  th e  
p e r io d  f ro m  17 to  20 J u ly .  F u r th e r  m a x im a  o f  s w a rm in g  o f 
so m e  im p o r ta n c e  w e re  n o t  o b se rv e d  in  1935. T h e  in te n s ity  o f

1) I n  1935 th e  la rv ae  w ere  c o u n te d  b y  D r. H a v i n g a .  D r. G r i j n s  d e te r­
m in e d  th e  p e rio d ic ity  o f  se ttin g  in  1935 a n d  1936. T h e  d a ta  v isua lized  in 
th e  d ia g ra m  fo r 1935 (fig. 20) c o n c e rn  th e  sta tio n  S trijen .
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F ig . 21. L a rv a e  a n d  sp a tfa ll. S tr ije n  1935.

s e ttin g  in  th e  r e m a in d e r  o f  th e  se a so n  w as o f  n o  im p o r ta n c e  
e i th e r .  1935 is a n  in s tru c tiv e  in s ta n c e  o f a se aso n  w ith  a  re la tiv e ly  
sm a ll p r o d u c t io n  o f  la rv a e  a n d  w h ic h  y e t  y ie ld e d  a  g o o d  sp a tfa ll, 
w h ic h  m a y  b e  p u t  d o w n  to  th e  e x tre m e ly  f a v o u ra b le  c o n d itio n s  
d u r in g  p e la g ic  life . M o s t o y s te rfa rm e rs  h a d  p la c e d  th e i r  tiles 
j u s t  be fo re  th e  m a x im u m  o f  s e t t in g  o c c u r re d , w h ic h  le d  to  a 
se t o f  c o m m e rc ia l m a g n itu d e .
1936 (fig- 7)-_

F ro m  th e  d ia g ra m  i t  c a n  b e  d e d u c e d  t h a t  th e  p r o d u c t io n  o f  
la rv a e  w as s m a lle r  in  1936 th a n  in  1935. T h e  p r o d u c t io n  of 
la rv a e  in  1936 w as u n sa tis fa c to ry , w h ic h  m a y  b e  a s c r ib e d  to  
th e  re la tiv e ly  sm a ll n u m b e r  o f  a d u l t  o y s te rs  ( 1 4 5 0 0 0 0 0 )  a n d  
p o ss ib ly  to  less f a v o u ra b le  te m p e ra tu re -c o n d it io n s  in  J u n e  as 
c o m p a re d  w ith  J u n e  1935 (fig . 4 , ta b le  1). I t  m a y  b e  se e n  f ro m  
th e  d ia g ra m  o n  te m p e ra tu re -c o n d it io n s  in  th e  s u m m e r  seasons 
(fig. 4) th a t  th e  w a te r - te m p e ra tu re  w as n o t  n e a r ly  so fa v o u ra b le  
in  1936 as in  1935. T h e  p e rc e n ta g e  o f  th e  la rv a e  t h a t  re a c h e d  
m a tu r i ty  in  1936 c o n s e q u e n tly  fell f a r  s h o r t  o f  t h a t  in  1935. A  
c o m p a r iso n  o f  th e  d ia g ra m  fo r  1936 w ith  th e  d ia g ra m s  o n  th e  
d a t a  o b ta in e d  in  la te r  y e a rs  show s th a t  th e  p e r c e n t a g e  o f  
la r v a e  w h ic h  r e a c h e d  th e  fu ll-g ro w n  s ta g e  in  1936 w as a b o u t  
“ n o r m a l” . T h e  to ta l  n u m b e r  o f  la rv a e  a n d  c o n s e q u e n tly  th e  
n u m b e r  o f  fu ll-g ro w n  la rv a e  w as q u ite  u n sa tis fa c to ry , h o w ev e r. 
I n  1936 s w a rm in g  w as m o re o v e r  n o t  c o n c e n tra te d  in to  a  few
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d a y s , so t h a t  t h e  sp a tfa ll  w as s p re a d  o v e r  q u i te  a  lo n g  p e rio d . 
T h e  c o m b in a t io n  o f  a ll th e se  fac to rs  r e s u l te d  in  a  co m p le te  
f a i lu re  o f  th e  1936 set.

1937 (fig. 8).

S in ce  1937 p la n k to n - s a m p l in g  h a s  b e e n  c a r r ie d  o u t  a t  th e  
s ta tio n s  Y ersch e  B a n k  a n d  K a tte n d i jk e .  I t  is, h o w e v e r, po ssib le  
to  c o m p a re  th e  p ro d u c tio n  o f  la rv a e  in  1937 w ith  th a t  o f  1936, 
a s  o n e  o f  th e  d ia g ra m s  fo r 1936 a lso  re fe rs  to  K a tte n d i jk e .  T h e  
sp a tfa ll  m a y  b e  c o m p a re d  w i th o u t  m o re  a d o , as th e  sp a tfa ll-  
s ta tio n s  K a tte n d i jk e  a n d  S tr i je n  w e re  u se d  in  e a c h  seaso n  in  
th e  co u rse  o f  th e  in v e s tig a tio n s .

T h e  d ia g ra m  fo r th e  y e a r  1937 (fig. 8) c le a r ly  show s th a t  th e  
p r o d u c t io n  o f  la rv a e  w as  g r e a te r  in  t h a t  y e a r  t h a n  in  1936 a n d  
1935, w h ic h  m a y  b e  a s c r ib e d  to  th e  in c re a se d  n u m b e r  o f  a d u l t  
o y s te rs  (24  000 000) a n d  p o ss ib ly  to  a  m o re  f a v o u ra b le  te m p e r a ­
tu r e  in  J u n e  (fig. 4 ).

A lth o u g h  te m p e ra tu re -c o n d it io n s  w e re  s o m e w h a t m o re  fa v o u r­
a b le  in  1937 th a n  in  1936, th e y  w e re  n o t  n e a r ly  so fa v o u ra b le  
as in  1935 (fig. 4, ta b le  1).

A  c le a r ly  m a rk e d  l ib e r a t io n  o c c u rre d  f ro m  3 to  5 J u ly .  
U n fo r tu n a te ly  th e  w a te r - te m p e ra tu re  w as d ro p p in g  a t  t h a t  tim e. 
I n  c o n se q u e n c e  o f  th is  th e  p e la g ic  p h a se  w as p r o t r a c te d  a n d  th e  
p e rc e n ta g e  o f  la rv a e  t h a t  r e a c h e d  th e  fu ll-g ro w n  s ta g e  was 
r a th e r  sm a ll. T h e  w a te r - te m p e r a tu r e  w as s o m e w h a t h ig h e r  in  
th e  se co n d  p a r t  o f  J u ly ,  w h ic h  re su lte d  in  a  h ig h e r  p e rc e n ta g e  o f  
la rv a e  t h a t  r e a c h e d  m a tu r i ty .  A s a  c o n se q u e n c e  o f  th is  se ttin g  
w as m o s t in te n se  in  th e  s e c o n d  p a r t  o f  J u ly .  M o s t o y s te r-fa rm ers , 
h o w e v e r, h a d  im m e rse d  th e i r  tile s  in  th e  f irs t d a y s  o f  J u ly  in  th e  
h o p e  o f  c a tc h in g  s p a t  f ro m  th e  la rv a e  th a t  s w a rm e d  in  th e  firs t 
d a y s  o f  t h a t  m o n th .  A d v e rse  w e a th e r -c o n d it io n s  in te r fe re d , 
h o w e v e r, w h ile  a t  th e  t im e  t h a t  th e  sp a tfa ll p ro sp e c ts  a m e lio ra te d  
( in  th e  se co n d  p a r t  o f  J u ly )  c le a n  tiles w ere  r a th e r  sca rce . T h is  
w a s  th e  ca u se  t h a t  th e  p r a c t ic a l  sp a tfa ll, i.e . th e  h a rv e s t 
o b ta in e d  b y  th e  o y s te r  fa rm e rs , w as less sa tis fa c to ry  in  1937 
t h a n  in  1935, a l th o u g h  th e  p o te n t ia l  sp a tfa ll  in  th e  co u rse  o f 
th e  e n t ire  seaso n  o f  r e p r o d u c t io n  d id  n o t d if fe r  m u c h  f ro m  th a t  

o f  1935-

1938 (fig- 9 )-
V e ry  in s tru c tiv e  a r e  th e  re su lts  t h a t  w e re  o b ta in e d  in  1938. 

T h e  f irs t th in g  th a t  s trik es  us in  th e  d ia g ra m  is th a t  th e  to ta l
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n u m b e r  o f  la rv a e  p ro d u c e d  in  1 9 3 8  e x c e e d e d  th a t  p ro d u c e d  in  
19 3 7 , p ro b a b ly  o w in g  to  a  f u r th e r  in c re a se  in  th e  n u m b e r  o f  
a d u l t  o y ste rs  (30  000  00 0 ). T h e  s w a rm in g  o b se rv e d  o n  23 a n d  
24  J u n e  a n d  o n  27 a n d  28 J u n e  w a s  o f  l i t t le  im p o r ta n c e .  T h is  
le d  to  sm a ll s e t t in g  m a x im a  in  t h e  p e r io d s  f ro m  3 to  5 J u ly  
a n d  9 to  11 J u ly .  T h e se  n u m b e rs  o f  la rv a e  a n d  s p a t  w e re  f a r  too  
sm a ll to  b e  o f  p r a c t ic a l  im p o r ta n c e .

H e a v y  s w a rm in g  o c c u rre d  e a r ly  in  J u ly ,  a t  w h ic h  t im e  e n o r ­
m o u s  n u m b e rs  o f  la rv a e  w e re  l ib e r a te d .  T h e s e  la rv a e  m e t  w ith  
e x tre m e ly  u n fa v o u ra b le  te m p e ra tu re -c o n d it io n s ,  o w in g  to  a  spell 
o f  a d v e rse  w e a th e r .  T h e  te m p e r a tu r e  o f  th e  w a te r  r e m a in e d  b e lo w  
17 0 C . d u r in g  th e  g re a te r  p a r t  o f  t h e i r  p e la g ic  life. C o n s e q u e n tly  
th e  p e la g ic  s ta g e  w as p r o t r a c te d  c o n s id e ra b ly , so t h a t  o n ly  a  
v e ry  sm a ll p e rc e n ta g e  o f  a ll th e se  la rv a e  re a c h e d  th e  fu ll-g ro w n  
s ta g e . T h is  w as th e  ca u se  th a t  th e  s p a tfa l l  p ro d u c e d  b y  th e  la rv a e  
l ib e r a te d  e a r ly  in  J u ly  tu r n e d  o u t  a  c o m p le te  fa ilu re . D u tc h  
o y s te rfa rm e rs  u se d  to  im m e rse  th e i r  c o llec to rs  in  th e  firs t p a r t  
o f  J u ly .  W h e n  th e y  le a rn e d  th a t  th e  p r o d u c t io n  o f  la rv a e  w as 
g r e a t  e a r ly  in  J u ly ,  m o s t o f  th e m  im m e rse d  th e ir  tiles in  sp ite  
o f  u n f a v o u ra b le  te m p e ra tu re -c o n d it io n s  a n d  in  sp ite  o f  o u r  p r e ­
d ic t io n  th a t  n o  sa tis fa c to ry  s p a tfa ll  w as lik e ly  to  o c c u r  in  th e  
f irs t p a r t  o f  J u ly .  T h e  re su lt  w as t h a t  th e  p ra c t ic a l  sp a tfa ll  w as 
a  fa i lu re  in  1938 , e sp ec ia lly  a t  K a tte n d i jk e .

T h e  o c c u r re n c e  o f  a fa ir ly  la rg e  p e rc e n ta g e  o f  o y ste rs  c a r ry in g  
l a r v a e  in  th e  s e c o n d  p a r t  o f  J u ly  in d ic a te d  t h a t  a n o th e r  l ib e r a ­
t io n  o f  so m e im p o r ta n c e  c o u ld  b e  ex p e c te d . T h is  p re d ic tio n  
p ro v e d  to  b e  c o r re c t .  T h e  n u m b e r  o f  la rv a e  l ib e ra te d  to w a rd s  
th e  e n d  o f  J u ly  a n d  in  th e  firs t ¿ a y s  o f  A u g u s t w as r a th e r  la rg e , 
th o u g h  n o t  so la rg e  as i t  h a d  b e e n  d u r in g  th e  sw a rm in g  e a r ly  
in  J u ly .  T h e  w a te r - te m p e ra tu re  in c re a se d  ra p id ly  e a r ly  in  
A u g u s t  a n d  so o n  te m p e ra tu re s  o f  2 3 0 C  w e re  re c o rd e d . T h e  
la rv a e  l ib e r a te d  ju s t  th e n  c o n s e q u e n tly  m e t  w ith  e x tre m e ly  
f a v o u ra b le  te m p e ra tu re -c o n d it io n s ,  so th a t  th e  p e rc e n ta g e  o f  
th o se  th a t  r e a c h e d  th e  fu ll-g ro w n  s ta g e  w as u n c o m m o n ly  h ig h , 
w h ic h  re su lte d  in  a n  u n p re c e d e n te d  in te n s ity  o f  s e ttin g . I  c a u g h t 
a b o u t  300 s p a t  p e r  p la te  d u r in g  tw o  successive p e r io d s  a t  th e  
s ta t io n  Y e rsc h e  B a n k !

O n ly  a n  in s ig n if ic a n t p e rc e n ta g e  o f  th is  la rg e  n u m b e r  o f  fu ll- 
g ro w n  la r v a e  (fig . 9) su c ce ed ed  in  f in d in g  s u ita b le  c o llec to r  
m a te r ia l .  C le a n  tile s  w e re  v e ry  sc a rce , as m o s t  o f  th e  tiles h a d  
b e e n  im m e rs e d  lo n g  b efo re . T h e  few  o y s te rfa rm e rs  t h a t  p la c e d
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som e tiles e a r ly  in  A u g u s t c a u g h t a n  in c re d ib le  n u m b e r  o f  s p a t  
o n  th e m .

So th e  se aso n  o f  1938 w as c h a ra c te r iz e d  b y  a  c o m p le te  fa ilu re  
in  th e  s e ttin g  o f  th e  la rv a e  o f  th e  firs t c o n s id e ra b le  m a x im u m  
o f  s w a rm in g , o w in g  to  e x tre m e ly  lo w  w a te r - te m p e ra tu re s  in  th e  
firs t h a l f  o f  J u ly ,  a n d  b y  a n  u n c o m m o n ly  in te n se  s e t t in g  in  th e  
firs t p a r t  o f  A u g u s t, o w in g  to  s w a rm in g  u n d e r  e x tre m e ly  f a v o u r ­
a b le  te m p e r a tu r e  c o n d itio n s . T h e  p a r t ic a l  se t w as  a  fa ilu re  
in  1938, as b u t  few  o y s te rfa rm e rs  h a d  p ro f i te d  b y  th is  in te n se  
se ttin g . T h e  o th e rs  h a d  n o t  d a r e d  to  w a i t  lo n g  e n o u g h  w ith  
th e  p la c in g  o f  th e ir  co llec to rs , a s  w e  c o u ld  n o t  g u a r a n te e  b e fo re ­
h a n d  a  sp e ll o f  e x tre m e ly  fin e  w e a th e r  in  A u g u s t to  fa v o u r  th e  
la rv a e  o f  th e  se co n d  im p o r ta n t  w a v e  o f  sw a rm in g .

1 9 3 9  ( f i g -  i o ) .

T h e  se a so n  o f  re p ro d u c tio n  o f  th e  y e a r  1939 w as c h a ra c te r is e d  
b y  a n  e q u a b le  w a te r - te m p e ra tu re .  T ill  th e  m id d le  o f  J u ly  th e  
w a te r - te m p e ra tu re  w as a b o u t  180 C , a f te r  t h a t  a b o u t  190 G  fo r 
q u ite  a  lo n g  p e r io d . T h e s e  te m p e ra tu re s  a re  n o t  v e ry  fa v o u ra b le  
fo r th e  d e v e lo p m e n t o f  o y s te r la rv a e  T h e  to ta l  n u m b e r  o f  la rv a e  
p ro d u c e d  in  1939 w as still la rg e r  th a n  th a t  p ro d u c e d  in  1938, 
w h ic h  m a y  b e  a s c r ib e d  to  a  f u r th e r  in c re a se  o f  th e  n u m b e r  o f  
a d u l t  o y ste rs  (36  000  000).

T h e  n u m b e rs  o f  la rv a e  t h a t  w e re  l ib e r a te d  to w a rd s  th e  e n d  
o f  J u n e  a n d  in  th e  f irs t h a l f  o f  J u ly  w e re  u n c o m m o n ly  la rg e . T h e  
p e rc e n ta g e  o f  th e se  la rv a e  t h a t  r e a c h e d  th e  fu ll-g ro w n  s ta g e  w as 
r a th e r  sm a ll, h o w e v e r, o w in g  to  th e  r a th e r  lo w  w a te r - te m p e ra ­
tu re s .

T h e  la rv a e  l ib e r a te d  in  J u ly  m e t  w ith  a  s lig h tly  h ig h e r  w a te r -  
te m p e r a tu r e  t h a n  th o se  l ib e r a te d  in  J u n e .  T h e  s e ttin g  sh o w ed  
a  d iffu se  m a x im u m  in  th e  m id d le  o f  J u ly ,  f ro m  w h ic h  i t  m a y  b e  
d e d u c e d  th a t  o f  th e  la rv a e  p r o d u c e d  in  J u ly  a  so m e w h a t g re a te r  
p e rc e n ta g e  r e a c h e d  m a tu r i ty  t h a n  o f  th o se  l ib e r a te d  in  J u n e .
I  a s c r ib e  th is  to  th e  sm a ll d if fe re n c e  in  w a te r - te m p e ra tu re  
m e n tio n e d  a b o v e . T h e  p r o d u c t io n  o f  la rv a e  e a r ly  in  A u g u s t 
le d  to  a  sm a ll m a x im u m  o f  s e ttin g  in  th e  se c o n d  p a r t  o f  A u g u s t.

A lth o u g h  th e  m a x im u m  o f  s e t t in g  in  th e  m id d le  o f  J u l y  w as 
n o t  v e ry  la rg e  ( it w as ev e n  in s ig n if ic a n t in  c o m p a r iso n  w ith  th e  
s e ttin g  in  A u g u s t 1938), i t  y e t  r e su lte d  in  a  sa tis fa c to ry  p r a c ­
tic a l  sp a tfa ll , as m o s t o f  th e  tiles w ere  in  a  c le a n  s ta te  a t  
th e  tim e  th is  s e t t in g  to o k  p la c e . S e v e ra l o y s te rfa rm e rs  o b ta in e d



EX PER IM EN TS AND O BSERV A TIO N S ON SW A R M IN G , E T C . 17 9

h a rv e s ts  a m o u n tin g  to  a b o u t  50  s p a t  p e r  tile  ( c o u n te d  in  a u tu m n ) .  
O n  m a n y  tiles ex p o sed  d u r in g  th e  m o s t  f a v o u ra b le  p a r t  o f  th e  
se aso n  th e  n u m b e r  o f  s p a t  e v e n  e x c e e d e d  th e  f ig u re  5 0 .1)

S o  th e  seaso n  o f  1939 w as c h a r a c te r iz e d  b y  a n  u n c o m m o n ly  
la rg e  p r o d u c t io n  o f  la rv a e , o f  w h ic h  o n ly  a  r a th e r  sm a ll p e r c e n t­
a g e  re a c h e d  th e  fu ll-g ro w n  s ta g e  o w in g  to  r a th e r  low  w a te r -  
te m p e ra tu re s .  B u t as th e  in te n s ity  o f  s e tt in g  w as g re a te s t  in  th e  
m id d le  o f  J u ly ,  th e  o y s te rfa rm e rs  su c c e e d e d  in  o b ta in in g  a  
s a tis fa c to ry  s p a tfa ll .  T h e  p r a c t ic a l  se t is c o m p a ra b le  to  t h a t  
o b ta in e d  in  1935. I t  sh o u ld  b e  r e m e m b e re d ,  h o w e v e r, th a t  th e  
n u m b e r  o f  la rv a e  p ro d u c e d  in  1935 w as b u t  a  f ra c tio n  o f  th a t  
p ro d u c e d  in  1939.

S u m m a r iz in g , i t  m a y  b e  s ta te d  t h a t  th e  in te n s i ty  o f  s e ttin g  
is n o t  a lw ay s c o m m e n s u ra te  w ith  th e  p r o d u c t io n  o f  la rv a e . T h e  
re su lts  o b ta in e d  in  th e  y e a r  1935 c le a r ly  d e m o n s tr a te  t h a t  ev en  
a  sm a ll n u m b e r  o f  la rv a e  m a y  y ie ld  a  s p a tfa ll  o f  c o m m e rc ia l 
m a g n itu d e ,  i f  o n ly  th e  la rv a e  a re  l ib e r a te d  w ith in  a  sh o r t  p e r io d  
a n d  p ro v id e d  l ib e ra t io n  is a c c o m p a n ie d  b y  e x tre m e ly  fa v o u ra b le  
te m p e r a tu r e  c o n d itio n s .

T h e  la rg e r  th e  n u m b e r  o f  la rv a e ,  h o w e v e r, th e  g r e a te r  th e  
c h a n c e  th a t  a t  le a s t p a r t  o f  th e m  w ill m e e t w ith  fa v o u ra b le  
te m p e r a tu r e  c o n d itio n s  a n d  th u s  le a d  to  a  successfu l sp a tfa ll. 
T h e  resu lts  o b ta in e d  in  1939 d e m o n s tr a te  t h a t  a l th o u g h  th e  
p e rc e n ta g e  o f  la rv a e  w h ic h  re a c h e s  m a tu r i ty  m a y  b e  sm a ll, 
o w in g  to  r a th e r  lo w  w a te r - te m p e ra tu re s ,  th e  p r a c t ic a l  s p a t ­
fa ll m a y  b e  sa tis fa c to ry , i f  o n ly  th e  to ta l  n u m b e r  o f  la rv a e  p r o ­
d u c e d  is la rg e  e n o u g h . T h e  g r e a te r  th e  n u m b e r  o f  a d u l t  o y ste rs , 
th e  g re a te r  th e  c h a n c e s  o f  a  s a tis fa c to ry  sp a tfa ll  w ill b e .

Im m e rs io n  o f  c o llec to rs  a t  w a te r - te m p e ra tu re s  c o n t in u in g  
b e lo w  18° G p ro v e d  to  b e  in e ffe c tiv e , as in  c o n s e q u e n c e  o f  su ch  
lo w  te m p e ra tu re s  th e  p e rc e n ta g e  o f  la rv a e  re a c h in g  m a tu r i ty  is 
to o  sm a ll a n y w a y  to  r e n d e r  a  sa tis fa c to ry  sp a tfa ll  possib le .

F ro m  w h a t  I  h a v e  sa id , i t  w ill b e  c le a r  t h a t  I  d o  n o t  a g re e  
w ith  th o se  a u th o rs  w h o  b e lie v e  t h a t  s e ttin g  is c o m m e n s u ra te  
w ith  sp a w n in g , n o r  w ith  th o se  w h o  re je c t  a ll c o r re la t io n  b e tw e e n  
th e  p e r io d ic i ty  a n d  e x te n t  o f  sw a rm in g  a n d  o f  se ttin g .

T h e  a n n u a l  e x te n t  o f  th e  p o te n t ia l  sp a tfa ll d e te r m in e d  w ith  
o u r  m e th o d s  w as  (n u m b e r  o f  s p a t  p e r  p la te ) :

*) O w in g  to  th e  severe  w in te r  1939-1940 by  fa r  th e  g re a te r  p a r t  o f  th e  
sp a t o n  th e  tiles d ied , alas.
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Seasons
S ta tio n s

K a t te n ­
dijke

W em el-
d in g e S trijen

Y ersche
b a n k

Bergsche
b ank

1935 8 V I I -  3 IX 361 357
1936 24 V I-1 7  V I I I 39 111 56 180 49
1937 16 V I -  2 IX 272 342 J 75 447 86
1938 24 V I-2 9  F i l l 357 697 383 1053 171
i 939 23 V I-3 1  V I I I 385 433 351 629 109

F ro m  th e se  figu res i t  a p p e a r e d  th a t  th e  p o te n t ia l  sp a tfa ll 
w as m o s t in te n se  in  th e  y e a r  1938 a n d  th a t  th e  s e ttin g  in  1936 
w as a  fa ilu re  in d e e d . T h e  m o s t s a tis fa c to ry  h a rv e s ts  w ere  o b ta in e d  
b y  th e  o y s te rfa rm e rs  in  th e  y e a rs  1935 a n d  1939.

T h e  re a so n  w h y  th e  p r a c t ic a l  se t w as n o t  v e ry  sa tis fac to ry  
in  th e  seaso n  o f  1937 a n d  w a s  e v e n  a  fa i lu re  in  1938, in  w h ich  
y e a r  th e  p o te n t ia l  sp a tfa ll  w as  g r e a te r  th a n  in  a n y  o f  th e  o th e r  
y ea rs  u n d e r  c o n s id e ra tio n , h a s  b e e n  d iscussed  a b o v e .

F ro m  th e  fo re g o in g  i t  m a y  b e  c o n c lu d e d  th a t  th e  w a te r - te m p e r ­
a tu re  is a  v e ry  im p o r ta n t  f a c to r  in  th e  r e p ro d u c t io n  o f  Ostrea 
edulis. A lth o u g h  i t  h as  b e e n  sh o w n  t h a t  d a t a  o n  th e  e x te n t  o f  
th e  p r a c t ic a l  se t d o  n o t  a lw a y s  e n a b le  us to  d e te rm in e  th e  
e x te n t  o f  th e  p o te n t ia l  s e ttin g , w e  w ill y e t b r ie f ly  d iscuss th e  
resu lts  o b ta in e d  b y  th e  fa rm e rs  in  th e  y ea rs  f ro m  1921 till 1935.

I d o  n o t  h a v e  a t  m y  d isp o sa l a n y  re l ia b le  d a t a  o n  th e  n u m b e r  
o f  a d u l t  o y ste rs  th a t  w e re  p re s e n t in  th e  b a s in  o f  th e  O o s te r-  
schelcle in  th ese  y ea rs . S o m e  d a t a  o n  th e  e x te n t  o f  th e  sp a tfa ll 
w ith  o th e r  in fo rm a tio n  o n  o y s te r-c u ltu re  in  th e  Z e e la n d  S tre am s 
in  th e  y ea rs  since  1921 c a n  b e  fo u n d  in  J a a rv e r s la g e n  o m ­
t r e n t  d e n  to e s ta n d  d e r  V issc h e rij op  d e  Z e e u w sc h e  S tro o m e n , 
issued  b y  th e  F ish e ry  B o a rd  o f  th e  Z e e la n d  S tre a m s  a t  M id d e l­
b u r g  1). S o m e o f th e se  d a t a  h a v e  b e e n  co llec te d  in  ta b le  IV . T h is  
ta b le  g ives a  b r ie f  su rv e y  o f  th e  co u rse  o f  e v e n ts  in  th e  years 
s in ce  19 2 1.

I n  a  sp e c ia l d ia g ra m  (fig. 4 ) I  h a v e  v isu a liz e d  th e  te m p e ra tu re  
o f  th e  w a te r  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  in  th e  su m m ers  
s in ce  1921.

I sh o u ld  like  to  d iscuss th e  y e a rs  f ro m  1921 to  1931 first.

x) T h e  a n n u a l re p o rt o f  1928 was pub lish ed  in  V erslag en  en  M ededee- 
lin g en  v an  d e  A fdeeling  V isscherijen  N r. 13 ’s G rav en h ag e .
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T A B L E  I V

Y ears

N u m b e rs  
o f  tiles

(ro u n d ed  
o ff  )

m 3 of 
shells

(ro u n d ed
off)

P ra c tic a l
se t

R em ark s

1921 120 000 6 000 sa tis fac to ry m o rta lity
1922 185 000 15 000 c o m p le te  fa ilu re
39 23 300 000 14 000 m o d e ra te
1924 300 000 22 000 m o d e ra te
19 25 140 000 47 000 good
i9 26 100 000 46 000 v ery  g o o d
1927 100 000 46 000 good
J928 100 000 48 000 v ery  go o d
I 9 29 70 000 50 000 e x tre m e ly  good
1930 40 000 40 000 good
39 3 1 45 000 50 000 m o d e ra te m o rta lity
193 2 45 000 33 000 good m o rta lity
]933 40 000 31 000 m o d e ra te slippers becom e a b u n d a n t
]934 350 000 14 000 failu re m o rta lity
1935 i 000 000 2 000 good
3936 2 000 000 -  - fa ilu re
*937 3 300 000 -  - m o d e ra te
>938 5 000 000 -  - fa ilu re p o te n tia l  spa tfa ll good!
*939 6 000 000 4 000 good

D u r in g  th e se  y e a rs  th e  g re a te r  p a r t  o f  th e  s p a t  w as c a u g h t  on  
sh e ll-c o lle c to rs , m a in ly  o ld  shells o f  Cardium edule. P ro fu se  sp a t-  
falls o c c u r re d  in  th e  y ea rs  1929, 1928 a n d  1926, all o f  w h ic h  
y e a rs  w e re  c h a r a c te r iz e d  b y  h ig h  w a te r - te m p e ra tu re s  d u r in g  th e  
s u m m e r-m o n th s  (fig . 4).

A  c o m p le te  fa i lu re  w as r e c o rd e d  in  th e  y e a r  1922, in  w h ic h  
y e a r  th e  w a te r - te m p e ra tu re s  in  th e  su m m e r  w e re  e x tre m e ly  low . 
M o d e ra te  sp a tfa lls  o c c u r re d  in  1923 , 1924 a n d  1931, y ea rs  w ith  
m o d e ra te  w a te r - te m p e ra tu re s  in  th e  season  o f  r e p r o d u c t io n .  I n  
1923 th e  m o n th  o f  J u n e  w as u n c o m m o n ly  co ld . A lth o u g h  a 
c o n s id e ra b le  m o r ta l i ty  w as r e c o rd e d  in  th e  y e a r  1921, w h ic h  
p r o b a b ly  w as th e  c a u se  o f  a  d e c re a s e  in  th e  p ro d u c t io n  o f la rv a e ,  
th e  s p a tfa ll  w as n e v e r th e le ss  s a tis fa c to ry  th e n ,  p ro b a b ly  o w in g  
to  th e  fa v o u ra b le  te m p e r a tu re  c o n d itio n s .

I n  th e  fo llo w in g  y e a rs  o th e r  fa c to rs  in te r fe re d . T h e  f irs t s lip p e rs  
('Crepidula fo rn ica ta ) w e re  o b se rv e d  in  th e  Z e e la n d  S tre a m s  in  
1929. A n  u n c o m m o n ly  r a p id  p ro p a g a t io n  o f  th e  s lip p e r - l im p e t 
so o n  m a d e  i t  im p o ss ib le  to  c o n t in u e  w ith  th e  so w in g -o u t o f
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Cardium-she lls , as th e  o y s te r-sp a t g o t o v e rc ro w d e d  b y  s lip p ers . 
T h e  v o lu m e  o f  shells so w n  o u t d e c re a s e d  ra p id ly  in  th e  years 
fo llo w in g  1933, w h ile  c o m m e n s u ra te ly  th e  n u m b e r  o f  ti le -  
co llec to rs  in c re a se d  f ro m  y e a r  to  y e a r .

M o re o v e r  a  c o n s id e ra b le  m o r ta l i ty  w as  c a u se d  b y  she ll-d isease  
in  th e  y e a rs  fo llo w in g  1 9 3 0  ( H a v i n g a  i 9 3 1 ,  K o r r i n g a  1 9 3 9 )  
a n d  m o st o f  th e  s u rv iv in g  oysters w e re  in  a  b a d  c o n d itio n . I n  
sp ite  o f  th is  th e  sp a tfa ll  in  1 9 3 2  w as q u i te  g o o d , n o  d o u b t  ow in g  
to  th e  v e ry  f a v o u ra b le  te m p e r a tu re  c o n d itio n s  in  th e  su m m e r 
o f  t h a t  y e a r .

T h e  re su lts  o b ta in e d  in  th e  la s t five y ea rs  h a v e  a l r e a d y  b e e n  
d iscussed  a b o v e . I t  m a y  b e  seen  in  th e  d ia g r a m  (fig. 4) th a t  
te m p e r a tu re  c o n d itio n s  w e re  f a r  m o re  fa v o u ra b le  in  1935 th a n  
in  th e  y ea rs  fo llo w in g , w h ic h  m a y  p a r t ly  a c c o u n t  fo r  th e  sa tis ­
fa c to ry  s e tt in g  b y  w h ic h  th is  y e a r , n o tw ith s ta n d in g  th e  sm all 
n u m b e r  o f  la rv a e ,  w as c h a ra c te r iz e d .

S u m m a r iz in g , I  b e lie v e  t h a t  th e  d a t a  o n  th e  y ea rs  fro m  1921 
to  1934 c le a r ly  sh o w  th a t  m y  co n c lu s io n  (b a se d  o n  th e  d a ta  
f ro m  1935 to  1939) t h a t  w a te r - te m p e ra tu re  is a  v e ry  im ­
p o r ta n t  fa c to r  in  th e  p r o p a g a t io n  o f  Ostrea edulis, is c o rre c t. 
I f  n o  o th e r  fa c to rs  in te r fe re  a n d  p ro v id e d  th e re  is a  la rg e  n u m b e r  
o f  h e a l th y  a d u l t  o y s te rs , w e m a y  e x p e c t w a rm  su m m e rs  to  b e  
p ro d u c tiv e  o f  p ro fu se  p o te n t ia l  sp a tfa ls  a n d  c o ld  su m m e rs  to  
re s u l t  in  p a r t i a l  o r  e v e n  c o m p le te  fa ilu re s . T h is  m a y  b e  a sc rib ed  
to  th e  in f lu e n c e  o f  te m p e r a tu r e  o n  th e  d u r a t io n  o f  th e  p e la g ic  
s ta g e  a n d  th u s  o n  th e  p e rc e n ta g e  o f  la rv a e  re a c h in g  m a tu r i ty .  
M o re o v e r , f a v o u ra b le  te m p e r a tu r e  c o n d itio n s  m a y  in c ra e se  th e  
p r o d u c t io n  o f  la rv a e ,  as h a s  b e e n  d iscu ssed  a b o v e .

