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I  • G enera l In t r o d u c t io n .

The o r ig in a l  p la n  fo r  t h is  work was to  study th e  

g e n e ra l b io lo g y  o f  members o f th e  B r i t i s h  V eneracea  

w ith  re fe re n c e  t o  those fa c to r s  which d e te rm in e  t h e i r  

s p a t ia l  and g e o g ra p h ic a l d is t r ib u t io n .  I t  was 

r e a l is e d  how ever, th a t  t h is  p la n  could  n o t be  

a d e q u a te ly  ach ieved  in  th e  tim e a v a i la b le  and, 

t h e r e f o r e ,  c e r ta in  as p ec ts  o f th e  b io lo g y , e s p e c ia l ly  

o f  Venus s t r i a t u l a . have alone been s tu d ie d .

The work f a l l s  n a t u r a l l y  in to  th r e e  s e c tio n s ;  

th e  f i r s t  d ea ls  with th e  functional m orphology o f  

th e  a d u lt ,  th e  second w ith  b re e d in g  and l a r v a l  

developm ent, and th e  t h i r d  w ith  c e r ta in  e c o lo g ic a l  

c o n s id e ra t io n s . In  th e  f i r s t  s e c tio n  an a ttem p t has 

been made to  b r in g  to g e th e r  th e  s c a tte re d  accounts o f  

v a r io u s  aspects o f  th e  anatomy o f  th e  B r i t i s h  sp ec ies  

o f  th e  Veneracea and to  re -exam in e  th e s e  in  th e  l i g h t  

o f  re c e n t v iew s o f  th e  fu n c t io n a l s ig n if ic a n c e  o f  

b iv a lv e  s tru c tu re *  Tw elve o f  th e  seventeen  B r i t i s h  

s p e c ie s  have been exam ined. In  th e  f u r t h e r  two 

s e c tio n s  a t te n t io n  has been l im i t e d  in  th e  main to  a 

s in g le  species  -  Venus s t r i a t u l a . T h is  i s  one o f  

th e  commonest o f  th e  B r i t i s h  s p e c ie s , and was chosen
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f o r  s tu d y , p a r t l y  f o r  t h is  re a s o n , b u t a ls o  because  

i t * s  range i s  m a in ly  in  th e  s u b l i t t o r a l  zone, th e  

b iv a lv e s  o f  w hich have re c e iv e d  le s s  a t t r i t i o n  th a n  

th o s e  o f  th e  sh o re .

I I .  Acknowledgem ents.

The w r i t e r  is  in d e b te d  to  P ro fe s s o r  C .M . Yonge, 
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o u t t h is  work and fo r  h is  co n stan t h e lp  and 

encou r  ag em ent.

G r a te fu l  acknowledgement is  a ls o  g iven  to  

M r. G. Owen, and o th e r  members o f  th e  s t a f f  o f  th e  

D epartm ent o f  Z o o lo g y , Glasgow.

The w r i t e r  a lso  w ishes to  th a n k  D r. C .H . M o rtim e r ,  

F .R .S . f o r  f a c i l i t i e s  k in d ly  p la c e d  at h is  d is p o s a l  

a t th e  la b o r a to r y  o f  th e  S c o tt is h  M a rin e  B io lo g ic a l  

A s s o c ia t io n , M i l l p o r t ,  and to  exp ress  h is  a p p re c ia t io n  

to  members o f  th e  s t a f f  th e r e  f o r  a s s is ta n c e  and 

encouragem ent.

The work was c a r r ie d  out w h ile  th e  w r i t e r  was in  

re c e ip t  o f  a g ra n t from  th e  Development Commission.
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I I I .  The Fu nctio n a l Morphology o f th e  A d u lt .

1 ., I n t  ro d u c t io n .

The V en eracea  com prises th e  th r e e  f a m i l ie s :  

th ie  V e n e r id a e , th e  P e t r ic o l id a e ,  and, as has been  

r e jc e n t ly  co n firm ed  by Owen (1 9 5 9 ) ,  th e  G laucom yidae. 

o r  th e s e  th e  V e n e r id a e  has s ix te e n  B r i t i s h  s p e c ie s  

( In c lu d in g  My s i  a u n d a ta ) re p re s e n tin g  seven g e n e ra , 

and th e  P e t r ic o l id a e  o n e , n am ely , P e t r i  c o l a 

rthoT a d ifo rm i s . an in tro d u c e d  N o rth  Am erican s p e c ie s  

w h ich  has become common in  some areas  o f  th e  B r i t i s h  

c o a s t (B u rto n  1 9 57 ) # T h e re  a re  no B r i t i s h  

r e p r e s e n ta t iv e s  o f  th e  G laucom yidae. Members o f  th e  

V e n e ra c e a  in h a b it  e v e ry  ty p e  o f  s o f t  su b stra tu m  in  

a l l  seas and T h e i le  (1 9 3 4 ) l i s t s  33 g e n e ra . The 

V e n e ra c e a  a re  t h e r e f o r e  an im p o rta n t and s u c c e s s fu l 

group o f  e u la m e llib ra n c h s . T h is  s e c t io n  is  based  on 

a s tu d y  o f  tw e lv e  o f  th e  B r i t i s h  s p e c ie s  in c lu d in g  

r e p r e s e n ta t iv e s  o f  a l l  B r i t i s h  g en era  except C a l l i s t a  

and I r u s . The n o m e n c la tu re  adopted th ro u g h o u t is  

t h a t  o f  W inkw orth ( 1 9 3 2 ) •

The l o c a l i t i e s  from  w hich  th e  v a r io u s  s p e c ies  

w ere o b ta in e d  a re  l i s t e d  below  to g e th e r  w ith  b r i e f  

n o te s  on t h e i r  norm al h a b i t a t s .
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D o s in la  exo le ta  ( L . ) .  Occasional specimens o f  th is  

species were obtained from various lo c a l i t i e s  near 

M il lp o r t ,  I s l e  o f Cumbrae, F ir th  o f C lyde. I t  is  

recorded from depths from L .W .S .T . to  about 50 metres 

(Haas, 1 9 2 9 -4 0 ), but in  th e  Clyde i t  u s u a lly  occurs 

between 10 and 40 m etres, on g ra v e lly  or stony 

s u b s tra ta  w ith  some mud.

Do sin 1a luu inus l in c t a  (Montagu) was obtained from  

Karnes Bpy, M il lp o r t  where i t  occurs in  sand and 

inuddy sand at a depth o f 5 -  20 metres. Larger 

specimens were c o lle c te d  from grounds o ffs h o re  o f 

th e  L io n -ro c k , I s l e  o f Cumbrae, from f in e  s h r i l  

g ra v e l w ith  mud at a depth o f 10 -  20 m etres. Haas 

(1929 - 1940 ) says th a t t h is  species is  found at depths 

of from 25 to  150 metres. I t  is  g e n e ra lly  associated  

w ith  a f in e r  grade of substratum than D osln ia  e x o le ta * 

G afrarium  minimum (Montagu) was obtained from various  

grounds o f f  the  Is le s  o f Cumbrae, to g e th e r w ith  Venus 

casina ( L . ) , Venus ov at a (Pennant) and Venus f a s d a t a  

(da C o sta ). A l l  these fo u r species are found in  th e  

Clyde on stony o r coarse g ra v e lly  grounds w ith  some 

admixture o f mud.

C a l l is ta  chi one ( L . ) . Not examined.

Venus verrucosa ( L . ) .  Not examined.
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Verms s t r i a t u l a  (d a  C o sta ) was o b ta in e d  in  abundance 

fro m  th re e  l o c a l i t i e s ;  sm all specimens w ere c o l le c te d  

fro m  f in e  sand a t  a dep th  o f from  4  to  10  m etres in  

Karnes B ay, M i l l p o r t .  L a rg e r  specimens were o b ta in e d  

from  Bunt e rs t  on Sands, A y rs h ire ,  and from  Loch C re ra n ,  

A r g y l l ,  from  l i t t o r a l  p o p u la tio n s  o c c u rrin g  from  

b elow  L .W .S .T . to  ju s t  above L .W .N .T . T h is  sp e c ies  

i s  n o rm a lly  found on c le a n , sandy bottom s a lth o u g h  i t  

may be found e ls ew h e re  in  sm all numbers.

Panhi a aurea (G m elin ) was c o l le c te d  from  v a r io u s  

p la c e s  on th e  shores o f  West Loch T a r b e r t ,  A r g y l l ,  

and Loch Sween, A r g y l l ,  where i t  occurs to g e th e r  w ith  

P a o h ia  d ecussata  fu s c a  (G m e lin ) . Both sp ec ies  were  

found in  a n arro w  b e l t  from  about L .W .N .T . to  ju s t  

below  L .W .S .T . P . d ecu ssa ta  i s  n o rm a lly  found  

b u rro w in g  in  co arse  g r a v e l ,  w h ile  in  th e  s i tu a t io n s  

d e s c rib e d  h e re  P . a u re a  was o n ly  r a r e ly  found b u r ie d .  

T h is  may be abnorm al, how ever.

P a n h ia  _ o u lla s tra  (M ontagu) was c o l le c te d  fro m  th e  

Cross Houses B each, M i l l p o r t .  Thé o cc u rre n c e  o f  

P . _C=_ V e n e ru u ls ) n u l l a a t r a  on t h is  beach and i t s  

h a b ita t  have been d e s c rib e d  by Q uayle ( 1952 ) .

Pap h ia  rhom boïdes (P en n an t) was c o l le c te d  in  sm all 

numbers o f fs h o re  o f  th e  L io n - r o c k ,  I s l e  o f  Cumbrae,
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at a depth o f  10 -  20 m etres. This is  th e  on ly  

species o f Pap h ia  occurring  in  th is  country which 

is  n o rm ally  found at depths g re a te r than 10 metres 

(Haas, 1 9 2 9 -4 0 ).

Pap h ia  s a x a t i l is  (P le u r ie a ) .  Not examined.

Iru s  iru s  ( L . ) .  Not examined.

My s i a undata (Pennant) was found burrowing in  muddy 

s h e ll g rave l at 10 -  20 metres depth o f f  th e  I s l e  

o f Cumbrae.

P e tr ic o la  p h o lad ifo rm is  (Lam arck), Specimens o f 

th is  species were k in d ly  supplied from  Burnham-on- 

Crouch, Essex, by Mr. G. D. Waugh, to  whom th e  

author wishes to  express h is  thanks.

IVhere p o s s ib le  d raw in g s  have been p re p a re d  from  

re la x e d  and p re s e rv e d  specim ens. Magnesium s u lp h a te ,  

o r p ro p y le n e  p h e n o x y to l (Owen, 1 9 5 5 ) ,  was used as th e  

r e la x in g  a g e n t. A c c u ra te  d raw ings w ere  p re p a re d  

f i r s t  and d e t a i l s  o f  th e  c i l i a r y  c u r r e n ts  added l a t e r .

C i l i a r y  c u r re n ts  were s tu d ie d  by th e  use  o f  

carborundum  powder G rade 3 F , carm ine suspens io n s , and, 

in  some in s ta n c e s , suspensions o f  a lg a e  ( P haeodactvlum ) .

Where n e c e s s a ry , s e c tio n s  have been p re p a re d  fro m  

t is s u e s  f ix e d  in  B o u in *s  f l u i d  in  sea w a te r  and imbedded
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in  E s te r  wax (S teedm an, 194*7). These w ere s ta in e d  

w ith  E h r l ic h ’ s H aem otoxy lin  and e o s in , Azan, o r  

M a llo ry *  s T r i p l e  S ta in .

2 . V e n e r id a e .

The .S h e l l .

The s h e l l  and h in g e  te e th  o f  th e  V e n e rid a e  have  

been d e s c rib e d  by s e v e ra l au th ors  in c lu d in g  Forbes  

and H a n le y  ( l8 5 3 )  and J e f f r e y s  ( 1 8 6 3 ) . In  th e  

B r i t i s h  sp e c ie s  th e re  are  n o rm a lly  th re e  w e ll-d e v  e l oped 

c a rd in a l te e th  in  each v a lv e ,  one o r more o f  w hich  

is  b i f i d .  A lo w  r id g e  on th e  a n te r io r  s id e  is  u s u a l ly  

reg a rd ed  as a reduced l a t e r a l  to o th ,  b u t w e ll-d e v e lo p e d  

l a t e r a l  t e e t h  a re  p re s e n t o n ly  in  th e  genus G a fra r iu m . 

The d e s c r ip t io n s  o f  th e  h in ge  te e th  o f th e  V e n e rid a e  

g iv e n  by J e f f r e y s  ( 1 8 6 3 ) a re  con fus ing  ; th ose  o f  th e  

l e f t  v a lv e  b e in g  d e s c rib e d  as th e  r ig h t  and v ic e  v e rs a .

Owen ( l9 5 3 a )  has d iscussed  th e  fb rm  o f  th e  s h e ll  

in  B iv a lv e s  and he suggests t h a t  g row th  may be 

co n s id e red  as th e  r e s u l ta n t  o f  th re e  components: (a )

a r a d ia l  component r a d ia t in g  from  th e  umbones and a c tin g  

i n  th e  p la n e  o f  th e  g e n e ra tin g  c u rv e , (b)- a t ra n s v e rs e  

component a c tin g  at r ig h t  ang les  to  th e  p la n e  o f  th e
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g e n e ra tin g  c u rv e , and (c )  a ta n g e n t ia l  component 

a c tin g  t a n g e n t ia l ly  to  and im th e  p la n e  o f  th e  

g e n e ra tin g  c u rv e . The r e s u lta n t  shape o f th e  s h e ll  

i s  d e te rm in ed  by th e  r e l a t i v e  m agnitude o f  th e s e  

th re e  components. The form  o f  th e  s h e ll  v a lv e s  

should  th e r e fo r e  be co n s id ered  w ith  re fe re n c e  to  

th e  o u t l in e  o f th e  g e n e ra tin g  c u rv e , th e  s p ir a l  an g le  

o f th e  norm al a x is  (Owen 1 9 5 3 ) ,  and th e  fo rm  o f  th e  

norm al a x is .  Where th e  th r e e  components a re  a l l  

p res en t th e y  combine to  produce a s h e l l  in  w h ich  

th e  norm al a x is  i s  in  th e  form  o f  a tu r b in a te  s p i r a l .  

T h is  is  w e l l  i l l u s t r a t e d  by Glossus humanus (Owen, 

1 9 5 3 b ), but occurs in  many groups o f  B iv a lv e s ,  

in c lu d in g  th e  V e n e r id a e , where th e  d ir e c t io n  o f  th e  

t a n g e n t ia l  component i s  such t h a t  th e  umbones a re  

in c l in e d  a n t e r io r ly .  The e f f e c t  o f  t h is  on th e  

lig a m e n t w i l l  be d e a lt  w ith  l a t e r .

The shape o f the  generating curve depends 

la rg e ly  on th e  magnitude o f th e  ra d ia l  component 

around the  m antle margin. Asymmetry o f th e  generating  

curve about th e  normal axis  is  increased i f  th e  

region o f g rea tes t m arginal increase l i e s  a n te r io r  to .
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o r p o s te r io r  t o ,  th e  norm al a x is .  I n  th e  V e n e rid a e  

t h is  e f f e c t  is  g re a te s t  in  some sp e c ie s  o f  P a p h ia  

w here th e  re g io n  o f  g re a te s t  m a rg in a l in c re a s e  i s  

s i tu a te d  p o s t e r io r ly .

The e x te r n a l s u rfa c e  o f  th e  s h e ll  is  covered  

w ith  a t h in ,  c le a r  p e r io s tra c u m . The d e t a i ls  o f  

th e  s t r u c tu r e  o f  th e  v a r io u s  s h e l l  la y e r s  have been 

d e s c rib e d  by B /g g i ld  (1 9 3 0 ) .

The lig a m e n t and m an tle  is th m u s.

The s t r u c tu r e  o f  th e  lig a m e n t in  th e  V en e rid a e  

i s  c h a r a c te r is t ic  and shows l i t t l e  v a r ia t io n  from  

sp ecies  to  s p e c ie s . T h is  account is  o f th e  lig a m a n t  

o f  Venus s t r i a t u l a . b u t a p p lie s  e q u a lly  w e l l  to  th e  

o th e r  sp ec ies  exam ined. The n o m en c la tu re  used i s  

th a t  o f  Owen, Trueman and Yonge (1 9 5 3 ) and o f  Yonge 

(1 9 5 7 ) .

The r e la t io n s h ip  o f  th e  l ig a m e n t, m an tle  and 

s h e ll  v a lv e s  is  shown in  f ig u r e  1 (B -  H ) . These 

draw ings fo rm  a s e r ie s  ta k e n  fro m  th e  extrem e  

p o s te r io r  end o f th e  an im al to  a re g io n  a n te r io r  to  

th e  umbones, as shown in  f ig u r e  lA .  F ig u re  lA  i s  

a d o rsa l v iew  o f  the lig a m e n t o f  a d e c a lc i f ie d  

specim en. F ig u re  2 i s  a v ie w  o f  th e  lig a m e n t s p l i t  

in  th e  m id - l in e .



Figure 1.



F igure  1 . Venus g t r i  a tu la ; Diagrams to  show the  
re la tio n s h ip s  o f the ligam ent, mantle 
and s h e ll va lves.

A. Dorsal v iew  o f the ligament and mantle
margin in  a d e c a lc if ie d  specimen.

B-H. Transverse sections through the ligam ent, 
s h e ll va lves and mantle. The p o s itio n s  
o f th e  sections are shown in  A.

AOL. A n te r io r  ou te r la y e r.

FL. Fusion la y e r .

FI'IF. Fused middle fo ld s ,

FOF. Fused ou te r fo ld s .

XL. In n e r la y e r .

M2. Outermost o f m iddle fo ld s .

MI. M antle is th rm s.

OF. O uter fo ld .

01. Outer la y e r .

P. Periostracum .

PG. P e r io s tra c a l groove.

S. Siphon.



poster ior

 1— I—I ------- H anterior



OL

FL

Ant.
Post

AOL

F igu re  2# Venus s t r ia t u la : Diagrammatic v e r t ic a l
lo n g itu d in a l section  o f the ligam en t.

ACL. A n te r io r  o u te r la y e r .

FL. Fusion la y e r .

IL .  In ne r la y e r .

OL. Outer la y e r .

S IL . S p l i t  p o r tio n  o f Inner la y e r .

The arrows In d ic a te  the  d ire c t io n  o f  growth o f 
each o f the  la y e rs .
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F ig u re  IB  re p re s e n ts  a s e c tio n  ta k e n  a t th e  

ex tre m e  p o s t e r io r  end o f  th e  an im al in  th e  re g io n  

o f  th e  s iphons (S ) . H e re  th e  in n e r  fo ld s  o f  t h e  

m a n tle  edge and p a r t  o f  th e  m id d le  fo ld s  (s e e  l a t e r )  

a re  fu s e d  to  fo rm  th e  siphons w h i le  th e  o u te r  fo ld s  

(OF) and th e  re m a in d e r o f  th e  m id d le  fo ld s  ( M ) , on 

e i t h e r  s id e  o f  th e  p e r io s t r a c a l  g ro o v e s , rem ain  

s e p a ra te . A n t e r io r ly  th e  m id d le  fo ld s  fu s e  to  fo rm  

a s in g le  m edian r id g e  (FMP, f ig u r e  1 C) ly in g  between  

th e  p o r io s ta c a l  grooves (P G ). T h is  re p re s e n ts  th e  

e x te n t o f  fu s io n  o f  th e  m antle  edges o c c u rr in g  a long  

th e  w hole o f  th e  d o rs a l edge p o s te r io r  to  th e  

fu n c t io n a l  l ig a m e n t ;  th e r e  is  no re g io n  o f  

p e r io s t r a c a l  fu s io n .

P o s t e r io r  to  th e  lig a m e n t ( f i g .  ID )  th e  o u te r  

s u rfa c e s  o f  th e  o u te r  m a n tle  fo ld s  fu s e  (FOF) and a 

t h in  la y e r  o f  c o n c h io l in -1  ik e  m a te r ia l  i s  s e c re te d  

from  th e  fu s e d  s u r fa c e s . T h is  i s  t h e  fu s io n  la y e r  

(FL) w hich  fo rm s a secondary e x te n s io n  o f  th e  p r im a ry  

lig a m e n t p o s t e r io r ly  (Yonge 1 9 5 7 ) .  As grow th  

p ro c e e d s , th e  fu s io n  la y e r  becomes s p l i t  in  th e  

m id - l in e  o v e r  th e  a n t e r io r  re g io n  o f  th e  l ig a m e n t .

The m a n tle  edge im m e d ia te ly  p o s te r io r  to  m an tle
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i s t h m s  s e c re te s  a d d it io n a l  m a te r ia l  on th e  in n e r  

s u rfa c e  o f  th e  fu s io n  l a y e r ,  fo rm in g  th e  o u te r  la y e r  

o f  th e  p r im a ry  lig a m e n t (OL f i g .  I E ) .  F in a l l y  th e  

in n e r  la y e r  ( I L )  is  s e c re te d  by th e  e p ith e liu m  o f  

th e  m a n tle  isthm us (M I ,  f i g .  I F ) .