I n  th e  n e x t  sec tio n  i t  w ill b e  d iscussed  h o w  sc ien c e  m a y  h e lp  
th e  o y s te r  fa rm e rs  to  o b ta in  a  sa tis fac to ry  p r a c t ic a l  se t, w h e n e v e r  
th e  p o te n t ia l  s e ttin g  in  g o o d .

X X V I .  T H E  P R E D IC T IO N  O F  T H E  S P A T F A L L

“ T h o u sa n d s  o f do lla rs w o u ld  b e  saved  a n n u a lly  b y  
th e  oy ste rm en  if  th e y  w o u ld  d e te rm in e  w ith  a n y  
a p p ro x im a te  accu racy  th e  d a ta  w h e n  a tta c h m e n t o f  
th e  y o u n g  oysters w ould  o c cu r.”  ( W i n s l o w , 1884).

T h e  o y s te rg ro w e rs  a re  fa c e d  w ith  th e  p ro b le m  o f  d e c id in g  
w h e n  to  p l a n t  c u ltc h , so t h a t  i t  sh a ll n o t  b e  s il te d  o v e r  o r  c o v e red  
w ith  o rg a n ic  g ro w th  b e fo re  th e  la rv a e  a re  a b le  to  a t ta c h .  I n
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m a n y  cases th e  c u ltc h  is la id  o u t  fa r  to o  e a r ly , w ith  th e  re s u lt  
t h a t  th e  m a x im u m  c a tc h  o f  s p a t  is n o t  o b ta in e d . S o m etim es  
c o llec to rs  a re  im m e rse d  w h e n  th e  p o te n t ia l  m a x im u m  o f  s e ttin g  
is o v e r , w h ic h  does n o t  in c re a se  th e  c h a n c e s  o f  o b ta in in g  a  sa tis ­
f a c to ry  p r a c t ic a l  se t e i th e r .  I n  th e  y ea rs  b e fo re  1935 D u tc h  
o y s te rfa rm e rs  in  d e c id in g  w h e n  to  p la n t  c u l tc h  h a d  to  c o n s id e r  
th e  d a te s  o n  w h ic h  th e  c o llec to rs  w e re  r e a d y  to  b e  p la n te d  a n d  
h a d  to  t r u s t  to  th e  e x p e r ie n c e  g a in e d  in  fo rm e r  y e a rs , b u t  m o s t 
o f  a l l  to  th e i r  g o o d  luck . T h e  d e s ire  fo r m o re  re l ia b le  in d ic a tio n s  
in d u c e d  se v e ra l o y s te rfa rm e rs  to  p l a n t  “ te s t-c o lle c to rs” . S m all 
n u m b e rs  o f  tiles w e re  p la n te d  a t  in te rv a ls  a n d  as so o n  as these  
tile s  w e re  fo u n d  to  b e  c o v e re d  w ith  s p a t ,  th e  f a rm e r  s ta r te d  to  
p la n t  h is  e n t ire  su p p ly  o f  co lle c to rs . A s th e  s p a t  c a n  o n ly  b e  
se e n  w ith  th e  n a k e d  ey e  a b o u t  a  w ee k  a f te r  a t ta c h m e n t ,  it  goes 
w ith o u t  sa y in g  th a t  th is  m e th o d  f re q u e n tly  le d  to  d is a p p o in t­
m e n ts , th e  b e s t t im e  fo r s e t t in g  o f te n  b e in g  o v e r  w h e n  th e  c u ltc h  
w as  p la n te d .

T h e  firs t a t te m p t  to  p r e d ic t  th e  sp a tfa ll  w as m a d e  b y  J u l iu s  
N e l s o n  ( 1 9 0 7 ) .  H e  e x a m in e d  p la n k to n -s a m p le s  a n d  tr ie d  to  
p r e d ic t  th e  p ro b a b le  d a te  o f  s e ttin g  f ro m  th e  s ta g e  o f  d e v e lo p ­
m e n t  o f  th e  la rv a e . T h e  s im u lta n e o u s  sp a w n in g , d iscussed  a b o v e , 
a c c o u n ts  fo r th e  fa c t t h a t  o f ten  a l l  th e  p e la g ic  la rv a e  o f  Ostrea 
virginica sh o w  th e  sa m e  s ta g e  o f  d e v e lo p m e n t, w h ic h  m a k es  it 
e a sy  to  p r e d ic t  th e  d a te  o f  s e tt in g  w ith  r e a s o n a b le  a c c u ra c y . 
T h u r l o w  C . N e l s o n  ( 1 9 1 7 )  s ta te s  t h a t  i t  is p o ss ib le  to  p re d ic t  
th e  tim e  o f  s e ttin g  w ith in  tw o  d a y s  b y  m e a n s  o f  th e  te c h n iq u e  
d e v e lo p e d  b y  h im .

I t  is n o t  o n ly  n ec essa ry  to  p r e d ic t  th e  d a te  o f  s e ttin g , b u t  
a lso  th e  in te n s ity  o f  th e  sp a tfa ll. T h e  la t te r  p r o b le m  is m o re  
d if f ic u lt , as th e  p e rc e n ta g e  o f  th e  la rv a e  r e a c h in g  m a tu r i ty  is 
la rg e ly  d e p e n d e n t  o n  e n v iro n m e n ta l  c o n d itio n s . T h e  so lu tio n  o f  
th is  p ro b le m  re q u ire s  ex te n s iv e  q u a n t i ta t iv e  o b se rv a tio n s .

I n  th e  m a in  ce n tre s  o f  s p a t-p ro d u c t io n  in  F ra n c e ,  le  M o rb ih a n  
a n d  th e  b a s in  o f  A rc a c h o n , o y s te rfa rm e rs  h a v e  fo r sev era l 
y e a r s  b e e n  assisted  in  ch o o s in g  th e  r ig h t  m o m e n t  fo r  c u ltc h -  
p la n t in g .  E a c h  su m m e r-se a so n  th e  F re n c h  in v e s tig a to rs  issue 
b u lle t in s  in  w h ic h  th e y  p u b lis h  the - n u m b e r  o f  la rv a e  c o u n te d  
in  th e i r  p la n k to n -sa m p le s , th e  w a te r - te m p e ra tu re s  r e c o rd e d  a n d  
o f te n  th e  “ f ix a tio n -c o e ff ic ie n t” . I t  h a s  b e e n  d iscu ssed  a b o v e  w h y  
I  re fu se  to  b e liev e  in  th e  re lia b ili ty  o f  th e  “ f ix a tio n -c o e ff ic ie n t” . 
M o re o v e r  th e  t im e  e la p s in g  b e tw e e n  th e  o b s e rv a tio n  o f  a  fa v o u r ­
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a b le  “ f ix a tio n -c o e ff ic ie n t”  a n d  th e  o c c u r re n c e  o f  th e  sp a tfa ll  is 
r a th e r  s h o r t .  I  a m  o f  o p in io n  t h a t  w ith  th e  D u tc h  m e th o d s  
a n d  fre q u e n c y  o f  s a m p lin g  th e  d a te s  a n d  in te n s ity  o f  s e ttin g  
c a n  b e  p re d ic te d  w ith  a  h ig h e r  d e g re e  o f  a c c u ra c y  th a n  w ith  
th e  F re n c h . I t  sh o u ld  b e  r e m e m b e re d  t h a t  Ostrea edulis does n o t  
sh o w  s im u lta n e o u s  sp a w n in g , so th a t  th e  p r e d ic t io n  o f  th e  s p a t­
fa ll o f  Ostrea edulis p re se n ts  g r e a te r  d ifficu ltie s  th a n  th a t  o f  Ostrea 
virginica.

T h e  e n fo rc e d  r e tu r n  to  th e  sy s tem  o f  tile -c o lle c to rs  in  th e  
O o s te rsc h e ld e  le d  to  th e  e s ta b l is h m e n t o f  a  sy s tem  o f  p re d ic t in g  
th e  sp a tfa ll  in  H o lla n d . O n c e  o r  tw ic e  a  w eek  b u lle t in s  a re  
issu ed  in  w h ic h  a re  g iv e n  th e  n u m b e r  o f  la rv a e  p e r  100 litre s  
o f  w a te r ,  i ts  c o m p o s itio n  in  size-classes, th e  w a te r - te m p e ra tu re s  
r e c o rd e d  a n d  th e  s e ttin g  p ro sp e c ts . W e n o t  o n ly  p r e d ic t  th e  d a te s  
o f  s e ttin g , b u t  a lso  th e  in te n s ity  o f  th e  sp a tfa ll . W h e n  p re d ic tin g  
th e  s e ttin g , I  a lw a y s  c o m p a re  th e  n u m b e r  o f  s p a t  t h a t  a t ta c h e d  
u n d e r  s im ila r  co n d itio n s  in  p re v io u s  seasons. T h e  h ig h  f re q u e n c y  
o f  o u r  s a m p lin g , th e  r e g u la r  d e te r m in a t io n  o f  th e  p o te n tia l  
sp a tfa ll  a n d  th e  d iv is io n  o f  th e  la rv a e  in  size-classes h a v e  p ro v e d  to  
b e  o f  th e  g re a te s t  u se  fo r th is  p u rp o se .

W h e n  a  c o n s id e ra b le  m a x im u m  o f  s w a rm in g  o c c u rs  u n d e r  
v e ry  f a v o u ra b le  te m p e ra tu re  c o n d itio n s , w e ad v ise  o y s te rfa rm e rs  
to  p la n t  so o n  as m a n y  o f  th e ir  c o llec to rs  as possib le . I f  n o  s w a rm ­
in g  o cc u rs  o r  i f  i t  o ccu rs  u n d e r  e x tre m e ly  u n fa v o u ra b le  te m p e r a ­
tu r e  c o n d itio n s , as w as th e  ca se  in  th e  f irs t  h a l f  o f  J u ly  1938, 
I  m a k e  i t  k n o w n  th a t  n o  s e ttin g  o f  c o m m e rc ia l m a g n itu d e  is 
lik e ly  to  o c c u r . W h e n  m o d e ra te  s w a rm in g  ta k e s  p la c e  u n d e r  
r a th e r  fa v o u ra b le  c o n d itio n s  o r  w h e n  a  c o n s id e ra b le  sw a rm in g  
o cc u rs  u n d e r  fa ir ly  u n fa v o u ra b le  c o n d itio n s , I  a n n o u n c e  th a t  
so m e sp a tfa ll is lik e ly  to  o c c u r  w ith in  a b o u t  io  d a y s , p ro v id e d  
th e  w a te r - te m p e ra tu re  d o es  n o t  d ro p . As- so o n  as th e  n u m b e r  
o f  la rg e r  la rv a e  is fo u n d  to  b e  in c re a s in g  c o n s id e ra b ly , th e  s e ttin g  
p ro sp e c ts  a r e  a n n o u n c e d  w ith  g re a te r  p rec is io n .

W h e n  th e  seaso n  is w ell o n  its  w a y  a l r e a d y  a n d  n o  fa v o u ra b le  
p re d ic t io n s  a re  fo r th c o m in g  (as w as e .g . th e  case  in  1938), 
th e  o y s te rfa rm e rs  g e t in to  a  d ifficu lt p o s itio n . I f  th e y  p la n t  
th e i r  c u l tc h  in  sp ite  o f  u n fa v o u ra b le  p re d ic tio n s , th e  o d d s  a re  
t h a t  th e y  w ill o b ta in  a n  u n sa tis fa c to ry  set. I f  th e y  w a it  a n y  lo n g e r, 
th e  s e ttin g  p ro sp e c ts  m a y  a m e lio ra te ,  i.e . i f  th e  w a te r - te m p e ra tu re  
a n d  th e  n u m b e r  o f  la rv a e  sh o u ld  h a p p e n  to  in c re a se , b u t  i t  is
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a lso  p o ss ib le  t h a t  n o  fa v o u ra b le  p re d ic tio n s  fo llo w , in  w h ic h  
case  th e  c h a n c e  o f  o b ta in in g  a  s a tis fa c to ry  sp a tfa ll is s till sm a lle r. 
I t  is a d v isa b le  in  su ch  cases n o t  to  p u t  a ll o n e ’s eggs in  o n e  
b ask e t. W h e n  th e  la rv a e  o f  a  c o n s id e ra b le  m a x im u m  o f  s w a rm in g  
h a v e  n o t  le d  to  a  sp a tfa ll  o f  so m e  im p o r ta n c e ,  w e p ro c e e d  to  
p re d ic tin g  i f  a  s u b s e q u e n t s w a rm in g  o f  som e im p o r ta n c e  is 
lik e ly  to  o c c u r . F o r  t h a t  p u rp o se  w e  e x a m in e  fa ir ly  la rg e  sa m p le s  
o f  a d u l t  o y s te rs  f ro m  d if fe re n t o y s te rb e d s  in  o rd e r  to  a s c e r ta in  
th e  p e r c e n ta g e  o f  th o se  t h a t  is in c u b a t in g .  So f a r  i t  h a s  b e e n  
im p o ss ib le , h o w e v e r , to  p re d ic t  so  lo n g  befo re  w h e th e r  a  spe ll 
o f  fine w e a th e r  is lik e ly  to  o c c u r  a t  th e  tim e  th a t  th is  su b s e q u e n t 
s w a rm in g  m a y  b e  ex p e c ted .

C o l e  (1 9 3 9 ) does n o t  th in k  i t  im p o ss ib le  th a t  Ostrea edulis is 
c le v e re r  t h a n  o u r  m e teo ro lo g is ts : “ I t  is r e m a rk a b le  t h a t  d u r in g  
th e  la s t th r e e  seasons th e  m a jo r  l ib e r a t io n  o f  th e  se a so n  h as  
o c c u r re d  ju s t  a f te r  th e  b e g in n in g  o f  th e  firs t le n g th y  h o t  spe ll, 
as i f  th e  b r e e d in g  o y ste rs  h a d  se n se d  in  som e w a y  th e  in d ic e n c e  
o f  a  p ro lo n g e d  sp e ll o f  fin e  w e a th e r  d u r in g  w h ic h  th e  la rv a l  
d e v e lo p m e n t c o u ld  b e  c o m p le te d  s a tis fa c to ry .”

U n fo r tu n a te ly  D u tc h  o y ste rs  a p p e a r  to  b e  u n a b le  to  sense 
th is ,  fo r l ib e r a t io n  h a s  b u t  to o  o f te n  o c c u rre d  d u r in g  ad v e rse  
w e a th e r  o r  d u r in g  a  fa ll in g  w a te r - te m p e ra tu re .

M a n y  a t te m p ts  h a v e  b e e n  m a d e  to  p re d ic t  th e  sp a tfa ll a t  
lo n g  n o tic e . I t  is p a r t ly  th e  a b se n c e  o f  q u a n t i ta t iv e  d a t a  o n  
la rv a l  d e v e lo p m e n t t h a t  h a s  c o m p e lle d  in v e s tig a to rs  to  p re d ic t  
th e  sp a tfa ll lo n g  b e fo re  a n d  p a r t ly  th e se  a t te m p ts  h a v e  b e e n  
m a d e  to  m e e t  th e  w ishes o f  th e  o y s te r  fa rm e rs , w h o  w a n t  to  b e  
in fo rm e d  as so o n  as p o ss ib le  o f  th e  e x p e c ta tio n s  a b o u t  th e  d a te  
o f  th e  sp a tfa ll  a n d  th e  in te n s ity  o f  se ttin g . H o p k i n s , O r t o n  
a n d  P r y t h e r c h  b e lo n g  to  th e  firs t ca te g o ry .

H o p k in s  c o n c lu d e d  ( 1 9 3 7 )  t h a t  th e  p e r io d ic i ty  in  sp a w n in g  
p a ra lle ls  th e  p e r io d ic i ty  in  s e ttin g  in  so m e resp ec ts  o n ly . H o p k in s  
d id  n o t  fo llo w  th e  d e v e lo p m e n t o f  th e  p e la g ic  la rv a e . I t  is m y  
b e lie f , h o w e v e r, th a t  q u a n t i ta t iv e  o b se rv a tio n s  in  th e  co u rse  o f 
th e  p e la g ic  s ta g e  a r e  e sp e c ia lly  in d isp e n s ib le  in  species o f  oysters 
w ith  su ch  a  lo n g  p e la g ic  p e r io d  as Ostrea lurida (30  to  40  d ay s). 
H o p k in s  h a s  n o t  p r o v id e d  h im s e lf  w ith  d a t a  f ro m  w h ic h  to  p r e ­
d ic t  th e  i n t e n s i t y  o f  s e ttin g  a n d  as fo r th e  tim e  o f s e tt in g  h e  s ta te s  
t h a t  a t ta c h m e n t  is lik e ly  to  show  a  m a x im u m  in  th e  th i r d  t id a l  
p e r io d  fo llo w in g  o n  th a t  d u r in g  w h ic h  sp a w n in g  s ta r ts .  H o p k in s



P . K O R R IN G A

o ften  o b se rv e d  m a x im a  in  th e  f re q u e n c y  o f  se ttin g  a b o u t  th e  
tim e  o f  th e  g re a te s t  t id a l  r a n g e ,  b u t  h e  does n o t  y e t k n o w  th e  
e x a c t  re a so n  fo r  th is  p h e n o m e n o n .

P r y t h e r c h  (1929 , 1934 b ) does n o t  b a s e  h is  p re d ic tio n s  o n  
o b se rv a tio n s  o n  q u a l i ty  a n d  q u a n t i ty  o f  p e la g ic  la rv a e  e i th e r , 
a l th o u g h  Ostrea virginica show s a  less c o m p lic a te d  c o m p o s itio n  
o f  la rv a l  a g e -g ro u p s  in  th e  p la n k to n  (o w in g  to  s im u lta n e o u s  
sp a w n in g )  th a n  th e  g r a d u a l ly  sp a w n in g  in c u b a to ry  species o f  
oysters . P r y t h e r c h  o b se rv e d  t h a t  th e  lo c a l h y d ro g ra p h ic a l  
c o n d itio n s  a re  th e  ca u se  o f  a  r a p id  w a rm in g  u p  o f  th e  w a te r  
d u r in g  sp r in g - tid e s , w h ic h  is in  its  t u r n  th e  cau se  o f  m a x im a  
o f  sp a w n in g  a t  sp r in g - tid e s . P r y t h e r c h  bases h is  p re d ic tio n s  
o f  th e  t im e  o f  sp a w n in g  o n  o b se rv a tio n s  o f  th e  w a te r - te m p e ra ­
tu re , fo r w h ic h  h e  uses a  lo n g -d is ta n c e  th e rm o g ra p h . I t  h a s  b e e n  
s ta te d  befo re  t h a t  P r y t h e r c h  n eg lec ts  th e  in f lu e n c e  o f  e n v iro n ­
m e n ta l  c o n d itio n s  o n  th e  p e r c e n ta g e  o f  la rv a e  re a c h in g  m a tu r i ty  
w h ic h  o m iss io n  I  a m  in c lin e d  to  a sc r ib e  to  a  la c k  o f  q u a n t i ta t iv e  
d a t a  o n  th e  p e la g ic  la rv a e .  B efo re  sp a w n in g  b eg in s  P r y t h e r c h  
is a b le  to  p r e d ic t  its  in te n s i ty  f ro m  s tu d ie s  o n  th e  th ic k n e s s  o f 
g o n a d -tis su e s , w h ic h  a c c o rd in g  to  h im  is lia b le  to  c o n s id e ra b le  
a n n u a l  d iffe ren ce s , r e s u lt in g  in  p ro p o r t io n a l  d iffe re n c e s  in  th e  
sp a tfa ll.

I t  m a y  b e  se e n  f ro m  H ig g in s ’ p a p e rs  (e .g . 1 9 3 3 , 1 9 3 7 )  t h a t  
a n n o u n c e m e n ts  a b o u t  th e  c o n d i t io n  o f  th e  o y ste r, c h a n g e s  in  
w a te r - te m p e ra tu re  a n d  th e  d a te s  a t  w h ic h  sp a w n in g  a n d  se ttin g  
m a y  b e  e x p e c te d  a re  b e in g  c o n tin u e d  in  th e  d is t r ic t  o f  L o n g  
I s la n d  S o u n d .

N e l s o n  (1 9 2 6 , 1928 c) to o , p re d ic ts  th e  d a te s  a t  w h ic h  sp a w n ­
in g  o f  Ostrea virginica w ill s ta r t ,  fo r w h ic h  h e  bases  h im s e lf  o n  
o b se rv a tio n s  o f  th e  w a te r - te m p e ra tu re .  H is  m e th o d s  h a v e  b e e n  
d e s c r ib e d  in  a  p re v io u s  se c tio n . H e  also  p re d ic ts  th e  d a te s  o f  
s e ttin g , fo r w h ic h  h e  b ases  h im s e lf  o n  q u a n t i ta t iv e  o b se rv a tio n s  
o f  la rv a e .

As re g a rd s  th e  p re d ic t io n  o f  th e  sp a tfa ll  O r t o n  s ta te s  ( 1 9 3 7 ) :  
“ A n  e x a m in a tio n  o f  sa m p le s  o f  o y ste rs  o n  e a c h  b e d  e a c h  y e a r  
is th e re fo re  d e s ira b le  to  f in d  o u t  th e  r a te  o f  sp a w n in g  a n d  fro m  
th is  in fo rm a tio n  th e  m o s t p ro p it io u s  t im e  fo r th e  la y in g  o f  c u l tc h .” 
“ T h e  d e n s ity  o f  th e  s u b s e q u e n t  fa ll w ill b e  p ro p o r t io n a l  to  th e  
p e rc e n ta g e  o f  b la ck -s ic k  o y s te rs .”  “ I t  is su g g e s te d  th a t  a  re a so n ­
a b le  co u rse  is to  la y  c u l tc h  w h e n  a b o u t  5 %  o f  th e  s to ck  a re  
b la ck -s ic k , a n d  th e re  is in  a d d i t io n  a t  le a s t 5 %  o f  y o u n g e r  stages
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o f  sickness .”  A s th is  m e th o d  r e q u ir e s  th e  sacrifice  o f  a  c o n s id e ra b le  
n u m b e r  o f  a d u l t  oysters ( A n o n . 1 9 2 8 ), O r t o n  suggests (1927 e, 
1928 b) a  m o re  ec o n o m ic a l m e th o d  o f  te s t in g  a d u l t  oyste rs . T h e  
o y ste rs  c a n  b e  exp o sed  to  th e  a i r  till th e y  o p e n  th e ir  shells a  
l i t t le ,  w h ic h  e n a b le s  us to  see w h e th e r  th e y  a r e  in c u b a t in g .  
A fte r  th is  th e y  a re  th ro w n  b a c k  in to  th e  w a te r .  I t  w ill b e  c le a r  
f ro m  th e  fo re g o in g  th a t  th e  f itfu l w e a th e rc o n d it io n s  o n  th e  
N o r th -s e a  c o a s t p re c lu d e  a  f ix ed  p r o p o r t io n  b e tw e e n  th e  in te n ­
s ity  o f  sp a w n in g  a n d  th e  in te n s i ty  o f  s e ttin g . C o n s e q u e n t ly  it  
is m y  o p in io n  t h a t  th e  a p p l ic a t io n  o f  O r t o n ’s m e th o d s  o f  p r e ­
d ic tio n  c a n n o t  le a d  to  re l ia b le  re su lts  h e re .

N e v e rth e le ss  a  d e te rm in a tio n  o f  th e  p e rc e n ta g e  o f  oysters 
c a r ry in g  la rv a e  is usefu l, i f  w e w a n t  to  k n o w  w h e th e r  su b s e q u e n t 
sp a w n in g  o f  so m e im p o r ta n c e  is s till to  b e  e x p e c te d , in  case th e  
la rv a e  o f  th e  f irs t m a x im u m  o f  sp a w n in g  s h o u ld  h a v e  fa iled  to  
y ie ld  a  c o m m e rc ia l sp a tfa ll (as, fo r in s ta n c e , in  th e  O o s te rsc h e ld e  
in  1938).

A s re g a rd s  th e  p re d ic t io n  o f  s e t t in g  a t  lo n g  n o tic e  I  ag re e  
w i th  V o is in  (1931 , 1933) w h o  s ta te s  th a t ,  o w in g  to  th e  fitful 
w e a th e r -c o n d it io n s ,  such  p re d ic t io n s  m u s t a lw a y s  b e  u n re lia b le  
on  th e  w est c o a s t o f  E u ro p e .

A  re l ia b le  p re d ic tio n  o f  s e t t in g  a t  s h o r t  n o tic e , o n  th e  c o n tra ry ,  
a p p e a r e d  to  b e  v e ry  w ell p o ss ib le  in  H o lla n d .

A s th e  D u tc h  o y s te rm e n  b e g a n  to  re a liz e  t h a t  th o se  w ho 
fo llo w ed  o u r  a d v ic e  g e n e ra lly  c a u g h t  th e  b es t sets o f  sp a t ,  th e ir  
in te r e s t  in  th e  p re d ic tio n s  h a s  in c re a s e d  ra p id ly . W ith  o u r  m e th o d  
w e  t r y  to  sy n c h ro n iz e  th e  p r a c t ic a l  s e ttin g  w ith  th e  la rg e s t 
m a x im a  in  th e  p o te n tia l  s e ttin g . I n  th is  w a y  w e t r y  to  re d u c e  
th e  e n o rm o u s  d iffe re n c e  b e tw e e n  th e  n u m b e r  o f  m a tu r e  la rv a e  
o c c u r r in g  in  th e  co u rse  o f  th e  se aso n  o f  r e p r o d u c t io n  a n d  th e  
n u m b e r  o f  successfu l s p a t  o n  th e  co llec to rs .

X X V I I .  T H E  IN F L U E N C E  O F  L I G H T  O N  T H E  S E T T IN G
P R O C E S S

T h e  p ig m e n t-sp o ts  o r p a l l ia i  eyes o f  m a tu r e  o y s te r la rv a e  h av e  
b e e n  th e  s u b je c t  o f  c o n s id e ra b le  c o n tro v e rsy . T h e r e  c a n , h o w ev e r, 
b e  n o  d o u b t  a b o u t  th e  ey e -lik e  s tru c tu re  o f  th e se  o rg a n s  in  the  
la r v a  o f  Ostrea edulis ( E r d m a n n  1934, C o l e  1938 a ) .  T h e  b la c k  
c o lo u r  o f  th e se  sp o ts  is d u e  to  h e a v y  p ig m e n ta tio n .  T h e  p ig m e n t-  
sp o ts  d is a p p e a r  so o n  a f te r  a t ta c h m e n t .  P h a g o c y te s  a p p e a r e d  to  
p la y  a  p a r t  in  th e  p ro cess  o f  d é s in té g ra tio n . C o l e  (1938  a)
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o b se rv e d  p h a g o c y te s  h e a v ily  lo a d e d  w ith  p ig m e n t-g ra in s  le a v in g  
th e  fa d in g  p ig m e n t-sp o ts  in  re c e n tly -se t s p a t  o f  Ostrea edulis.

P r y t h e r c h  ( 1 9 2 4 ,  1 9 3 4  a) h a s  n o t  o b se rv e d  a n y  re sp o n se  to  
c h a n g e s  in  l ig h t- in te n s ity  o r  c o lo u r  b y  th e  la rv a e  o f  Ostrea 
virginica. H e  c a m e  to  th e  c o n c lu s io n  th a t  th e  p ig m e n t-sp o ts  a re  
n o t  l ig h t-se n s itiv e  o rg a n s  a t  a ll, b u t  fu lfil a  q u ite  d if fe re n t 
fu n c tio n . I t  is h is  b e lie f  t h a t  th e y  a re  le u c o c y te -g e n e ra tin g  
tissues. P r y t h e r c h  p ro b a b ly  m a d e  th e  s a m e  o b se rv a tio n  as 
C o l e  d id  a n d  b a s e d  h is c o n c lu s io n  o n  th e  fa c t t h a t  sh o r tly  a fte r 
a t ta c h m e n t  h e  o b se rv e d  m a n y  p h a g o c y te s  in  th e  p ro x im ity  o f  
th e  p ig m e n t-sp o t.  C o l e ’s in te r p re ta t io n  o f  th is  fa c t is th e  m o re  
p la u s ib le ,  h o w ev e r.

A s th e  ey e -lik e  s tru c tu re  o f  th e  p ig m e n t- s p o t h as  b e e n  e s ta b ­
lis h e d  ( a t  le a s t  fo r Ostrea edulis) , w e sh o u ld  n o t  b e  su rp r is e d  
to  fin d  t h a t  l ig h t  p lay s so m e p a r t  in  th e  se le c tio n  o f  a  site  for 
a t ta c h m e n t .  O n ly  a  few  in v e s tig a to rs  m a d e  d e l ib e ra te  e x p e r i­
m e n ts  to  in v e s tig a te  th is  m a t te r ,  h o w e v e r. O th e r s  b a s e d  th e ir  
co n c lu s io n s  o n  a c c id e n ta l f ie ld -o b se rv a tio n s . T h u s  P e t e r s e n  
( 1 9 0 8 ) ,  F o l p m e r s  ( 1 9 2 4 )  a n d  O r t o n  ( 1 9 3 7  a) fo u n d  m o re  
su rv iv in g  s p a t  o f  Ostrea edulis in  s itu a tio n s  w h e re  th e  l ig h t is 
s u b d u e d , fo r in s ta n c e , o n  th e  s h a d e d  sides o f  co llec to rs . O r t o n  a n d  
P e t e r s e n  a d m it ,  h o w e v e r, t h a t  th is  fa c t does n o t  n ecessa rily  
in d ic a te  th a t  o y s te r la rv a e  p re fe r  d a rk  p la c e s  fo r a t ta c h m e n t.  
F o r  i t  is p o ss ib le  t h a t  a  g ro w th  o f  p la n ts ,  m a c ro sc o p ic a l o r  m ic ro ­
sc o p ic a l, o n  th e  l ig h t  side  o f  th e  co llec to rs  w ill so o n  h in d e r  
a t ta c h m e n t ,  w h ile  th e  s h a d e d  sides m a y  r e m a in  lo n g e r  in  a  
c o n d i t io n  s u ita b le  fo r a t ta c h m e n t .  M o re o v e r  i t  is p o ss ib le  th a t  
th e  d e a th - r a te  o f  th e  s p a t  o n  th e  tw o  sides o f  th e  co llec to rs  is 
d if fe re n t,  fo r  th e  l ig h t  sides a r e  as a  ru le  a lso  m o re  ex p o sed  to  
e n e m ie s  a n d  to  s iltin g . T o  e l im in a te  su c h  fa c to rs  i t  is neces­
sa ry  to  ex p o se  te s t-co llec to rs  fo r sh o r t  p e r io d s  a n d  to  c o u n t  th e  
s p a t  a  few  d a y s  a f te r  a t ta c h m e n t .

P r y t h e r c h  ( 1 9 2 4 )  s ta te s  th a t  th e  s e ttin g  o f  th e  la rv a e  o f  
Ostrea virginica o c c u r re d  as h e a v ily  o n  th e  l ig h t  sides o f  th e  
c o lle c to rs  as i t  d id  o n  th e  d a r k e n e d  sides, i t  b e in g  a s su m e d  th a t  
b o th  sides w ere  e q u a lly  c le a n .  I n  a  la te r  p a p e r  (1934J h e  tells 
u s  t h a t  d u r in g  e ig h t y ea rs  o f  e x p e r im e n ta tio n  h e  d id  n o t  ob se rv e  
a n y  in f lu e n c e  o f  l ig h t  o n  th e  s e t t in g  process. H e  does n o t  d esc rib e , 
h o w e v e r , w h a t  k in d  o f  e x p e r im e n ts  h e  m a d e  to  in v e s tig a te  this 
m a t te r .

N e l s o n  ( 1 9 2 6 ) ,  o n  t h e  o t h e r  h a n d ,  s t a t e s  t h a t  t h e  p i g m e n t -
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sp o t o f  Ostrea virginica, “ a l th o u g h  u n a b le  to  fo rm  a n  im a g e  like 
a  t r u e  eye , is sensitive  to  l ig h t .”  “ I n  th e  p re se n c e  o f  l ig h t  th e  
e y e d  la rv a e  o f  th e  o y ste r a re  s t im u la te d  a n d  c o n tin u e  m o v in g  
u n t i l  th e y  g e t  in to  a  sh a d e d  p la c e  w h e re  th e y  b e c o m e  q u ie s c e n t.”

C o n s e q u e n tly  th e  sh a d e d  u n d e r - s u r fa c e s  o f  th e  c o llec to rs  a re  
s u p p o se d  to  c a tc h  m o re  s p a t  t h a n  th e  u p p e r-su rfa c e s  d u r in g  
d a y l ig h t .  I t  is m y  b e lie f  t h a t  i t  w a s  th e  o b se rv a tio n  o f  a  h e a v ie r  
fa ll o f  s p a t  o n  u n d e r-su rfa c e s  t h a t  in d u c e d  N e l s o n  to  fo rm  his 
h y p o th e s is  o f  a  s t im u la te d  s w im m in g -a c t iv ity  in  i l lu m in a te d  
p la c e s . W h e n e v e r  h e  fo u n d  m o r e  s p a t  o n  th e  u n d e rs id e s  o f  
co lle c to rs  (1927 , 1934), h e  u se d  th is  h y p o th e s is  in  e x p la n a t io n  
o f  th is  p h e n o m e n o n . N e l s o n  n e g le c ts , h o w e v e r, th e  in f lu e n c e  
o f  th e  a n g le  o f  su rface  on  th e  in te n s i ty  o f  s e ttin g , so t h a t  w e  a re  
n o t  ju s t if ie d  in  c o n c lu d in g  f ro m  h is  o b se rv a tio n s  th a t  l ig h t  p lay s 
a p a r t  in  th e  se ttin g  process.

D e lib e ra te  e x p e r im e n ts  to  in v e s tig a te  th e  in f lu e n c e  o f  l ig h t  on  
th e  s e ttin g  p ro ce ss  h a v e  b e e n  c a r r ie d  o u t  b y  Y o k o t a  ( Ostrea 
g igas), H o p k in s  ( Ostrea lurida) a n d  C o l e  a n d  K n i g h t  J o n e s  
( Ostrea edulis). Y o k o t a  (1936) p la c e d  fu ll-g ro w n  la rv a e  o f  Ostrea 
gigas  in  a  g lass f illed  w ith  s e a w a te r  a n d  s c re e n e d  o ff  h a l f  th e  
g lass  (sou rce  o f  lig h t: e le c tr ic  la m p  100 v o lt , 60 w a tt ,  36 cm  
a b o v e  th e  w a te r ) .  T h e  d is t r ib u t io n  o f  th e  s p a t  o n  th e  b o tto m  
o f  th e  glass a p p e a r e d  to  b e  a lm o s t u n ifo rm  in  sp ite  o f  th e  g re a t  
d if fe re n c e  in  i l lu m in a tio n . Y o k o t a  co n c lu d e s  f ro m  th e se  resu lts  
t h a t  a t  th e  t im e  o f  se ttin g  Ostrea gigas  does n o t  r e a c t  n e g a tiv e ly  
to  lig h t .