Owen ( l9 5 3 h )  has d iscu ssed  th e  e f fe c t  o f th e  

t a n g e n t ia l  consonant o f  s h e l l  grovrth on th e  fo rm  o f  

th e  lig a m e n t o f  G lossus humanus. and th e  same 

c o n s id e ra t io n s  a p p ly  h e re . I n  b iv a lv e s  in  which  

th e re  i s  no ta n g e n t ia l  component a f f e c t in g  th e  form  

o f th e  v a lv e s , as in  G lv c v m e ris . grow th  o f  th e  

m a n t le /s h e ll  a n t e r io r  to  th e  umbo ta k e s  p la c e  

a n t e r io r ly .  In  th e  V e n erid ae^  as in  G lossus humanus. 

how ever, grow th  o f  th e  v a lv e s  is  a f fe c te d  by th e  

ta n g e n t ia l  component, w h ic h , in  th e  re g io n  a n te r io r  

to  th e  umbo, a c ts  in  th e  o p p o s ite  d ir e c t io n  to  th e  

r a d ia l  consonant. S in c e  th e  t a n g e n t ia l  component 

i s  s tro n g e r than  th e  r a d ia l  component in  t h is  re g io n  

grovrth o f  th e  m a n t le /s h e l l  ta k e s  p la c e  p o s t e r io r ly ,  

w ith  th e  r e s u l t  th a t  th e  a n te r io r  end o f  th e  l ig a m m t  

between th e  umbones is  p r o g r e s s iv e ly  s p l i t  as grow th  

proceeds ( f i g .  l A ) . A n te r io r  to  th e  umbones th e re  

is  no fu s io n  o f th e  o u te r  m a n tle  fo ld s  and hence no fu s io n
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fro m  such a t y p ic a l  b iv a lv e .  The f r e e  m a n tle  m arg in  

i s  s p l i t  in to  fo u r  fo ld s :  a t y p ic a l  o u te r  f o ld  (O F ) ,

concerned in  s e c re t in g  th e  s h e l l  and p e rio s tra c u m  

fro m  i t s  o u te r  and in n e r  s u rfa c e s  r e s p e c t iv e ly ;  and 

th re e  o th e rs ,  th e  inn erm o st o f  w hich i s  a s m a ll,  

f l a p - l i k e  f o ld  d ir e c te d  d o r s a l ly  ( f i g .  î+A).

The hom olog ies o f  th e s e  fo ld s  w ith  th o s e  in  

o th e r  B iv a lv e s  may be in t e r p r e te d  in  two ways:

Yonge (1 9 5 7 ) has suggested th a t  th e  m id d le  

f o ld  o f th e  m a n tle  edge in  th e  V e n e rid a e  i s  

d u p lic a te d .  I n  t h is  case th e  in n e r  f o ld  would be 

h e re  re p re s e n te d  b y  th e  s m a ll f l a p  ( f i g .  ^A , F F ) .

The two m id d le  fo ld s  d e s c rib e d  h e re  w ould  re p re s e n t  

th e  se p ara ted  in n e r  and o u te r  s u rfa c e s  o f  th e  

t y p ic a l  b iv a lv e  m a n tle  edge m id d le  f o l d ,  th e  in n erm o st 

h a v in g  ta k e n  o v e r th e  fu n c t io n  o f  th e  in n e r  f o ld  in  

s e a lin g  th e  m a n tle  c a v i t y .  A l t e r n a t iv e ly ,  th e  th r e e  

outerm ost fo ld s  may be re g a rd e d  as homologous w i t h  

th e  th re e  fo ld s  o f  th e  t y p ic a l  b iv a lv e  m a n tle  edge 

and th e  s m a ll ,  f l a p - l i k e  in n erm o st f o ld  as a fo ld  o f  

th e  in n e r  s u r fa c e  o f  th e  m a n tle  s im ila r  t o  th o s e  

w hich  o ccur in  c e r t a in  members o f  th e  T e l l in a c e a  

(Y onge, 1 9 ^ 9 )*  In  th e  V e n e ra c e a , how ever, th e y  do 

n o t in c lo s e  a w aste  c a n a l and have no fu n c t io n  in  th e  

d is p o s a l o f  p s m d o -fa e c e s .



F i m ire  1 .



Figu.re 3* Diagrammatic stereogram to  show 
the  d e ta i ls  o f fu s io n  o f  the  
mantle fo ld s  in  the  Veneracea.

AIM. A n te r io r  adductor muscle.

ESM. Ebch a ie n t s i phonal membrane.

EX. Exhalent siphon.

FllF. Fused m iddle fo ld s .

FMIF Fused m iddle + in n e r fo ld s .

FOF. Fused o u te r fo ld s .

IF .  In n e r fo ld .

IIT. In h a l ent s iphon .

I  SE. In h a le n t s i phonal membrane,

id .  Innerm ost m idd le  fo ld .

Î-Î2. Outermost m iddle fo ld .

ilF . M iddle fo ld ,

i n . M antl e i  sthmu s .

OF. O uter f o ld .

PAM. P o s it io n  o f p o s te r io r  adductor muscle
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P l g u r o  •>» Trcnsverse sections o f  th e  v e n tra l  
matitlQ margins o f A Venus s tr la tn X a t 
B Cardlura norveglcua.

C* C i l i a  o f  the  mala re je c t io n  t r a c t

FF, F la p -1 11:0 in n e r fo ld .

I F ,  Innermost middle fo ld ,

HOF. Outer Host mlddlo f o l d ,

SOF, S ecretory  area o f  o u te r f o ld ,

OF. O uter fo ld ,

p . Periostracum .

PL. P a i l l a i  l i n e .
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The d e t a i l s  o f  th e  fu s io n  o f  th e  m a n tle  fo ld s  

a n t e r io r  t o  th e  p e d a l gap  ( f i g .  3 ) su g gests  t h a t  t h e  

f i r s t  o f  th e s e  a l t e r n a t iv e s  i s  th e  c o r r e c t  

i n t e r p r e t a t io n .  The s m a ll f l a p - l i k e  fo ld s  may be  

t r a c e d  around th e  p e d a l gap u n t i l  th e  fo ld s  from  

e i t h e r  m a n tle  lo b e  fu s e  d o r s a l to  th e  a n t e r io r  

ad d u c to r m u sc le . They c l e a r l y  d i f f e r  t h e r e f o r e  

fro m  th e  fo ld s  o f  th e  in n e r  m a n tle  s u r fa c e  in  some 

o th e r  b iv a lv e s ,  w h ich  do n o t  e x te n d  so f a r  

a n t e r i o r ly  and n e v e r  fu s e  in  th e  m id - l in e .  The  

fu s io n  o f  th e  m id d le  tw o fo ld s  s u p p o rts  th e  v ie w  

t h a t  th e y  to g e th e r  re p re s e n t  t h e  m id d le  f o ld  o f  th e  

m a n tle  edge o f  a t y p ic a l  b iv a lv e ,  s in c e  th e s e  two 

fo ld s  on each s id e  fu s e  to g e th e r  to  fo rm  a s in g le  

f o ld  on each s id e ,  w h ich  th e n  fu s e s  in  th e  m id - l in e .

I t  appears t h a t  th e  f o ld s  must t h e r e f o r e  b e  

in t e r p r e t e d  as: ( l )  a t y p ic a l  o u te r  f o ld  (O F ) ,  ( 2 )

and (3 )  d u p lic a te d  m id d le  f o ld s  (M l & M2 ) r e p r e s e n t in g  

s e p a ra te d  in n e r  and o u te r  s u r fa c e s  o f  th e  t y p ic a l  

b iv a lv e  m id d le  f o l d ,  and ih) a  re d u c ed  in n e r  f o l d ,  

th e  n orm al fu n c t io n s  o f  w h ich  h ave  been ta k e n  o v e r b y  

th e  in n e rm o s t p a r t  o f  th e  m id d le  f o ld .
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The fa ô io n  o f  th e  m a n tle  fo ld s  p o s t e r io r ly  to  

fo rm  th e  siphons is  o f  ty p e  B (Y onge, 1 9 5 7 )*  As 

in  th e  S o lenacea and th e  C a rd ia c e a , th e  e n t i r e  

re g io n  between th e  r id g e  b o rd e rin g  th e  in n e r  s id e  

o f  th e  p e r io s t r a c a l  g ro ove , and th e  s ip h o n a l 

te n ta c le s  is  to  be reg a rd ed  as form ed from  th e  

m id d le  f o ld  o f th e  m a n tle  edge, in  t h i s  case from  th e  

innerm ost o f th e  d u p lic a te d  m id d le  f o ld s .

A co n s ta n t f e a tu r e  o f th e  siphons o f  th e  sp e c ies  

o f  V e n e rid a e  examined is  th e  p res en c e  a t th e  

p ro x im a l ends o f th e  siphons o f  v a l v e - l i k e  s tr u c tu r e s  -  

th e  s ip h o n a l membranes. In  some ^ e c i e s ,  e .g .  Venus 

s t r 1 a tu la  ( f i g .  5A) , th e s e  membranes are  s im p ly  lo w  

r id g e s , in  o th e r s ,  e .g .  Venus o v a ta  ( f i s .  ^B) and 

G a fra riu m  minimum. . th e y  show much g re a te r  developm ent 

and appear to  be c a p a b le  o f c lo s in g  th e  in n e r  

a p e rtu re s  o f  b o th  s ip h o n s . In  Venus c a s in a  th e r e  i s  

a doub le  r id g e  a t th e  base o f  th e  in h a le n t  s ip ho n .

S im ila r  s ip h o n a l membranes occur in  P h o la d jd a e  

losco m b lan a  (P u rch o n , 1 9 5 5 a ) ,  P e t r ic o la  n h o la d ifo rm is  

(P u rch o n , 1 9 5 5 b ) , and P e t r ic o la  c a rd t to id e s  (Y onge, 1 9 5 8 ) .  