H o p k in s  (1935 , 1937) p la c e d  w ire  f ra m e s  c o n ta in in g  p la te s  
o f  c le a r  glass o n  a n  o y s te rg ro u n d , so t h a t  th e  p la te s  w ere  h e ld  
in  a  h o r iz o n ta l  p o s itio n . T h e  u p p e r-su rfa c e s  o f  th e  p la te s  o f 
o n e  se t w ere  p a in te d  b la c k , th e  o th e rs  w e re  le f t c le a r . H e  fo u n d  
t h a t  th e  n u m b e rs  o f  la rv a e  s e ttin g  o n  th e  u n d e r-su rfa c e s  o f  c le a r  
a n d  d a rk e n e d  g lass w ere  m o re  o r less th e  sa m e , w h ic h  show s 
t h a t  u n d e r  f ie ld -c o n d itio n s  th e  la rv a e  o f  Ostrea lurida d o  n o t 
s e le c t sh a d y  p la c e s  fo r a t ta c h m e n t .  H o p k in s  c o n c lu d e s  t h a t  lig h t 
is n o t  a n  o r ie n t in g  fa c to r  in  th e  s e ttin g  b e h a v io u r  o f  th is  species.

C o l e  a n d  K n i g h t  J o n e s  (1939) u se d  th e  sa m e  d ev ice  in  th e  
ta n k s  th a t  a r e  in  u se  fo r s p a t-p ro d u c t io n  in  E n g la n d  ( Ostrea 
edulis). T h e y  o b se rv e d  a  m a rk e d  p re fe re n c e  o n  th e  p a r t  o f  
th e  la rv a e  fo r th e  u n d e rs id e s  o f  th e  d a rk  p la te s  (in  18 sets: 
u n d e r-su rfa c e s  o f  c le a r  g lass 228  s p a t ,  u n d e r-su rfa c e s  o f  d a rk  
p la te s  735 s p a t) .  T h is  se le c tio n  o f  sh a d y  p la c e s  a p p e a r e d  to
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b e  c o n fin e d  to  th e  d a y l ig h t h o u rs , w h ile  p la te s  ex p o se d  a t  n ig h t  
sh o w e d  n o  d iffe re n c e  in  th e  n u m b e r  o f  s p a t  c a u g h t  o n  th e  u n d e r ­
sides o f  th e  p la te s . T h e y  c o n c lu d e d  t h a t  d u r in g  d a y l ig h t th e  
la rv a e  o f  Ostrea edulis u n d o u b te d ly  te n d  to  se lec t a  sh a d y  s i tu a tio n  
fo r  a t ta c h m e n t .

I n  th e  sa m e  season  th a t  C o l e  a n d  K n i g h t  J o n e s  m a d e  
th e ir  o b se rv a tio n s  in  ta n k s  (1 9 3 8 ), I  u se d  H o p k i n s ’ d ev ice  in  
th e  O o s te rsc h e ld e . E x p e r ie n c e  h a d  p re v io u s ly  t a u g h t  m e  th a t  
p la te s  o f  sm o o th  glass ex p o se d  in  th e  fie ld  a re  f a r  less s u ita b le  
to  c a tc h  s p a t  o f  Ostrea edulis t h a n  p la te s  o f  v a r io u s  o th e r  m a te r ia ls .  
T h is  p h e n o m e n o n  w ill b e  d isc u sse d  m o re  a m p ly  in  o n e  o f  th e  
fo llo w in g  sec tio n s . T h e re fo re  I  u se d  g ro u n d  g lass  fo r  th is  e x p e r i­
m e n t,  th is  b e in g  a  l i t t le  m o re  s u ita b le  fo r a t ta c h m e n t  a n d  y e t 
p e rv io u s  to  lig h t .  T h e  p la te s  w ere  p la c e d  h o r iz o n ta lly  in  c o n ­
ta in e rs  o f  re in fo rc e d  c o n c re te . C le a r  p la te s  a n d  p la te s  w ith  a  
b la c k  c o a tin g  o n  th e ir  u p p e r  su rfaces  w e re  ex p o se d  to g e th e r  
in  o n e  c o n ta in e r .  I n  th e  f ie ld  g r o u n d  g lass c a tc h e s  so m e w h a t 
m o re  s p a t  th a n  sm o o th  g la ss , b u t  th e  n u m b e r  o f  s p a t  c o u n te d  
o n  th e  u n d e rs id e s  o f  th e  p la te s  a p p e a r e d  to  b e  to o  sm all to  
b ase  c o n c lu s io n s  o n , fo r, o w in g  to  th e  in f lu e n c e  o f  th e  a n g le  o f  
su rfa c e  o n  th e  in te n s ity  o f  s e ttin g , th e  u n d e rs id e s  o f  th e  p la te s  
c a u g h t  f a r  less s p a t  th a n  th e  u p p e rs id e s , as w ill b e  d iscussed  
p re se n tly . T h e  to ta l  c a tc h  o f  th e  u n d e rs id e s  o f  3 series o f  3 p la te s , 
e a c h  series ex p o sed  d u r in g  6  d ay s , w as:

u p p e r-su rfa c e s  c le a r :  11 s p a t  
u p p e r-su rfa c e s  b la c k : 43 sp a t

T h e r e  a re , h o w e v e r, m a n y  d a t a  a v a ila b le  o n  o th e r  series o f  
sp a tfa ll  e x p e r im e n ts  in  th e  O o s te rsc h e ld e , w h ic h  m ig h t show  
t h a t  l ig h t in flu e n ces  th e  s e t t in g  p ro cess . I n  th e  c o n ta in e rs  I  o ften  
p la c e d  th r e e  c o a te d  p la te s  in  a  h o r iz o n ta l  p o s it io n , th e  o n e  r ig h t 
a b o v e  th e  o th e r  w ith  a n  in te r s p a c e  o f  3 cm . C o n s e q u e n tly  th e  
u p p e rs id e s  o f  th e  tw o  lo w er p la te s  c a u g h t fa r  less l ig h t  th a n  th e  
u p p e rs id e s  o f  th e  to p m o s t p la te s . T h e  n u m b e rs  o f  s p a t  I  c o u n te d  
o n  th e  u p p e rs id e s  o f  th e  p la te s  o f  th e se  series a re  r e c o rd e d  in  th e  
ta b le  o n  p a g e  191.

T h e se  d a t a  d o  n o t  a llo w  m e  to  c o n c lu d e  t h a t  u n d e r  fie ld - 
c o n d itio n s  th e  la rv a e  o f  Ostrea edulis te n d  to  se lec t s h a d y  s i tu a ­
tio n s  fo r a t ta c h m e n t .

I n  th e  su m m e r  o f  1938 I  s h a d e d  o n e  h a l f  o f  a  g ro u p  o f  tile -  
co llec to rs , se e in g  to  i t  t h a t  fa c to rs  o th e r  th a n  l ig h t  d id  n o t  c h a n g e
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Series T o p m o st p la te Second  p la te T h ird  p la te

4  series Ju ly  1938 191 161 206
3 -1 2  J u ly  1938 69 3^ 40
12-21 J u ly  1938 53 23 36
2 -8  A u g u st 1938 224 - 70
8 -1 4  A u g u st 1938 1 194 - 1031

8 series 1939 903 744 723
8 series 1939 760 476 504

u n d e r  th e  c o v e r . I n  S e p te m b e r  I  c o u n te d  a b o u t  a n  e q u a l  
n u m b e r  o f  s p a t  o n  th e  tiles u n d e r  th e  c o v e r  a n d  o n  th e  tiles t h a t  
h a d  b e e n  e x p o se d  to  th e  su n ra y s .

As th e  p o o r  s p a tfa ll  o n  sm o o th  g la ss  a n d  g ro u n d  g lass p re v e n te d  
m e  fro m  o b ta in in g  re lia b le  d a ta  o n  th e  in f lu e n c e  o f  l ig h t  o n  th e  
se ttin g  p ro cess  in  th e  fie ld  w ith  H o p k i n s ’ d ev ice , I  c o n s tru c te d  a n  
o th e r  a p p a r a tu s  to  in v e s tig a te  th is  m a t te r .  T h e  fa c to r  l ig h t  a lo n e  
h a d  to  b e  c h a n g e d , w h ile  th e  o th e r  fac to rs , e sp ec ia lly  th e  accessi­
b ili ty  fo r th e  w a te r  a n d  w ith  i t  fo r t h e  o y s te rla rv a e , h a d  to  r e m a in  
c o n s ta n t .  I  u se d  o n e  o f  m y  la rg e  c o n ta in e rs ,  in  w h ic h  th e re  is 
r o o m  fo r 12 p la te s .  I  n u m b e re d  th e  p la c e s  in  th e  c o n ta in e r  
(fig. 22) a n d  I  m a d e  a  s lu ice  o f  c le a r  glass in  p la c e s  1 a n d  2,

1 2 3  A 5 6 7  8 • 9  10 fl It.

F ig u re  22. C o n ta in e r  w ith  lig h t a n d  d a rk  c o m p a rtm e n t.w ith lig h t a n d da;C o n ta in e r
L o n g itu d in a l section .

p u t  te s t-p la te s  in  p la c e s  3 , 4  a n d  5, m a k in g  a  s lu ice  o f  glass, 
c o a te d  w ith  b la c k  p a in t  ( b u t  fo r th e  re s t s im ila r  to  th e  f irs t
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slu ice) in  p la c e s  6 a n d  7, p u t t in g  te s t-p la te s  in  p la c e s  8, 9 
a n d  io  a n d  m a k in g  a n o th e r  d a r k  s lu ice  in  p la ce s  11 a n d  12. 
T h e  c o n ta in e r  w as c o v e red  w ith  a  g lass p la te  o f  w h ic h  o n e  h a l f  
w as c o a te d  w ith  b la c k  p a in t .  I  d id  n o t  s h u t th e  lo n g  n a r ro w  
a p e r tu re s  in  th e  s id ew alls  o f  th e  c o n ta in e r  (cf. fig. 19), b u t  I 
c o n s tru c te d  slu ices o f  z in c  in  th e m , so t h a t  n o  l ig h tra y s  co u ld  
p e n e tr a te  in to  th e  in s id e  o f  th e  c o n ta in e r  th r o u g h  th ese  a p e r tu re s  
w h ile  th e  la rv a e -b e a r in g  w a te r  c o u ld  flow  in  free ly  th ro u g h  
th e m .

I n  th is  w a y  th e  c o n ta in e r  w as d iv id e d  in  tw o  c o m p a r tm e n ts  
w ith  te s t-p la te s . I n  o n e  c o m p a r tm e n t  th e  l ig h t  c o u ld  e n te r  
f re e ly  a n d  in  th e  o th e r  c o m p le te  d a rk n e ss  p re v a ile d , w h ile  th e  
la rv a e -b e a r in g  w a te r  c o u ld  e n te r  b o th  c o m p a r tm e n ts  e q u a lly  
w ell. M o re o v e r  I  r e g u la r ly  in te r c h a n g e d  th e  p la ce s  o f  th e  d a rk  
a n d  th e  l ig h t  c o m p a r tm e n t  in  th e  c o n ta in e r .  T o  th is  e n d  th e  
p la te s  o f  th e  slu ices a n d  th e  c o v e r in g  g lass p la te  w e re  m a d e  to  
f i t  in  b ra ss  ra ils , so t h a t  th e y  c o u ld  eas ily  b e  e x c h a n g e d . T h e  
resu lts  o b ta in e d  w ith  th is  a p p a r a tu s  a re  th e  fo llo w in g :

Series L . I L . I I L. I I I L . Av D. I D. II D . I I I D. Av.

2 V I I -  8 V I I  1939 38 2 1 22 27 43 13 16 24
i l  V I I - 14 V I I  1939 9 18 22 16 17 H IO H
14 V I I —20 ~V I I  1939 79 46 37 54 47 30 39 39
20 M I - 2 6  V I I  1939 36 20 r 5 24 29 16 22 22
26 V I I -  4  V I I I  1939 60 47 31 46 34 43 5 6 44

4 V I I I - 1 0  V I I I  1939 3 0 27 22 26 6.5 26 16 36
io  V I I I - 1 6  V I I I  1939 19 13 38 2 3 26 19 16 20
16 V I I I - 2 2  V I I I  1939 3 1 2 9 32 31 49 38 28 38

T o ta l 302 221 219 247 310 >99 203 237

N o  m o re  s p a t  w as  c a u g h t  in  th e  d a r k  c o m p a r tm e n t  th a n  in  
th e  lig h t c o m p a r tm e n t .  So f a r  m y  f ie ld -o b se rv a tio n s  h a v e  n o t 
d e m o n s tr a te d  t h a t  l ig h t  p la y s  a n  im p o r ta n t  p a r t  in  th e  se ttin g  
p ro cess  o f  Ostrea edulis. T h is  is in  a g re e m e n t w ith  H o p k in s ’ 
fie ld -o b se rv a tio n s  o n  Ostrea lurida , b u t  n o t  w ith  th e  resu lts  
o b ta in e d  b y  C o l e  a n d  K n i g h t  J o n e s .

A lth o u g h  l ig h t  a p p e a r s  to  b e  n o  o r ie n t in g  fa c to r  in  th e  se ttin g  
b e h a v io u r  o f  Ostrea edulis u n d e r  fie ld  c o n d itio n s , i t  is n o t im ­
p o ss ib le  t h a t  l ig h t  in flu e n c e s  th e  s e ttin g  p rocess, in  cases w h en  
th e  in te n s ity  o f  th e  l ig h t  ex ceed s a  c e r ta in  d eg re e . T h e  w a te r  
i n  th e  O o s te rsc h e ld e  is r a th e r  tu r b id  a n d  a b o v e  th e  co n ta in e rs
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w e fin d  f ro m  2 to  6 m e tres  o f  w a te r ,  so t h a t  th e  in te n s ity  o f  
l ig h t  o n  th e  b o t to m , o n  w h ic h  t h e  c o n ta in e rs  a re  p la c e d , is n o t  
v e r y  g re a t.

C o l e  p la c e d  th e  p la tes  in  h is  ta n k s  a b o u t  o n e  m e tre  b e lo w  
th e  su rfa c e  a n d  as th e  w a te r  in  t h e  ta n k s  w as m o re o v e r  v e ry  
c le a r  a n d  c o m p le te ly  free f ro m  s i l t ,  h is p la te s  re c e iv e d  fa r  m o re  
l ig h t  th a n  H o p k i n s ’ a n d  m in e . T h is  p ro b le m  ca lls  fo r  f u r th e r  
e x p e r im e n ts  u n d e r  c o n tro lle d  la b o r a to r y  c o n d itio n s . Y o k o t a ’s 
l a b o ra to r y  e x p e r im e n ts  h a v e  n o t  y e t b e e n  c a r r ie d  o u t  o n  th e  
l a rv a  o f  Ostrea edulis.

S u m m a r iz in g ,  I  co n c lu d e  th a t  l ig h t  e v id e n tly  does n o t  p la y  
a n y  p a r t  in  th e  se ttin g  p ro cess  o f  Ostrea edulis u n d e r  f ie ld -c o n d i-  
tio n s  in  th e  O o s te rsc h e ld e , b u t  t h a t  C o l e ’s e x p e r im e n ts  in  ta n k s  
p o in t  to  th e  p o ss ib ility  t h a t  o y s te r la rv a e  te n d  to  se lec t sh a d y  
s itu a tio n s  fo r  a t ta c h m e n t ,  -when t h e  in te n s ity  o f  th e  l ig h t  o r th e  
d if fe re n c e  b e tw e e n  “ lig h t”  a n d  “ d a r k ”  is g r e a t  e n o u g h . I t  is 
d o u b tfu l ,  h o w e v e r, w h e th e r  th is  in f lu e n c e  is g r e a t  e n o u g h  to  
p la y  a n y  p a r t  in  se ttin g  u n d e r  f ie ld -c o n d itio n s , e sp ec ia lly  
w h e n  th e  w a te r  is r a th e r  tu r b id  a n d  th e  r a n g e  o f  th e  t id e  is 
g r e a t ,  as is th e  case in  th e  O o s te rsc h e ld e . I t  is n o t  p r o b a b le  th a t  
l ig h t-p e rc e p t io n  b y  th e  p ig m e n t- s p o t is in d is p e n s ib le  in  th e  s e ttin g  
p ro ce ss  o f  Ostrea edulis.

T h e  c o m p a r is o n  o f  th e  sp a tfa ll  d u r in g  d a y  a n d  n ig h t  is closely  
b o u n d  u p  w ith  th e  p ro b le m  o f  th e  in f lu e n c e  o f  l ig h t  o n  th e  s e ttin g  
p ro ce ss .

I f  N e l s o n ’s h y p o th e s is  (1926) o f  a  s t im u la te d  s w im m in g  a c t iv ­
i ty  in  th e  p re se n c e  o f  l ig h t  is c o r re c t ,  w e  m a y  e x p e c t a  g r e a te r  
in te n s i ty  o f  s e ttin g  d u r in g  d a rk n e s s  th a n  in  d a y l ig h t.  N e l s o n  
d id  n o t  in v e s tig a te  th is  m a t te r ,  h o w ev e r. H o p k i n s  (1937) 
d e m o n s tr a te d  t h a t  th e  s e ttin g  o f  Ostrea lurida  o f te n  p ro c e e d s  
e q u a l ly  w e ll a t  n ig h t  as d u r in g  th e  d a y . C o l e  a n d  K n i g h t  
J o n e s  (1939) c o m p a re d  th e  s e tt in g  in  ta n k s  d u r in g  7 h o u rs  o f  
d a rk n e ss  w ith  t h a t  o b ta in e d  d u r in g  a  p e r io d  o f  d a y l ig h t  o f  th e  
s a m e  le n g th .  T h e i r  f igu res  sh o w  a  m a rk e d  te n d e n c y  o f  th e  la rv a e  
to  a t t a c h  th e m se lv e s  d u r in g  d a y l ig h t  h o u rs , fo r  th e  a v e ra g e  
n u m b e r  o f  la rv a e  s e ttin g  p e r  d a y l ig h t  p e r io d  w as a b o u t  th re e  
tim e s  t h a t  w h ic h  se t d u r in g  a  p e r io d  o f  d a rk n e ss  o f  th e  sa m e  
le n g th .  T h e y  d o  n o t  e x p la in  h o w  th is  p h e n o m e n o n  is to  b e  r e c o n ­
c ile d  to  th e i r  co n c lu s io n  th a t  th e  la rv a e  o f  Ostrea edulis te n d  
to  se le c t s h a d y  s itu a tio n s  fo r a t ta c h m e n t .  Is i t  p e r h a p s  th e

13
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c o n tra s t  b e tw e e n  l ig h t  a n d  d ark n e ss  t h a t  c re a te s  fa v o u ra b le  
s e tt in g  c o n d itio n s?  O r  is i t  p o ss ib le  to  in te r p r e t  th e  se le c tio n  
o f  s h a d y  p la c e s  in  th e  ta n k s  a s  a  te n d e n c y  to  a v o id  to o  in te n se  
a n  i l lu m in a t io n  a n d  c a n  th e  d iffe re n c e  i n  s e ttin g  d u r in g  n ig h t 
a n d  d a y  b e  c o r re la te d  w ith  d iffe ren ce s  i n  th e  sw im m in g  b e h a ­
v io u r  o f  th e  m a tu r e  la rv a e ?

I  p la c e d  3 , so m e tim es  6 p la te s  in  a  c o n ta in e r  a t  th e  s ta tio n  
Y e rsc h e  B a n k  d u r in g  d a r k  n ig h t-h o u r s .  A s I  k n e w  b e fo re h a n d  
t h a t  th e  s e tt in g  is n o t  in te n s e  e n o u g h  to  o b ta in  a n  a d e q u a te  
n u m b e r  o f  s p a t  in  o n e  n ig h t,  I  p la c e d  th e  p la te s  in  a  z in c  c o n ta in ­
e r  f ille d  w ith  f il te re d  s e a -w a te r  d u r in g  th e  d a y  a n d  p u t  th e  
p la te s  b a c k  in  th e  c o n c re te  c o n ta in e r  o n  th e  s e a -b o tto m  fo r  th e  
n e x t  n ig h t.  T h u s  th e  p la te s  w e re  ex p o sed  fo r  th r e e  c o n sec u tiv e  
n ig h ts . I  p la c e d  th e  d a y l ig h t s e t  in  th e  s a m e  c o n ta in e r  a t  th e  sam e 
s ta t io n  fo r  a  p e r io d  o f  th e  s a m e  le n g th . T o  e l im in a te  th e  in f lu ­
e n c e  o f  th e  t id a l  cycle  o n  t h e  in te n s ity  o f  s e ttin g , I  p la c e d  th e  
d a y l ig h t  se t in  th e  c o n ta in e r  d u r in g  e x a c tly  th e  sa m e  p a r t  o f  th e  
t id a l  cy c le  as th e  n ig h t set. S o m e  series c a u g h t  to o  l i t t le  sp a t.  O n e  
o f  th e  series (i.e . 8 V I I I - n  V I I I  1938) c a u g h t  a  g r e a t  n u m b e r  
o f  s p a t ,  as i t  h a d  b e e n  e x p o se d  d u r in g  th e  m o s t f a v o u ra b le  p a r t  
o f  th e  s e tt in g  se aso n  a n d  as o n  th a t  o c c a s io n  I  u se d  a  c o n ta in e r  
in  w h ic h  th e  p la te s  w e re  h e ld  in  a  h o r iz o n ta l  p o s itio n .

Exposure Spatfall

Period
N ight-Set

D aylight-
S et N ight-Set Av. D aylight-set Av.

8 V III-1 1  V I I I  1938 20.30-5.30 8.30-17.30 82-61-75
60-78-68

71 200-362-356
332-362-304

320

i l  V II-1 4  V II  1939 22.00-5.00 10.00-17.00 1-2-3 2 3-4-2 3

16 V II I -1 9  V I I I  1939 21.00-6.00 9.00-18.00 5- 4 -4
0-7—

4 18-18-5
I5- I 7-2

12

T h e  a b o v e  re su lts  se em  t o  c o n firm  th e  c o n c lu s io n  o f  C o l e  
a n d  K n i g h t  J o n e s  t h a t  th e  s e t t in g  o f  Ostrea edulis is m o re  in te n s e  
d u r in g  d a y l ig h t  th a n  d u r in g  th e  n ig h t.

I  c a n n o t  y e t  g iv e  a n y  p la u s ib le  e x p la n a t io n  o f  th is  p h e ­
n o m e n o n . I  h a v e  n e v e r  o b se rv e d  a  m a rk e d  d if fe re n c e  in  th e  
v e r t ic a l  d is t r ib u t io n  o f  fu ll-g ro w n  la rv a e  d u r in g  n ig h t  a n d  d a y
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(fig. 11). O th e r  c o n d itio n s , su c h  as c u r re n t-v e lo c ity , s a lin ity  
a n d  w a te r - te m p e ra tu re ,  a r e  p r a c t ic a l ly  th e  sa m e  d u r in g  n ig h t 
a n d  d a y . O n ly  th e  fa c to r  i l lu m in a t io n  d iffe rs. H o w e v e r , I  d id  
n o t  c a tc h  m o re  s p a t  in  th e  l ig h t  t h a n  in  th e  d a r k  c o m p a r tm e n t  o f  
th e  a p p a r a tu s  w ith  w h ic h  I  in v e s t ig a te d  th e  in f lu e n c e  o f  l ig h t  
o n  th e  s e ttin g  p rocess . T h is  a p p a r a tu s  w as  p la c e d  a t  th e  sa m e  
s ta t io n  a n d  a t  a n  e q u a l d e p th  as th e  c o n ta in e r  w ith  th e  p la te s  
in  th e  e x p e r im e n ts  d e s c r ib e d  a b o v e .

C o n s e q u e n tly  I  d o  n o t  y e t  see h o w  th e  d if fe re n c e  in  i l lu m in a t io n  
c a n  b r in g  a b o u t  a  d if fe re n c e  in  s e t t in g  b e tw e e n  n ig h t  a n d  d ay .

I  h a v e  r e m a rk e d  in  a  p r e c e d in g  s e c tio n  th a t  fu ll-g ro w n  la rv a e  
so m etim es  se e m  to  sh o w  a  s l ig h t  d if fe re n c e  in  th e ir  v e r tic a l 
d is tr ib u t io n  d u r in g  n ig h t  a n d  d a y  (fig . 11), -but th a t  th e  n u m b e rs  
o f  m a tu re  la r v a e  I  c o u n te d  in  m y  sa m p le s  w e re  to o  sm a ll to  base  
c o n c lu s io n s  o n . P e rh a p s  i t  is th is  fa c to r  t h a t  h o ld s  th e  k e y  to  
th e  p ro b le m .

C o l e  a n d  K n i g h t  J o n e s  su p p o se  t h a t  th e  d if fe re n c e  b e tw e e n  
th e  se ttin g  in te n s i ty  d u r in g  n ig h t  a n d  d a y  is p o ss ib ly  d u e  to  a  
d e c re a se  in  th e  sw im m in g  a c tiv itie s  o f  th e  la rv a e  a t  n ig h t ,  
re s u lt in g  in  a  g e n e ra l  s in k in g  to w a rd s  th e  b o t to m  (w h ic h  h a s  
n o t  b e e n  o b se rv e d  b y  th e m , h o w e v e r) ,  b u t  m y  in v e s tig a tio n s  
c le a r ly  d e m o n s tr a te  t h a t  su c h  a  g e n e ra l  s in k in g  to w a rd s  th e  b o t­
to m  d u r in g  th e  n ig h t  m o s t c e r ta in ly  d o es  n o t  o c c u r  in  th e  O o s te r ­
sc h e ld e  (fig . l í ,  12).

X X V III . T H E  IN F L U E N C E  O F  D IR E C T IO N  A N D  V E L O C IT Y  OF 
T H E  C U R R E N T S  O N  T H E  S E T T IN G  PR O C E SS

W e c a n  d is t in g u ish  a  f a v o u ra b le  a n d  a n  u n fa v o u ra b le  in flu e n c e  
o f  th e  c u r re n ts  o n  th e  s e t t in g  p rocess . I n  th e  f irs t ca se  w e  w ill 
co n s id e r  h o w  th e  c u r re n ts  c o n tin u o u s ly  su p p ly  fu ll-g ro w n  la rv a e  
to  th e  p la c e s  w h e re  th e  c o lle c to rs  h a v e  b e e n  p la n te d .  T h e  la rv a e -  
b e a r in g  w a te r  flow s a lo n g  a n d  th ro u g h  th e  m asses  o f  c u ltc h  
m a te r ia l  a n d  p ro v id e s  th e m  w ith  th e  r e q u ir e d  la rv a e . O n ly  w h e n  
th e  c u ltc h  h a s  b e e n  p la n te d  in  to o  c o m p a c t m asses , w e  sh a ll 
o b se rv e  t h a t  th e  su p p ly  o f  la rv a e  h a s  b e e n  sm a lle r  in  th e  c e n tre  
o f  th e  m asses  t h a n  in  th e  o u te r  zo n es. T h u s  i t  h a s  o ften  b ee n  
s ta te d  t h a t  as a  r u le  less s p a t  is fo u n d  p e r  sh e ll in  th e  c e n tr e  o f  th e  
w ire  b a g s  f ille d  w ith  sh e lls , w h ic h  a re  in  u se  in  A m e r ic a  1).

1) T he sam e experience has been gained in  the Oosterschelde w ith  wire- 
covered trays filled w ith  shells.
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B o n n o t  (1937 b ) a iso  m e n tio n s  a  less in te n se  se ttin g  o f  Ostrea 
lurida  in  th e  c e n tre  o f  h is  b a t te r ie s  o f  w o o d e n  co llec to rs , w h ich  
re se m b le  th e  “ p la te a u x  c o l le c te u rs ”  o f  th e  F re n c h  o y s te rm en . 
I t  is a n  im p o r ta n t  p ro b le m  i n  th e  p r o d u c t io n  o f  seed -oyste rs  
to  f in d  a d e q u a te  m e th o d s  to  u ti l iz e  th e  n a tu r a l  s u p p ly  o f  la rv a e  
to  th e  b e s t a d v a n ta g e .  T h e  sa m e  q u a n t i ty  o f  c u ltc h  c a n  be 
su p p lie d  in  d if fe re n t w ay s . T h e  b e s t m e th o d  is t h a t  w h ic h  m akes 
i t  easy  fo r th e  la rv a e  to  re a c h  th e  su rfaces. I t  h a s  b e e n  d iscussed  
in  a  p re c e d in g  se c tio n  th a t  m a n y  c o llec to rs  m a y  b e  p la n te d  
successfu lly  in  o n e  p la c e , o w in g  to  th e  e n o rm o u s  d iffe ren ce  
b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  th e  n u m b e r  o f  
successfu l sp a t.  A c c u m u la tio n  o f  co llec to rs  m a y  y ie ld  g o o d  resu lts , 
p ro v id e d  th e  la rv a e -b e a r in g  w a te r  c a n  flow  fre e ly  th r o u g h  th e  
c u l tc h  m asses. G e n e ra lly  sp e a k in g , w e  m a y  say  th a t  th e  m o re  
eas ily  th e  la rv a e  c a n  r e a c h  th e  su rfa ce , th e  m o re  s p a t  w ill b e  
c a u g h t. T h u s  C o e  a n d  A l l a n  (1937) te ll u s t h a t  m o re  s p a t  o f 
Ostrea lurida se ttle d  o n  th e  o u te r  su rfaces o f  th e ir  e x p e r im e n ta l 
co llec to rs  th a n  o n  th e  o th e r  su rfaces.

H o p k in s  (1935 , 1937) p la c e d  glass p la te s  p a ra l le l  a n d  p e r p e n ­
d ic u la r  to  th e  d ir e c tio n  o f  th e  flow  o f  th e  t id e . T h e  p la te s  w ere  
p la c e d  e i th e r  v e r tic a lly  o r  a t  a n  a n g le  o f  45°. I n  e i th e r  case th e  p la te s  
t h a t  h a d  b e e n  ex p o sed  p a r a l le l  to  th e  c u r r e n t  d e f in ite ly  c a u g h t 
m o re  s p a t  ( Ostrea lurida) , p re s u m a b ly  b e c a u s e  m o re  la rv a e -  
b e a r in g  w a te r  com es in to  c o n ta c t  w i th  th e  su rfaces  o f  th ese  
p la te s . H o p k in s ’ co n c lu s io n  t h a t  s e ttin g  m a y  b e  p ro p o r t io n a l  to  
th e  r a te  o f  c u r r e n t  is n o t  ju s t if ia b le ,  h o w e v e r, fo r  th e  c u rre n ts  
m a y  ju s t  as w ell h a v e  a n  u n f a v o u r a b le  in f lu e n c e  o n  th e  se ttin g , 
e sp e c ia lly  w h e n  th e  c u r r e n t  is s tro n g , as w ill b e  d iscussed  below .

S c h a e f e r  ( 1 9 3 7 )  o b t a i n e d  t h e  s a m e  r e s u l t s  w i t h  Ostrea gigas, 
u s i n g  t h e  s a m e  d e v ic e  a s  H o p k i n s .

I n d e p e n d e n tly  o f  th e se  e x p e r im e n ts  I  t r ie d  to  f in d  o u t  w h e th e r  
th e  d ire c tio n  o f  th e  c u r r e n t  h a s  a n y  in f lu e n c e  o n  th e  s e ttin g  o f  
Ostrea edulis in  th e  O o s te rsc h e ld e . H e r e  i t  is im p o ss ib le  to  c a tc h  
a n  a d e q u a te  n u m b e r  o f  s p a t  d u r in g  th e  s h o r t  p e r io d  o f  flood  
o r  e b b . I  c o n s tru c te d  a n  a p p a r a tu s  t h a t  h o ld s  th e  p la te s  in  th e  
d e s ire d  p o s itio n  fo r se v e ra l d a y s . A n  iro n  ax is w as e re c te d  on  
a  so lid  fo o t o f r e in fo rc e d  c o n c re te , w h ic h  c o u ld  b e  p la c e d  o n  th e  
s e a -b o tto m  (fig. 23 ). A  s t r u c tu re  o f  w o o d  a n d  iro n ,  p ro v id e d  
w ith  a  z in c  r u d d e r ,  c o u ld  re v o lv e  fre e ly  r o u n d  th e  ax is. B rass 
f ra m e s  w ere  a t ta c h e d  v e r t ic a l ly  to  th is  c o n s tru c tio n , e i th e r  
p a r a l le l  w ith  th e  r u d d e r  o r p e r p e n d ic u la r  to  it .  I n  th e se  fram es
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th e  c o a te d  g la ss  p la te s  w ere  h e ld . A  ro p e  a n d  a  b u o y  w e re  a t t a c h ­
e d  to  th e  i r o n  r in g  a t  th e  to p  o f  th e  ax is in  o r d e r  to  m a k e  i t  
p o ss ib le  to  f in d  b a c k  th e  a p p a r a tu s  in  th e  field .

T h e  re su lts  o b ta in e d  w ith  t h i s  a p p a r a tu s  a re  th e  fo llo w in g :

P a ra lle to the Perpendicular to
c u rren t the curren t

5 V I I I - i  i V I I I  1938 40 j 17 36 4° m 16 23 22
I I  V III-2 3  V I I I  1938 21 ! 20 30 *3 18 11 I I

O th e r  se ries c a u g h t  less sp a t.
A lth o u g h  th e se  n u m b e rs  a re  n o t  v e ry  g re a t ,  w h ic h  is m a in ly  

d u e  to  in f lu e n c e  o f  th e  an g le  o f  su rfa ce  (v e r tic a l p la te s  c a tc h  
f a r  less s p a t  t h a n  th o se  h e ld  a t  o th e r  a n g le s ) , th e y  suffice to  
sh o w  t h a t  th e  p la te s  p la c e d  p a r a l le l  to  th e  d ir e c tio n  o f  th e  
c u r r e n t  c a tc h  m o r e  s p a t  th a n  th o s e  p e r p e n d ic u la r  to  th e  tid e . 
T h is  is in  a c c o rd a n c e  w ith  th e  re su lts  o b ta in e d  b y  H o p k in s  
a n d  S c h a e f e r  w ith  o th e r  k in d s  o f  oysters.

H o w e v e r , th e  c u r re n ts  m a y  a lso  h a v e  a n  u n fa v o u ra b le  in f lu e n c e  
o n  th e  s e tt in g  process. Y o k o t a  ( 1 9 3 6 )  o b se rv e d  th e  s e ttin g  
b e h a v io u r  o f  Ostrea gigas in  v i t r o .  W h e n  b y  m e a n s  o f  a  sy rin g e  
h e  p r o d u c e d  c u r re n ts  in  h is  vessel, th e  m a tu r e  la rv a e  o ften  a p p e a r ­
e d  to  b e  a b le  to  c o n tin u e  c ra w l in g  o n  th e  s u b s t ra tu m , as th e  
b o d y  w as  s u p p o r te d  b y  b y ssu s - th re a d s . W h e n  th e  c u r r e n t  w as 
s t r e n g th e n e d ,  th e  byssus s n a p p e d  off, h o w ev e r. T h e n  th e  m a tu r e  
la r v a  c o u ld  o n ly  s ta r t  c ra w lin g  a g a in  a f te r  th e  c u r re n t-v e lo c ity  
h a d  b e e n  su ff ic ie n tly  d ec re a se d . F r o m  th is  w e see th a t  w h e n  th e  
c u r r e n t  is to o  s tro n g  th e  la rv a e  a r e  w a sh e d  o ff  f ro m  th e  s u b s t ra ­
t u m  a n d  th a t  a t ta c h m e n t  w ill b e  im p o ss ib le  fo r  th e  g r e a te r  p a r t  
o f  th e  t id a l  cy c le  in  p la ce s  w h e re  s tro n g  c u r re n ts  p re v a il.

N e l s o n ’s v ie w  ( 1 9 2 1 ) ,  th o u g h  n o t  b a se d  o n  su c h  e x p e r im e n ts , 
is in  a c c o rd a n c e  w ith  th e  o b se rv a tio n s  o f  Y o k o t a . N e l s o n  
s ta te s  t h a t  th e  s e t t in g  p ro cess  o f  Ostrea virginica “ c a n n o t  b e  
c a r r ie d  o u t  su ccessfu lly  e x c e p t in  re la tiv e ly  q u ie t  w a te r ,  h e n c e  in  
p la c e s  w h e re  sw ift c u r re n ts  p re v a il ,  th e  la rv a e  a t ta c h  d u r in g  th e  
p e r io d  o f  s la ck  w a te r  b e tw e e n  tid e s , o r  th e y  c re e p  in  b e tw e e n  
sh e lls  o r  o th e r  o b je c ts , w h e re  th e  c u r r e n t  is p ra c t ic a l ly  n i l .”

P r y t h e r c h ’s o b s e r v a t i o n  ( 1 9 2 9 )  t h a t  t h e  l a r v a e  o f  Ostrea 
virginica m a i n l y  a t t a c h  t h e m s e lv e s  t o  t h e  l e e w a r d  s id e s  o f  t h e  
c o l l e c t o r s  a l s o  a c c o r d s  w i t h  t h e s e  d a t a .
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F ig u re  23. A p p a ra tu s  fo r in v es tig a tin g  th e  in fluence o f  th e  c u rre n t 
o n  th e  se ttin g  process. (P h o to  H a v in g a).

I n  in v e s tig a tin g  th is  m a t te r  I  u se d  th e  a p p a r a tu s  d e sc r ib e d  
a b o v e  (fig . 23 ). I  c h a n g e d , h o w e v e r, th e  p o s it io n  o f  th e  b rass  
fra m es . A il th e  f ra m e s  w e re  p la c e d  h o r iz o n ta lly . F o u r  o f  th e  
e ig h t  f ra m e s  w e re  sh e lte re d  f ro m  th e  c u r r e n t  in  f ro n t  a n d  a t  
th e  sides w i th  z in c  sc re en s . T h e  o th e r  fram es r e m a in e d  ex p o sed  
to  th e  c u r re n ts  a s  fu lly  as p o ssib le .

F o r  th e  re su lts  o b ta in e d  w ith  th is  a p p a ra tu s  see p a g e  199 to p .
T h e  fu lly  ex p o sed  p la te s  a p p a r e n t ly  c a u g h t less s p a t  (16 p e r
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P eriod
Sm all
she lte r

L arg e
sh e lte r Fu lly exposed

5 V I I - u  V I I  1939 18 29 43 37 11 H 9 6
11 V I I - 1 7  V I I  1939 55 61 81 73 19 19 16 IO
17 V I 1-23 V I I  1939 - 13 38 36 19 - 6 9
2 3 V I I - 2 9  V I I 1939 19 - J 9 3« 7 18 8  i
2Q V I I -  7 V I I I  1939 27 - 60 22 H 17 9 -

7 V I I I - 1 3  V I I I  1939 18 I 3 *9 - 18 12 6 -
13 V I I I - 1 9  V I I I  1939 28 33 69 75 29 21 34 -
19 V I I I - 2 5  V I I I  1939 60 — 48 36 43 42 21 -

O n  a n  av erag e 31 45 16

p la te  o n  a n  a v e ra g e )  t h a n  th e  s h e l te re d  ones (31 a n d  45  p e r  
p la te  o n  a n  a v e ra g e ) . T h e  p la te s  t h a t  w e re  ex p o sed  b e h in d  th e  
la rg e r  sh e lte rs  sh o w e d  a n  e q u a l  d is t r ib u t io n  o f  th e  s p a t  o v e r th e ir  
e n t i r e  su rface . T h e  m a jo r i ty  o f  th e  s p a t  o n  th e  p la te s  b e h in d  th e  
s m a lle r  sh e lte rs , h o w e v e r, a p p e a r e d  to  h a v e  c o n g re g a te d  o n  
t h a t  side  o f  th e  p la te  t h a t  h a d  b e e n  close to  th e  z in c  sh e lte r. 
T h e  side  f a r th e s t  a w a y  f ro m  th e  sc re e n  w as a p p a r e n t ly  n o t  
su ffic ie n tly  sh e lte re d , w h ic h  a c c o u n ts  fo r  th e  s m a lle r  n u m b e r  o f 
s p a t  o n  th e se  p la te s .

T h e  c u rre n t-v e lo c ity  a t  th e  s ta t io n  w h e re  I  p la c e d  th is 
a p p a r a tu s  a m o u n ts  f ro m  30 to  5 0  cm /se c . fo r th e  g r e a te r  p a r t  
o f  th e  t id a l  cycle .

M y  d a ta  c le a rly  in d ic a te  t h a t  in  th e  O o s te rsc h e ld e  th e  s p a t­
fa ll is m o re  in te n se  in  sh e lte re d  p la c e s . I  d a r e  n o t  d e c id e  w h e th e r  
a l l  th e  s p a t  o n  th e  fu lly  e x p o se d  p la te s  a t ta c h e d  d u r in g  o r  a b o u t  
s la ck  w a te r ,  b u t  I  a m  in c l in e d  to  th in k  so.

F r o m  th e  fo re g o in g  I  c o n c lu d e  t h a t  s tro n g  c u r re n ts  h in d e r  
th e  sp a tfa ll c o n s id e ra b ly , b e c a u s e  th e  la rv a e  a re  w a s h e d  o ff 
f ro m  th e  s u b s t r a tu m  b y  th e m . I n  p la c e s  w h e re  th e  tid e  is r a th e r  
sw ift, a t ta c h m e n t  is p r o b a b ly  o n ly  p o ss ib le  d u r in g  s la ck  w a te r  
a n d  d u r in g  th e  t id e  o n ly  in  th o se  p a r ts  o f  th e  c o llec to rs  t h a t  a re  
su ffic ie n tly  sh e lte re d  f ro m  th e  c u rre n ts .

I f  th e  c u r re n ts  a r e  s lo w  th e i r  f a v o u ra b le  e ffec t (i.e . th e  c o n t in ­
u a l  su p p ly  o f  la rv a e )  w ill p re p o n d e ra te ,  b u t  i f  th e  c u r re n ts  
a r e  s tro n g , th e  u n fa v o u ra b le  effec t (i.e . th e  w a s h in g  o f f  f ro m  
th e  su b s tra tu m )  w ill b e c o m e  o p e ra tiv e . H o p k i n s ’ a s su m p tio n  th a t  
s e tt in g  m a y  b e  p ro p o r t io n a l  to  th e  r a te  o f  c u r r e n t  o n ly  h o ld s 
g o o d  in  th e  case o f  slow  c u rre n ts .



2 0 0 P . K O R R IN G A

X X IX . T H E  SPA TFA LL IN  T H E  C O U R S E  O F  T H E  T ID A L  CYCLE

T h e  d is t r ib u t io n  o f  th e  s p a tfa l l  o v e r  th e  d if fe re n t stages o f  
th e  tid a l  cy c le  h a s  n o t  o f te n  b e e n  th o r o u g h ly  in v e s tig a te d .

I n  a  p re c e d in g  sec tio n  I  h a v e  re la te d  a l r e a d y  h o w  P r y t h e r c h  
(1929) fo u n d  t h a t  in  th e  L o n g  I s la n d  S o u n d  th e  s e ttin g  o f  Ostrea 
virginica o ccu rs  m a in ly  r o u n d a b o u t  lo w  slack  w a te r  a n d  d u r in g  
th e  e a r ly  flow  (fig. 20). P r y t h e r c h  s ta te s  th a t  th e  se ttin g  
g ra d u a l ly  b ec o m e s less in te n s iv e  as th e  v e lo c ity  o f  th e  c u r re n ts  
in c re ase s  a n d  f in a lly  ceases a l to g e th e r  o n  th e  c u r r e n t  a t ta in in g  
a  v e lo c ity  o f  io  cm /sec . A s I  h a v e  s ta te d  a b o v e  (fig. 20) i t  is 
m y  o p in io n  t h a t  th e  m a in  f a c to r  c a u s in g  a  c o n c e n tra t io n  o f  the  
sp a tfa ll d u r in g  lo w  slack  w a te r  in  th e  L o n g  I s la n d  S o u n d  is th e  
v a r ia t io n  in  th e  n u m b e r  o f  la r v a e  p e r  u n i t  o f  w a te r  d u r in g  th e  
t id a l  cycle . I t  is m y  b e lie f  t h a t  o th e r  fa c to rs , su c h  as th e  c o p p e r-  
c o n te n t  o f  th e  w a te r  a n d  th e  c u rre n t-v e lo c ity , ex e rc ise d  less in ­
f lu e n c e  o n  th e  in te n s ity  o f  s e t t in g  in  th is  p a r t i c u la r  case .

H o p k in s  (1937) a s c e r ta in e d  in  se v e ra l s ta tio n s  in  th e  P u g e t 
S o u n d  th e  n u m b e r  o f  sp a t o f  Ostrea lurida , c a u g h t  h o u r ly  p e r  
u n i t  o f  c u ltc h . H e  u sed  b a t te r ie s  o f  g lass p la te s  s u p p o r te d  in  
w ire  fra m es . H e  in v a r ia b ly  f o u n d  th a t  th e  le a s t s p a t  w as c a u g h t 
a t  low  tid e , w h e n  th e  d ikes a r e  ex p o sed  a n d  th e  w a te r - te m p e ra ­
tu r e  is h ig h . T h e  m a x im a  o f  s e t t in g  in  d if fe re n t s ta tio n s  d id  n o t 
a lw a y s  o c c u r  a t  c o r re s p o n d in g  stages o f  th e  tid e . H o p k in s  tr ie d  
to  e s tab lish  a  c o r re la t io n  b e tw e e n  th e  in te n s ity  o f  s e t t in g  a n d  
v a r ia t io n s  in  fac to rs , su ch  as th e  r a te  o f  c u r re n t ,  te m p e r a tu re ,  
s a lin ity  a n d  p H . H e  c o n c lu d e d  th a t  in  so m e cases th e re  se em e d  
to  b e  a  c o r re la t io n  b e tw e e n  th e  r a te  o f  c u r r e n t  a n d  th e  f re q u e n c y  
o f  se ttin g . H o p k in s  n e g le c te d ,  h o w e v e r, th e  m o s t im p o r ta n t  
f a c to r ,  i.e . th e  v a r ia t io n  in  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  
p e r  u n i t  o f  w a te r !

H o p k in s  w rite s  th a t :  “ C h a n c e  is a  la rg e  fa c to r  in  d e te rm in in g  
w h e th e r  th e  w a te r  in  th e  p a r t i c u la r  p la c e  h a p p e n s  to  c o n ta in  
la rv a e .  F o r  th is  re a so n  th e  e r r o r  in v o lv e d  in  th e  te sts  is c o n s id e r­
a b le .”

I  t r ie d  to  a s c e r ta in  th e  in te n s i ty  o f  se ttin g  in  th e  co u rse  o f 
th e  tid a l cyc le  in  th e  O o s te rsc h e ld e . I  k n e w  b e fo re h a n d  th a t  
i t  is im p o ss ib le  h e re  to  o b ta in  a d e q u a te  n u m b e rs  o f  s p a t  o n  
p la te s  ex p o sed  d u r in g  o n e  h o u r .  E v e n  i f  w e d iv id e  th e  tid a l 
cy c le  in  fo u r  sec tio n s: h ig h  w a te r ,  e b b , lo w  w a te r  a n d  flow ,
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e a c h  o f  th r e e  h o u r s ’ d u ra t io n ,  a d e q u a t e  n u m b e rs  o f  s p a t  c a n  
o n ly  b e  c a u g h t  w h e n  th e  sp a tfa ll  is e x c e p t io n a l ly  in te n se . U n d e r  
n o rm a l c o n d it io n s  a  th re e  h o u r s ’ p e r io d  o f  e x p o su re  is to o  sh o r t. 
T h e re fo re  I  p la c e d  th e  p la te s  d u r in g  th r e e  h o u rs  in  th e  c o n ta in e rs  
o n  th e  s e a -b o t to m , re p la c e d  th e m  b y  a n  o th e r  se t o f  p la te s  
d u r in g  th e  n e x t  s e c tio n  o f th e  tid e  a n d  p u t  th e  re m o v e d  p la te s  
te m p o ra r i ly  in  a  z in c  c o n ta in e r ,  f i l le d  w ith  fre sh ly  f il te re d  se a ­
w a te r .  I n  th is  w a y  I  u sed  fo u r  se ts  o f  th r e e  p la te s . T h e  firs t 
th re e  p la te s  w e re  p u t  b a c k  in  th e  c o n ta in e r  w h e n  th e  th re e  
o th e r  sets h a d  h a d  th e ir  tu r n .  I  c o n t in u e d  e x c h a n g in g  th e  
p la te s  d u r in g  3 X  2 4  h o u rs . A s th e  e x c h a n g in g  o f  th e  p la te s  
d u r in g  n ig h t  a n d  n o t  in f re q u e n t ly  u n d e r  u n fa v o u ra b le  w e a th e r -  
co n d itio n s  is b y  n o  m e a n s  a  s in e c u re , i t  w as n o t  ea sy  to  o b ta in  
m a n y  o f  su c h  series. T h e  re su lts  w e re  r a th e r  d is a p p o in tin g .  T h e  
to ta l  n u m b e r  o f  s p a t  o n  a ll o f  th e  12 p la te s  w as in  m o s t  cases 
in s ig n if ic a n t, a l th o u g h  th e  n u m b e r  o f  s p a t  c a u g h t  b y  th e  p la te s  
o f  th e  n o rm a l  se ries , p la c e d  a t  th e  s a m e  s ta t io n  d u r in g  th e  sa m e  
th r e e  d a y s , w a s  r a th e r  c o n s id e ra b le . T h e  sa m e  p h e n o m e n o n , 
i.e . th e  d e c re a s e  in  th e  to ta l  n u m b e r  o f  s p a t  c a u g h t  a c c o rd in g  
as th e  p e r io d  u n d e r  c o n s id e ra t io n  is s u b d iv id e d  in  a n  in c re a s in g  
n u m  b e r  o f  s h o r te r  p e rio d s , h a s  b e e n  o b se rv e d  b y  H o p k i n s  (1 9 3 7 ). 
H o p k i n s  su g g ests  t h a t  “ th o se  la rv a e  w h ic h  h a d  n o t  c o m p le te d  
th e  s e ttin g  p ro ce ss  re le a se d  th e ir  h o ld  w h e n  th e  p la te s  w e re  
w ith d ra w n  f ro m  th e  w a te r ,  so t h a t  p o ss ib ly  o n ly  th o se  t h a t  b e g a n  
to  se t so o n  a f te r  th e  p la te s  w e re  im m e rs e d  w ere  a b le  to  a t ta c h  
p e r m a n e n t ly .”

I n  th e  c o u rse  o f  m y  in v e s tig a tio n s  th is  e x c h a n g in g  o f  p la te s  
d u r in g  3 X  24 h o u r s  h as  b e e n  c a r r ie d  o u t five tim e s , v iz . fo u r 
tim es  a t  th e  s ta t io n  Y e rsc h e  B a n k  a n d  o n ce  a t  th e  s ta t io n  K a t te n -  
d ijk e . O n ly  o n e  o f  th e se  five series c a u g h t  a  m o d e ra te  n u m b e r  
o f  s p a t ,  a l th o u g h  th e  to ta l  c a tc h  o f  th e  e n t ire  se t r e m a in e d  fa r  
b e lo w  th e  n u m b e r  o f  s p a t  c a u g h t  o n  th e  o rd in a ry  se ries o f  p la te s , 
w h ic h  r e m a in e d  c o n s ta n t ly  in  th e  w a te r  d u r in g  th o se  th r e e  d ay s . 
T h is  w as n o t  c a u s e d  b y  th e  d e a th  o f  th e  s p a t  d u r in g  th e  h o u rs  
s p e n t in  th e  z in c  c o n ta in e r ,  fo r  in  t h a t  case th e  e m p ty  shells o f  
th e  d e a d  s p a t  c o u ld  h a v e  b e e n  d e te c te d  o n  th e  p la te s . M o re o v e r  
I  o b ta in e d  e x c e l le n t re su lts  w ith  o th e r  series o f  p la te s  w h ic h  
a lso  r e m a in e d  in  th e  z in c  c o n ta in e r  fo r  a  c o n s id e ra b le  tim e . 
H o p k i n s ’ e x p la n a t io n  is p r o b a b ly  c o r re c t,  b u t  th e  p r o b le m  calls 
fo r f u r th e r  in v e s tig a tio n .

S eries ex p o se d  f ro m  14 to  17 J u ly  a t  th e  s ta t io n  Y e rsc h e  B a n k :
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P erio d  o f  exposure
N u m b e r  o f 
sp a t o n  th e  

p la tes

A v er­
age

L o w  w a te r ( i 4 h. befo re  L .W .- i  \  h .a f te r L .W .) 3 8 6 6
Flood ( i 4 h . a f te r  L .W .- i  £ h . before H .W .) 4  4  i 3

H ig h  w a te r ( 13- h . before  H .W .- i  \  h . a fte r H .W .) l6  O3 J Q

E b b ( i£  h . a f te r  H .W .- i£  h . before L .W .j 6 7 4 6

T h e se  resu lts  se em  to  in d ic a te  t h a t  a t  th e  s ta t io n  Y ersch e  
B a n k  th e  se ttin g  is m o s t in te n se  d u r in g  h ig h  w a te r .

I  h a v e  tr ie d  to  f in d  o th e r  m e th o d s  to  in v e s tig a te  th is  m a t te r ,  
as th e  e x c h a n g in g  o f  th e  p la te s  d u r in g  3 X  2 4  h o u rs  is n o  trifle  
a n d  as su ch  series o f  p la te s  o ften  b o re  l i t t le  sp a t. I n  o n e  o f  th e  
p re c e d in g  sec tio n s I  h a v e  sh o w n  th a t  th e  g r e a t  m a jo r i ty  o f  th e  
sp a t  o f  Ostrea edulis a t ta c h e s  w ith  th e  u m b o s  p o in t in g  in  a b o u t  
th e  sa m e  d ire c tio n , p ro v id e d  th e  s u b s t ra tu m  is n o t  h e ld  in  a  h o r i ­
z o n ta l  p o s itio n . A n  an a ly s is  o f  a n  a d e q u a te  n u m b e r  o f  s p a t  
en a b le s  us to  in fe r  w h ic h  s id e  o f  th e  co llec to rs  h a s  b e e n  u p p e r ­
m o s t a t  th e  tim e  o f  se ttin g .

I f  w e  im a g in e  a  c o lle c to r  t h a t  ch a n g e s  its  p o s it io n  in  th e  
c o u rse  o f  th e  t id a l  cy c le , so t h a t  i t  is n o t  a lw a y s  th e  sa m e  side 
o f  th e  c o lle c to r  t h a t  is u p p e rm o s t ,  w e m ig h t  b e  a b le  to  d e d u c e  
b y  a n a ly z in g  th e  o r ie n ta t io n  o f  th e  s p a t  w h ic h  s id e  o f  th e  
th e  c o lle c to r  h a s  b e e n  u p p e rm o s t  a t  th e  t im e  o f  th e  g re a te s t 
in te n s ity  o f  s e ttin g . A s, a la s , th e  u m b o s  o f  th e  s p a t  d o  n o t  a ll 
p o in t  p re c ise ly  in  th e  sa m e  d ire c tio n , w e sh a ll n e e d  a  fa ir ly  
g r e a t  n u m b e r  o f  sp a t,  i f  w e w a n t  to  u se  a  m e th o d  o f  a s c e r ta in in g  
th e  in te n s ity  o f  s e ttin g  in  th e  c o u rse  o f  th e  t id a l  cy c le , b a se d  
o n  th e  re v o lv in g  o f  co llec to rs .

I  c o n s tru c te d  a n  a p p a r a tu s  b a s e d  o n  th e  id e a  e x p la in e d  
a b o v e  (fig . 24 ). T h e  c e n tre  o f  i t  w as fo rm e d  b y  a  so lid  t im e ­
p ie c e  c a p a b le  o f  ru n n in g  fo r  se v e ra l d ay s . T h is  t im e -p ie c e  w as 
s h u t u p  in  a  w a te r - t ig h t  iro n  b o x , w h ic h  w as p la c e d  o n  a  so lid  
fo o t o f  re in fo rc e d  c o n c re te . O n ly  th e  ax is o f  th e  tim e -p ie c e  p r o t r u d ­
es f ro m  th e  i r o n  b o x  a t  a n  a n g le  o f  4 5 0 w ith  th e  h o r iz o n ta l  
su rface . A  se t o f  th r e e  c o a te d  p la te s  c o u ld  b e  a t ta c h e d  p e rp e n d ic -  
u iY  to  t îe  a x ŝ’ f ° r  w h ic h  p u rp o s e  th e  p la te s  h a d  b e e n  p ie rc e d  
in  th e  ce n tré : C o n s e q u e n tly  th e  p la te s  w e re  ex p o sed  a t  a n  a n g le  
o f  4 5 0 w ith  th'e h d r ^ o n t a l su rfa ce . T h is  a n g le  e n su re s  th e  m a x im a l
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F ig u re  24. T im e-p iece  a p p a ra tu s . (S ch em atic ).

o r ie n ta t io n  o f  th e  s p a t  a n d  a  fa r  b e t te r  sp a tfa ll t h a n  m a y  b e  
e x p e c te d  i f  th e  a n g le  is g r e a te r  (e .g . 9 0 o) .

A s th e  ax is c o m p le te s  o n e  re v o lu t io n  in  12 h . 25 m ., th e  p la te s  
t u r n  r o u n d  o n c e  d u r in g  e a c h  t id a l  cy c le . I f  w e p la c e  th e  p la te s  
o n  th e  a p p a r a tu s  w ith  o n e  p a r t i c u la r  s id e  u p p e rm o s t ,  w e  sh a ll 
f in d  th e  sa m e  sid e  u p p e rm o s t  w h e n  w e  r e tu r n  th e  n e x t  d a y  
o r  a f te r  som e d a y s  a t  th e  sa m e  s ta g e  o f  th e  t id a l  cy c le , le a v in g  
o u t  o f  a c c o u n t  th e  r a th e r  s lig h t d iffe ren ce s  b e tw e e n  th e  d u r a t io n  
o f  th e  a c tu a l  t id e  a n d  th e  a v e ra g e  d u r a t io n  o f  th e  t id a l  cyc le  
(i.e . 12 h . 25 m .) .  T h e  e n t ire  a p p a r a tu s  w as c o v e re d  w ith  w ire  
n e t t in g  to  k e e p  o f f  f lo a tin g  se a -w e ed .

T h o u g h  se v e ra l series c a u g h t  b u t  l i t t le  s p a t  a n d  so m e  series 
m is c a r r ie d  o n  a c c o u n t o f  th e  w a te r  t h a t  p e n e tr a te d  in to  th e  b o x
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th r o u g h  th e  p a c k in g  o f  th e  a x is ,  I  y e t o b ta in e d  som e successfu l 
se ts  o f  p la te s  w ith  th is  a p p a r a tu s .

I  c a u g h t  174 s p a t  o n  th r e e  p la te s  p la c e d  o n  th is  a p p a r a tu s  
a t  th e  s ta t io n  K a tte n d ijk e  f r o m  8 - 1 4  J u l y  1939. T h e  o r ie n ta t io n  
o f  th is  s p a t  h a s  b e e n  v is u a liz e d  in  th e  fo llo w in g  d ia g ra m :

L .W .

K a tte n d ijk e  
8— 14 J u ly  1939 

T im e-p iece  a p p a ra tu s

F lood

T h e  a r ro w s  in d ic a te  th e  d ir e c t io n  in  w h ic h  th e  m a jo r i ty  o f  
th e  u m b o s  s h o u ld  p o in t  i f  a l l  th e  s p a t  h a s  a t ta c h e d  d u r in g  lo w  
s la c k  w a te r  (L .W .) o r  d u r in g  h ig h  s lack  w a te r  (H .W .) . A lth o u g h  
th is  w as o n ly  a  p r e l im in a r y  e x p e r im e n t, th e  re su lts  se em  to  
in d ic a te  t h a t  a t  th e  s ta t io n  K a tte n d i jk e  s e ttin g  is m o s t f re q u e n t 
a t  lo w  slack  w a te r ,  w h ile  a  m a x im u m  o f  less im p o r ta n c e  seem s 
to  o c c u r  a t  h ig h  s lack  w a te r .

A s n o t  a l l  th e  s p a t  a t ta c h e s  w ith  th e  u m b o  p o in tin g  p re c ise ly  
in  th e  d ir e c tio n  o f  p re fe re n c e , m y  d a t a  a re  as y e t in su ff ic ien t 
to  e n a b le  m e  to  d e te rm in e  th e  p re c e n ta g e  o f  s p a t  a t ta c h in g  a t  
lo w  s la ck  w a te r ;  so i t  is o n ly  p o ss ib le  fo r  m e  to  in d ic a te  a  m a x i­
m u m  o f  s e t t in g  d u r in g  th e  la s t- n a m e d  p a r t  o f  th e  t id a l  cycle.

T h e se  re su lts  a r e  in  a c c o rd a n c e  w ith  th e  o th e r  d a t a  c o n c e rn in g  
th is  s ta tio n . A t  K a tte n d i jk e  th e  n u m b e r  o f  la rv a e  is sev era l 
tim e s  g re a te r  in  th e  h o u rs  r o u n d a b o u t  lo w  w a te r  t h a n  r o u n d ­
a b o u t  h ig h  w a te r ,  as h a s  b e e n  d iscussed  in  a  p re c e d in g  sec tio n  
(fig . 12). T h e  n u m b e r  o f  fu ll-g ro w n  la rv a e  is lik ew ise  g re a te s t  
a t  lo w  w a te r ,  b u t  th e ir  n u m b e r  does n o t  v a ry  so m u c h  in  th e  
co u rse  o f  th e  t id a l  cycle as t h a t  o f  th e  sm a lle r  la rv a e , seeing  
t h a t  th e  la rv a e  p re se n t h e re  d u r in g  h ig h  w a te r  a r e  p ra c tic a lly  
a l l  o f  th e m  in  la te r  d e v e lo p m e n ta l  stages (fig. 12).

T h e  c u r re n ts  a re  fa ir ly  s t r o n g  a t  th is s ta t io n ;  d u r in g  th e  h e ig h t 
o f  th e  t id e  v e lo c itie s  f ro m  100  to  150 c m /se c . m a y  b e  re c o rd e d . 
T h is  h in d e rs  a t ta c h m e n t  d u r in g  a n  im p o r ta n t  p a r t  o f  th e  tid a l
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cy c le . A t ta c h m e n t  d u r in g  th e se  s ta g e s  o f  th e  t id e  is o n ly  possib le  
in  sh e lte re d  p la c e s . C o n se q u e n tly  m a x im a  o f  s e ttin g  a re  to  b e  
e x p e c te d  h e re  d u r in g  slack w a te r ;  t h e  la rg e s t m a x im u m  d u r in g  
lo w  s la ck  w a te r ,  a s  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  is g r e a t ­
e s t th e n .  T h e  re su lts  o b ta in e d  w i th  th e  tim e -p ie c e  a p p a r a tu s  
a r e  e x a c tly  th o s e  t h a t  w ere  e x p e c te d .

I  c o lle c te d  o th e r  series w ith  th is  a p p a r a tu s  th e  a t  s ta t io n  Y ersch e  
B a n k . T h e  re su lts  o b ta in e d  in d ic a te  t h a t  th e  in te n s ity  o f  se ttin g  
is n o t  u n ifo rm  d u r in g  th e  e n t ire  t id a l  cyc le  a t  th is  s ta t io n  e i th e r .

P erio d D ire c t io n  o f U m b o s (8 sectors)

N N E E N E E S E SSE SSW W SW W N W N N W
26 V I I -  i V I I I  1939 11 25 20 18 34 64 29 24
16 V II I -1 9  V I I I  1939 8 17 12 19 19 26 29 21
19 V II I -2 5  V I I I  1939 24 24 34 51 109 81 45 40
25 V I I I -2 8  V II I  1939 9 11 7 5 15 14 8 8

T o ta l 52 77 73 93 177 185 i i i 93

T h e  to ta l  n u m b e rs  re c o rd e d  in  a n o th e r  fo rm  y ie ld  th e  
fo llo w in g  d ia g ra m :

E b b

I U i \ /  77\

\  1 8 5 / ' \ 7 3  J
\ / 1 7 7 9 3 \ /

H . W .

L .W .

Flood

Y ersche B ank  
T im e-p iece  a p p a ra tu s

T h e s e  p r e l im in a r y  d a ta  in d ic a te  t h a t  a t  th e  s ta t io n  Y ersch e  
B a n k  th e  in te n s i ty  o f  se ttin g  is g re a te s t  a t  h ig h  w a te r .  T h is  is 
i n  a c c o rd a n c e  w ith  th e  resu lts  o f  th e  e x c h a n g in g -e x p e r im e n t 
c a r r ie d  o u t  a t  th is  s ta tio n .

W h a t  fa c to rs  m a y  b e  th e  ca u se  o f  th e re  n o t  b e in g  a m a rk e d  
s e tt in g  m a x im u m  a t  lo w  slack  w a te r?

T h e  n u m b e r  o f  fu ll-g ro w n  la rv a e  p e r  u n i t  o f  w a te r  does n o t 
v a r y  m u c h  h e re  in  th e  co u rse  o f  th e  t id a l  cyc le  (fig . n ) ,  b u t  
th e  t o t a l  v o l u m e  o f  w a te r  a n d  c o n s e q u e n tly  th e  to ta l  n u m b e r
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o f  fu ll-g ro w n  la rv a e  is m u c h  g r e a te r  a t  h ig h  w a te r  t h a n  a t  low  
w a te r  a t  th is  s ta tio n , w h ic h  m a y  a c c o u n t  fo r  a  d if fe re n c e  in  
s e ttin g  a t  h ig h  s lack  w a te r  a n d  lo w  s la ck  w a te r .  M o re o v e r  in  
sh a llo w  p la c e s  th e re  is a  te n d e n c y  o n  th e  p a r t  o f  th e  c u r re n t-  
v e lo c ity  n e a r  th e  b o t to m  to  b e  in s ig n if ic a n t fo r a  s h o r te r  p e r io d  
a t  lo w  w a te r  t h a n  a t  h ig h  w a te r ,  w h ic h  is c o n n e c te d  w ith  th e  
h e ig h t  o f  th e  m o v in g  w a te r-m a sse s . I  d a r e  n o t  y e t  d e c id e  w h e th e r  
th e se  tw o  fa c to rs  a re  in  th e m se lv e s  su ffic ie n t to  a c c o u n t  fo r th e  
a b s e n c e  o f  a  m a rk e d  s e tt in g  m a x im u m  a t  lo w  s la c k  w a te r .

I t  is m y  in te n t io n  to  c a r r y  o u t  f u r th e r  e x p e r im e n ts  w ith  th e  
tim e -p ie c e  a p p a r a tu s  in  th e  n e x t se aso n .

X X X . V E R T IC A L  D I S T R I B U T I O N  O F  T H E  S P A T F A L L

I n  r e c e n t  y e a rs  se v era l in v e s tig a to rs  h a v e  in v e s tig a te d  th e  
v e r t ic a l  d is t r ib u t io n  o f  th e  sp a tfa ll.  T h e  re su lts  o f  th e i r  in v e s­
tig a tio n s  c le a r ly  show  h o w  in ju s tif ia b le  i t  is to  b a s e  g e n e ra l 
co n c lu s io n s  a n d  p ra c t ic a l  a d v ic e  o n  a c c id e n ta l  f ie ld  o b se rv a tio n s .