K e llo g  (1 9 1 5 ) reco rd ed  s im ila r  s tr u c tu r e s  in  many
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F ig u re  6. Ven.us s tr i.a t ii. la ; Dia.sram 
re p re se n tin g  a tra n sve rse  se c tion  
through p a r t  o f th e  w a ll o f  the  
siphon*

a. O uter e p ith e liu m  w ith  th in  c u t ic le .

b & f . C irc u la r  muscle, connective  t is s u e , 
and co llagen  f ib r e s .

c 5 e- L o n g itu d in a l rru.scle b lo cks , and ra d ia l 
m isc le  s tra nd s .

g- In n e r e p ith e liu m *

d. R ad ia l muscle s tra nd s .
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A m erican s p e c ie s , and Haas (1 9 2 9 -^ 0 )  s ta te s  t h a t  th e y  

o ccur a t th e  bases o f  th e  s iphons in  many groups o f  

b iv a lv e s .  In  some s p e c ie s  o f  th e  T e l l  in  ac ea (Y onge, 

19^8) th e  in h a le n t  s ip h o n a l membrane i s  a s s o c ia te d  

w ith  a co vered  w as te  c a n a l and d ir e c t s  th e  in h a le n t  

c u rre n t  v e n t r a l l y  in  th e  m antle  c a v i t y .  I n  th e  

V e n e r id a e , how ever, th e  opening betw een th e  

membranes i s  n o rm a lly  s l i t - l i k e ,  b u t in  some s p e c ie s  

( e . g .  Venus o v a ta ) th e  membrane may a p p a re n t ly  

d ir e c t  th e  c u rre n t d o r s a l ly .  I t  i s  p ro b a b le  t h a t  

th e  membranes fu n c t io n  in  c o n t r o l l in g  th e  w a te r  

c u rre n t  p ass in g  in to  and out o f  th e  m a n tle  c a v i t y .

The siphons o f  th e  s p e c ie s  exam ined are  a l l  

s im i la r  in  s t r u c tu r e  and p ig m e n ta t io n . F ig u re  6 

re p re s e n ts  a t ra n s v e rs e  s e c t io n  th ro u g h  p a r t  o f  th e  

w a l l  o f  th e  siphons o f  Venus s tr1  a t u la . D is t in c t  

b lo c k s  o f  lo n g i t u d in a l  m uscle o c c u r , s e p a ra te d  by  

r a d ia l  and c i r c u la r  m u sc les , and o th e r  m a te r ia l  

th o u g h t t o  be c o lla g e n  f i b r e s .  The in n e r  and o u te r  

s u rfa c e s  o f  t h e  w a l l  a re  covered  by a la y e r  o f  

c u b ic a l e p ith e liu m , w i t h ,  on th e  o u te r  s u rfa c e  a 

t h in  c u t i c l e .  No t r a c e  o f  mucus s e c re t in g  c e l ls  was 

seen on th e  o u te r  s u r fa c e .
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F igu re  7- The appearance o f the  siphons o f 
some members o f the  Veneridae. 
(The species hero la b e lle d  Cur ce 
minima is  re fe rre d  to  in  the te x t 
as G n f  V a riu  m mini.



CIRCE M IN IM A

PAPHIA PULLASTRA

VENUS STRIATULA

PAPHIA AUREA

PAPHIA DECUSSATA

DOSINIA LUPINUS
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îîe a r th e  ends o f th e  siphons i r r e g u la r  p atch es  

and s tre a k s  o f redd ish -brow n  pigm ent occur in  th e  

o u te r  s u rfa c e . Elsewhere th e  s u rfa c e  o f  th e  

siphons is  a smooth, creamy w h ite ,  t h is  appearancë  

b eing  caused by th e  presence o f  opaque, w h ite  

p atch es  on th e  in n e r  s u rfa c e s .

The appearance o f th e  siphons in  v a r io u s  

sp ec ies  is  shown in  f ig u r e  7* The species v a ry  

in  th e  le n g th  o f  th e  s iphons, th e  e x te n t o f  fu s io n ,  

and th e  development o f  te n ta c le s  around th e  f r e e  

a p e r tu re s , as fo llo w s :

G a fra r iu m . The siphons a re  s h o r t , fu s e d , and 

extend o n ly  s l i g h t l y  o u ts id e  th e  s h e l l .  The 

te n ta c le s  a re  w e ll-d e v e lo p e d , s im p le , and sensory in  

fu n c t io n .

^enus. The siphons v a ry  in  le n g th  from  sp ec ies  to  

s p e c ie s , be ing  lo n g e s t in  Venus s t r l a t u l a .

T e n ta c le s  a re  n o rm a lly  p re s e n t around b o th  a p e r tu re s ,  

and are  s in g le  and sensory in  fu n c t io n .  The siphons  

are  fu sed  except fo r  a sh o rt re g io n  n e a r th e  t i p ,  

which a llo w s  th e  e x h a le n t a p e rtu re  to  be d ir e c te d  a t 

r ig h t  angles to  th e  in h a le n t .

Dos i n i  a . The siphons are lo n g  and ca p ab le  o f
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e x te n s io n  to  two o r more tim es  th e  le n g th  o f  th e  

s h e l l .  They a re  fu sed  th ro ug ho u t t h e i r  le n g th .

The a p e rtu re s  a re  f r in g e d  by sm all p a p i l la e  o n ly .  

Paphi a . The siphons o f  th e  members o f  t h is  genus 

a re  in t e r e s t in g  because of th e  ran g e  o f  v a r ia t io n  

o f  form  which th e y  show. In  P a n h ia  n u l la s t r a  and 

Pan h i a. rhomboi des th e  siphons are fu s e d , a p a rt from  

a sm all re g io n  n ea r th e  t i p .  In  P a p h la  sure a t he  

siphons a re  fu sed  fo r  o n ly  h a l f  t h e i r  le n g th ,  

w h ils t  in  P a n h ia  d ecussata  th e  siphons are c o m p le te ly  

s e p a ra te . In  a l l  sp ec ies  te n ta c le s  are  w e l l -  

developed b e in g  s im p le  round th e  e x h a le n t a p e r tu re ,  

and p in n a te  around th e  in h a le n t  a p e r tu r e , w here th e y  

fu n c t io n  as s t r a in e r s  as in  o th e r  sus p a n s io n -fe e d in g  

B iv a lv e s .

In  a l l  sp ec ies  o f  th e  V e n e rid a e  th e  d is t a l  end 

o f th e  e x h a le n t a p e r tu re  is  p ro v id e d  w ith  a v a lv e ,  

o r p r im a ry  e x h a le n t s iphon , by means o f  w hich th e  

e x h a le n t f lo w  can be co n fin e d  and d ir e c te d  away from  

th e  in h a le n t  a p e r tu re .

The d if fe re n c e s  in  form o f th e  siphons r e f l e c t  

im p o rtan t d if fe r e n c e s  in  th e  h a b ita ts  o f  th e  

d i f f e r e n t  s p e c ie s . In  Venus s t r i a t u l a . D osin i a
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lu ü ln u s  and D. e x o le ta . th e  te n ta c le s  su rround ing  th e  

a p e rtu re s  a re  p o o r ly  developed . These th re e  sp e c ies  

a re  found t y p i c a l l y  in  c le a n , sandy o r g r a v e l ly  

bottom s o ffs h o re  where th e  amount o f  d e t r i t a l  

m a te r ia l in  suspension may be expected  to  be lo w .

V... s t n a t u l a  occurs in  th e  l i t t o r a l  zone o n ly  on 

beaches which are  w e ll  s h e lte re d  and s u b je c t to  

l i t t l e  w av e-a c t io n . The rem ain ing  sp ec ies  o f  Venus,

and G a fr  arium  minimum, occur n o rm a lly  on g r a v e l ly  o r  

stony bottom s w ith  some adm ixture  o f  mud and o rg a n ic  

d e b r is . In  th e s e  species te n ta c le s  are w e l l -  

developed . F in a l ly  th e  g re a te s t  developm ent o f  

te n ta c le s  and t h e i r  u se  as a s t r a in in g  mechanism  

occurs in  Paphi a . The species o f t h is  genus, w ith  

th e  e x c e p tio n  o f  Pap h i a rhomboi d e s , a re  n o rm a lly  

l i t t o r a l  o r s l ig h t l y  s u b l i t t o r a l  and occur on beaches 

where c o n s id e ra b le  amounts o f  o rg a n ic  d e b r is  may at 

tim es  be b rought in to  suspension by w a v e -a c tio n *

The Organs o f  th e  M a n tle  C a v ity .

Tonography.

The d is p o s it io n  o f  th e  organs in  th e  m a n tle  

c a v ity  o f  Venus ca s in a  is  shown in  f ig u r e  8 .

D e ta ile d  d e s c r ip t io n  o f  t h is  and o th e r  sp e c ies  i s
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S upra-axia l extension o f the  outer 
demibranch.

ULP. Upper la b ia l  palp
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unnecessary but some p o in ts  o f comparison should be 

no ted .

The o u te r  dem ibranch o f th e  c te n id ia  in  a l l  

sp e c ie s  is  about h a l f  th e  depth o f th e  in n e r .  A 

la r g e  s u p ra x ia l e x te n s io n  o f  th e  ascending la m e l la  

o f  th e  o u te r  dem ibranch is  p res en t in  a l l  s p e c ie s .

The palps are small in  area compared w ith  the 

c te n id ia . This p o in t w i l l  be discussed la te r .

The v e n tr a l  m argins o f  th e  m antle  a re  f r e e ,  

fo rm in g  a lon g  p ed a l gap . The fo o t is  la r g e  and 

m uscular in  a l l  genera^ but n o ta b ly  so in  D o s in ia .

The C te n id ia .

The form o f the c te n id ia  and the general course 

o f th e  cu rren ts  upon them has already been f ig u re d  

( f ig .  8 ). Ridewood (1903) and A tk ins (1937a, 1937b) 

have described the  form o f the c te n id ia  and th e i r  

c i l l  at io n , and present observations confirm  th e ir  work.

In  th e  V e n e rid a e  th e  in n e r demibranch is  alw ays  

w e ll-d e v  e l oped and, as a lre a d y  s ta te d , is  about tw ic e  

th e  depth  o f  th e  o u te r .  C i l i a r y  c u rre n ts  on bo th  th e  

ascending and descending la m e lla e  o f th e  in n e r  

demibranch c a r r y  p a r t ic le s  to  th e  f r e e  edge where th e y  

are  conveyed fo rw a rd  to  th e  p a lp s  by th e  c i l i a  o f th e
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m a rg in a l g roove. A t th e  extrem e d o rs a l edge o f  

th e  descending la m e l la ,  p a r t ic le s  may be c a r r ie d  

d o r s a l ly  to  an o r a l  wards c u rre n t between th e  bases  

o f  th e  dem ibranchs.