S ta te m e n ts  lik e  t h a t  o f  K ä n d l e r  (1 9 3 0 ): „ D ie  A u s te rn la rv e  
h e f te t  s ic h  m e is t a n  d e r  U n te r s e i te  d e r  G e g e n s tä n d e  fest u n d  
t u t  d ie s  m it  V o rlie b e  in  N ä h e  d e r  W a sse ro b e rf lä c h e  falls sie 
h ie r  A n s a tz k ö rp e r  v o r f in d e t” , a n d  t h a t  o f  O r t o n  (1937 a ) :  
„ L a rv a e  o f  a l l  k in d s  o f  o y s te rs  w ill th e re fo re  se ttle  w h e n  th e y  
a re  r e a d y  a t  a n y  d e p th  i n  th e  w a te r  o r  o n  th e  b o t to m  a n d  
a l th o u g h  t r a d i t io n  a n d  e c o n o m ic  n ecessity  m a y  h a v e  im p o se d  
b o t to m  c o l le c tio n , th e re  is n o  re a so n  w h y  g o o d  sp a t-c o lle c tio n s  
m a y  n o t  b e  m a d e  in  th e se  re g io n s  o n  su ita b le  m a te r ia l  su sp e n d e d  
in  th e  w a te r  a t  s u ita b le  d e p th s ” , a r e  n o t  b a s e d  o n  th e  re su lts  o f  
d e l ib e r a te  e x p e r im e n ts .

H o p k i n s  (1 9 3 7 ), e x p e r im e n tin g  o n  Ostrea lurida , f ille d  w ire  
b ask e ts  w ith  c le a n  shells, s u s p e n d e d  th e m  in  series o n e  a b o v e  th e  
o th e r  a n d  h u n g  th e  e n t i r e  series f ro m  a  f lo a t. I n  a l l  cases 
th e  sa m p le s  f ro m  th e  s u r fa c e  (0 -1 5  cm ) c a u g h t  le a s t sp a t,  
p o ss ib ly , in  H o p k in s ’ o p in io n , b ec au se  o f  th e  sc o u rin g  a c tio n  
o f  th e  w av es.

T h e  sa m p le s  f ro m  d e p th s  o f  0 ,15  to  2 ,00  m e tre s  c o n ta in e d  
a b o u t  e q u a l  n u m b e rs  o f  s p a t .  A lth o u g h  th e  b a g s  su sp e n d e d  
n e a r  th e  su r fa c e  a p p e a r e d  to  h a v e  c a u g h t  s o m e w h a t m o re  s p a t  
t h a n  th o s e  a t  g r e a te r  d e p th s ,  I  d o  n o t  b e liev e  t h a t  th e  d iffe ren ces 
a re  g r e a t  e n o u g h  to  a d m i t  o f  re l ia b le  m e a s u re m e n t w ith  th e  
m e th o d s  u s e d  b y  H o p k i n s  (sh e ll-c o lle c to rs ) .

B o n n o t  (1936) s ta te d  t h a t  i n  H u m b o lt  B ay  th e re  a p p e a r e d  to
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b e  n o  a p p r e c ia b le  d iffe ren ce  b e tw e e n  th e  sp a tfa ll  o f  Ostrea 
lurida  n e a r  th e  su rface  a n d  s o m e w h a t  d e e p e r .

F lo a ts  f ille d  w ith  shells o r  m a n u f a c tu r e d  c o lle c to rs  (e .g . egg- 
ca se  fille rs) a r e  in  u se  on  a  c o m m e r c ia l  sc a le  in  th e  P u g e t  S o u n d , 
n o t  o n ly  b e c a u s e  o f  th e  s o m e w h a t  g r e a te r  sp a tfa ll  n e a r  th e  
su r fa c e , b u t  a lso  o w in g  to  a  s h o r ta g e  o f  s u ita b le  b re e d in g -  
g ro u n d s  fo r  th e  p la n t in g  o f  c o l le c to rs .  T h e  d e e p  c h a n n e ls  h e re  
a p p e a r e d  to  b e  u n s u ita b le  fo r  sp a t-c o lle c t io n .

O th e r  in v e s tig a to rs  h a v e  r e c o r d e d  o r re c o m m e n d e d  th e  u se  
o f  f lo a ts  f ille d  w ith  c o l le c to r -m a te r ia l  fo r o th e r  k in d s  o f  
o y s te rs . T h u s  N e e d l e r  (1 9 3 3 ) d e s c r ib e s  th e  u se  o f  flo a ts  i n  th e  
s p a t-c o lle c t io n  o f  Ostrea virginica i n  M a lp e q u e  B a y , w h ic h  w e re  
in t r o d u c e d  th e r e  a f te r  h e  h a d  c o n v in c e d  h im s e lf  (1 9 3 2  a) th a t  
th e  o p t im u m  s e ttin g  occu rs h e re  j u s t  b e lo w  th e  lo w -w a te r  m a rk . 
N e e d l e r  te lls  u s t h a t  th e  a d v a n ta g e s  a t te n d in g  th e  u se  o f  flo a ts  
a r e  th e  a b s e n c e  o f  s ta rfish  a n d  o f  s m o th e r in g  s ilt a n d  sa n d .

B o n n o t  a n d  M a g  M il l a n  ( 1 9 3 1 )  a d v ise d  o y s te r- fa r  m ers  to  
m a k e  a t te m p ts  to  co llec t th e  s p a t  o f  Ostrea gigas  w ith  th e  a id  
o f  t a r r e d  r o p e  su sp e n d e d  f ro m  f lo a ts  a f te r  th e  e x a m p le  o f  th e  
J a p a n e s e  c u l tu re -m e th o d s  p r a c t is e d  o n  th is  k in d  o f  o y s te r.

S e k i  a n d  T a n a k a  ( 1931 ) h u n g  t i l e  co llec to rs  f ro m  th e  su rfa c e  
to  th e  b o t to m  a n d  fo u n d  t h a t  th e  m o s t fa v o u ra b le  la y e r  fo r 
a t t a c h m e n t  o f  Ostrea denselamellosa w a s  s i tu a te d  0 ,6  m e tre  a b o v e  
th e  b o tto m .

V i l l a l u z  (1 9 3 9 )  a s c e r ta in e d  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  
sp a tfa l l  in  B a c o o r  B ay  (P h il ip p in e s ) .  H e  does n o t  te ll  u s w h ic h  
o f  th e  18 sp ec ie s  o f  oysters o c c u r r in g  in  th e  P h ilip p in e s  w as 
s tu d ie d .  H e  u se d  s tr in g  co llec to rs  c o n s is tin g  o f  o y s te rsh e lls  s tru n g  
o n  a  p ie c e  o f  g a lv a n iz e d  i r o n  w ire . A s th e  shells d if fe re d  so m e ­
w h a t  in  size a n d  s h a p e  a n d  w e re  m o re o v e r  n o t  h e ld  a t  p rec ise ly  
th e  s a m e  a n g le  o f  su rfa ce  a n d  as th e  p e r io d s  o f  e x p o s u re  w e re  
g e n e ra lly  q u i te  lo n g , h is  m e th o d s  c a n  h a r d ly  b e  c a lle d  q u a n t i ­
ta t iv e .  T h e  b o t to m m o s t  shells c a u g h t  n o  sp a t, p ro b a b ly  b e c a u se  o f  a  
c o n ta c t  w i th  th e  soft m u d -b o tto m . T h e  b e s t sp a tfa ll  w as o b ta in e d  
a b o u t  h a lfw a y  b e tw e e n  b o t to m  a n d  su rfa c e . V i l l a l u z  does n o t  
g iv e  a n y  in fo rm a tio n  a b o u t  th e  lo c a l h y d r o g ra p h ic a l  c o n d itio n s .

P r y t h e r c h  (1 9 2 9 , 1 9 3 4 ) c o m p a re d  th e  v e r t ic a l  d is t r ib u t io n  
o f  th e  sp a tfa ll o f  Ostrea virginica in  se v e ra l lo c a litie s . I n  G r e a t  
S o u th  B a y  th e  o p tim u m  sp a tfa ll  o c c u rs  n e a r  th e  b o tto m , in  
B e a u fo r t  (S th . C a ro l.)  f ro m  3 to  5 fe e t a b o v e  th e  lo w -w a te r  
m a r k  a n d  in  L o n g  I s la n d  S o u n d  f ro m  1 fo o t a b o v e  to  1 fo o t
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b e lo w  th e  lo w -w a te r  m a rk . P r y t h e r c h  p o in ts  to  th e  g re a t  
d if fe re n c e  in  h y d r o g ra p h ic a l  c o n d itio n s  in  th e se  d if fe re n t 
lo c a litie s . H e  c o n c lu d e s  t h a t  th e  h e a v ie s t sp a tfa lls  m a y  b e  
e x p e c te d  to  o c c u r  a t  th e  lev e ls  w h e re  a t  th e  m o m e n t th e  c u r r e n t  
r e a c h e s  i t s  m i n i m u m  v e l o c i t y  th e  la rv a e  a re  m o s t a b u n ­
d a n t .  N o  o th e r  in v e s tig a to rs  m e n tio n  th e  g r e a t  in f lu e n c e  c u r re n t-  
ve lo c itie s  m a y  h a v e  in  d e te rm in in g  th e  v e r t ic a l  d is t r ib u t io n  o f  
th e  sp a tfa ll  in  c o -o p e ra tio n  w i th  fac to rs , su c h  as th e  d is t r ib u t io n  
o f  th e  la rv a e . A tta c h m e n t  o f  Ostrea virginica is ev e n  p o ss ib le  a t  
a  d e p th  o f  70 fee t, b u t  i t  is u s u a lly  h e a v ie r  in  sh a llo w e r  w a te r  
( H ig g in s  1937).

A p a r t  f ro m  th e  re m a rk s  o f  K ä n d l e r  a n d  O r t o n  q u o te d  
a b o v e , i t  is o n ly  C o l e  a n d  K n ig h t  J o n e s  (1939) w h o  in fo rm  
us a b o u t  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  sp a tfa ll o f  Ostrea edulis 
( u n d e r  s e m i-n a tu ra l  c o n d itio n s ) .  T h e i r  to w ers  o f  c u rv e d  lim e d  
tile -c o lle c to rs , b u i l t  u p  f ro m  th e  ta n k  b o t to m  (d e p th  6 feet) to  
th e  su rfa ce , sh o w ed  n o  c o n s ta n t  v a r ia t io n  in  th e  in te n s ity  o f  
s e ttin g  f ro m  b o t to m  to  su r fa c e , w h ich  le d  th e m  to  th e  b e l ie f  
t h a t  la rv a e  s e ttle  e q u a lly  r e a d i ly  a t  a ll d e p th s  in  th e  ta n k .

I n  1938 th e y  h u n g  o u t  sh e lls  a t  th re e  d if fe re n t lev e ls  a n d  
c a u g h t  f a r  m o r e  s p a t  o n  th e  shells a t  th e  su rface  th a n  o n  th o se  
a t  th e  o th e r  levels . T h e y  w e re ,  h o w ev e r, a b le  to  re c o n c ile  th o se  
tw o  fac ts  b y  c o n s id e r in g  t h a t  o y s te rla rv a e  sw im  v e r tic a lly  
u p w a r d s  o n ly  a n d  th a t  la te r a l  m o v e m en ts  o f  a n y  im p o r ta n c e ,  
w h ic h  a re  o n ly  p ro d u c e d  b y  th e  m o tio n  o f  th e  m e d iu m , a re  
p r a c t ic a l ly  a b s e n t  in  ta n k s .  I n  c o n se q u e n c e  o f  th is  i t  m u s t  
b e  d if fic u lt fo r  th e  la rv a e  to  r e a c h  th e  p ile d -u p  tiles. A lth o u g h  
C o l e  a n d  K n ig h t  J o n e s  a d m i t  t h a t  th e  n u m b e r  o f  la rv a e  
r e a c h in g  th e  c o llec to rs  m a y  b e  c o m m e n s u ra te  w ith  th e  h e ig h t 
o f  th e  c o lu m n  o f  w a te r  b e lo w  th e  co llec to rs  (o w in g  to  th e  v e r tic a l 
sw im m in g  h a b i t )  a n d  t h a t  m o re o v e r  th e  la rv a e  a re  so m e w h a t 
m o re  a b u n d a n t  in  th e  u p p e r  h a l f  o f  th e  ta n k  th a n  in  th e  lo w er 
h a lf ,  th e se  in v e s tig a to rs  y e t a s su m e  th a t  th e se  p h e n o m e n a  a re  
n o t  in  th e m se lv e s  su ffic ie n t to  a c c o u n t fo r th e  h ig h  in te n s ity  
o f  s e ttin g  o b se rv e d  o n  th e  u n d e r-su rfa c e s  o f  shells h e ld  n e a r  
th e  su rfa c e . T h e y  c o n c lu d e  th a t  th e  la rv a e  o f  Ostrea edulis 
p r o b a b ly  p r e f e r  to  a t ta c h  n e a r  th e  su rfa ce  a n d  th a t  „ o n  th e  
n a tu r a l  b e d s , w h e r e  t h e r e  i s  e v e r y  r e a s o n  f o r  s u p p o s i n g  
t h a t  l a r v a e  w i l l  b e h a v e  i n  t h e  s a m e  w a y 1),  re c o g n itio n

1) Spacings a re  m ine.
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o f  th e  f a c t  t h a t  s p a t  set m o s t r e a d i ly  n e a r  th e  su rfa c e  o p en s  
th e  p o s s ib ili ty  o f  u til iz in g  f lo a tin g  t r a y s  o f  c u l tc h  fo r th e  co llec ­
t io n  o f  s p a t .”  T h e y  ev en  sa y  th a t ,  a s  la rv a e  a re  a b u n d a n t  o n  
th e  B ritish  o y s te rb e d s  (a c c o rd in g  t o  O r t o n ) ,  h e a v y  sp a tfa lls  
m ig h t  b e  o b ta in e d  th e re  o n  shells h e ld  in  f lo a tin g  tra y s .

I  w ill p r e s e n t ly  sh o w  h o w  in ju s tif ia b le  i t  is to  d r a w  g e n e ra l  
co n c lu s io n s  f ro m  resu lts  o b ta in e d  u n d e r  s e m i-n a tu ra l  c o n d itio n s .

I  u se d  th e  fo llo w in g  d ev ice  to  in v e s t ig a te  th is  m a t te r  in  th e  
O o s te rsc h e ld e . A  lo n g  p o le  (8 m e t r e s ) ,  su c h  as a re  in  u se  as s e a ­
m a rk s  h e re ,  w a s  fix ed  in to  th e  s e a -b o t to m . B rass f ra m e s , in  
w h ic h  th e  c o a te d  glass p la te s  h a d  b e e n  m a d e  to  f it,  w e re  a t ta c h e d  
in  a  h o r iz o n ta l  p o s itio n  to  a  s to u t  l a t h ,  c a r ry in g  a  h e a v y  (20 kg) 
fo o t o f  r e in fo rc e d  c o n c re te . T h e  p la te s  w e re  p la c e d  in  th e  fra m es , 
th e  l a th  w as  p la n te d  o n  th e  s e a - b o t to m  r ig h t  n e x t  to  th e  s e a ­
m a rk  a n d  th e  to p m o s t p a r t  o f  t h e  l a th  w as a t ta c h e d  to  th e  
s e a -m a rk  w i th  a  p ie ce  o f  ro p e . T h e  p la te s  w e re  e x c h a n g e d  
re g u la r ly .

O n e  o f  th e se  d ev ices  w as p la n te d  a t  th e  Y e rsc h e  B a n k  in  th e  
s ta t io n  392 (fig . 1), w h e re  th e  d e p t h  is a b o u t  3 m e tre s  a t  lo w  
w a te r ,  so t h a t  o n e  o r  tw o  o f  th e  p la te s  b e c a m e  ex p o sed  d u r in g  
lo w  w a te r .  T h e  p la te s  w e re  fu lly  e x p o s e d  to  th e  c u r re n ts .

P eriods o f  exposure D istan ce  o f  th e  p la t es fro m  th e  b o tto m

25cm 75cm 125cm 175cm 225cm 27 5 c m ¡325 cm 3 75cm

15 V I I - 2 4  V I I  1938 17 2 7 6 2 0 0 0
24  V I I - 3 0  V I I  1938 30 6 4 4 0 0 0 0
30 V I I -  5 V I I I  1938 11 2 , i 4  ! 0 i 0 0

5 v i i i - i i  v n r  1938 326 76 9 8 ' 54 89 57 8 i
I I  V I I I - 2 3  V I I I  1938 64 H 35 23 18 7 4 i
5 V I I - 1 1  V I I  1939 21 6 4 i - 0 0 0

i l  V I I - 1 7  V I I  1939 38 22 - 0 - 0 0 0
17 V I I - 2 3  V I I  1939 26 12 - i 0 0 - ■ -

23 V I I - 2 9  V I I  1939 20 2 - 2 0 0 - -

29 V I I -  7 V I I I  1939 39 J3 23 - 0 - - -
7 V I I I - 1 3  V I I I  1939 26 11 3 - i - - -

13 V I I I - 1 9  V I I I  1939 22 13 4 - 0 0 - -

19 V I I I - 2 5  V I I I  1939 23 15 14 - 0 0 - -

T o ta ls 663 194 193 95 1 IO 65 12 2

A  s im ila r  a p p a r a tu s  w as p la c e d  a t  th e  s ta t io n  K a tte n d i jk e ,

14
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in  a  p la c e  w h e re  th e  d e p th  is 4  m e tre s  a t  lo w  w a te r ,  so th a t  
th e  to p m o s t p la te  se ld o m  o r  n e v e r  b e c a m e  ex p o sed  a t  lo w  tid e .

Periods o f  exposure D istan ce  o f  th e  p la tes  fro m  th e  b o tto m

25 cm 75 cm 125 cm 175cm 225cm 275cm 325cm 37 5 cm

5 V II -1 1  V I I  1939 14 15 9 i 0 i 0 0
I I  V I I - 1 7  V I I  1939 27 23 7 9 15 5 2 0
17 V I I - 2 3  V I I  1939 27 20 9 5 6 7 5 i
23 V I I - 2 9  V I I  1939 IO 11 8 2 4 i 2 i
29 V I I -  7 V I I I  1939 30 5 IO 8 9 5 - -

7 V I I I - 1 3  V I I I  1939 H I O 5 5 12 6 4 0
13 V I I I - 1 9  V I I I  1939 2 2 4 2 0 3 i 0

T o ta ls 124 86 52 32 4 6 28 14 2

A  s im ila r  d ev ice  w as p la c e d  a t  th e  s ta t io n  B erg sch e  B an k  
(fig. 1), w h e re  o n ly  th e  to p m o s t p la te  b e c a m e  ex p o sed  a t  low  
w a te r .

Periods o f  exposure D istan ce  o f th e  p la tes  from  th e  b o tto m

25 cm 75 cm 125 cm i7 5 cm  225cm  275cm 325cm

5 V I I - 1 4  V I I  1939 6 r 3 2 5 3 0 0
14 V I I - 1 7  V I I  1939 6 i 3 0 0 0 0
17 V I I - 2 3  V I I  1939 4 i i 0 0 0 0
23 \ I I - 2 9  V I I  1939 7 2 0 3 0 0 0
29 V I I -  7 V I I I  1939 12 3 2 4 i 0 0

7 V I I I - 1 6  V I I I  1939 6 3 2 0 i - i
16 V I I I - 2 2  V I I I  1939 11 8 I O i 7 - 0

T o ta ls 52 3 1 20 J3 12 j i

I  a lso  u se d  a n o th e r  k in d  o f  d ev ice  a t  th e  s ta t io n  Y ersch e  
B a n k  392 , c o n s is tin g  o f  a  f lo a tin g  b u o y  x) f ro m  w h ic h  a  s to u t  
la th ,  c a r ry in g  6 f ra m e s  a t ta c h e d  to  i t  in  a  h o r iz o n ta l  p o s itio n , 
h a d  b e e n  su sp e n d e d . T h e  e n d  o f  th e  l a th  c a r r ie d  a  h e a v y  fo o t 
o f  re in fo rc e d  c o n c re te ,  w e ig h in g  a b o u t  20 kg, w ith  a  v iew  to  
k e e p in g  th e  l a th  in  a  v e r t ic a l  p o s itio n . I n  th is  w a y  th e  p la te s  
w e re  h e ld  a t  a  c o n s ta n t  d is ta n c e  f ro m  th e  su rfa ce , w h ile  th e  
o th e r  d ev ice  e n s u re d  a  c o n s ta n t  d is ta n c e  f ro m  th e  b o tto m . W ith

x) T h e  bu o y  was a n c h o re d  to  p re v en t it fro m  b e in g  ca rried  aw ay  by 
th e  cu rren ts .
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th is  f lo a tin g  a p p a r a tu s  I  o b ta in e d  11 series o f  p la te s  in  th e  
c o u rse  o f  th e  su m m e rs  o f  1938 a n d  1939. O n ly  o n e  o f  th e se  
series a p p e a r e d  to  h a v e  c a u g h t a  m o d e ra te  n u m b e r  o f  s p a t ,  
v iz . th e  se ries t h a t  h a d  b e e n  e x p o s e d  d u r in g  th e  v e ry  in te n se  
sp a tfa ll  in  A u g u s t  1938.

P erio d s o f  ex p o su re D istan ce  o f  th e  p lates fro m  th e  surface

25 cm 75 cm I2 5 c m |i7 5 c m 225cm ¡275cm

5 V I I I - 1 1  V I I I  1938 15 17 35 1 32 45 1 63

M y  fie ld  o b se rv a tio n s  in  th e  O o s te rs c h e ld e  c le a r ly  d e m o n s tr a te  
t h a t  th e  h e a v ie s t  se ttin g  o c c u r re d  n e a r  th e  b o tto m . F lo a tin g  
c o llec to rs  t h a t  h a d  b e e n  fu lly  e x p o s e d  to  th e  c u r re n ts  y ie ld e d  
o n ly  a  m e re  sp r in k lin g  o f  sp a t.  T h i s  p h e n o m e n o n  c a n n o t  b e  
a s c r ib e d  to  d iffe re n c e s  in  th e  v e r t i c a l  d is t r ib u t io n  o f  th e  fu ll- 
g ro w n  la rv a e ,  a s  m y  d a ta  c o n v in c in g ly  sh o w  t h a t  th e  v e r tic a l 
d is t r ib u t io n  o f  th e  la rv a e  is q u i te  u n ifo rm  d u r in g  th e  e n t ire  
t id a l  cy c le  (fig. 11) .  H e n c e  i t  fo llo w s  th a t  th e  la rv a e  d o  n o t 
s in k  to  th e  b o t to m  in  c o n s e q u e n c e  o f  th e ir  g ro w in g  w e ig h t, 
as h a s  o f te n  b e e n  su p p o se d .

I  a s c r ib e  th e  d iffe ren ce s  in  th e  v e r t ic a l  d is t r ib u t io n  to  th e  
in f lu e n c e  o f  th e  c u r re n ts  o n  th e  s e t t in g  p rocess. I  h a v e  sh o w n  
in  a  p re c e d in g  se c tio n  th a t  s e ttin g  is m o r e  in te n se  w h e n  th e  p la te s  
a re  sh e lte re d  f ro m  th e  c u r re n ts .  T h e  c u r re n t-v e lo c ity  is fa r  
s lo w e r n e a r  th e  b o t to m  th a n  in  th e  o th e r  w a te r - la y e rs . I n  th e  
O o s te rsc h e ld e  th e  g re a te s t  c u rre n t-v e lo c it ie s  a re  r e c o rd e d  n e a r  
th e  su rfa ce . O w in g  to  th e  f r ic tio n  a g a in s t  th e  b o t to m  th e  c u r r e n t  
s la ck e n s  in  th e  b o t to m  la y e rs . C o n s e q u e n t ly  th e  p e r io d  f a v o u ra b le  
fo r a t ta c h m e n t  is f a r  s h o r te r  in  th e  u p p e r  la y e rs  o f  th e  w a te r  
t h a n  n e a r  th e  b o t to m , as in  s i tu a tio n s  re m o te  f ro m  th e  b o tto m  
c ra w lin g  o n  e x p o se d  su rfaces  is p o ss ib le  d u r in g  a  v e ry  sh o r t  
p a r t  o f  th e  t id a l  cy c le  o n ly , o w in g  to  d iffe ren ce s  in  c u rre n t-v e lo c ity .

M y  d a t a  s u p p o r t  th e  v ie w  o f  P r y t h e r c h  th a t  a  h e a v y  sp a tfa ll 
is lik e ly  to  o c c u r  a t  th o se  levels w h e r e  la rv a e  a b o u n d  a t  th e  
m o m e n t  t h a t  th e  c u r re n ts  a r e  n e g lig ib le .

I t  w ill b e  c le a r  f ro m  th e  fo re g o in g  th a t  th e  o c c u rre n c e  o f  
in te n s e  sp a tfa lls  n e a r  th e  su rfa c e  in  ta n k s  does n o t  im p ly  th a t  
th e  s a m e  p h e n o m e n o n  w ill b e  o b se rv e d  u n d e r  f ie ld -c o n d itio n s , 
e x c e p t p e r h a p s  in  b o d ie s  o f  w a te r  w h e re  th e  c u r re n ts  a r e  n e g l i­
g ib le  th r o u g h o u t  th e  t id a l  cyc le .
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As th e  la rv a e  in  th e  O o s te rsc h e ld e  a re  d is t r ib u te d  in  th e  w a te r  
u n ifo rm ly , I  th in k  i t  w o u ld  b e  p o ss ib le  to  c a tc h  m o re  sp a t 
th a n  I  d id  in  p la c e s  r e m o te  f ro m  th e  b o t to m  b y  s h e lte r in g  th e  
c u ltc h  f ro m  th e  c u r re n ts ,  fo r  in s ta n c e  b y  u s in g  w ire  b a g s  w ith  
shells, b u t  th is  does n o t  a l t e r  th e  f a c t  t h a t  c u r r e n t  c o n d itio n s  
a re  m o re  fa v o u ra b le  n e a r  t h e  b o tto m .

I n  1938 w e  c o n s tru c te d  a  so lid  r a f t ,  a t ta c h e d  l im e d  tiles o n  
i t  a n d  b a g s  o f  shells a n d  a n c h o r e d  i t  a b o v e  th e  o y s te rb e d s . T h e  
re su lts  w e re  d is a p p o in tin g .  A ll  th e  c u l tc h -m a te r ia l  a p p e a r e d  to  
b e  c o v e re d  w ith  a  h e a v y  la y e r  o f  b a rn a c le s  a n d  th e  o y s te r-sp a t 
w as v e ry  s c a rc e . I  a s c r ib e  th e se  p o o r  re su lts  n o t  m e re ly  to  th e  
in f lu e n c e  o f  th e  c u rre n t-v e lo c ity , b u t  I  a m  in c lin e d  to  b e liev e  
th a t  e sp e c ia lly  th e  e x c e p t io n a l ly  h e a v y  se t o f  b a rn a c le s  m u s t  
h a v e  h in d e re d  th e  sp a tfa ll  a n d  h a v e  o v e rc ro w d e d  th e  sp a t.

T h e  fa c t t h a t  in  th e  P u g e t  S o u n d  H o p k in s  d id  n o t  f in d  a  
d is t r ib u t io n  o f  th e  s p a tfa ll  s im ila r  to  t h a t  in  th e  O o s te rsc h e ld e  
does n o t  n e c e s sa r ily  p o in t  to  a  d if fe re n t  b e h a v io u r  o f  th e  la rv a e  
o f  Ostrea lurida , b u t  m a y  p e r h a p s  b e  a s c r ib e d  to  d if fe re n t  c u r r e n t  
co n d itio n s  th e re .  M o re o v e r  i t  s h o u ld  b e  r e m e m b e re d  that; 
H o p k in s  does n o t  te ll  u s  h o w  th e  la rv a e  a re  d is t r ib u te d  in  th e  
w a te r  o f  th e  P u g e t  S o u n d . T h e  p r a c t ic a l  a b s e n c e  o f  sp a tfa ll 
in  th e  d e e p  c h a n n e ls  in  th e  P u g e t S o u n d  is p e rh a p s  a lso  to  b e  
e x p la in e d  b y  th e  in f lu e n c e  o f  th e  c u r re n ts  o n  th e  sp a tfa ll.

X X X I .  T H E  H O R I Z O N T A L  D IS T R IB U T IO N  O F  T H E  S P A T F A L L

I t  is a  s tr ik in g  f a c t  t h a t  p ra c t ic a l ly  e v e ry  fie ld  in v e s tig a to r  
s ta te s  t h a t  th e r e  a r e  p la c e s  w h e re  th e  sp a tfa ll  m a y  b e  p ro fu se , 
w h ile  o th e r  p la c e s , th o u g h  o ften  q u i te  n e a r  th e  fo rm e r , y ie ld  
o n ly  a  m e re  sp r in k lin g  o f  sp a t.

T h e  s u i ta b i l i ty  fo r  s e tt in g  is e v id e n tly  d e te rm in e d  b y  a n  
o p tim u m  c o m b in a t io n  o f  e n v iro n m e n ta l  fac to rs . T h e  n u m b e r  
o f  m a tu r e  la r v a e  in  th e  w a te r  is o n e  o f  th e  m o s t im p o r ta n t  o f  
th e se  fa c to rs . S e v e ra l in v e s tig a to rs  n e g le c t th e  in f lu e n c e  o f  o th e r  
fac to rs  o n  th e  h o r iz o n ta l  d is t r ib u t io n  o f  th e  sp a tfa ll  a n d  t r y  
to  c o r re la te  th e  o b se rv e d  d iffe ren ces  w ith  d iffe ren ce s  in  th e  
h o r iz o n ta l  d is t r ib u t io n  o f  th e  la rv a e . T h u s  N e l s o n  (1 9 2 1 )  
s ta te s  t h a t  th e  in te n s ity  o f  th e  sp a tfa ll is c o m m e n s u ra te  w ith , 
th e  n u m b e r  o f  la rv a e  p re s e n t  in  th e  p la ce s  c o n c e rn e d . H e  
adv ises  t h a t  th e  n u m b e r  o f  la rv a e  p e r  u n i t  o f  w a te r  sh o u ld  b e  
a s c e r ta in e d  in  o r d e r  to  d e te rm in e  th e  s u ita b il i ty  fo r  a t ta c h m e n t
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o f  th e  p la c e s  in  q u e s tio n . N e l s o n  o b se rv e d  p ro fu se  s e t t in g  in  
p la c e s  w h e re  th e  c u r re n ts  a r e  s lo w  o r  w h e re  ed d ies  o c c u r . T h e  
sa m e  o b s e rv a tio n  h a s  b e e n  m a d e  b y  C h u r c h i l l  a n d  G u t s e l l  
(1921) .  N e i th e r  th e y  n o r  N e l s o n  h a v e  in te r p re te d  th is  p h e n o m ­
e n o n  as a n  e ffec t o f  th e  in f lu e n c e  o f  th e  c u r re n ts  o n  th e  
s e ttin g  p ro c e ss , b u t  m e re ly  as a n  o u tc o m e  o f  d iffe ren ce s  in  th e  
h o r iz o n ta l  d is t r ib u t io n  o f  th e  la r v a e .  T h e  fa c t t h a t  th e re  a re  
p la c e s , w h ic h , th o u g h  fa ir ly  r e m o te  f ro m  th e  c e n tre  o f  la rv a e -  
p r o d u c t io n ,  y e t  sh o w  a n  a b u n d a n t  sp a tfa ll, h a s  b e e n  a s c r ib e d  
b y  th e m  to  a  lo c a l  se c o n d a ry  a c c u m u la t io n  o f  th e  p re v io u s ly  
d isp e rse d  la rv a e .  T h e y  d o  n o t  m a k e  c le a r , h o w e v e r, th e  n a tu r e  
o f  th e  m e c h a n is m  th a t  m a y  b e  s u p p o s e d  to  b r in g  a b o u t  su c h  a n  
a c c u m u la t io n  a n d  th e y  h a v e  n o t  y e t su p p lie d  a n y  d a t a  to  
p ro v e  th e  a c tu a l  o c c u rre n c e  o f  t h e  a c c u m u la t io n  a s su m e d  b y  
th e m .

I t  w ill b e  c le a r  f ro m  th e  fo re g o in g  th a t  th e  slow  c u r re n ts  in  
p la c e s  w h e re  e d d ie s  o c c u r  b r in g  a b o u t  f a v o u ra b le  s e ttin g  c o n ­
d itio n s , so t h a t  s e ttin g  m a y  b e  p ro fu s e  th e re , w h ile  in  p la c e s  
n e a r  b y , w h e re  th e  n u m b e r  o f  la r v a e  m a y  b e  th e  sa m e , w e 
sh a ll f in d  b u t  a  m e re  s p r in k lin g  o f  sp a t,  as s tro n g  c u r re n ts  
h in d e r  th e  s e t t in g  fo r  th e  g r e a te r  p a r t  o f  th e  t id a l  cyc le  th e re .

T h e  n u m b e r  o f  la rv a e  p e r  u n i t  o f  w a te r  is a  fa c to r  t h a t  
s h o u ld  n o t  b e  n e g le c te d , h o w e v e r , a n d  I  d o  n o t  a g re e  w ith  
a u th o r s  lik e  B o n n o t  ( 1 9 3 6 ) ,  w h o  a s su m e  t h a t  th e  n u m b e r  o f  
m a tu r e  la rv a e  in  th e  w a te r  c a n n o t  g iv e  us a n y  in d ic a t io n  o f  
th e  n u m b e r  o f  s p a t  t h a t  is g o in g  to  se ttle .

I n  th e  p r e c e d in g  se c tio n  I  h a v e  a l r e a d y  d iscu ssed  P r y t h e r g h ’s 
s ta te m e n t  (1 9 2 9 , 1934) t h a t  th e  h e a v ie s t  s e ttin g  is lik e ly  to  
o c c u r  in  p la c e s  w h e re  th e  la rv a e  a r e  p le n tifu l a t  th e  m o m e n t 
th a t  th e  c u r r e n t  re a c h e s  its  m in im u m  v e lo c ity . P r y t h e r c h  
a lso  s ta te s  t h a t  th e  b e s t sp a tfa ll  o cc u rs  in  th e  c e n tre  o f  th e  n a tu r a l  
o y s te rb e d s , b u t  p e rh a p s  i t  w o u ld  b e  m o re  e x a c t  to  say  th a t  
th e  c e n tr e  o f  n a t u r a l  o y s te rb e d s  is s i tu a te d  in  th o se  p la c e s  w h e re  
th e  c o m b in a t io n  o f  a l l  th e  fa c to rs  c o n c e rn e d  e n su re s  th e  m o st 
f a v o u ra b le  c o n d itio n s  fo r  s e t t in g  a n d  su rv iv a l.