On th e  o u te r  dem ibranch some v a r ia t io n  occurs  

between s p e c ie s , and even between d i f f e r e n t  

specimens o f  th e  same s p e c ie s . These v a r ia t io n s  

are in  th e  s tre n g th  o f th e  c u rre n t a t th e  f r e e  edge 

c a rry in g  p a r t ic le s  tow ards th e  p a lp s , and in  th e  

d ir e c t io n  in  w hich p a r t ic le s  are  moved on th e  

descending la m e l la  (A tk in s ,  1 9 3 7 b ). In  g e n e ra l 

th e  c u rre n ts  f a l l  in to  one o f  th e  two ty p e s  shown 

in  f ig u r e  9 (A  <Sc B) w hich is  based on two o f  A tk in s  

f ig u r e s .  P a n h ia  n u l la s t r a  and P a n h ia  d ecu ssa ta  have  

c te n id ia l  c u rre n ts  o f  ty p e  C ( 2 ) .  A l l  th e  o th e r  

species examined have c u rre n ts  o f  ty p e  C 1 (b )  (A tk in s ,  

1 9 3 7 b ).

Groups o f guard c i l i a  are developed a t t h e  f re e  

edge o f  th e  in n e r  dem ibranch in  a l l  th e  sp ec ies  

examined except Venus s t r ia t u l a .  D o s in i a lu p in u s y 

D. e x o le ta  and P a n h ia  decussata  (A tk in s ,  1 9 3 7 a ) .

These c i l i a  s e p a ra te  th e  groove in to  two c h a n n e ls .

F in e  p a r t ic le s  t r a v e l  s a fe ly  in  th e  depths o f  th e



'

F igure  9" Diagrams showing th e  form in  
transve rse  section  o f ,  and the  major 
c i l i a r y  cu rren ts  on, th e  c te n id ia  o f :

A

B

C

Venus, D osin i a. Panhia aurea. P. rhomboïdes. 
Mvsia undata .

Panhia decussata. P. n u l la s t r a .

P e tr ic o la  n h o la d ifo rm ls .

Arrows in d ic a te  the d ire c t io n  o f major cu rre n ts , 
s o lid  c irc le s  ora lward c u rre n ts , ho llo w  c irc le s  
in c ip ie n t  oralward cu rre n ts .
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g ro o ve , w h ile  la r g e r  p a r t ic le s  and m a te r ia l  bound in  

s tr in g s  o f  mucus t r a v e l  s u p e r f i c ia l l y  and may f a l l  

o f f  to  be re je c te d  by th e  m antle  c u r re n ts . In  th e  

V e n e rid a e  th e re  is  no c le a r  r e la t io n s h ip  between  

th e  possession  o f guard c i l i a  and th e  substratum  in  

which th e  anim al l i v e s ,  but i t  is  n o te w o rth y  th a t  th e  

th re e  spedies which in h a b it  th e  c le a n e s t s u b s tra ta  

are  th re e  o f  th e  species  which la c k  guard c i l i a *

Towards th e  p o s te r io r  end o f bo th  dem ibranchs  

lon g  c i r r i  are p r e s e n t , b e a tin g  in t e r m i t t  a n t i  y  

outwards from  th e  m arg ina l g roove. S im ila r  c i r r i  

are p re s e n t in  many b iv a lv e s .  They p o s s ib ly  remove 

la r g e  p a r t ic le s  o r o th e r  o b s tru c tio n s  from  th e  g ro ove .

In  suspension fe e d in g  b iv a lv e s  such as th e  

V e n e rid a e  where n o rm a lly  l i t t l e  m a te r ia l  e n te rs  th e  

m antle c a v ity  w ith  th e  w ate r c u r re n t ,  th e  p r im a ry  

fu n c t io n  o f  th e  c te n id ia  is  to  m a in ta in  a c o n s id e ra b le  

w ater c u rre n t and to  t r a n s f e r  m a te r ia l  to  t h e  p a lp s .  

S o rtin g  by th e  c te n id ia  is  o f secondary im p o rta n c e .

The la r g e  s iz e  o f  th e  c te n id ia  compared w ith  th e  p a lp s ,  

and th e  presence o f a c o n s id e ra b le  s u p ra x ia l e x te n s io n  

o f th e  o u te r  dem ibranch may th e r e fo r e  be re g a rd ed  as 

an a d a p ta tio n  f o r  m a in ta in in g  and f i l t e r i n g  a la r g e



F igu re  10. Par) h i a p u l l  ast ra t Di_agrams to  show 
the  main c i l i a r y  cu rren ts  o f ,  and the  
e ffe c t o f muscular a c t iv i t y  on, the  
fo ld s  o f the  la b ia l  p a lps .

A

B

Folds re laxed  and overlapp ing , ora lwards 
cu rren ts  predominant.

Folds e re c t, s o rtin g  and re -s o r t in g  cu rren ts  
pr edominant.
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f lo w  o f  w a te r .  The la c k  o f  s p e c ia l s o r t in g  mechanism  

on th e  c t e n id ia  means th a t  th e  h u lk  o f  m a te r ia l  

c o l le c te d  is  t r a n s fe r r e d  to  th e  p a lp s , th e  main  

pathw ay b e in g  by way o f  th e  m a rg in a l g roove o f  th e  

in n e r  dem ibranch, s in c e  m a te r ia l  p ass ing  to  th e  edge 

o f  th e  o u te r  r e a d i ly  f a l l s  o f f  on to  th e  in n e r  

dem ibranch , o r  th e  m a n tle .

Tlie L a b ia l  P a lp s .

The g e n e ra l s t r u c tu r e  o f  th e  in n e r  r id g e d  

s u rfa c e s  o f  th e  l a b i a l  p a lp s  is  shown in  f ig u r e  8 .

In  o rd e r  to  s tu d y  th e  c u rre n ts  w hich o c c u r, th e  p a lp s  

w ere removed from  f r e s h ly  d is s e c te d  specimens and 

s tre tc h e d  o ver sm all p ie c e s  o f  p la s t i c in e  a f t e r  b e in g  

p inned  out in  a d is s e c t in g  d is h .  C i l i a r y  c u rre n ts  

w ere th e n  s tu d ie d  by a p p lic a t io n  o f  suspensions o f  

carborundum , ca rm in e , and v a r io u s  a lg a e . The 

d e ta i le d  s t r u c tu r e  o f  th e  p a lp s  and th e  c i l i a r y  

c u r r e n ts , a re  shown in  d iagram m atic  fo rm  in  f ig u r e  1 0 .

The c i l i a r y  c u rre n ts  on th e  p a lp s  can be  

co n sidered  u n d e r th r e e  headings (P u rch o n , 1955a) is

( l )  Reje c t io n  c a r r o t s . In  a l l  sp e c ies  th e  main  

r e je c t io n  c u rre n t i s  on th e  f lo o r  and s id e s  o f  th e  

low er h a l f  o f  th e  g ro o v e . H ere  th e  c i l i a  b e a t
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v e n t r a l  w ards, c a rry in g  p a r t ic le s  o u t o f  th e  grooves  

on to  th e  u n rid g e d  v e n tr a l  edge w here th e re  i s  a 

strong  c u rre n t tow ards th e  t i p  o f  th e  p a lp s .

( 2 ) A cceptance c u r r e n ts . O ra lw ard s  c u rre n ts  occur 

on th e  u p p er h a l f  o f  th e  fo ld s ,  c a r r y in g  p a r t i c le s  

r a p id ly  fo rw a rd  from  f o ld  to  f o ld .

( 3 ) R e s o rtin g  c u r r e n ts . These o ccur on th e  u pp er  

h a lv e s  o f  th e  r id g e s . D o rs a lv a rd  c u rre n ts  occur 

on th e  u pp er s u rfa c e  o f  th e  d is t a l  s h e lf  and 

v e n tr a l  ward c u rre n ts  on th e  c re s t o f  each r id g e .

These c i l i a r y  c u rre n ts  were s im ila r  in  a l l  th e  

sp ec ies  exam ined.

In  c o n s id e rin g  th e  a c tio n  o f  th e  l a b i a l  p a lp s  

in  s o r t in g  fo o d  p a r t ic le s ,  m uscular as w e l l  as 

c i l i a r y  a c t i v i t y  must be taken  in to  a c c o u n t. The 

p a lp s  o f  th e  V e n e rid a e  a re  r e l a t i v e l y  a c t iv e ,  two 

main ty p e s  o f  re a c t io n  o c c u rrin g :

( 1 ) The r id g e s  on th e  in n e r  s u rfa c e  may be e re c te d ,  

or l a i d  f l a t ,  ( f i g .  1 0 ) .  In  th e  e re c t p o s it io n  th e  

strong  r e je c t io n  c u rre n ts  beneath  th e  d is t a l  and 

p ro x im a l sh e lves  in  th e  depths o f th e  grooves are  

re v e a le d , and th e  p a lp s  e x e rt t h e i r  f u l l  s o r t in g  

a c t io n . When th e  r id g e s  a re  re la x e d  and o v e rla p  th e
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r e je c t io n  c u rre n ts  and re s o r t in g  c u rre n ts  a re  

co vered  and l i t t l e  s o r t in g  ta k e s  p la c e .

(2 )  The p a lp s  may be c o n tra c te d  in to  a s p i r a l  fo rm  

b r in g in g  th e  v e n tr a l  edge w ith  i t s  s tro n g  r e je c t io n  

c u rre n ts  in to  c o n ta c t w ith  th e  r id g e d  s u r fa c e .  

l-Zhen t h is  o cc u rs , a l l  th e  m a te r ia l b rought to  th e  

p a lp s  is  caught in  th e  r e je c t io n  c u r r e n t ,  c a r r ie d  

to  th e  t i p  o f  th e  p a lp , and r e je c te d  on to  th e  

m a n tle .

When sm all amounts o f  m a te r ia l are  p re s e n te d  

to  th e  p a lp s  l i t t l e  s o rtin g  ta k e s  p la c e . The 

r id g e s  a re  re la x e d  and o v e rla p  and th e  m a jo r ity  o f  

p a r t ic le s  a re  c a r r ie d  r a p id ly  o ra lw a rd s  b y  th e  

exposed c i l i a r y  t r a c t s  on th e  upper d is t a l  fa c e s  o f  

th e  r id g e s . L a rg e r amounts o f  m a te r ia l  e l i c i t  

v a r io u s  degrees o f  m uscular a c t i v i t y  r e s u l t in g  in  

g re a te r  e f f ic ie n c y  o f s o r t in g . W ith  m oderate  

amounts o f  m a te r ia l  th e  r id g e s  u n d u la te  g e n t ly  

exposing th e  v a r io u s  r e -s o r t in g  and r e je c t io n  

c u r re n ts . L arg e p a r t ic le s  f a l l  in to  th e  depths o f  

th e  grooves and a re  r e je c te d ,  w h ile  s m a lle r  p a r t ic le s  

are c a r r ie d  o ra lw ard s  bound in  mucus. These  

p a r t ic le s  are su b je c te d  t o  th e  s o r t in g  c u rre n ts  and
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o n ly  a sm all p ro p o r t io n  o f  them re a c h  th e  p ro x im a l 

end o f  th e  p a lp s . E x cess iv e  amounts o f  m a te r ia l  

b ro u g h t to  th e  s u rfa c e  cause th e  p a lp s  to  re a c t  

s tr o n g ly ,  as d es crib ed  e a r l i e r ,  by c o n tra c t io n  in to  

a S p ir a l  fo rm . Under th e s e  c o n d it io n s  m ost, o r  a l l ,  

o f th e  m a te r ia l  i s  r e je c te d .  The s e le c t io n  o f  

m a te r ia l  by th e  p a lp s  appears to  be dependent o n ly  

on th e  s iz e  o f  th e  p a r t ic le s  and n o t on t h e i r  

chem ica l n a tu re .