E d d ie s  a n d  o th e r  b o d ie s  o f  r e la t iv e ly  s till w a te r  a lso  a p p e a re d  
to  b e  fa v o u ra b le  fo r  th e  s e tt in g  o f  Ostrea edulis. K ä n d l e r  (1928 , 
1930) a n d  O r t o n  (1937  b )  d id  n o t  a sc r ib e  th is  to  th e  in f lu e n c e  
o f  th e  c u r re n t-v e lo c ity  o n  th e  se ttin g  p rocess , b u t  th e y  su p p o se  
th a t  th e  la rv a e  a re  a c c u m u la te d  in  su c h  p laces. B o u r y  (1929  b)
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t r ie d  to  a c c o u n t  fo r th e  f a c t  th a t  so m e  p a r ts  o f  th e  b e d s  a re  
m o re  f a v o u ra b le  fo r  sp a tfa ll  t h a n  o th e rs , b u t  h e  d id  n o t  c o m p a re  
th e  n u m b e r  o f  la rv a e ,  n o r  d id  h e  a s c e r ta in  th e  c u r r e n t  c o n d itio n s , 
so th a t  w e a re  n o t  su rp r is e d  a t  h is  in a b il i ty  to  e x p la in  th e  d iffe ren ce .

J u s t  as in  o th e r  c e n tre s  o f  s p a tp ro d u c t io n  m a rk e d  d iffe ren ces 
in  th e  sp a tfa ll  w e re  fo u n d  to  o c c u r  a t  d if fe re n t  s ta tio n s  in  th e  
O o s te rsc h e ld e . I  so o n  fo u n d  o u t, h o w e v e r, th a t  th e  o c c u rre n c e  
o f  y o u n g  o y ste rs  is n o  r e l ia b le  s ta n d a r d  fo r th e  in te n s ity  o f  
se ttin g , as m a rk e d  d iffe re n c e s  in  th e  lo c a l d e a th - r a te  w ere  
fo u n d  to  o c c u r . I n  so m e p la c e s  w ith  a  h e a v y  sp a tfa ll w e f in d  b u t  
l i t t le  s p a t  in  a u tu m n ,  as th e  c o n d itio n s  fo r  su rv iv a l a r e  u n fa v o u r ­
a b le  th e re  o w in g  to  s m o th e r in g  b y  silt o r  s a n d  o r  to  a n  a b u n d a n c e  
o f  en em ies, su c h  as y o u n g  s ta rfish .

I n  u s in g  th e  m e th o d  o f  a s c e r ta in in g  th e  sp a tfa ll  w ith  th e  a id  
o f  c o a te d  g lass p la te s  p la c e d  in  c o n ta in e rs  o f  r e in fo rc e d  co n c re te  
th e  in f lu e n c e  o f  th e  d e a th - r a te  is e l im in a te d . W ith  th is  d ev ice  
w e c a u g h t th e  fo llo w in g  n u m b e r  o f  s p a t  ( th e  p la te s  w ere  ex p o sed  
fo r  p e r io d s  o f  th r e e  d a y s ) :

Periods o f  exposure
Y ersche

B ank S trijen
B erg­
sche
B ank

G oris­
hoek

K a t te n ­
dijke

W em el-
d inge

8 V I I -  3 I X  1935 357 361
24 V I -1 7  V I I I  1936 180 56 49 28 39 111
16 V I -  2 I X  1937 447 175 86 272 342
24 V I-2 9  V I I I  1938 1053 383 171 357 697
23 V I-3 1  V I I I  1939 629 351 109 385 433

T h e r e  is n o t  m u c h  d if fe re n c e  in  th e  n u m b e r  o f  fu ll-g ro w n  
la rv a e  in  th e  c o u rse  o f  th e  t id a l  cyc le  a t  th e  s ta tio n s  Y ersch e  
B a n k , S tr i je n , G o rish o e k  a n d  B erg sch e  B ank .

C u r r e n t  c o n d itio n s  a re , h o w e v e r, b y  fa r  th e  m o s t fa v o u ra b le  
a t  th e  s ta t io n  Y e rsc h e  B a n k , a  sh a llo w  p la c e  in  th e  c e n tre  o f  
th e  b a s in  o f  th e  O o s te rsc h e ld e , w h e re  th e  c u r re n ts  a r e  fa r  
s low er th a n  in  th e  d e e p e r  c h a n n e ls  n e a r  by . S tro n g  c u r re n ts  
p re v a il  a t  th e  s ta t io n  B e rg sch e  B a n k , so t h a t  th e  p e r io d  d u r in g  
w h ic h  a t ta c h m e n t  is p o ss ib le  is v e ry  s h o r t  th e re . H e n c e  th e  p o o r  
sp a tfa ll. T h e  s ta t io n  S tr i je n  is s i tu a te d  o n  th e  s lo p e  o f  a  d ee p  
c h a n n e l in  w h ic h  sw ift c u r re n ts  p re v a il , b u t  as th e  c o n ta in e r  
is sh e lte re d  to  so m e e x te n t  b e h in d  a  sm a ll b re a k w a te r ,  th e  
n u m b e r  o f  la rv a e  c a u g h t  is r a th e r  sa tis fa c to ry  h e re , th o u g h
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fa r  sm a lle r  t h a n  a t  th e  s ta t io n  Y e rs c h e  B a n k . T h e  n u m b e r  o f  
m a tu r e  la rv a e  a t  th e  s ta t io n  G o r is h o e k  does n o t  d if fe r  m u c h  
f ro m  th a t  a t  th e  o th e r  s ta tio n s  in  t h e  b as in , b u t  as th e  c u r re n ts  
a re  v e ry  s tro n g  h e re  th is  s ta t io n  is n o n e th e le ss  u n s u ita b le  
fo r s p a t  c o lle c tio n . J u s t  in  th e  le e  o f  a  d ik e  a t  G o rish o e k  th e  
w a te r  is r e la t iv e ly  s till a n d  ti le -c o lle c to rs  p la c e d  th e re  in  1 9 3 9  
c a u g h t  a g r e a t  n u m b e r  o f  sp a t.

A t  th e  s ta t io n s  W e m e ld in g e  a n d  K a tte n d i jk e  c o n d itio n s  a re  
d if fe re n t. T h e  n u m b e r  o f  la rv a e  a t  th e se  s ta tio n s  is f a r  g r e a te r  
d u r in g  lo w  w a te r  th a n  d u r in g  h ig h  w a te r ,  as h as  b e e n  d e s c r ib e d  
a b o v e . A s th e  s ta t io n  W e m e ld in g e  is n o t  so re m o te  f ro m  th e  
b a s in  as th e  s ta t io n  K a tte n d i jk e ,  t h e  p e r io d  d u r in g  w h ic h  th e  
b a s in w a te r  (c o n ta in in g  a  g re a t  n u m b e r  o f  la rv a e )  is p re s e n t  
is o f  lo n g e r  d u r a t io n  a t  th e  s ta t io n  W e m e ld in g e  th a n  a t  th e  
s ta t io n  K a tte n d i jk e .  T h is  m a y  e x p la in  th e  d iffe re n c e  in  sp a tfa ll,  
c u r r e n t  c o n d itio n s  b e in g  th e  sa m e  a t  th e se  s ta tio n s .

F ro m  th e  fo re g o in g  I  c o n c lu d e  t h a t  th e  tw o  m o s t im p o r ta n t  
fa c to rs  in  d e te r m in in g  th e  s u i ta b i l i ty  fo r sp a tfa ll a r e  th e  n u m b e r  
o f  m a tu r e  la r v a e  in  th e  c o u rse  o f  th e  t id a l  cyc le  a n d  th e  c u r r e n t-  
v e lo c ities  d u r in g  t h a t  p e r io d . T h is  v ie w , w h ic h  is in  a c c o rd a n c e  
w ith  th a t  o f  P r y t h e r c h , is s u p p o r te d  b y  w h a t  w e k n o w  o f  
th e  d is t r ib u t io n  o f  th e  s p a tfa ll  in  th e  O o s te rsc h e ld e , w h ic h  
sp a tfa ll  w as o b se rv e d  b o th  o n  p r a c t ic a l  co llec to rs  a n d  o n  
th e  p la te s  p la c e d  in  c o n ta in e rs  fo r p e r io d s  o f  th r e e  d ay s . I n  
g iv in g  a d v ic e  a s  to  p la c e s  s u ita b le  fo r sp a t-c o lle c tio n  o n  a  
c o m m e rc ia l sc a le , i t  is n o t  su ffic ien t to  k n o w  th e  c u r r e n t  c o n ­
d itio n s  an d  th e  r e la t iv e  a b u n d a n c e  o f  th e  la rv a e ,  b u t  w e also  
o u g h t  to  k n o w  i f  th e  b o t to m  is s u ita b le  fo r  th e  p la n t in g  o f  
co llec to rs  a n d  i f  sm o th e r in g  b y  s ilt o r  sa n d  o r  ra v a g e s  b y  a n im a l  
en e m ie s  a re  n o t  to o  c o n s id e ra b le .

X X X I I .  P R O P E R T IE S  O F  T H E  C O L L E C T O R -M A T E R IA L  A N D  
T H E I R  IN F L U E N C E  O N  T H E  F R E Q U E N C Y  O F  S E T T IN G

T h e  i n f l u e n c e  o f  t h e  a n g l e  o f  s u r f a c e

O y s te r-g ro w e rs  h a v e  o f te n  n o tic e d  th a t  m o s t o f  th e  s p a t  o f  
Ostrea virginica a n d  Ostrea lurida is to  b e  fo u n d  o n  th e  u n d e r ­
su rfa ce s  o f  co llec to rs . N e l s o n  ( 1 9 2 6 ,  1 9 2 7 )  c o m p a re d  th e  
f re q u e n c y  o f  s e t t in g  o n  u p p e rs id e s  a n d  u n d e rs id e s  o f  shells a n d  
f o u n d  m o re  t h a n  io  tim es  as m u c h  s p a t  o n  u n d e rs id e s  th a n  o n  
u p p e rs id e s . H is  she lls  w e re  ex p o sed  fo r  sh o r t  p e r io d s , so t h a t



2 i 6 P . K O R R IN G A

th is  p h e n o m e n o n  c a n n o t  b e  e x p la in e d  b y  a  d e c re a s e d  s u ita ­
b il i ty  fo r s e t t in g  o n  th e  u p p e r - s u r fa c e s  c a u se d  b y  a  d e p o s itio n  
o f  silt o r  b y  a lg a l  g ro w th . N e l s o n  a s c r ib e d  th is  d if fe ren ce  to  
th e  in f lu e n c e  o f  l ig h t  o n  th e  s e ttin g  p ro ce ss . H e  assu m ed  th a t  
l ig h t  s t im u la te d  th e  la rv a e  to  s w im  a n d  th a t  th e y  b ec o m e  
q u ie sc e n t a n d  p ro c e e d  to  se t in  s h a d y  s itu a tio n s , su c h  as th e  
u n d e rs id e s  o f  th e  co llec to rs . N e l s o n  s ta te d  in  a  p re v io u s  p a p e r  
(1921) t h a t  h is  o b se rv a tio n s  h a d  sh o w n  h im  t h a t  th e  p u ll  
o f  g ra v ity  h a s  p ra c t ic a l ly  n o  in f lu e n c e  in  d e te rm in in g  th e  
p o s itio n  o f  a t ta c h m e n t  o f  o y s te r la rv a e .

P r y t h e r c h  ( 1 9 3 4  a )  s t u d i e d  t h e  s p a t f a l l  i n  v i t r o  a n d  o b s e r v e d  
t h a t  t h e  v e r t i c a l  s u r f a c e s  o f  h is  c o n t a i n e r s  c a r r i e d  f a r  m o r e  
s p a t  t h a n  t h e i r  h o r i z o n t a l  b o t to m - s u r f a c e s .

T h e  f irs t d e l ib e ra te  f ie ld -e x p e r im e n ts  to  in v e s tig a te  th is  
m a t te r  w e re  c a r r ie d  o u t  b y  H o p k in s  ( 1 9 3 5 ,  1 9 3 7 ) ,  w h o  e x p e r i­
m e n te d  w ith  Ostrea lurida. H e  e l im in a te d  th e  in f lu e n c e  o f  
s e d im e n ta tio n  a n d  a lg a l  g ro w th  b y  e x p o s in g  h is g lass te s t-p la te s  
fo r  s h o r t  p e r io d s  (24  h .)  H e  ex p o sed  h is  p la te s  a t  d if fe re n t an g les , 
w h ic h  h a v e  b e e n  r e fe r re d  to  as fo llow s:

o° u n d e r - h o r iz o n ta l  4 5 0 u n d e r - s u r fa c e  o f  a  4 5 0 p la te
1800 u p p e r -h o r iz o n ta l  1350 u p p e r - su rfa c e  o f  a  4 5 0 p la te  
9 0 o v e r t ic a l

H o p k in s  o b ta in e d  th e  fo llo w in g  re su lts  w ith  Ostrea lurida 
(n u m b e r  o f  s p a t  p e r  2 400  s q u a re  in c h ) :

o °  4 5 o 9 0 o 1350 1800
11 9 5  18 1  11 3 1

T h e se  re su lts  le d  to  th e  c o n s tru c tio n  o f  a  sp e c ia l ty p e  o f  
co llec to rs  o f  c e m e n t-c o a te d  c a r d b o a r d .  T h is  c o lle c to r  p ro v id e d  a  
g r e a t  m a n y  h o r iz o n ta l  su rfaces  a n d  w as  m o re o v e r  less su b je c t 
to  s iltin g  o f  its  p a r t i t io n s  t h a n  eg g -case  fillers , a n o th e r  c o llec to r  
o f  c e m e n t-c o a te d  c a r d b o a r d .  H o p k in s ’ sp e c ia l d es ig n  a p p e a re d  
to  b e  m o re  th a n  th r e e  tim e s  as e ffec tiv e  p e r  u n i t  o f  su rface  
t h a n  th e  s ta n d a r d  e g g -c ase  fille rs  in tr o d u c e d  in  o y s te r-c u ltu re  
b y  P r y t h e r c h . I n  c o n s e q u e n c e  o f  th e  r a th e r  ro u g h  su rfaces 
o f  th e  c e m e n t-c o a te d  c a r d b o a r d  th e  v e r t ic a l  w a lls  h a v e  a  r a th e r  
la rg e  h o r iz o n ta l  c o m p o n e n t ,  so t h a t  th e  n u m b e rs  o f  s p a t  o n  
th e  su rfaces ex p o sed  a t  d if fe re n t  an g les  a r e  less d iv e rg e n t th a n  
in  th e  ca se  o f  th e  sm o o th  g lass p la te s .

H o p k in s  d o e s  n o t  a s c r i b e  t h e  e n o r m o u s  d i f f e r e n c e  i n  s p a t f a l l
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o n  th e  su rfa ce s  h e ld  a t  d i f f e r e n t  an g le s  to  so m e g e o tro p ic  
re a c tio n  o f  th e  la rv a e  o r  to  a  d is c r im in a t in g  se le c tio n  o f  th e  
a n g le  o f  s u r fa c e  b y  th e  la rv a e , b u t  h e  p u ts  fo re w a rd  a  p u r e ly  
m e c h a n ic a l e x p la n a t io n  b a s e d  o n  th e  a c c id e n ta l c o n ta c t  o f  
th e  fo o t o f  th e  la rv a e  w ith  th e  s u b s t r a tu m  as a  re s u lt  o f  th e ir  
v e r t ic a l  sw im m in g  h a b i t .  T h e  l a r v a e  sw im  w ith  v e lu m  a n d  fo o t 
tu r n e d  u p w a r d s  a n d  th e re fo re  H o p k in s  assu m es t h a t  “ i t  is 
m o s t lik e ly  t h a t  th e  sw im m in g  l a r v a ,  a s  i t  com es in to  c o n ta c t  
w ith  a  su rfa c e  f ro m  b e lo w , is a b le  to  h o ld  o n  i t  w ith  th e  foo t, 
w h ile  o n  c o m in g  d o w n  u p o n  a  s u r fa c e  i t  is th e  h in g e  p o r t io n  
o f  th e  she ll t h a t  to u c h e s . I n  th is  m a n n e r ,  as th e  a n g le  o f  su rfa c e  
d e p a r ts  m o re  a n d  m o re  f ro m  t h e  u n d e r -h o r iz o n ta l ,  th e re  is 
c o n s ta n t ly  less c h a n c e  o f  its  fo o t to u c h in g .”

I f  th is  in te r p r e ta t io n  is c o r re c t,  i t  is d ifficu lt to  e x p la in  w h y  
su rfaces  h e ld  a t  a n  a n g le  o f  4 5  ° c a tc h e s  f a r  less s p a t  th a n  
u n d e r - h o r iz o n ta l  su rfaces, in s te a d  o f  th e  p ro p o r t io n  b e in g  a b o u t  
3 : 4  (sin . 4 5 0) !

O th e r  o b se rv a tio n s  o n  Ostrea lurida  h a v e  b e e n  m a d e  b y  C o e  
a n d  A l l a n  (1 9 3 7 ), w h o  fo u n d  m o r e  s p a t  o n  th e  u n d e rs id e s  
o f  th e i r  c o lle c to rs  t h a n  o n  th e  v e r t ic a l  sides a n d  b y  B o n n o t  
(1937  a , 1937 b ) .  B o n n o t  a s c e r ta in e d  th e  s p a tfa ll  o n  a  sp e c ia l 
ty p e  o f  m a n u f a c tu r e d  c o lle c to r  c o n s is tin g  o f  s tr ip s  o f  c e m e n t-  
c o a te d  p ly w o o d  p la c e d  a b o v e  e a c h  o th e r  in  a  h o r iz o n ta l  p o s it io n , 
w ith  in te rsp a c e s  o f  3 /4  in c h . T h e  la rg e s t  sp a tfa ll  o c c u r re d  o n  
th e  u p p e r-su rfa c e s . B o n n o t  e x p la in s  th is  p h e n o m e n o n  b y  
a s c r ib in g  i t  to  th e  c o n s id e ra b le  f r ic t io n  in  th e  in te r s p a c e s  o f 
h is  co llec to rs , w h ic h  cau ses th e  w a te r  to  ro ll  a n d  sw irl. T h e  
la rv a e  a re  u n a b le  to  m a in ta in  th e i r  n o r m a l  sw im m in g  p o s it io n , 
m a n y  o f  th e m  a r e  e v e n  p re s u m e d  to  b e  tu r n e d  o v e r , so th a t  
“ la rv a e  a re  c a r r ie d  a lo n g  in  a ll p o s itio n s  a n d  i t  w o u ld  seem  
lo g ic a l t h a t  th e  s lig h t p u l l  o f  g ra v i ty  w o u ld  c a u se  m o re  o f  th e m  
to  re s t o n  th e  su r fa c e  w h ic h  w as  b e lo w  th e m .”

S c h a e f e r  ( 1 9 3 7 )  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  t h e  a n g l e  o f  
s u r f a c e  o n  t h e  i n t e n s i t y  o f  s e t t i n g  i n  Ostrea gigas, u s i n g  t h e  
s a m e  d e v ic e  a s  H o p k i n s . H e  c o u n t e d  p e r  2 4 0 0  s q u a r e  i n c h e s  
o f  s m o o t h  g la s s :

o° 4 5 0 9 0 0 i 350 1800
3 4 6  1 1 9  35 21 6

T h e s e  re su lts  a r e  e s se n tia lly  th e  sa m e  a s  th o se  o b ta in e d  b y
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H o p k in s  fo r Ostrea lurida, a l th o u g h  fo r Ostrea gigas th e  p r o p o r ­
tio n s  a re  less excessive. S c h a e f e r  is in c lin e d  to  b e liev e  th a t  
H o p k in s ’ e x p la n a t io n  does n o t  c o v e r  a l l  th e  fac ts  a n d  th a t  a  
n e g a tiv e  g e o tro p is m  is lik e ly  to  p la y  a  p a r t  in  th e  s e ttin g  o f  
th ese  k inds o f  oyste rs . S c h a e f e r ’s re su lts  d o  n o t ta lly , h o w ev e r, 
w ith  those  o b ta in e d  b y  Y o k o t a  ( 1 9 3 6 )  a n d  M iy a z a k i  ( 1 9 3 8 ) .  
Y o k o t a  c o m p a re d  th e  s p a tfa l l  o f  Ostrea gigas o n  shells h e ld  
a t  d if fe re n t p o s itio n s  a n d  fo u n d  t h a t  u p p e r-su rfa c e s  c a tc h  m o re  
s p a t  th a n  u n d e r-su rfa c e s . S hells  a re , h o w e v e r, less s u ita b le  to  
th is  p u rp o se , as th e y  d o  n o t  p ro v id e  p la n e  su rfaces. Y o k o t a  
also  o b se rv e d  t h a t  m o re  s p a t  s e ttle d  o n  th e  b o tto m  o f  a  glass 
c o n ta in e r  ( 1 8 0 0) th a n  o n  its  v e r t ic a l  w alls  ( 9 0 o) .  M i y a z a k i  
ex p o sed  c a lc a re o u s  p la te s  in  a  h o r iz o n ta l  p o s itio n  a t  d if fe re n t 
d e p th s  in  o r d e r  to  s tu d y  th e  se aso n  o f  a t ta c h m e n t  o f  v a r io u s  
s e d e n ta ry  o rg an ism s . H e  fo u n d  t h a t  4 to  8 tim es  as m a n y  sp a t 
o f  Ostrea gigas s e ttle d  o n  th e  u p p e r-su rfa c e s  o f  h is  p la te s  th a n  
o n  th e  u n d e r-su rfa c e s .

S p a t  o f  Ostrea edulis h a s  o f t e n  b e e n  o b s e r v e d  i n  t h e  f ie ld  
a t t a c h e d  to  u n d e r - h o r i z o n t a l  s u r f a c e s  ( H ä n d l e r , 1 9 2 8 , H a -  
v i n g a , 1 9 2 9 , H a g m e i e r , 1 9 3 0 ,  G a a r d e r  a n d  B j e r k a n , 1 9 3 4 ) .  
A s  t h e  o b j e c t s  t o  w h i c h  t h i s  s p a t  w a s  a t t a c h e d  h a d  b e e n  i n  t h e  
w a t e r  f o r  a  c o n s i d e r a b l e  t i m e ,  w e  a r e  n o t  j u s t i f i e d  i n  c o n c l u d i n g  
f r o m  t h e s e  o b s e r v a t i o n s  t h a t  Ostrea edulis s e ts  m o r e  f r e q u e n t l y  
o n  u n d e r - s u r f a c e s  t h a n  o n  u p p e r - s u r f a c e s ,  s e e in g  t h a t  f a c to r s  
l ik e  a lg a l  g r o w t h ,  s e d i m e n t a t i o n  a n d  d i f f e r e n c e s  i n  t h e  d e a t h -  
r a t e  h a v e  n o t  b e e n  e l i m i n a t e d .

C o l e  a n d  K n i g h t  J o n e s  (1939) u se d  H o p k i n s ’ dev ice  in  
th e ir  ta n k s . T h e y  u se d  sla te s  in s te a d  o f  g lass p la te s , as i t  is 
d ifficu lt to  in d u c e  la rv a e  o f  Ostrea edulis to  se t o n  sm o o th  
g lass. T h e i r  re su lts  w e re :

o °  4 5 o 9 0 o i 3 5 0 1 8 0 0
1 2 4 0 7  6 1 2 3  1 1 9  3 1 6  2 3 2

T h e se  re su lts  se em  to  ta l ly  w ith  th o se  o f  H o p k in s  a n d  
S c h a e f e r  c o n c e rn in g  Ostrea lurida a n d  Ostrea gigas. V e r tic a l 
su rfaces a p p e a r e d ,  h o w e v e r , to  c a tc h  less s p a t  o f  Ostrea edulis 
t h a n  su rfaces  h e ld  a t  a n g le s  o f  1350 a n d  1800, w h ic h  w as n o t 
th e  case w ith  th e  o th e r  k in d s  o f  oyste rs . C o l e  a n d  K n i g h t  
J o n e s  d o  n o t  b e lie v e  t h a t  H o p k i n s ’ e x p la n a tio n ,  b a s e d  o n  th e
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v e r tic a l sw im m in g  p o sitio n  o f  t h e  la rv a e , covers a ll th e  fac ts , 
fo r th e  p la te s  h e ld  a t  a n  a n g le  o f  4 5 0 c a u g h t  o n ly  a b o u t  h a l f  
th e  n u m b e r  o f  s p a t  t h a t  w as c o u n te d  o n  u n d e r -h o r iz o n ta l  su rfaces 
(o °), in s te a d  o f  a b o u t  3 /4  (sin . 4 5 0). T h e y  a re  in c l in e d  to  
su p p o se  t h a t  th e  c ra w lin g  la rv a e  m u s t  ex cerc ise  a  m o re  o r  less 
d is c r im in a tin g  se le c tio n  o f  th e  a n g le  o f  su rface .

I h a v e  g a th e r e d  m a n y  d a ta  o n  t h e  in f lu e n c e  o f  th e  a n g le  o f  
su rfa c e  in  th e  O o s te rsc h e ld e . A ll t h e  p la te s  I  u se d  fo r a s c e r ta in in g  
th e  in te n s ity  o f  s e ttin g  in  th e  c o u rse  o f  th e  se aso n  o f  r e p r o d u c t io n  
w e re  ex p o sed  a t  a n g le s  o f  4 5 °, s o  t h a t  f ro m  th e  d a t a  th u s  
o b ta in e d  I  c a n  a lso  s tu d y  th e  d if fe re n c e  in  sp a tfa ll b e tw e e n  
su rfaces  a t  1350 a n d  4 5 °. M o r e o v e r  I  c o n s tru c te d  a  sp e c ia l 
c o n ta in e r  in  w h ic h  3 p la te s  c o u ld  b e  h e ld  in  a  v e r t ic a l  p o s itio n  
a n d  3 in  a  h o r iz o n ta l  p o s it io n  (fig . 18).  T h is  d ev ice  w as u sed  
in  th e  seasons o f  1938 a n d  1939. I n  1939 I  u se d  m o re o v e r  a  
c o n ta in e r  in  w h ic h  12 p la te s  c o u ld  b e  ex p o se d  a t  d if fe re n t 
an g le s , so t h a t  th e  e n t ire  se t w as a r r a n g e d  in  th e  s h a p e  o f  a  fan . 
I  a d o p te d  th e  sa m e  n o ta t io n  as h a s  b e e n  u sed  b y  th e  o th e r  
a u th o rs ,  i.e . th e  n o ta t io n  b y  w h ic h  th e  u p p e r-su rfa c e s  o f  a  
p la te  in c lin e d  a t  a n  a n g le  o f  4 5 0 a re  c o n s id e re d  as b e in g  a t  
a n  a n g le  o f  1350 w ith  th e  h o r iz o n ta l  a n d  o th e r  su rfaces a c ­
c o rd in g ly .

T h e  p la te s  u se d  fo r a s c e r ta in in g  th e  in te n s ity  o f  se ttin g  
y ie ld e d  th e  fo llo w in g  d a ta :

Sea-
Y ersche

B ank
K a tte n d ijk e W em eld inge S trije n B ergsche

B ank

45° 135° 45° 135° 45 ° ' 35° 4 5 ° ' 35° 45° ' 35°

'9 3 5
1936 120 343

147
30

541
82 '2 5 220

233
85

4 '3
IOI 43 104

1937 260 118 1 173 5 5 1 342 650 188 329 88 166
1938 554 2607 324 747 748 '3 3 8 475 682 264 249
1939 231 1656 288 866 393 886 306 757 107 220

T o ta ls 1165 5787 962 2787 1608 3094 1267 2282 502 739

I n  1938 th e  c o a te d  p la te s  f ro m  th e  c o n ta in e r  w ith  h o r iz o n ta l  
a n d  v e r tic a l p la te s  y ie ld e d  th e  fo llow ing  f ig u re s :
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Periods o f 
exposure

H o r iz o n ta l p la te s V e rtic a l p la tes

to p m , pi. 
o° 1 1800

2nd . pi. 
o° ! 1800

3 rd
o°

pi.
1800 9 0 ° <0 0 0 9 0 ° 90o 90° 9 0 o

3 V II-1 2  V I I IO 69 15 30 25 40 5 2 6 7 5 7
12 V II-2 1  V I I 12 53 7 2.3 7 36 3 2 4 8 8 18
2 V I I I -  8 V I I I 45 224 - - 37 70 18 9 7 16 27 14
8 V I I I - 1 4 V I I I 136 ” 94 — — 71 1031 »9 59 9b 99 124 7»

T o ta ls 203 1540 140 1171 I J 5 72 113 130 164 117

A v erag e s :

o °  9 0 o i8 o °
171 118 1358

I n  1939 th e  sa m e  d ev ice  y ie ld e d :

P eriods o f 
exposure

H o r iz o n ta l p la te s V e r tic a l p la tes

to p n
0°

1. pi. 
1800

2nc
0°

pi.
1800

3 rd
0°

pi.
1800 90 ° 90 ° 90 ° 90° 90° 9 0 °

2 V I I -  8 V I I 23 75 15 35 19 30 3 IO 9 4 13 9
8 V II -1 4  V I I 33 127 3 t 40 3b 28 4 13 IO 14 13 12

14 V II-2 0  V I I 33 136 43 139 38 109 9 15 16 12 15 16
20 V II-2 6  V I I 18 113 ib 3 b 39 48 4 8 H 17 9 21
26 V I I -  4  V I I I 27 75 29 76 39 103 12 9 15 8 27 I I

4 V I I I - 1 0 V I I I 38 82 35 23 19 17 20 11 5 11 7 5
1 0 V I I I - 1 6 V I I I 23 48 21 29 43 b4 17 8 8 IO IO 6
1 6 V III -2 2  V I I I 34 104 27 98 42 105 34 20 41 17 44 26

T o ta ls 229 760 217 476 275 504 103 94 118 93 138 106

A v e ra g e s  :

o° 9 0 o 1800
240 109 580

T h e  f a n -s h a p e d  se t o f  p la te s  c a u g h t  in  1939:
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Periods o f
exposure 0 O 22|° 45° 6 7 T 9 0 ° 11 X 135° 1810°

2 V I I  -  8 V I I 20 IO 22 13 x3 7 ' 2 5 T i IO 4 23 34 54 61 ”34 38 24 35
8 V I I -  14 V I I 12 IO 16 16 18 23 9 5 7 4 7 0 37 21 20 45 59 41 27 58

14 V I I - 2 0 V I I 35 13 32 27 17 11 IO 4 16 12 13 6 56 25 106 48 130 70 29 57
20 V I I - 2 6 V I I 27 27 26 22 22 22 IO 7 x3 7 IO 8 39 26 46 60 55 32 27 25
26 V I I -  4 V I I I 5 14 28 37 15 21 9 14 8 11 i 2 50 31 76 104 77 87 26 15

4 V I I I -  io V I I I 15 3 23 D 5 6 8 6 4 3 7 5 28 18 48 X5 41 30 7 IO
IO V I I I -  16 V I I I 11 6 I? 22 9 14 6 4 5 5 11 6 29 25 19 35 25 38 9 12
16 V I I I  -  22 V I I I 26 34 20 34 17 11 4 6 11 4 12 4 26 42 72 21 52 72 3 1 12

T o ta ls 151 i D 184 188 1 16 1 *5 58 51 70 47 71 35 288 !222 441 389 473 408 :[80 224

A v erag e s:

o° 2 2 |°  4 5 ° 67^° 9 0 o 112-I0 1350 1572° ïS o 0
134 186 115 55 56  250 4 1 5  441 202

D u r in g  th e  sa m e  p e r io d s  t h a t  th e  c o n ta in e r  w ith  h o r iz o n ta l  
a n d  v e r t ic a l  p la te s  w as u se d , th e  o r d in a r y  c o n ta in e r  a t  th e  sa m e  
s ta t io n  c a u g h t  p e r  p la te :

 135 °  4 5 °
1 9 3 8  633  14°

1939 4 7 8  67

T h e  fo llo w in g  a re  th e  d a t a  o b ta in e d  a t  th e  s ta t io n  Y ersch e
B a n k , c o m b in e d  in  o n e  ta b le :

o° 22t° 4 5 ° 6 7 T 9 0 ° I  I 2 | ° 135° x 5 7 i ° 1800

O rd in a ry  p la te s  (1936-1939) . 1165 5787
H .V . p la te s  +  O rd . p la te s  1938 171 140 118 633 1358
H .V . p la te s  +  O rd . p la te s  1939 240 67 109 478 580
F a n -c o n ta in e r  1939 ................. 134 186 115 55 56 2 5 O 415 441 202
Specia l h o r iz o n ta l series 1939. 771 2370

I  c o n c lu d e  f ro m  th e se  d a t a  t h a t  u n d e r  f ie ld -c o n d itio n s  i n  th e  
O o s te rsc h e ld e  u p p e r-su rfa c e s  c o lle c t m o re  s p a t  t h a n  u n d e r ­
su rfa ce s  a n d  t h a t  v e r t ic a l  su rfaces  a re  le a s t  s u ita b le  fo r  a t ­
ta c h m e n t .

T h e s e  d a t a  d iffe r  g re a t ly  f ro m  th o se  o b ta in e d  b y  H o p k in s ,  w h o
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e x p e r im e n te d  likew ise u n d e r  f ie ld -c o n d itio n s , a lb e i t  w ith  Ostrea 
lurida. A s th e  la rv a e  o f  Ostrea edulis sh o w  th e  sa m e  sw im m in g  
p o s itio n  as th o se  o f  o th e r  k in d s  o f  o y s te r , v iz . w ith  th e  v e lu m  
u p w a rd s , H o p k in s 5 in te r p re ta t io n ,  b a s e d  o n  th e  c h a n c e  o f  th e  
fo o t to u c h in g  a n  o b je c t, c a n n o t  b e  c o r re c t.  T h e  g r e a t  d iffe ren ce  
b e tw e e n  th e  n u m b e r  o f  s p a t  o n  su rfaces  h e ld  a t  o° a n d  a t  45° 
in  h is e x p e r im e n ts  p o in ts  in  th e  sa m e  d ire c tio n . I t  is n o t  easy  
to  g ive a  p la u s ib le  e x p la n a t io n  o f  th is  d if fe re n c e  in  s e ttin g  o f  
th e se  c losely  r e la te d  species.