M a te r ia l  which reaches th e  p ro x im a l end o f  

th e  p a lp s  is  c a r r ie d  towards th e  mouth by th e  c i l i a  

o f th e  p ro x im a l o r a l  g roove. On th e  u n r id g e d  

o u te r  s u rfa c e  o f  th e  p a lp s  th e  c i l i a r y  c u rre n ts  a re  

d ir e c te d  to  th e  d o rs a l edge, so th a t  m a te r ia l  coming 

in to  c o n ta c t w ith  t h is  s u rfa c e  i s  c a r r ie d  upw ards, 

and around th e  d o rs a l edge on to  th e  r id g e d  in n e r  

s u r fa c e .

I n  c o n s id e rin g  how f a r  th e  p a lp s  a re  adapted  

i n  each sp e c ies  to  i t s  p a r t ic u la r  way o f  l i f e  th re e  

th in g s  a re  im p o rta n t:  ( l )  The c o m p le x ity  o f  th e

c i l i a r y  c u rre n ts  and th e  amount o f  m uscu lar a c t i v i t y ,

(2 )  th e  number and s iz e  o f  th e  r id g e s  on th e  in n e r  

s u rfa c e , (3 )  th e  r e l a t i v e  s ize s  o f  th e  p a lp s  and
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c t e n id ia .  The c i l i a r y  c u rre n ts  and mu seu l ar 

a c t i v i t y  o f  th e  p a lp s  have a lre a d y  been d e s c rib e d .

A l l  th e  species examined appear to  be s im ila r  in  

re s p e c t to  th e s e . The p a lp s  o f P a p h la  s p e c ie s , 

how ever, d i f f e r  from  those o f th e  o th e r genera in  

be in g  r e l a t i v e l y  la r g e r  and possessing num erous, 

s m a ll, t ra n s v e rs e  r id g e s . T h is  d if fe r e n c e  may be 

r e la te d  to  th e  d i f f e r e n t  h a b ita ts  o f  th e s e  s p e c ie s ;  

th e  s im p le r p a lp s  o f  th e  m a jo r ity  o f  sp ec ies  b e in g  

adapted to  a s u b l i t t o r a l  l i f e  w ith  l i t t l e  

suspended m a te r ia l e n te r in g  th e  m antle  c a v i t y .

T h is  v ie w  has some support from  th e  s tu d ie s  o f  

Purchon on th e  T e re d in id a e  ( l 9 4 l )  and th e  P h o la d id a e  

(1 9 5 5 a ) ,  and o f  Yonge (1 9 ^ 9 ) on th e  T e l l in a c e a .  In  

th e  P h o la d id a e  and T e re d in id a e  th e  p a lp s  o f  "o cean ic"  

species  a re  s m a lle r  and possess few er r id g e s  th an  

those o f  com parable i n t e r t i d a l  s p e c ie s , w h ile  o f  th e  

T e l l in a c e a ,  Yonge says , "There is  a g e n e ra l ten d en cy  . 

fo r  th e  p a lp s  to  be la r g e r  in  m u d -liv in g  sp e c ies  

where much f in e  m a te r ia l  is  taken  in to  th e  m a n tle  

d a v ity ."

The V1 s c e ra l Mass and F o o t.

The fo o t in  th e  V e n e rid a e  is  c h a r a c t e r is t ic a l l y
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la r g e  and wedge-shaped, being  adapted f o r  burrow ing  

in  s o ft  s u b s tra ta . There  is  a c o rre s p o n d in g ly  

e x te n s iv e  p ed a l gap. In  th e  a d u lt ,  th e  c i l i a  w hich  

c lo th e  th e  fo o t  o f  th e  la r v a l  s tages  are  c o m p le te ly  

ab sen t, and th e r e  a re  no c i l i a r y  movements on th e  

s u rfa c e  o f  th e  f o o t .  Quayle (194-9) has d e s c rib e d  

th e  sequence o f  d ig g in g  movements w hich occur in  

P_aphia (=Venerunis)_ p u l la s t r a . T h is  sequence 

appears to  be s im ila r  in  many groups o f  b iv a lv e s .

In  th e  V e n e rid a e  observed, th e  sequence o f  d ig g in g  

movements i s  id e n t ic a l  w ith  th a t  d e s c rib e d  fo r  

Pap h ia  J3_ullast_ra, a lthough  d if fe re n c e s  occur in  th e  

t im in g  o f  th e  sequence. G re a te r  e f f ic ie n c y  in  

d ig g in g  appears to  be th e  r e s u l t  o f  q u ic k e r  

r e p e t i t io n  o f  th e  c h a r a c te r is t ic  sequence and 

in c re a s e  in  th e  number o f  c o n s e c u tiv e  movement 

sequences, ra th e r  than  o f  any change in  th e  b as ic  

mechanism.

The b y s sa l g land  is  reduced in  most sp e c ies  and 

is  n o n - fu n c t io n a l.  In  th e  genus Rap h ia , how ever, 

i t  i s  fu n c t io n a l  a t s e ttle m e n t (Q u a y le , 1953) and 

sometimes in  th e  a d u lt ,  th e  fo o t o f  w hich i s  

provided  w ith  a b y s s a l groove.
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The c i l i a r y  c u rre n ts  on th e  s u rfa c e  o f  th e  

v is c e r a l  mass d i f f e r  from  th o s e  o f  many o th e r  

b iv a lv e s  in  b e ing  d ir e c te d  v e n t r a l ly  and a n t e r io r ly ,  

th u s  moving m a te r ia l  f a l l i n g  on to  th e  v is c e r a l  

mass to w ard s  th e  p a lp s . The a rea  which is  covered  

by th e  in n e r  p a lp  appears to  be w ith o u t c i l i a r y  

a c t i v i t y .  The unusual d ir e c t io n  o f th e  c i l i a r y  

c u rre n ts  o f  th e  v is c e r a l  mass may r e s u l t  in  more 

m a te r ia l  re ach in g  th e  l a b i a l  p a lp s  s in c e  any 

m a te r ia l  which is  lo s t  from  th e  m a rg in a l g ro o ve  o f  

th e  in n e r  dem ibranch may s t i l l  be c a r r ie d  fo rw a rd  by  

th e  c i l i a  o f  th e  v is c e r a l  mass.

C i l i a r y  C u rre n ts  _on th e  S uffac_e_af_the M a n t le .

I n  s tu d y in g  th e  o i l  i  at ion  o f  th e  in n e r  s u rfa c e  

o f th e  m a n tle , th e  v is c e r a l  mass and c te n id ia  w ere  

removed and th e  p re p a ra t io n  l e f t  fo r  some t im e  to  

a llo w  th e  p a l l i a i  m uscles to  r e la x .  The siphons 

were n e v e r seen to  ex ten d  in  p re p a ra tio n s  from  which  

one s h e l l  v a lv e  had been removed, and i t  was 

im p o s s ib le  to  o b ta in  draw ings o f th e  m a n tle  w ith  th e  

siphons ex ten d ed .

The s u rfa c e  o f  th e  m an tle  is  covered  w ith  sh o rt 

c i l i a ,  th e  g e n e ra l t r e n d  o f  p a r t ic le s  c a r r ie d  by them
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b e in g  a n te r io r  and v e n tr a l  tow ards th e  s tron g  

r e je c t io n  t r a c t  ly in g  near th e  v e n t r a l  m argin  and 

ru n n in g  p o s t e r io r ly  from  a p o in t  n e a r th e  

a n t e r io r  adductor muscle to  th e  base o f  th e  

in h a le n t  s iphon . The c i l i a  fo rm ing  t h is  t r a c t  

a re  lo n g e r  th an  th ose  o f th e  g e n e ra l m a n tle  

s u rfa c e  ( f i g .  h). ^ c u s  i s  su p p lie d  to  th e  

m an tle  s u rfa c e  by c e l ls  s itu a te d  below  th e  in n e r  

e p ith e liu m , and opening on to  th e  s u r fa c e  th rough  

ducts w hich run  between th e  c e l ls  o f  th e  e p ith e liu m .  

The c o n te n ts  o f  th e s e  s e c re tin g  c e l l s ,  to g e th e r  

w ith  t h e i r  s e c re t io n , which rem ains as a la y e r  on 

th e  s u rfa c e  a f t e r  f i x a t io n ,  c o lo u r b lu e  w ith  

A lc ia n  B lu e  8GS (Steedm an, 1950) -  a mucin s t a in .  

Masses o f pseudofaeces c o l le c t  a t th e  base o f  th e  

in h a le n t  siphon and a re  r e je c te d  th ro u g h  i t  in  th e  

norm al way by sudden p a r t i a l  c lo s u re  o f  th e  s h e l l  

v a lv e s .

U n c i l ia te d  areas o f th e  m a n tle  have n o t been  

n o tic e d  in  th e  species examined except t h a t  th e  

s u rfa c e  o f  th e  s ip h o n a l r e t r a c to r  m uscle i s  w ith o u t  

c i l i a .  C i l i a  are  u s u a l ly  absent on areas  o v e r la in
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b y  th e  l a b i a l  p a lp s . In  th e  V e n e rid a e  th e s e  areas  

a re  sm all and may have been m issed.

A p a rt from  th e  mu e u s -s e c re tin g  c e l ls  a lre a d y  

d e s c r ib e d , and s e c re to ry  c e l ls  a s s o c ia te d  w ith  th e  

fo rm a tio n  o f  th e  s h e ll  and p e rio s tra c u m , th e  m a n tle  

a lso  possesses numerous spaces f i l l e d  w ith  g ra n u la r  

m a t e r ia l .  These extend in  a band n e a r th e  v e n t r a l  

m argin  from  n ea r th e  a n te r io r  adductor m uscle to  th e  

siphons. The c o n te n ts  are  a c id o p h il ,  f a i l  to  s ta in  

w ith  A lc ia n  B lu e , and appear to  be s im ila r  to  

m a te r ia l  o c c u rr in g  in  th e  same p o s it io n  in  G lossus  

humaniis (Owen, 1 9 5 3 b ). In  Venus s t r i a t u l a  th e  

co n ten ts  are  d isch arged  th rough ducts opening between  

th e  two m idd le  fo ld s  o f  th e  m antle  edge.

M u s c u la tu re .

The adductor muscles are in s e r te d  in to  th e  s h e ll  

in  th e  norm al p o s it io n  v e n tr a l  to  th e  h in g e  l i n e .

They a re  s u b -e q u a l, th e  p o s te r io r  b e in g  s l i g h t l y  

la r g e r  than  th e  a n te r io r ,  which is  in s e r te d  s l i g h t l y  

deeper.

The a n te r io r  p ed a l r e t r a c t o r  m uscle i s  in s e r te d  

p o s te r io r  to  th e  a n te r io r  adductor m uscle. Some 

f ib r e s  r a d ia te  o ve r th e  fo o t s u p e r f i c ia l l y ,  but th e
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b u lk  o f  th e  f ib r e s  r a d ia te  p o s t e r io r ly  in  th e  f o o t ,  

in t e r n a l  to  th e  p o s te r io r  r e t r a c to r  m uscle.

D i s t a l l y ,  w ith in  th e  f o o t ,  th e  f ib r e s  fro m  e i th e r  

s id e  cross o ver and m in g le .

The p o s te r io r  p ed a l r e t r a c to r  m uscle i s  

in s e r te d  in to  th e  s h e ll  a n te r io r  and d o rs a l to  th e  

p o s te r io r  adductor m uscle. The b un d les  from  e i th e r  

side  jo in  below  th e  p e ric a rd iu m  and f ib r e s  fro m  th e  

r ig h t  and l e f t  cross o v e r . IVhere i t  e n te rs  th e  

fo o t th e  bundles s e p a ra te  again  and th e  f ib r e s  r a d ia t e  

a n t e r io r ly  and v e n t r a l l y  in to  th e  fo o t .

These p ed a l muscles c o n s t itu te  th e  e x t r in s ic  

m u scu la ture  o f  th e  fo o t (Graham, 193^) , and a re  o f  

c o n stan t o ccurren ce  throughout th e  V e n e rid a e . 

P r o tr a c to r  and e le v a to r  p ed is  m uscles a re  n e v e r  

developed . In  a d d it io n  to  th e  e x t r in s ic  m u s c u la tu re , 

a v a ry in g  amount o f  in t r in s ic  m u scu la tu re  i s  a lso  

p re s e n t in  th e  v is c e r a l  mass and fo o t :  im m e d ia te ly

below  th e  e p ith e liu m  o f th e  v is c e r a l  mass and 

p ro x im a l p a r t  o f  th e  fo o t ,  th e re  a re  a number o f  

c i r c u la r  muscle s tra n d s  running  a n t e r o - p o s t e r io r iy  

and c o m p le te ly  surrounding th e  v is c e r a l  mass. In  

th e  d is t a l  p a r t  o f  th e  fo o t a number o f f ib r e s  run
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t r a n s v e r s e ly  and in  th e  v is c e r a l  mass numerous 

t ra n s v e rs e  f ib r e s  o cc u r, a r is in g  in  th e  e p ith e liu m  

and ru n n in g  e i th e r  to  th e  w a lls  o f  th e  a lim e n ta ry  

c a n a l o r to  th e  o p p o s ite  e p ith e liu m . These f ib r e s  

a re  m a in ly  c o n c e n tra te d  in  bands w hich pass between  

th e  v is c e r a .  In  p a r t ic u la r  bands o f  tra n s v e rs e  

m uscle occur p o s te r io r  t o ,  and a n t e r io r  t o ,  th e  

ascending c o i l  o f  th e  h in d -g u t ,  and a n te r io r  to  th e  

combined s ty le -s a c  and in t e s t in e .

The A lim e n ta ry  C a n a l.

G enera l S t r u c tu r e .

The a lim e n ta ry  canal v a r ie s  o n ly  in  m inor 

d e t a i ls  in  th e  species  examined. A s h o rt  

oesophagus opens in to  th e  a n te r io r  v e n t r a l  w a ll  o f 

th e  stomach, th e  s tru c tu re  o f  which is  d e s c rib e d  in  

th e  n e x t s e c t io n . The combined s ty le -s a c  and 

in t e s t in e  passes backwards and downwards tow ards th e  

h e e l o f  th e  fo o t .  The m id -gut passes from  th e  

d is t a l  end o f t h is  w id e r tu b e , c o i ls  on th e  v e n tr a l  

s id e  o f  th e  stomach, and then  passes backwards to  

ascend p o s te r io r  to  th e  s ty le -s a c  as th e  h in d -g u t .  

The h in d -g u t passes through th e  p e r ic a rd iu m  

p e n e tra t in g  th e  v e n t r ic le  and p o s te r io r  a o r t ic
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b u lb , and passes dor s a i l  y round th e  p o s te r io r  

ad d u cto r m uscle to  end in  an anal p ap i l l  a in  th e  

norm al w ay.

S tru c tu re  o f  th e  Stomach.

The s t r u c tu r e  o f  th e  stomach has been s tu d ie d  

in  l i v i n g  an im als  u s in g  v a r io u s  suspensions o f  

l i v in g  and n o n - l iv in g  m a tte r to  t r a c e  th e  course  

o f th e  c i l i a r y  c u r re n ts . In  some cases i t  was 

found p o s s ib le  to  remove most o f  th e  d ig e s t iv e  

d iv e r t ic u la  and o th e r  m a te r ia l  co verin g  th e  w a lls  

o f th e  stomach, w ith o u t damage, and th u s  observe  

th e  fu n c tio n in g  o f  th e  in t a c t  o rg an . These 

o b s e rv a tio n s  have been augmented where n ecessary  

by s tu d ie s  o f  th e  stomach o f  l i v i n g  an im als opened 

in  v a r io u s  ways. I n  d e s c r ib in g  th e  s tr u c tu r e  and 

fu n c t io n in g  o f th e  stomach in  th e  V e n e rid a e  th e  

nom enclatu re  suggested by Graham (19^ 9 ) and 

m o d ifie d  by Owen ( l9 5 3 b )  and Purchon (19 55 a ) w i l l  

be used th ro u g h o u t.

The anatomy o f th e  stomach is  in  th e  main 

s im ila r  th roughout th e  V e n e rid a e , so th a t  a 

d e s c r ip t io n  o f  one species  is  s u f f i c i e n t ,  p o in ts  

o f d if fe r e n c e  b e ing  n o ted  where th e y  o cc u r. Venus
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c a s in a  was chosen fo r  s tu d y  in  th e  g re a te s t  d e t a i l ,  

m a in ly  on account o f  i t s  g r e a te r  s iz e .  Graham (194-9) 

has  d e s c rib e d  th e  stomach o f Venus fa s c i a t a and th a t  

o f ¥enerup1s (= P a p h 1 a ) p u l l a s t r a .

The stomach c o n s is ts  o f  th e  u s u a l two p a r ts  

(Graham, 194-9) f a la r g e ,  g lo b u la r  a n te r io r  re g io n ,  

ly in g  d o r s a lly  in  th e  v is c e r a l  mass and a p o s te r io r  

e lo n g ated  s ty le -s a c ,  w ith  w hich i s  combined th e  

• in te s t in e . The s ty le -s a c  opens from  th e  p o s te ro -  

Ve n tr a i  w a ll  o f  th e  g lo b u la r  re g io n  and l i e s  

tow ards th e  p o s te r io r  end o f  th e  v is c e r a l  mass 

runn ing  d o r s o -v e n t r a l ly .  The s ty le -s a c  and 

a n te r io r  g lo b u la r  re g io n  o f  th e  stomach a re ,  

th e r e fo r e ,  ly in g  a t r ig h t  ang les  to  each o th e r  and 

th e  c r y s t a l l in e  s t y le ,  which in  th e  in t a c t  anim al 

p ro je c ts  in to  th e  a n te r io r  r e g io n , is  cu rv ed . The

appearance o f th e  stomach exposed and opened 

d o r s a lly  i s  shown in  f ig u r e  1 1 .

The g re a te r  p a r t  o f  th e  l e f t  w a ll  and th e  ro o f  

o f  th e  g lo b u la r  p a r t  o f  th e  stomach is  covered  by 

th e  c u t ic u la r  g a s tr ic  s h ie ld  ( f i g .  I I A  G S). Two 

wings o f  th e  g a s t r ic  s h ie ld  p r o je c t  in to  th e  

openings o f  th e  d o rs a l hood (DH) and th e  l e f t  pouch



F igu re  1 1 .



F ig u re  11. Venus casina: Dravr*.ngs to  show the
s tru c tu re  and main c i l ia r y  cu rren ts  
o f th e  stomach and r ig h t  and l e f t  
caeca.

A. The stomach opened d o rs a lly .

B. L e f t  caecum.

C. R ight caecum.

AF. A n te r io r  fo ld .
AT. Acceptance t r a c t .
CT. C irc u la r  t r a c t .
G I. In te s t in a l groove.
GS. G a s tr ic  s h ie ld .
ID . Is o la te d  ducts from the r ig h t

d ig e s tiv e  d iv e r t ic u la .
0. Oesophagus.
ODH. Opening o f the dorsal hood.
OLC. Opening o f the l e f t  caecum.
OLP. Opening o f the l e f t  pouch.
ORC. Opening o f the  r ig h t  caecum.
PF. P o s te r io r fo ld .
SAP. P o s te r io r  so rtin g  area.
SS. Combined s ty le -sa c  and in te s t in e .
T l.  Major typ h lo so le .
T2. Minor ty p h lo s o le .

Arrows in d ic a te  th e  d ire c t io n  o f the main c i l i a r y  
c u rre n ts .
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M
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(L P ) r e s p e c t iv e ly .  H o n g  i t s  a x is ,  th e  g a s t r ic  

s h ie ld  i s  s tren g th en e d  by a low  r id g e  which bears  

a sm all to o th  a t th e  a n te r io r  end.