C o l e  a n d  K n i g h t  J o n e s  o b ta in e d  re su lts  w h ic h  a re  q u ite  
d if fe re n t f ro m  m in e , b u t  th e n  th e y  c a r r ie d  o u t  th e i r  ex p e r im e n ts  
in  ta n k s  (so u n d e r  s e m i-n a tu ra l  c o n d itio n s ) ,  w h e re  h o r iz o n ta l 
c u r re n ts  a r e  p ra c tic a lly  a b s e n t,  so t h a t  th e  la rv a e  c a n  p r a c tic a lly  
m o v e  in  a  v e r t ic a l  d ir e c tio n  o n ly , w h ile  u n d e r  f ie ld -c o n d itio n s  
h o r iz o n ta l  m o v e m e n ts  a re  fa r  m o re  c o n s id e ra b le  th a n  v e r tic a l. 
I n  co n seq u e n ce  o f  th e  a b s e n c e  o f  h o r iz o n ta l  c u r re n ts  in  ta n k s  
i t  is v e ry  d ifficu lt fo r th e  la rv a e  to  re a c h  th e  u p p e rs id e s  o f  
o b je c ts , e sp ec ia lly  w h e n  th e se  o b je c ts  a r e  ex p o sed  n e a r  th e  
su rface . I f  th e  co n c lu s io n  f ro m  m y  e x p e r im e n ts , th a t  th e  la rv a e  
o f  Ostrea edulis p re fe r  to  a t ta c h  o n  u p p e r  su rfaces, is c o rre c t, 
i t  r e m a in s  possib le  t h a t  in  ta n k s  u n d e r-su rfa c e s  c o lle c t fa r  
m o re  s p a t  th a n  u p p e r-su rfa c e s , o w in g  to  th e  l im ite d  possib ilities 
o f  m o v e m e n t in  th e m . I t  is m y  b e l ie f  th a t  th e  f a c t  th a t  v e r tic a l 
su rfaces  c a u g h t less s p a t  t h a n  u p p e r-su rfa c e s  in  C o l e ' s e x p e r i­
m e n ts  in d ic a te s  t h a t  h is  re su lts  a r e  in  b e t te r  a c c o rd a n c e  w ith  
m in e  th a n  w ith  th o se  o f  H o p k i n s .

T h e  p re fe re n c e  o f  Ostrea edulis fo r  c e r ta in  a n g le s  o f  su rface  
is b y  n o  m e a n s  so p ro n o u n c e d  as in  Ostrea lurida , a l th o u g h  I  w as 
a b le  to  p ro v e  in  th e  se c tio n  o n  th e  o r ie n ta t io n  o f  th e  s p a t  th a t  
th e  fu ll-g ro w n  la rv a e  o f  Ostrea edulis a r e  e x tre m e ly  sensitive  to  
th e  p u ll  o f  g ra v ita t io n .

T h e  d if fe re n c e  in  sp a tfa ll  o n  u p p e r -  a n d  u n d e r -h o r iz o n ta l  
su rfaces  v a r ie d  so m e w h a t. O n  a n  a v e ra g e  u p p e r-su rfa c e s  o f 
h o r iz o n ta l  p la te s  c a u g h t  f ro m  2 to  3 tim e s  as m u c h  s p a t  as 
u n d e r-su rfa c e s  ( u n d e r  f ie ld -c o n d itio n s ) . U p p e r -h o r iz o n ta l  s u r ­
faces o f te n  c a u g h t m o re  s p a t  th a n  su rfaces ex p o sed  a t  a n  an g le  
o f  135°-

I t  is m y  b e l ie f  t h a t  in  th e  c o n ta in e r  in  w h ic h  th e  p la te s  w ere  
h e ld  in  a  fa n -sh a p e d  a r r a n g e m e n t  o th e r  fa c to rs  m u s t  h a v e  
in te r fe re d .  T h e  p la te s  in  th is  c o n ta in e r  s to o d  close to g e th e r  a n d  
a l th o u g h  th e  s id e-w alls  w e re  a m p ly  p ro v id e d  w ith  o b lo n g  ho les
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(c.f. fig. 19), i t  re m a in s  p o ss ib le  t h a t  c u r r e n t  co n d itio n s  w ere  n o t 
q u i te  th e  s a m e  fo r th e  v a r io u s  p la te s .  C o n s e q u e n tly  I  d o  n o t 
th in k  th a t  w e  a re  ju s t if ie d  in  d e d u c in g  f ro m  th e  d a t a  o b ta in e d  
w ith  th is d ev ice  th a t  su rfaces  e x p o s e d  a t  a n  an g le  o f  157^° a re  
m o re  s u ita b le  t h a n  th o se  h e ld  a t  a n  a n g le  o f  i8 o ° .

A lth o u g h  c u rre n t-v e lo c itie s  a r e  s o m e w h a t g r e a te r  in  th e  
O o s te rsc h e ld e  th a n  in  th e  P u g e t  S o u n d , i t  is im p o ss ib le  to  
a s c r ib e  th e  d iffe ren ces  b e tw e e n  H o p k i n s ’ d a ta  a n d  m in e  to  
th is . F o r  a lso  in  th o se  cases w h e r e  th e  p la te s  w e re  ex p o sed  
in  su c h  a  w a y  t h a t  c u r r e n t  c o n d it io n s  w e re  e x a c tly  th e  sa m e  for 
u p p e r-su rfa c e s  a n d  u n d e r-su rfa c e s  (I  a m  re fe r r in g  to  th e  p la te s  
u se d  for a s c e r ta in in g  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  sp a tfa ll)  
I  fo u n d  m o re  s p a t  o n  u p p e r  t h a n  o n  u n d e r-su rfa c e s  (1190  : 479).

F ro m  m y  firs t ta b le  in  th is  s e c tio n  i t  m a y  b e  seen  th a t  th e  
p r o p o r t io n  b e tw e e n  th e  in te n s ity  o f  s e ttin g  o n  su rfaces  h e ld  a t  
a n  a n g le  o f  1350 a n d  o f  45° w a s  a b o u t  5 : 1 a t  th e  s ta tio n  
Y ersch e  B a n k , 3 : 1 a t  K a t t e n d i jk e ,  2 : 1 a t  th e  s ta t io n  W e m e l­
d in g e  a n d  iess th a n  2 : 1 a t  th e  s ta tio n s  S tr i je n  a n d  B ergsche 
B a n k .

T h e  s tro n g e s t c u r re n ts  o c c u r  a t  th e  s ta tio n s  B e rg sch e  B an k  
a n d  S tr i je n , w h ile  th e  c u r re n ts  a r e  re la tiv e ly  slow  a t  th e  s ta t io n  
Y e rsc h e  B a n k . I t  is possib le  t h a t  th e  c o r re la t io n  b e tw e e n  th e  cu r- 
re n t-v e io c ity  a n d  th e  p r o p o r t io n  o f  s p a t  o n  u p p e r -  a n d  u n d e r ­
su rfaces o f  p la te s  h e ld  a t  a n  a n g le  o f  45° is a n  in d ic a t io n  th a t  
u n d e r-su rfa c e s  a re  s o m e w h a t b e t te r  p ro te c te d  f ro m  th e  c u r re n ts  
th a n  u p p e r-su rfa c e s , th o u g h  w e  tr ie d  to  e l im in a te  th is  fa c to r  
b y  p ie rc in g  th e  s id e -w alls  o f  th e  c o n ta in e rs  (fig. 16).

I t  m a y  a lso  b e  seen  f ro m  o n e  o f  m y  ta b le s  in  th is  se c tio n  th a t  
th e  u p p e r - s u rfa c e  o f  th e  to p m o s t  o f  a  se t o f  th r e e  h o r iz o n ta l  
p la te s  c a u g h t  b u t  s lig h tly  m o r e  s p a t  t h a n  th e  u p p e r-su rfa c e s  
o f  th e  o th e r  tw o  p la te s , a l th o u g h  th e  u p p e r - s u r fa c e  o f  th e  
to p m o s t  p la te  w as m o re  e a s ily  accessib le  fo r  th e  la rv a e  th a n  
w e re  th e  o th e r  tw o . I t  s h o u ld  b e  b o rn e  in  m in d , h o w e v e r, th a t  
th e  a c tiv e  v e r t ic a l  m o v e m e n ts  o f  th e  la rv a e  a re  f a r  s lo w er th a n  
th e  passive  h o r iz o n ta l ,  so t h a t  u n d e r  f ie ld -c o n d itio n s  th e  c h a n c e  
o f  th e i r  r e a c h in g  th e  se co n d  a n d  th e  th i r d  p la te  is n o t  so m u c h  
sm a lle r  th a n  th e  c h a n c e  o f  th e i r  r e a c h in g  th e  to p m o s t p la te .

S u m m a r iz in g , I  c a n  s ta te  t h a t  m y  e x p e r im e n ts  d e m o n s tr a te  
t h a t  th e  la rv a e  o f  Ostrea edulis d o  n o t  show  th e  s a m e  b e h a v io u r  
w i th  r e g a rd  to  th e  a n g le  o f  su rfa ce  a t  w h ic h  th e  c o llec to rs  a re
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ex p o sed  as th o se  o f  Ostrea lurida. U p p e r -s u rfa c e s  c a tc h  m o re  
s p a t  t h a n  u n d e r-su rfa c e s  a n d  v e r t ic a l  su rfaces  c o lle c t le a s t 
sp a t.  H o p k i n s ’ in te r p re ta t io n  o f  th e  b e h a v io u r  o f  Ostrea lurida 
c a n n o t  b e  c o rre c t. T h e  d if fe re n c e  b e tw e e n  m y  d a t a  a n d  th o se  
o b ta in e d  b y  C o l e  a n d  K n i g h t  J o n e s  m a y  b e  a s c r ib e d  to  th e  
l im ite d  p o ssib ilities  fo r h o r iz o n ta l  m o v e m e n ts  in  th e  s till w a te r  
o f  th e  ta n k s .

I  a m  in c lin e d  to  a sc rib e  th e  d if fe re n c e  in  sp a tfa ll  o n  su rfaces 
h e ld  a t  v a r io u s  an g les  to  a  d is c r im in a tin g  se le c tio n  o n  th e  p a r t  
o f  th e  la rv a e  a n d  I  re je c t a  p u r e ly  m e c h a n ic a l  e x p la n a tio n . 
T h is  se le c tio n  m a y  b e  in te r p r e te d  as a  re s u lt  o f  th e  e ffo rts  o f  
th e  m a tu r e  la rv a e  to  a t ta in  th e i r  ec o lo g ic a l n o rm .

C o l e  says t h a t  th e  la rv a e  o f  Ostrea edulis se t m o s t  f re q u e n tly  
n e a r  th e  u p p e r  free  edges o f  th e  u n d e rs id e s  o f  sla te s  h e ld  a t  
a n  a n g le  o f  4 5 0, w h ic h , a c c o rd in g  to  h im , p o in ts  to  a  te n d e n c y  
to  c ra w l u p w a rd s  a g a in s t  g ra v i ty  o n  in c lin e d  su rfaces. I  h a v e  
n e v e r  y e t  o b se rv e d  th is  p h e n o m e n o n  in  th e  O o s te rsc h e ld e .

T h e  i n f l u e n c e  o f  t h e  c o l o u r  o f  t h e  s u b s t r a t u m

F o l p m e r s  (1924) p re s u m e d  t h a t  o y s te r la rv a e  p re fe r  a  d a r k  
s u b s t r a tu m  fo r a t ta c h m e n t :  „ H e t  z w e m m e n d e  o e s te rb ro e d  
z o e k t to c h  b ij v o o rk e u r  h e t  d o n k e r  o p  e n  is a fk e e r ig  v a n  veel 
l i c h t .”  H e  c o m p a re d  th e  sp a tfa ll  o n  b la c k  a n d  w h ite  tile -  
c o lle c to rs , b u t  h e  c o u n te d  o n ly  3 to  4  s p a t  p e r  tile , w h ich  
n u m b e rs  a re  f a r  to o  sm a ll to  b a s e  co n c lu s io n s  o n .

A n o th e r  e x p e r im e n t w ith  c o lo u re d  tile -c o lle c to rs  h a s  b e e n  
c a r r ie d  o u t  b y  T h i e b l e m o n t  ( H e r m a n  1 9 3 7 ) .  H e  c o u n te d  th e  
n u m b e r  o f  s p a t  o n  h is  tiles a t  th e  e n d  o f  th e  se aso n  o f  r e p r o ­
d u c t io n  a n d  fo u n d  o n  a n  a v e ra g e  7 , 7  s p a t  o n  w h ite  tiles , 6 , 8  

o n  b lu e  tiles, 3 , 7  o n  g re e n  tile s , 3 , 6  o n  r e d  tiles , 3 ,1  o n  v io le t 
tile s , 2,2 o n  b la c k  tiles a n d  1 , 7  o n  y e llo w  tiles. H e  d id  n o t 
e l im in a te  d iffe ren ce s  in  th e  d e a th - ra te ,  fo r  h e  o n ly  c o u n te d  
th e  s p a t  th a t  h a d  su rv iv e d  ti l l  in  a u tu m n , w h e n  a l r e a d y  a b o u t 
9  o u t  o f  io  o f  th e  s p a t  t h a t  o r ig in a lly  a t ta c h e d  w ill h a v e  d is­
a p p e a r e d .

O r t o n  ( 1 9 3 7  a )  a s s u m e s  t h a t  o y s t e r l a r v a e  p r e f e r  t o  s e t  o n  

d a r k  s u r f a c e s  a n d  r e c o m m e n d s  t h e  u s e  o f  d a r k - c o l o u r e d  c u l t c h .  

O r t o n  d o e s  n o t  t e l l  u s  h o w  h e  c a m e  t o  t h e  c o n c l u s i o n  t h a t  

d a r k - c o l o u r e d  s u r f a c e s  c a t c h  m o r e  s p a t  t h a n  w h i t e ;  h e  o n l y  

m e n t i o n s  a  s m a l l - s c a l e  a p p l i c a t i o n  o f  b l a c k - v a r n i s h e d  s h e l l s .
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T o  in v e s tig a te  th is  m a t te r  I  u s e d  g lass p la te s  f ro s te d  o n  b o th  
s ides  a n d  c o a te d  w ith  a  c o lo u re d  p a s te . T w e lv e  o f  th e se  p la te s  
w e re  p la c e d  a t  a n  an g le  o f  4 5 0 in  o b lo n g  c o n ta in e rs  o f  re in fo rc e d  
c o n c re te  (fig . 19). I  e l im in a te d  d iffe ren ce s  in  th e  d e a th - ra te  
b y  a p p ly in g  th e  sam e m e th o d s  a s  w e re  u se d  w ith  th e  p la tes  
in  th e  e x p e r im e n ts  d e sc r ib e d  a b o v e . T h e  p la c e s  o f  th e  c o lo u re d  
p la te s  in  th e  c o n ta in e r  w e re  r e g u la r ly  in te rc h a n g e d .

T h e  c o a tin g  o f  th e  p la te s  w as c o m p o se d  o f  d y e , c e m e n t,  lim e, 
s a n d  a n d  w a te r ;  th e  p ro p o r tio n s  o f  th e  c o m p o n e n ts  w e re  m o d i­
fied  e m p e r ic a lly  a n d  w e c o m p a re d  th e  t in ts  o b ta in e d  a f te r  th e  
d r y  p la te s  h a d  b e e n  im m e rs e d  in  s e a w a te r . S e v e ra l p la tes  
a p p e a r e d  to  sh o w  a  less in te n s iv e  c o lo u r  a f te r  im m e rs io n  in  
se a w a te r ,  so m e  dyes ev e n  c h a n g e d  th e ir  c o lo u r. A t  la s t  we 
su c c e e d e d  in  f in d in g  s u ita b le  c o m p o s itio n s  o f  th e  c o a tin g s , so 
t h a t  f in a lly  w e  o b ta in e d  p la te s  w h ic h  sh o w e d  b r ig h t  co lo u rs  in  
s e a w a te r .

W e  tr ie d  to  a v o id  dyes w ith  p o iso n o u s  c o m p o n e n ts ,  su c h  as 
le a d  a n d  m e rc u ry .

T h e  c o a tin g  o f  th e  w h ite  p la te s  c o n ta in e d  lim e  a n d  fine 
w h ite  s a n d , b u t  n o  c e m e n t. T h e  y e llo w  p a s te  c o n ta in e d  yellow  
o c h re , c e m e n t a n d  sa n d . A ll th e  o th e r  c o a tin g s  c o n ta in e d  sa n d , 
c e m e n t,  l im e  a n d  dye. I  u se d  u l t r a m a r in e  (b lu e ) ,  S w ed ish  
b la c k ,  a n  u n id e n tif ie d  g re e n  d y e  o f  th e  g ro u p  o f  th e  c ry s ta l-  
g re e n s  a n d  a  r e d  a n a lin e -d y e  o f  w h ic h  th e  c o lo u r in g  c o m p o n e n t 
is “ l i th o le c h ts c h a r la c h ” .

I  o b ta in e d  th e  fo llo w in g  r e s u l t s 1) (s ta t io n  Y e rsc h e  B a n k ):

P erio d s o f  exposure
W h ite R e d Y ellow

u pp er-
side

u n d e r ­
side to ta l u p p e r-

side
u n d e r ­

side
to ta l u p p e r-

side
u n d e r­

side
to ta l

3 V II -1 2  V I I  1938 35 20 55 36 15 51 24 16 40
15 V II-2 1  V I I  1938 12 6 18 9 7 16 H io 24
21 V I I -2 7  V I I  1938 37 21 5 « 26 21 47 22 *5 37
27 V I I -  2 V I I I  1938 4 4 8 io 5 15 8 5 *3

2 V I I I -  8 V I I I  1938 59 33 92 75 33 108 65 32 97
8 V I I I - 1 4  V I I I  1938 362 120 482 364 108 472 253 **3 366

T o ta ls 509 204 713 520 189 709 386 *9 i 577

1) F o r  e ac h  co lou r I  d iv id ed  th e  to ta l n u m b e r  o f  sp a t c a u g h t by  th e  
n u m b e r  o f  p la tes  used.
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P erio d s o f  exposure
G reen B lue B lack

u p p e r-
side

u n d e r­
side to ta l u p p e r-

side
u n d e r ­

side to ta l
u p p e r-

side
u n d e r­

side to ta l

3 V II-1 2  V I I  1938 16 7 23 40 15 55 34 21 55
15 V II-2 1  V I I  1938 b 3 9 13 7 20 IO IO 20
21 V II-2 7  V I I  1938 i? 8 2 5 b 23 16 39 17 *3 30
27 V I I -  2 V I I I  1938 6 2 8 b 9 i io 9 5 14

2 V I I I -  8 V I I I  1938 47 IO 57 58 2 9 87 54 27 81
8 V I I I - 1 4 V I I I  1938 231 54 285 353 117 470 288 96 3 8 4

T o ta ls 323 84 407 496 185 681 412 172 584

T h e  d iffe ren ces b e tw e e n  th e  n u m b e r  o f  s p a t  c a u g h t  u n d e r  
f ie ld -c o n d itio n s  o n  s u b s t ra ta  o f  d if fe re n t  co lo u rs  a re  n o t  g re a t.  
O n ly  th e  n u m b e r  o f  s p a t  o n  th e  g re e n  p la te s  is c o n s id e ra b ly  
sm a lle r  t h a n  th a t  o n  th e  p la te s  o f  o th e r  c o lo u rs . I  a m  su re , 
h o w e v e r, th a t  i t  is n o t  th e  c o l o u r  g re e n  w h ic h  causes this 
d iffe re n c e , b u t  th e  c h e m i c a l  n a t u r e  o f  th e  dye . I  c o u n te d  
th e  s p a t  6 to  9 d ay s  a f te r  a t ta c h m e n t ,  j u s t  as I  d id  th e  s p a t  o f  
o th e r  series. T h e  s p a t  th e n  m e a s u re d  o ,6  to  o ,8  m m , b u t  th e  
s p a t  o n  th e  g re e n  p la te s  sh o w ed  l i t t le  o r  n o  g ro w th  a f te r  a t ta c h ­
m e n t;  i t  m e a su re d  0 ,37  m m  o n  a n  a v e ra g e . D u r in g  th e  p e r io d s  
f ro m  21 V I I  to  27 V I I  1938 a n d  27 V I I  to  2 V I I I  1938 I used  
g re e n  p la te s  t h a t  h a d  b e e n  u se d  o n ce  b efo re . T h e s e  p la te s  
c a u g h t  a b o u t  th e  sa m e  n u m b e r  o f  s p a t  as th e  p la te s  o f  th e  
o th e r  co lo u rs  a n d  th e  size o f  th e  s p a t  a p p e a r e d  to  b e  a b o u t  
th e  n o rm a l . P ro b a b ly  th e  p o iso n o u s  c h a r a c te r  o f  th e  d y e  h a d  
d e c re a s e d  a f te r  h a v in g  b e e n  im m e rse d  fo r  12 d ay s . T h e  g re e n  
d yes o f  th e  g ro u p  o f  th e  c ry s ta lg re e n s  a re  k n o w n  to  h a v e  a  
b a c te r io s ta t ic a l  effec t, so t h a t  w e  w ere  n o t  su rp r is e d  to  f in d  
th a t  i t  a ffe c te d  o th e r  liv in g  b e in g s .

I n  1939 I  p la c e d  b la c k  a n d  w h ite  p la te s  in  a n  c o n ta in e r  in  a  
h o r iz o n ta l  p o s itio n . T w o  series o f  th r e e  p la te s  in  v e r t ic a l  o rd e r : 
w h ite -b la c k -w h ite  a n d  b la c k -w h ite -b la c k . T h e  re su lts  a r e  s ta te d  
in  th e  ta b le  o n  p a g e  227 ( s ta t io n  Y ersch e  B a n k ).

J u s t  a s  in  1938 th e  w h ite  p la te s  a p p e a re d  to  h a v e  c a u g h t  
s o m e w h a t m o re  s p a t  th a n  th e  b la c k  ones, b u t  th e  d iffe re n c e  is 
n o t  g re a t ,  p e rh a p s  ev en  n e g lig ib le . I t  is n o t  im p o ss ib le  th a t  
th is  d if fe re n c e  w as c a u se d  b y  th e  fa r  h e a v ie r  s e tt in g  o f  b a rn a c le s  
o n  th e  b la c k  p la te s . I  also  o b se rv e d  in  1938 t h a t  b la c k  p la te s

9  T h e  g reen  p la tes  o f these series h a d  been  used  once before.
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P erio d s o f  ex p o su re
B lack p la tes

topm ost in te rm e d ia te b o tto m m o st a v e r­
ages

u pp . und . to t. u p p . u n d . to t. u p p . u n d . to t.

2 V I I -  8 V I I  1939 43 12 55 50 15 65 57 D 74 65
8 V II -1 4  V I I  1939 b5 D 82 4 1 24 85 45 H 59 69

14 V II-2 0  V I I  1939 105 33 138 94 22 1 16 71 44 115 123
20 V II-2 6  V I I 1939 IO b ib 9 7 ib 11 b 17 16
26 V I I -  4  V I I I  1939 70 15 «5 42 25 67 67 20 87 80
14 V I I I -1 0  V I I I  1939 21 18 39 23 9 32 19 29 48 40
io  V I I I -1 6  V I I I  1939 30 D 47 25 20 45 30 17 47 4 b
19 V I I I -2 2  V I I I  1939 27 i b 43 32 IO 42 35 5 40 41

T o ta ls 371 134 505 316 132 448 335 r52 487 480

P erio d s o f exposure
W h ite  p lates

top m o st in te rm e d ia te b o tto m m o st
a v e r­
ages

u p p . u n d . to t. u p p . u n d . to t. u p p . u n d . to t.

2 V I I -  8 V I I  1939 50 12 62 49 11 60 52 12 64 62
8 V I I - 1 4  V I I  1939 140 25 165 72 H 8b 70 18 88 113

14 V II -2 0  V I I  1939 105 15 120 142 19 ib i ” 9 3 1 150 144
20 \  I I -2 6  V I I  1939 7 4 11 IO 4 14 IO 4 14 13
26 V I I -  4  V I I I  1939 99 18 117 88 20 108 70 19 89 105

4  V I I I - 1 0  V I I I  1939 50 22 72 IO 20 30 30 17 47 50
io  V I I I - 1 6  V I I I  1939 4b 22 b8 27 5 32 29 *5 44 48
19 V I I I -2 2  V I I I  1939 35 9 44 30 b 3b 8 11 19 33

T o ta ls 532 127 659 428 99 527 388 127 515 568

c a u g h t  a  h e a v ie r  se t o f  b a rn a c le s  t h a n  w h ite  p la te s . T h is  is in  
a c c o rd a n c e  w ith  Z o b e l l ’s s ta te m e n t  (1938) t h a t  r e d -b ro w n  
a n d  b la c k  s u b s t r a ta  c a tc h  m o re  b a rn a c le s  th a n  w h ite , yellow  
a n d  b lu e  s u b s tra ta .

S u m m a r iz in g  I  c o n c lu d e  t h a t  u n d e r  f ie ld -c o n d itio n s  l i t t le  o r 
n o  in f lu e n c e  o f  th e  co lo u r  o f  th e  s u b s t ra tu m  o n  th e  in te n s ity  
o f  s e t t in g  c o u ld  b e  sh o w n . T h e r e  is n o  re a s o n  to  re c o m m e n d  
th e  a p p l ic a t io n  o f  c o llec to rs  o f  a n o th e r  c o lo u r  t h a n  th o se  
c o m m o n ly  u se d , as fo r in s ta n c e , w h ite  tiles  x).

a) T ile -co llec to rs a re  coa ted  w ith  a  m ix tu re  o f  lim e a n d  san d . T h is  is 
n o t  d o n e  to  o b ta in  a  w h ite  co lo u r, b u t  to  m ak e  i t  possible to  d e ta c h  th e  sp a t 
a f te r  so m e  tim e  (“ d e tro q u a g e ” ).
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I t  sh o u ld  b e  re m e m b e re d  t h a t  th e  w a te r  in  th e  O o s te rsc h e ld e  
is r a th e r  tu r b id  a n d  th a t  th e  c o lu m n  o f  w a te r  a b o v e  m y  c o n ­
ta in e r  v a r ie d  f ro m  2 to  6 m e tre s , so t h a t  i t  is n o t im p o ss ib le  
t h a t  th e  in f lu e n c e  o f  th e  c o lo u r  o f  th e  s u b s t r a tu m  o n  th e  in te n ­
s ity  o f  s e ttin g  is g re a te r  w h e n  th e  p la te s  a re  i l lu m in a te d  m o re  
in te n se ly . L a rv a e  o f  b a rn a c le s  a re  in  a n y  case  m o re  sen sitiv e  
to  co lo u r  th a n  oyster! a rv a e .

T h e  i n f l u e n c e  o f  c l e a n n e s s  a n d  r o u g h n e s s  o n  t h e  
i n t e n s i t y  o f  s e t t i n g

S uccessfu l a t ta c h m e n t  is o n ly  p o ss ib le  w h e n  th e  su rfa c e  o f  th e  
s u b s t r a tu m  is c le a n  e n o u g h  to  fix  th e  c e m e n t f ro m  th e  byssus- 
g la n d  o n  it. M a n y  a u th o rs  s ta te  t h a t  c le a n  su rfaces a re  u n ­
d o u b te d ly  th e  m o s t su ita b le  fo r s e tt le m e n t (e .g . P e t e r s e n  1908, 
M a z z a r e l l i  1922, K ä n d l e r  1930, G a l t s o f f , P r y t h e r c h  
a n d  M a c  M i l l a n  1930, H i n a r d  1932, N e e d l e r  1932 a , O r t o n  
1937 a , H o p k in s  1937).

H o p k in s  ( 1 9 3 7 )  te s te d  ro u g h ly  th e  d e c re a se  in  effic iency  o f  
c u l tc h  a f te r  i t  h a d  b e e n  in  w a te r  fo r som e tim e . S hells ex p o sed  
in  w ire  b a g s  a p p e a r e d  to  h a v e  lo s t a  g o o d  d e a l o f  th e i r  effic iency  
as sp a t-c o lle c to rs  in  9 d ay s . L o c a l c o n d itio n s  h a v e  m u c h  in ­
f lu e n c e  o n  th e  r a te  a t  w h ic h  th e  s u ita b il i ty  o f  c u l tc h -m a te r ia l  
dec reases . A lg a l g ro w th  sh o w s g re a t  d iffe ren ce s  a t  v a r io u s  
d e p th s  a n d  th e  d e p o s itio n  o f  s il t  is n o t  th e  sa m e  ev e ry w h e re . 
T h e  p la te s  o f  m y  “ o rd in a r y  se rie s” , w ith  w h ic h  I  a s c e r ta in e d  
th e  in te n s ity  o f  th e  sp a tfa ll, r e m a in e d  in  th e  w a te r  fo r 3 d ay s  an d  
th e  p la te s  o f  m y  sp e c ia l se rie s  fo r  6 d ay s . I n  th e  c o n ta in e rs  
w ith  w h ic h  I  te s te d  th e  in f lu e n c e  o f  th e  ro u g h n e ss  o f  th e  su rface  
o n  th e  in te n s ity  o f  s e ttin g  I  p la c e d  i.a . p la te s  w ith  a  “ n o r m a l”  
c o a t in g  a t  a n  an g le  o f  4 5 0 ( th e  “ n o r m a l”  a n g le )  fo r  6 d a y s  a t  
th e  s ta t io n  Y e rsc h e  B an k .

Periods o f  exposure 2 x 3  days 1 x 6  days

3 V I I —12 V I I  1938 48 64
15 V I I -2 1  V I I  1938 29 28
21 V I I - 2 7  V I I  1938 67 4.1
27 V I I -  2 V I I I  1938 30 24

2 V I I I -  8 V I I I  1938 123 85
8 V I I I - 1 4  V I I I  1938 610 523
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A  c o m p a r is o n  o f  th e  n u m b e r  o f  s p a t  a t ta c h e d  to  th e se  p la te s  
w ith  th e  n u m b e r  on  th e  tw o  o r d in a r y  3 -d ay s se ries f ro m  th e  
s a m e  s ta t io n  w ill show  w h e th e r  o r  n o t  th e  p la te s  h a v e  lo s t 
m u c h  o f  th e i r  efficiency  as sp a t-c o lle c to rs  a f te r  th r e e  days 
(see p a g e  2 2 8 ).

W e  m a y  c o n c lu d e  f ro m  th e se  d a t a  th a t ,  a l th o u g h  a  s lig h t 
d e c re a se  in  efficiency  o f  th e  sp a t-c o lle c to rs  c a n  b e  o b se rv ed  
a f te r  3 d a y s  o f  im m ers io n , th e  p la te s  m a in ta in  th e ir  su ita b il i ty  
d u r in g  a  p e r io d  o f  a t  le a s t 6 d a y s . A fte r  a b o u t  io  d ay s  th e  
s u ita b il i ty  d ec reases  r a p id ly ,  w h ile  a  g ro w th  o f  o rg a n ism s , for 
in s ta n c e  o f  a lg a e , m a y  th e n  b e  o b se rv e d  w ith  th e  n a k e d  eye. 
I  s ta te d  a b o v e  th a t  in  th e  y e a r  1938 th e  p o te n t ia l  sp a tfa ll  in  
A u g u s t  w as  en o rm o u s , b u t  t h a t  th e  p a r t ic a l  sp a tfa ll  w as a 
fa i lu re  o w in g  to  th e  fa c t th a t  th e  tile -c o lle c to rs  h a d  b e e n  im ­
m e rse d  m a n y  d ay s  to o  ea rly .

T h e  ro u g h n e s s  o f  th e  s u b s t r a tu m  o f te n  a p p e a re d  to  in f lu e n ce  
th e  in te n s ity  o f  se ttin g . H o r s t  (1884) ex p o sed  in  th e  O o s te r-  
sc h e ld e  p la te s  o f  sm o o th  g lass, f ro s te d  g lass a n d  lim e d  glass. 
T h e  l im e d  g lass  a p p e a re d  to  c a tc h  fa r  m o re  s p a t  th a n  th e  
s m o o th  g lass a n d  th e  f ro s te d  g lass. L e e s  (1930) in  h is  a t te m p ts  
to  in v e n t  n e w  k in d s  o f  c u l tc h -m a te r ia l  fo u n d  t h a t  th e  la rv a e  o f 
Ostrea edulis a t ta c h  in te n s iv e ly  o n  l im e d  glass. H in a r d  (1932) 
s ta te d  t h a t  th e  la rv a e  p re fe r  to  a t ta c h  o n  s u b s t r a ta  w h ich  
c o n ta in  lim e : “ E lles s e m b le n t a v o ir  u n e  p ré d ile c t io n  p o u r  les 
su p p o r ts  c a lc a ire s ” ; b u t  V o is in  (1933) te lls  us t h a t  lim e  is n o t 
in d is p e n s ib le  a n d  th a t  th e  c u l tc h - m a te r ia l  o u g h t  to  b e  c le a n  
a n d  f irm  in  th e  firs t p la c e . C o l e  (1938  a) a n d  C o l e  a n d  
K n i g h t  J o n e s  (1939) te ll u s t h a t  i t  is d if fic u lt to  in d u c e  la rv a e  
o f  Ostrea edulis to  se t o n  s m o o th  g lass. T h e y  c a u g h t  fa r  m o re  
s p a t  o n  s la te s  ( ta n k -o b se rv a tio n ) .

S im ila r  o b se rv a tio n s  h a v e  b e e n  m a d e  o n  o th e r  k in d s  o f  oysters.

Ostrea virginica

N e l s o n  (1930) c o m p a re d  th e  s e ttin g  o n  sm o o th  g lass, g ro u n d  
g lass  a n d  o b je c ts  (glass a n d  shells) c o a te d  w ith  a  m ix tu re  o f 
l im e  a n d  c e m e n t. T h e  l im e d  o b je c ts  c a u g h t  fa r  m o re  s p a t  th a n  
th e  o th e rs . P r y t h e r c h  (1934  a) o b se rv e d  t h a t  th e  c e m e n t 
c o a t in g  o f  th e  p a r ti t io n -c o lle c to rs , w h ic h  is v e ry  ro u g h , is id e a l 
fo r  a t ta c h m e n t  o f  th e  la rv a e  o f  Ostrea virginica. S m o o th  glass 
slid es  a n d  c h in a  p la ce d  n e a r  a n d  in s id e  th e se  co llec to rs  g a th e re d
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f a r  less s p a t  p e r  u n i t  o f  su rfa c e  th a n  th e  p a r ti t io n -c o lle c to rs . 
G ro u n d  glass w as n e a r ly  as e ffec tiv e  as th e  c e m e n t su rfa c e  o f  th e  
p a r ti t io n -c o lle c to rs .

Ostrea gigas

H o r i  (1936) o b se rv e d  t h a t  th e  sp a tfa ll on  fro s ted  g lass was 
p o o r , a l th o u g h  m a tu r e  la rv a e  o f  Ostrea gigas  w ere  a b u n d a n t  a t  
t h a t  tim e . Y o k o t a  (1936) s ta te s  t h a t  i t  is im p o ss ib le  fo r th e  
la rv a e  o f  th is  k in d  o f  o y ste r to  a t ta c h  o n  o b je c ts  c o a te d  w ith  
p a ra ff in .

Ostrea lurida

C o e  a n d  A l l a n  (1937) c a u g h t  fa r  m o re  s p a t  o f  Ostrea lurida 
o n  w o o d  a n d  c e m e n t th a n  o n  sm o o th  glass. T h e  sp a tfa ll  w as 
m o re  in te n se  o n  glass t h a t  h a d  b e e n  u se d  o n c e  b e fo re . T h e y  
p re s u m e  th a t  i t  is p e rh a p s  o rg a n ic  m a t te r  in  d e c o m p o s itio n  
th a t  b r in g s  a b o u t  th is  d iffe re n c e . I n  c o n n e c t io n  w ith  th is  I  
m e n tio n  Z o b e l l  (1938 ), w h o  te lls us t h a t  se v e ra l sessile o rg a n ­
ism s a t ta c h  m o re  in te n se ly  o n  o b je c ts  o f  w h ic h  th e  su rfa c e  is 
c o v e re d  w ith  a  f ilm  o f  b a c te r ia  th a n  o n  s te r i le  su rfaces.

T o  in v e s tig a te  th is  m a t te r  I  p la c e d  in  a  lo n g  c o n ta in e r  p la tes  
w ith  d if fe re n t  su rfaces: s m o o th  g lass, g r o u n d  g lass a n d  glass 
w ith  a  c o a tin g  o f  lim e , c e m e n t  a n d  sa n d . I  u se d  fin e  s a n d  ( th e  
sa m e  as I  u se d  fo r m y  o r d in a r y  p la te s )  as w e ll as sa n d  o f  fa ir ly  
co a rse  a n d  o f  v e ry  co a rse  g r a in .  I n  a  d r y  s ta te  th e  c o a tin g  
w ith  fin e  s a n d  is v e ry  s m o o th  to  th e  n a k e d  eye , w h ile  th e  o th e r

P erio d s o f exposure
Sm ooth

glass
G ro u n d

glass
Sm ooth
coating

R o u g h
co atin g

V ery
rough

coating

3 V I I - 1 2  V I I  1938 i 2 64 54 60
15 V I I -2 1  V I I  1938 0 0 21 20 G
21 V I I -27  V I I  1938 0 i 42 38 26
27 V I I -  2 V I I I  1938 0 3 24 30 35

2 V I I I -  8 V I I I  1938 3 13 85 90 95
8 V I I I - 1 4  V I I I  1938 18 101 523 585 690

T o ta ls 22 120 759 817 923
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c o a tin g s  a r e  resp e c tiv e ly  r a th e r  a n d  v e ry  ro u g h . I  p la c e d  tw o  
o r  th re e  p la te s  o f  th e  sa m e  k in d  in  th e  c o n ta in e r  a n d  r e g u ­
la r ly  in te r c h a n g e d  th e  p la c e s  o f  th e  d if fe r e n t  m a te r ia ls .  T h e  resu lts  
o b ta in e d  a r e  s ta te d  in  th e  ta b le  o n  p a g e  230 (s ta tio n  Y ersch e  B a n k ) .

T h e  c o a te d  p la te s  a p p e a re d  to  c a tc h  fa r  m o re  s p a t  t h a n  th e  
p la te s  o f  s m o o th  glass a n d  f ro s te d  g lass. S m o o th  g lass is v e ry  
u n s u i ta b le  fo r  a t ta c h m e n t  o f  Ostrea edulis. T h e  n u m b e rs  o f  s p a t  
c a u g h t  o n  th e  c o a te d  p la te s  o f  d if fe re n t  ro u g h n e ss  d id  n o t 
d iv e rg e  v e ry  m u c h . C o n s e q u e n tly  m a c ro sc o p ic a l ro u g h n e ss  is 
p r o b a b ly  n o t  essen tia l to  a t ta c h m e n t .  T h e se  sm a ll d if fe re n ­
ces m a y  p ro b a b ly  b e  a s c r ib e d  to  t h e  e n la rg e m e n t o f  th e  su rface  
o w in g  to  ro u g h n e ss .

A lth o u g h  th e  c o a tin g  o f  th e  o r d in a r y  p la te s  looks sm o o th e r  
th a n  g ro u n d  glass, th e  fo rm e r  p r o v e d  to  b e  m o re  s u ita b le  as 
sp a t-c o lle c to r .  I n  fa c t th e  su rfa ce  o f  th e  c o a tin g  is m u c h  ro u g h e r  
t h a n  th a t  o f  g ro u n d  glass, as th e  m ic ro sc o p e  w ill sh o w . I  d a re  
n o t  y e t d e c id e  w h e th e r  th e  c h e m ic a l  co m p o s itio n  o f  th e  s u b s t ra ­
tu m  m a y  n o t  p la y  som e p a r t ,  b u t  i t  is n o t im p o ss ib le  t h a t  i t  is 
m e re ly  th e  m ic ro sc o p ic a l ro u g h n e s s  w h ic h  b r in g s  a b o u t  th e  
d if fe re n c e  in  th e  in te n s ity  o f  s e t t in g  d iscussed  a b o v e . T h e  la rv a e  
se e m  to  r e q u ir e  o r  a t  le a s t to  p re fe r  m ic ro sc o p ic a l ro u g h n ess . 
P e r h a p s  i t  is n o t  o n ly  th e  s u i ta b i l i ty  fo r  f ix a tio n  t h a t  p la y s  a  
p a r t ,  b u t  a lso  th e  s u ita b il i ty  fo r c ra w lin g , fo r i t  is p o ss ib le  th a t  
th e  la rv a e  a re  m o re  eas ily  w a sh e d  o ff  f ro m  o n e  k in d  o f 
s u b s t r a tu m  th a n  fro m  a n o th e r .

S U M M A R Y

1. A  crisis  in  o y s te r-c u ltu re  in  th e  y ea rs  fo llo w in g  1930, 
c a u s e d  b y  a n  e x tre m e ly  r a p id  p r o p a g a t io n  o f  th e  s lip p e r - l im p e t 
a n d  a n  a g g ra v a t io n  o f  sh e ll-d ise ase  c o m p e lle d  D u tc h  oyste r- 
fa rm e rs  to  a b a n d o n  sp a t-c o lle c tio n  o n  so w n -o u t she lls  a n d  to  
r e v e r t  to  tile -co llec to rs . T h e y  w ere  assis ted  b y  th e  G o v e rn m e n t 
in  v a r io u s  w ay s , o n e  o f  w h ic h  w as th e  p re d ic t io n  o f  th e  tim e  
o f  s e t t in g ,  b y  w h ic h  th e  c h a n c e s  o f  a  g o o d  s p a tfa ll  o n  th e  tiles 
a r e  in c re a se d .

2. T h e  w a te r  in  th e  b a s in  o f  th e  O o s te rsc h e ld e  p e rfo rm s  a n  
a lm o s t p e r fe c tly  o sc illa tin g  m o v e m e n t , w h ich  h a s  a  fa v o u ra b le  
in f lu e n c e  o n  th e  w a te r - te m p e ra tu re  a n d  a t  th e  sa m e  tim e  
g u a r a n te e s  a  sa tis fac to ry  r e te n t io n  o f  th e  la rv a e .

3. T h e  O o s te rsc h e ld e  h a s  a  r a th e r  h ig h  a n d  c o n s ta n t  sa lin ity .
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T h e  f lu c tu a tio n s  in  sa lin ity  a r e  c o r re la t iv e  w ith  f lu c tu a tio n s  in  
th e  d is c h a rg e  o f  th e  b ig  r iv e rs . L o c a l r a in f a l l  h as  n o  p e rc e p tib le  
in f lu e n c e  o n  th e  sa lin ity  o f  th e  O o s te rsc h e ld e .

4 . O w in g  to  th e  g re a t  t id a l  ra n g e  th e  w a te r  in  th e  b a s in  
is re g u la r ly  m ix e d  v e ry  th o ro u g h ly , w h ic h  p re v e n ts  s tra t if ic a tio n .

5. A t  h ig h  w a te r  th e  b a s in  c o n ta in s  6 7 5 .0 0 0 .0 0 0  m 3, a t  low  
w a te r  2 7 5 .0 0 0 .0 0 0  m 3. A t  e a c h  tid e  a b o u t  3>7 %  o f  th e  w a te r  
o f  th e  b a s in  (25 .000 .000  m 3) is r e p la c e d  b y  w a te r  f ro m  th e  
d is tr ic ts  s i tu a te d  f a r th e r  w est.

6. A t  se v e ra l s ta tio n s  th e  c u r re n t-v e lo c ity  in  th e  s u r fa c e  
la y e rs  a t ta in s  100 to  150 c m /se c . a t  th e  h e ig h t  o f  th e  tid e ; 
a b o u t  50  c m /se c . in  sh a llo w  p la c e s . N e a r  th e  b o tto m  th e  v e lo c ity  
is a b o u t  i /3  less.

7. P ra c tic a l ly  ev e ry  s u m m e r  th e  w a te r - te m p e ra tu re  rises 
a b o v e  180 C . fo r a  c o n s id e ra b le  p e r io d  o f  t im e . T e m p e r a tu r e s  
a b o v e  22° C . o c c u r  o n ly  sp o ra d ic a lly . O w in g  to  th e  th o r o u g h  
m ix in g  o f  th e  b a s in w a te r  th e  d a ily  f lu c tu a tio n s  in  w a te r - te m ­
p e r a tu r e  a re  sm a ll.

8. T h e  D u tc h  m e th o d s  fo r  th e  n u m e r ic a l  d e te r m in a t io n  o f  
o y s te r la rv a e  h a v e  b e e n  m o d e lle d  o n  th e  F re n c h  m e th o d s , b u t  
im p o r ta n t  m o d if ic a tio n s  h a v e  b e e n  in t r o d u c e d ,  so t h a t  th e  
D u tc h  p la n k to n -sa m p le s  a r e  u n d o u b te d ly  b e t te r  q u a n t i ta t iv e  
t h a n  th e  F re n c h .

9 . I n  th e  c o u rse  o f  th e  s u m m e r  seaso n  p la n k to n -s a m p le s  a re  
p ro c u re d  d a ily , u n d e r  c o m p a ra b le  c irc u m s ta n c e s , f ro m  100 
li tre s  o f  w a te r  a t  tw o  s ta tio n s  in  th e  O o s te rsc h e ld e . T h e  one 
s ta t io n  is s i tu a te d  in  th e  c e n tr e  o f  la rv a e -p ro d u c t io n  (Y ersche 
B a n k ) , th e  o th e r  in  a n  im p o r ta n t  t i le -c e n tre  ( K a tte n d ijk e ) .  
A ll th e  la rv a e  in  th e  sa m p le s  a re  c o u n te d  a n d  m e a s u re d .

10. I n  c o n se q u e n c e  o f  th e  f re q u e n t  s e x -c h a n g e  th e  sp a w n in g  
o f  Ostrea edulis is sp re a d  o v e r  a  g re a te r  n u m b e r  o f  d ay s  th a n  
t h a t  o f  n o n - in c u b a to ry  oyste rs .

l í .  A s o u r  k n o w led g e  o f  th e  in f lu e n c e  o f  te m p e ra tu re  a n d  
n u t r i t io n  o n  se x -c h a n g e  is a s  y e t  in su ff ic ien t, w e  a re  u n a b le  to  
p r e d ic t  th e  w a y  in  w h ic h  e g g -p ro d u c tio n  w ill b e  d is t r ib u te d  
o v e r th e  season . I n  p ra c tic e  i t  is o f  less im p o r ta n c e  to  kn o w  
th e  m o m e n t  o f  th e  b e g in n in g  o f  sp a w n in g  th a n  th e  d a te  a t  
w h ic h  sp a w n in g  re a c h e s  its  h e ig h t.

12. S p a w n in g  in  A u g u s t m a y  p ro b a b ly  b e  la rg e ly  a sc r ib e d  
to  o y ste rs  t h a t  pass  th r o u g h  th e  fem a le  s ta g e  a  se co n d  tim e .

13. A s e g g -m a tu ra t io n  re q u ire s  a  c e r ta in  a m o u n t  o f  w a rm th ,
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i t  is n o t  p o ss ib le  to  fix  a  c le a r ly  d e f in e d  l im it  b e lo w  w h ic h  
sp a w n in g  d o e s  n o t  ta k e  p la c e .

14. T h e  in te n s ity  o f  s p a w n in g  d ec reases  a s  th e  se aso n  
a d v a n c e s . I t  is n o t  possib le  to  in d ic a t e  th e  e x a c t l im it  a t  w h ic h  
in  a u tu m n  sp a w n in g  ceases a l to g e th e r .  S o m e  o y s te rs  b e a r in g  
la rv a e  m a y  s till  b e  fo u n d  lo n g  a f te r  th e  te m p e r a tu r e  h a s  fa lle n  
b e lo w  18° C .

15. A l th o u g h  th e re  a r e  in d ic a t io n s  th a t  sp a w n in g  a t ta in s  
i ts  g r e a te s t  m a x im a  a t  th e  sp r in g - t id e s , w e  a re  n o t  ju s t if ie d  in  
sa y in g  t h a t  sp a w n in g  p re fe ra b ly  show s its  g re a te s t  m a x im a  a t  
fu ll m o o n .

16. T h e r e  c a n n o t  b e  a  s tr ic t  p a ra lle l is m  b e tw e e n  th e  p e r io ­
d ic i ty  o f  sp a w n in g  a n d  th e  a c tu a l  w a te r - te m p e ra tu re ,  as Ostrea 
edulis, o w in g  to  f re q u e n t s e x -c h a n g e , does n o t  sh o w  a  s im u lta ­
n e o u s  o c c u r re n c e  o f  r ip e  eggs i n  a  g r e a t  p a r t  o f  th e  s to c k .

17. A l th o u g h  th e  w a te r - te m p e r a tu r e  in f lu e n ces  th e  d u r a t io n  
o f  in c u b a t io n ,  w e c a n n o t  e x p e c t  th e  p e r io d ic i ty  in  s w a rm in g  
to  r u n  s tr ic t ly  p a ra lle l  to  th e  c o u r s e  o f  th e  a c tu a l  w a te r - te m ­
p e r a tu r e ,  a s  th e  in te n s ity  o f  s w a rm in g  is e n t ire ly  d e p e n d e n t  o n  
th e  in te n s i ty  o f  th e  sp a w n in g  p re c e d in g  it .

18. T h e  la rv a e  a re  l ib e r a te d  a f te r  h a v in g  b e e n  su ff ic ie n tly  in c u ­
b a te d .  T h e  m o th e r  oysters d o  n o t  a w a it  f a v o u ra b le  w e a th e r -c o n -  
d itio n s  fo r  th is . U n fo r tu n a te ly  a  c o n s id e ra b le  p a r t  o f  th e  la r v a e  w ill 
th e re fo re  b e  fo u n d  to  s w a rm  u n d e r  u n fa v o u ra b le  c irc u m s ta n c e s .

19. I n  th e  c e n tre  o f  la rv a e - p ro d u c t io n  l ib e r a t io n  causes 
s h a rp  in c re a se s  in  th e  n u m b e r  o f  la rv a e . T h e s e  in c re a se s  a re  
m o s tly  fo llo w e d  b y  s h a rp  d ro p s , w h ic h , h o w e v e r , a r e  n o t  a  
s ig n  o f  a  g r e a t  m o r ta l i ty  o f  th e  la rv a e ,  b u t  a r e  a  c o n se q u e n c e  
o f  th e  d isp e rs io n  o f  th e  la rv a e  th r o u g h  a  g re a te r  v o lu m e  o f  w a te r .

20 . T h e  a n n u a l  e x te n t  o f  la rv a e -p ro d u c t io n  is d e te rm in e d  
b y  th e  n u m b e r  o f  m a tu r e  o y s te rs  o n  th e  b a n k s , th e  ag es o f  
th e se  o y ste rs , th e  a g e  a t  w h ic h  th e  o y ste r  re a c h e s  se x u a l m a tu r i ty  
in  th e  d is t r ic t  c o n c e rn e d , th e  p e rc e n ta g e  o f  o y s te rs  p a r t ic ip a t in g  
in  fe m a le  r e p ro d u c tio n  e v e ry  y e a r  a n d  th e  n u m b e r  o f  la rv a e  
p r o d u c e d  b y  o n e  oyster.

2 1 . F e m a le  re p ro d u c t io n  in  th e  se co n d  s u m m e r  m a y  o c c u r  
in  th e  O o s te rsc h e ld e , b u t  is o f  l i t t le  p r a c t ic a l  im p o r ta n c e .

2 2 . I n  fa v o u ra b le  su m m e rs  p ro b a b ly  a b o u t  100 %  o f  th e  
p o p u la t io n  ta k es  p a r t  in  fe m a le  r e p ro d u c t io n .  M a n y  oysters 
p r o b a b ly  p ro d u c e  la rv a e  tw ic e  a  y e a r .

23 . L a rv a e -p ro d u c t io n  in  th e  O o s te rsc h e ld e  s te a d i ly  in c re a se d
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f ro m  1936 til l  1939 o w in g  to  a n  in c re a se  in  th e  n u m b e r  o f  
a d u l t  oysters .

24. O y s te r la rv a e  a t  s w a rm in g  m e a su re  0 ,165  t0  0 ,2 0 0  m m , 
th e  m a jo r i ty  0 ,175  to  0 ,185  m m . T e m p e r a tu r e  is n o t  a ll-p o w e r-  
fu ll in  r e g u la t in g  th e  size o f  th e  s w a rm in g  la rv a e . T h e  size o f 
th e  n e w ly - lib e ra te d  la rv a e  te n d s  to  d e c re a s e  to w ard s  th e  en d  
o f  th e  seaso n . F u ll-g ro w n  la rv a e  m e a su re  0 ,2 6 0  to  0 ,3 0 0  m m , 
in  m o st cases 0 ,2 7 5  to  °>285 m m .

25. T h e  v e r t ic a l  d is t r ib u t io n  o f  th e  o y s te r la rv a e  in  th e  
O o s te rsc h e ld e  is e s sen tia lly  th e  sa m e  in  d a y l ig h t  a n d  a t  d a rk n e ss .

26. I n  th e  O o s te rsc h e ld e  te m p e r a tu r e  a n d  s a lin ity  h a v e  no  
in f lu e n c e  o n  th e  v e r t ic a l  d is t r ib u t io n  o f  th e  la rv a e , as s tro n g  
t id a l  c u r re n ts  p re v e n t  a ll s tr a t if ic a tio n  o f  th e  w a te r  h e re .

27. T h e  v e r t ic a l  d is t r ib u t io n  o f  th e  o y s te r la rv a e  in  th e  
O o s te rsc h e ld e  is e ssen tia lly  th e  sa m e  in  s to rm y  w e a th e r  w ith  
ro u g h  sea  a n d  in  c a lm  w e a th e r  w ith  s m o o th  w a te r .

28. A lth o u g h  th e  c u rre n t-v e lo c it ie s  a t  m a n y  s ta tio n s  ex ceed  50 
c m  /sec d u r in g  a  g re a t  p a r t  o f  th e  t id a l  cy c le , i t  m u s t n o t  b e  th o u g h t  
t h a t  a t  th e se  ve lo c itie s  th e  la rv a e  d r o p  to  th e  b o tto m .

29. D u r in g  s tro n g  c u r re n ts  th e  la r v a e  o f  th e  w a te r- la y e rs  
n e a r  th e  b o t to m  a re  n o t  p assiv e ly  s w e p t to  th e  su rfa c e  layers .

30. A s th e  o y s te r la rv a e  d o  n o t  d r o p  to  th e  b o t to m  a t  a n y  
s ta g e  o f  th e  t id e  o r  o f  a  sp a ce  o f  24  h o u rs , th e y  a re  q u i te  a t 
th e  m e rc y  o f  th e  t id a l  s tre a m s. T h e  g re a te r  th e  d is ta n c e  
b e tw e e n  a  g iv e n  s ta t io n  a n d  th e  b a s in , th e  s h o r te r  th e  p e r io d  
d u r in g  w h ic h  th e  b a s in w a te r  a n d  w ith  i t  a  la rg e  n u m b e r  o f 
la rv a e  w ill b e  p re s e n t  a t  th a t  s ta tio n .

31. O w in g  to  th e  p ro x im ity  o f  l ib e ra t in g  a d u lts ,  th e  cou rse  
o f  th e  n u m b e r  o f  l a n  a e  is less ev en  in  th e  c e n tre  o f  la rv a e -  
p r o d u c t io n  th a n  a t  o th e r  s ta tio n s . T h e  n u m b e r  o f  o ld e r  la rv a e , 
h o w e v e r , does sh o w  a n  ev e n  c o u rse  h e re .

32. W a te r - te m p e r a tu r e  h as  a  v e ry  g r e a t  in f lu e n c e  o n  th e  
d u r a t io n  o f  th e  p e la g ic  s ta g e . T h e  d iffe ren ces  in  s a lin ity  a re  
to o  sm all h e re  to  in f lu e n c e  th e  d u r a t io n  o f  th é  p e la g ic  stage . 
A n y  p r o t r a c t io n  o f  th e  p e la g ic  s tag e  d ec reases  th e  p e rc e n ta g e  
o f  th e  la rv a e  t h a t  r e a c h  th e  fu ll-g ro w n  stag e .

33. A s re g a rd s  th e  O o s te rsc h e ld e  o n ly  a b o u t  o n e  th i r d  o f  
th e  losses d u r in g  th e  p e la g ic  s ta g e  is a t t r ib u ta b le  to  th e  tid a l 
w a te r -re r ie w a l.

34 . W h o le sa le  d ro p p in g  to  th e  b o t to m  o f  fu ll-g ro w n  la rv a e  
is o u t  o f  q u e s tio n .
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35. T h e  s p a t  p refers  to  a t t a c h  w ith  th e  u m b o  p o in t in g  in  
a  sp e c ia l d ire c tio n . T h e  p u ll  o f  g ra v ity  is th e  o r ie n t in g  fa c to r  
in  th is .

36 . A t  se v e ra l s ta tio n s  h e re  th e  in te n s ity  o f  th e  p o te n t ia l  
sp a tfa ll  is m e a s u re d  q u a n t i ta t iv e ly  in  th e  co u rse  o f  th e  se aso n  
o f  r e p r o d u c t io n .

37 . I t  is p o ss ib le  to  d e m o n s tr a te  a  d is t in c t  c o r re la t io n  b e tw e e n  
th e  n u m b e r  o f  m a tu r e  la rv a e  a n d  th e  in te n s ity  o f  sp a tfa ll . T h e  
p r o p o r t io n  b e tw e e n  th e  n u m b e r  o f  fu ll-g ro w n  la rv a e  a n d  th e  
in te n s ity  o f  sp a tfa ll  is d if fe re n t fo r  ea ch  s ta t io n ,  b u t  c o n s ta n t  
fo r  o n e  s ta tio n .

38 . L ess th a n  io  %  o f  th e  la r v a e  r e a c h  m a tu r i ty ;  a b o u t  
i à  2 %  o f  th e  m a tu r e  la rv a e  su c ce ed  in  a t ta c h in g ;  90  %  o f  
th e  n e w ly -se t s p a t  a l re a d y  d ies b e fo re  w in te r . A b o u t  250  o u t 
o f  e v e ry  1 .000 .000  p ro d u c e d  la r v a e  a t ta c h .

39 . T h e  o y s te rfa rm e r  b y  se le c tin g  th e  r ig h t  p la c e  a n d  t im e  fo r 
th e  p la n t in g  o f  h is  co llec to rs  sh o u ld  t r y  to  ra ise  th e  p e r c e n ta g e  o f  m a ­
tu r e  la rv a e  a c c o m p lish in g  f ix a t io n  to  th e  h ig h e s t p o ss ib le  d e g re e .

4 0 . E n v iro n m e n ta l  c o n d it io n s , su ch  as te m p e r a tu re ,  s a l in i ty  
a n d  c o p p e r -c o n te n t  h a v e  l i t t le  d i r e c t  in f lu e n c e  o n  th e  p ro cess  
o f  f ix a tio n  in  th e  O o s te rsc h e ld e .

4 1 . I n  c o n s id e r in g  th e  c o r r e la t io n  b e tw e e n  s w a rm in g  a n d  
s e tt in g  i t  sh o u ld  b e  k n o w n  w h a t  h a s  b e c o m e  o f  th e  p e la g ic  la rv a e .

4 2 . P re d ic t io n  o f  tim e  a n d  in te n s i ty  o f  s e tt in g  a t  sh o r t  n o tic e  
h a s  p ro v e d  to  b e  v e ry  w ell p o ss ib le  h e re  a n d  is p ra c tis e d  w ith  
success.

4 3 . I t  h a s  b e e n  sh o w n  t h a t  l ig h t  h a s  n o  p e rc e p t ib le  in flu e n c e  
o n  th e  f ix a tio n  p rocess u n d e r  f ie ld -c o n d itio n s . I t  is, h o w e v e r, 
p o ss ib le  t h a t  o y s te r la rv a e  m a y  sh o w  a  p re d ile c t io n  fo r sh a d e d  
s i tu a tio n s  in  case th e  in te n s ity  o f  l ig h t  a t  f ix a tio n  h a p p e n s  to  
be  g re a t .

4 4 . T h e  c u r r e n t  m a y  h a v e  a  fa v o u ra b le  in f lu e n c e  o n  th e  sp a tfa ll 
b y  p ro v id in g  a  r e g u la r  su p p ly  o f  la rv a e ,  b u t  a lso  a n  u n fa v o u ra b le  
in f lu e n c e , b y  w a sh in g  o f f  th e  c ra w lin g  la rv a e  f ro m  th e  s u b s tra tu m . 
P la c e s  m u c h  ex p o sed  to  c u r re n ts  a re  c o n s e q u e n tly  less su ita b le  
fo r f ix a tio n .

4 5 . M o s t o f  th e  s p a t  se ttle s  r o u n d a b o u t  s till w a te r  in  conse­
q u e n c e  o f  th e  in f lu e n c e  o f  th e  c u r r e n t  o n  th e  s e t t in g  p ro c e ss . 
T h e  n u m b e r  o f  la rv a e  in  th e  c o u rse  o f  th e  t id e  d e te rm in e s  
w h e th e r  a t  a  g iv en  s ta t io n  th e  in te n s ity  o f  s e tt in g  w ill b e  
g r e a te s t  a t  h ig h  w a te r  o r  a t  lo w  w a te r .
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46 . I n  th e  O o s te rsc h e ld e  m o re  s p a t  se ttle s  n e a r  th e  b o tto m  
th a n  n e a r  th e  su rface . T h is  is n o t  a t t r ib u ta b l e  to  d iffe ren ce s  in  th e  
v e r tic a l d is t r ib u t io n  o f  th e  fu ll-g ro w n  la rv a e ,  b u t  to  d iffe ren ces 
in  c u rre n t-v e lo c ity .

47. T h e  s u ita b il i ty  o f  a  p la c e  fo r  s p a tfa ll  is m a in ly  d e te rm in e d  
b y  th e  n u m b e r  o f  m a tu re  la rv a e  p re s e n t  in  th e  co u rse  o f  th e  
t id a l  cy c le  a n d  b y  th e  co u rse  o f  th e  c u r re n t-v e lo c itv . O th e r  
fa c to rs  d e te r m in e  w h a t  p e rc e n ta g e  o f  th e  se ttle d  s p a t  sha ll 
su rv iv e .

48. U n d e r  n a tu r a l  c o n d itio n s  m o re  s p a t  se ttle s  o n  u p p e r -  
su rfaces t h a n  u n d e r-su rfa c e s  in  th e  O o s te rsc h e ld e , v e r tic a l 
su rfaces b e in g  th e  le a s t s u ita b le  fo r a t ta c h m e n t .

49 . U n d e r  f ie ld -c o n d itio n s  th e  c o lo u r  o f  th e  s u b s t r a tu m  has 
l i t t le  in f lu e n c e  o n  th e  in te n s ity  o f  s e ttin g .

50 . T h e  d e g re e  o f  ro u g h n ess  o f  th e  s u b s t r a tu m  h a s  a  g re a t  
in f lu e n c e  o n  th e  in te n s ity  o f  s e ttin g . M ic ro sc o p ic a l ro u g h n ess  
is m u c h  m o re  im p o r ta n t  th a n  m a c ro sc o p ic a l ro u g h n ess .

P r a c t i c a l  a p p l i c a t i o n s

A . I n  c o n se q u e n c e  o f  its  sp e c ia l h y d ro g ra p h ic a l  co n d itio n s  
th e  O o s te rsc h e ld e  is n o  d o u b t  v e ry  s u ita b le  fo r  th e  p r o d u c ­
t io n  o f  o y s te r-sp a t.

B. O w in g  to  d iffe ren ce s  in  w a te r te m p e r a tu r e  a n d  in  th e  
co u rse  o f  th e  p r o d u c t io n  o f  la rv a e  th e  s e t t in g -m a x im a  d o  n o t  
o c c u r  in  th e  sa m e  p a r t  o f  th e  se a so n  e v e ry  y ea r .

C . B y f a r  th e  b e s t re su lts  a r e  o b ta in e d  w ith  co llec to rs  w h en  
th e y  a re  p la c e d  ju s t  a t  th e  m o m e n t  th a t  a  la rg e  s e tt in g  m a x im u m  
is to  b e  e x p e c te d .

D . A  g r e a t  s e tt in g -m a x im u m  m a y  b e  e x p e c te d  w h e n  a  
c o n s id e ra b le  p r o d u c t io n  o f  la rv a e  o ccu rs  a t  a  h ig h  w a te r-  
te m p e r a tu re .  A t  w a te r - te m p e ra tu re s  b e lo w  180 C . n o  sp a tfa ll 
o f  a n y  im p o r ta n c e  is to  b e  e x p e c te d , ev e n  th o u g h  th e  su p p ly  
o f  la rv a e  s h o u ld  b e  c o n s id e ra b le .

E . P re d ic t io n  o f  th e  sp a tfa ll  a t  lo n g  n o tic e  is n o t  possib le  
in  H o l la n d ,  o w in g  to  th e  fitfu l w e a th e rc o n d itio n s  a n d  th e  
in tr ic a c y  o f  th e  p r o b le m  o f  th e  p e r io d ic ity  in  la rv a e -p ro d u c tio n .

F . P re d ic t io n  o f  th e  sp a tfa ll  a t  sh o r t  n o tic e  is v e ry  w ell 
p o ssib le . B esides r e g is tra t io n  o f  th e  w a te r - te m p e ra tu re  th is  
re q u ire s  f r e q u e n t  d e te rm in a tio n s  o f  th e  n u m b e r  a n d  size o f  th e
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o y s te r la rv a e  p e r  v o lu m e  o f  w a te r .  C a re  s h o u ld  b e  ta k e n  t h a t  th e  
p la n k to n -s a m p le s  a re  q u ite  c o m p a ra b le .

G . T h e  b e s t  sp a tfa ll m a y  b e  e x p e c te d  in  p la c e s  w h e re  th e  
n u m b e r  o f  fu ll-g ro w n  la rv a e  is la rg e  a t  th e  m o m e n t t h a t  th e  
c u r re n t-v e lo c it ie s  a re  sm a ll. T h e s e  fac to rs  a re  la rg e ly  g o v e rn e d  
b y  th e  t id a l  m o v e m en ts .

H . C o lle c to rs  c a n  b e  p la c e d  c lo se  to g e th e r  in  la rg e  n u m b e rs  
w ith o u t  a n y  o b je c tio n , i f  o n ly  c a r e  is ta k e n  t h a t  th e  m asses 
a r e  n o t  to o  c o m p a c t,  as th e n  th e y  w o u ld  n o t  b e  su ffic ien tly  
ac ce ss ib le  fo r  th e  la rv a e - b e a r in g  w a te r .

I .  N e a r  th e  b o tto m  th e  c u r r e n t  is less u n fa v o u ra b le  fo r 
f ix a tio n  th a n  n e a r  th e  su rfa ce . C o n s e q u e n t ly  th e re  is n o  re a so n  
to  r e c o m m e n d  sp a t-c o lle c tio n  b y  m e an s  o f  f lo a tin g  co llec to rs . 
T h e  n u m b e r  o f  m a tu r e  la rv a e  is a b o u t  th e  sa m e  a t  a n y  d e p th .

J .  T h e  re su lts  o f  th e  in q u ir ie s  in to  th e  in f lu e n c e  o f  th e  
a n g le  o f  su r fa c e  on  th e  in te n s i ty  o f  s e ttin g  h a v e  sh o w n  th a t  
th e re  is n o  re a s o n  for th e  c o n s tru c tio n  o f  sp e c ia l ty p e s  o f  co llec ­
to rs . U p p e r -s u rfa c e s  c a tc h  m o re  sp a t th a n  o th e r  su rfa ce s , b u t  
a t  th e  s a m e  t im e  th e  fo rm e r  c a tc h  m o re  silt, so th a t  m o re  s p a t  
is s m o th e re d  o n  th e m . C e m e n te d  c a r d b o a r d  c o llec to rs  c a n n o t  
b e  u se d  h e re ,  as w a v e -a c tio n  a n d  c u r re n ts  w o u ld  so o n  sm a sh  
th e m  to  p ieces .

K . T h e r e  is n o  re a so n  w h y  co llec to rs  sh o u ld  b e  p ro te c te d  
a g a in s t  l ig h t ,  as in  p ra c tic e  th e re  is l i t t le  e v id e n c e  o f  a  d if fe ren ce  
in  s e t t in g  in  l ig h t  a n d  in  d a r k  p la ce s .

L . T h e r e  is n o  re a so n  w h y  a n o th e r  c o lo u r  t h a n  th e  u su a l 
s h o u ld  b e  u sed  fo r co llec to rs .

M . T h e  ro u g h n ess  o f  su r fa c e  o f  th e  c o llec to rs  c o m m o n ly  
u se d  h e re  is h ig h ly  c o n d u c iv e  to  f ix a tio n .
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