The oesophagus e n te rs  on th e  a n te r io r  v e n t r a l  

s id e  above th e  openings o f  th e  r ig h t  and l e f t  caeca, 

w hich l i e  on e i t h e r  s id e  o f  th e  f lo o r  o f  th e  

stomach a t i t s  a n te r io r  end. Around th e  opening  

o f  th e  oesophagus th e r e  i s  a low  fo ld e d  r id g e , th e  

a n te r io r  c o l le c t in g  a re a . The d o rs a l hood opens 

from  th e  r ig h t  a n te r io r  w a l l  o f  th e  stomach and 

curves round o v e r th e  r o o f ,  i t s  t i p  ly in g  on th e  

l e f t  s id e . The d ig e s t iv e  d iv e r t ic u la  fo rm  a dense 

mass o f  g re e n is h -b ro w n  tu b u le s  around th e  a n te r io r  

p a r t  o f  th e  stom ach, in to  which th e y  open by a 

s e r ie s  o f  ducts v i a  th e  l e f t  and r i g h t  caeca and 

th e  l e f t  pouch. A number o f  is o la te d  ducts  may 

also  open d i r e c t l y  in to  th e  a n te r io r  re g io n  o f  th e  

stomach. The d e t a i ls  o f  th e  arrangem ent o f th e s e  

ducts v a ry  from  sp e c ies  to  s p e c ie s .

The s ty le -s a c  and in t e s t in e  a r e  o n ly  p a r t i a l l y  

se p a ra te d  by th e  m ajor and m inor ty p h lo s o le s . The 

m ajor ty p h lo s o le  l i e s  along th e  r ig h t  w a l l ,  

co n tin u e s  across th e  f lo o r  o f  th e  stom ach, lo o p s  in to
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th e  r ig h t  and l e f t  caeca and ends ju s t  in s id e  th e  

stomach a f t e r  em erging from  th e  l e f t  caecum. The 

i n t e s t i n a l  groove l i e s  along th e  r ig h t  hand s id e  

o f  th e  m ajor ty p h lo s o le  th ro ug ho u t i t s  le n g th .

The m inor ty p h lo s o le  l i e s  along th e  l e f t  w a ll  o f  

th e  s ty le -s a c  and ends at th e  ju n c t io n  o f  th e  

combined s ty le -s a c  and in t e s t in e  w ith  th e  g lo b u la r  

re g io n  o f  the stom ach.

The r ig h t  w a l l  o f  th e  g lo b u la r  re g io n  o f  th e  

stom ach, and th e  w a lls  o f  th e  d o rs a l hood b ea r a 

com plex system o f  c i l i a t e d  r id g e s  and f o ld s ,  fo rm in g  

th e  p o s te r io r  s o r t in g  a re a . T h is  w i l l  be d e s c rib e d  

in  th e  s e c tio n  w hich fo l lo w s .

S o rt in g  Mechanisms o f  th e  Stomach.

The fu n c t io n in g  o f  th e  B iv a lv e  stomach and 

d ig e s t iv e  d iv e r t ic u la  has been in v e s t ig a te d  and 

d e s c rib e d  in  d e t a i l  by Owen (1 9 5 3 b , 1955» 1 9 5 6 ) .  

O b s e rv a tio n s  made in  th e  course o f  th e  p re s e n t study  

c o n firm  th e s e  o b s e rv a tio n s  made on o th e r  B iv a lv e s .

M a te r ia l  e n te r in g  th e  stomach from  th e  

oesophagus i s  c a r r ie d  d o r s a l ly  by th e  c i l i a  o f  th e  

c ir c u la r  t r a c t  and c o l le c t s  ju s t  below  th e  opening  

o f th e  l e f t  pouch ( f i g .  11 O LP ). From h ere  i t  i s
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p ro b a b ly  t r a n s fe r r e d  to  th e  p o s te r io r  s o rtin g  a re a  

b y  th e  r o ta t in g  c r y s t a l l in e  s t y le .  The a c t io n  o f  

th e  c r y s t a l l in e  s ty le  has not been observed  in  

a d u lts  o f  th e  V e n e rid a e . In  th e  l a r v a  and young 

b ottom  stages o f  Venus s t r i a t u l a . how ever, th e  

r o t a t io n  o f th e  s ty le  is  c lo ck w is e  when v iew ed  from  

th e  a n te r io r  end o f  th e  an im a l, and th e  d ir e c t io n  

tak e n  by p a r t ic le s  o f  carmine In  th e  s ty le -s a c  o f  

th e  a d u lt  anim al confirm s th a t  th e  r o t a t io n  is  th e  

same h e re . The d ir e c t io n  o f r o t a t io n  is  th e r e fo r e  

th e  same as in  a l l  o th e r species o f  b iv a lv e  

observed. As n o ted  by Graham (1 9 4 -9 ), th e  p o s te r io r  

s o rtin g  a rea  i s  w e ll-d e v e lo p e d  in  th e  V e n e rid a e  and 

l i e s  on th e  r ig h t  w a ll o f  th e  stomach ex ten d in g  

d o r s a lly  onto th e  f lo o r  and s id es  o f  th e  d o rs a l 

hood. The movement o f  th e  c i l i a  on th e  r id g e s  and 

grooves o f t h is  s o rtin g  a re a  e x e r t  a q u a n t i t a t iv e  

in f lu e n c e  on m a te r ia l in  th e  stom ach, f in e  p a r t ic le s  

being c a r r ie d  by c i l i a  on th e  c re s ts  o f  th e  r id g e s  

in to  th e  d o rsa l hood (DH) w h ile  co a rs e  p a r t ic le s  

f a l l  in to  th e  grooves and are c a r r ie d  t c ^  th e  main 

r e je c t io n  t r a c t  o f th e  stomach, th e  i n t e s t in a l  

groove. W ith in  th e  d o rs a l hood f i n e  p a r t ic le s  pass
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m to  th e  acceptance t r a c t  and are  c a r r ie d  across  

th e  r ig h t  w a l l  o f  th e  stomach, over th e  in t e s t in a l  

r e je c t io n  t r a c t ,  and on to  th e  f lo o r  o f  th e  

stom ach. In  t h is  re g io n  th e  in t e s t in a l  groove  

is  covered  by th e  f l a p l i k e  major ty p h lo s o le  (Owen, 

1 9 5 5 ) .  C i l i a r y  c u rre n ts  on th e  f lo o r  o f  th e  

stomach c a r r y  m a te r ia l  to  th e  openings o f  th e  r ig h t  

and l e f t  caeca (ORC, OLC). P a r t ic le s  which f a i l  

to  e n te r  th e  caeca a re  c a r r ie d  a n t e r io r ly  by th e  

c i l i a  o f  th e  a n te r io r  c o l le c t in g  a rea  and re tu rn e d  

to  th e  g e n e ra l c i r c u la t io n  o f  th e  stomach by way o f  

th e  c i r c u la r  t r a c t  (CT) around th e  oesophagus.

W ith in  th e  r ig h t  and l e f t  caeca th e  m ajor 

ty p h lo s o le  has th e  fo rm  o f a tu be  w ith in  a tu b e  

(Owen, 19 55 ) w ith  ex te n s io n s  in to  th e  openings o f  

th e  ducts  o f  th e  d ig e s t iv e  d iv e r t ic u la .  C i l i a r y  

c u rre n ts  on th e  s u rfa c e  o f  the ty p h lo s o le  w ith in  

th e  caeca serve  to  r e t a in  m a te r ia l b u t a re  not 

d ire c te d  in to  th e  openings o f  th e  ducts from  th e  

d iv e r t ic u la ,  ( f i g .  11 B & C ) . S im ila r  la c k  o f  

c i l i a r y  c u rre n ts  in to  th e  ducts o f th e  d iv e r t ic u la  

was found in  G lossus humanus. Cardlum edule and 

Z irn h e a  c r is n a ta  by Owen (1955) who suggests th a t
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t h is  is  a c h a r a c t e r is t ic  fe a tu r e  o f  th e  stomach o f  

a l l  B iv a lv e s .  T h is  v ie w  is  f u r t h e r  supported  hy  

th e  o b s e rv a tio n s  o f Purchon (19 55a ) on th e  

P h o la d id a e , where th e  c u rre n ts  on th e  s u rfa c e  o f  

th e  ty p h lo s o le  w ith in  th e  caeca a re  s im i la r ly  n o t  

d ir e c te d  in to  th e  openings o f  th e  d u c ts .

Between th e  opening o f  th e  l e f t  pouch and 

th a t  o f  th e  l e f t  caecum is  a sm all r id g e d  a re a .

T h is  extends onto th e  f lo o r  o f  th e  l e f t  pouch, and 

c i l i a r y  c u rre n ts  on th e  r id g e s  and in  th e  g rooves  

d ir e c t  p a r t ic le s  d o r s a l ly  to  a p o in t  ju s t  o u ts id e  

th e  opening th e  opening o f  th e  l e f t  pouch and ju s t  

v e n t r a l  to  th e  g a s t r ic  s h ie ld .  No c i l i a r y  c u rre n ts  

appear to  be d ir e c te d  in to  th e  d u c ts  o f  th e  

d ig e s t iv e  d iv e r t ic u la  which open in to  th e  l e f t  pouch.

W aste m a te r ia l from  th e  d iv e r t i c u la ,  to g e th e r  

w ith  th e  m a te r ia l  r e je c te d  by th e  p o s te r io r  

s o r t in g  a re a  passes in to  th e  i n t e s t in a l  groove and 

hence to  th e  in t e s t in e .

The stomach o f th e  V e n e rid a e  th e r e fo r e  has th e  

s tr u c tu r e  o f ,  and fu n c t io n s  as , th a t  o f  a t y p ic a l  

s u s p e n s io n -fe e d in g  B iv a lv e .  I t  is  s im ila r  in  a l l  

in ^ o r ta n t  re s p e c ts  to  th a t  d e s c rib e d  by Owen ( l9 5 3 b )
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f o r  G loasus humanusy and to  th a t  o f  Cardlum  e d u le  

(Owen, 1 9 5 5 b ). W ith in  th e  stomach food  m a te r ia l  

i s  kep t in  m otion by th e  combined a c t io n  o f  th e  

r o t a t in g  c r y s t a l l in e  s t y le  and th e  c i l i a t e d  w a l ls ,  

and is  su b je c te d  to  th e  s o r t in g  a c tio n  o f  th e  

p o s te r io r  s o rtin g  a re a * In  c o n s id e rin g  th e  a c tio n  

o f  th e  B iv a lv e  stom ach, some w o rkers , and 

e s p e c ia l ly  Purchon (1 9 5 5 a ) , have d e s ig n a te d  as 

s o r t in g  areas any re g io n  where th e  w a ll b e a rs  

r id g e s  and g ro oves , th u s  im p ly in g  th a t  such areas  

e x e r t  a q u a n t i t a t iv e  in f lu e n c e  on m a te r ia l passing  

o ver them . Many o f  th e s e  areas however d ir e c t  

p a r t i c le s  in  de s c r i m in  a t e l  y  in  one d ir e c t io n  o n ly ,  

and can, th e r e fo r e ,  have no s o rtin g  fu n c t io n ,  but 

are  c o l le c t in g  a re a s . In  th e  V e n e rid a e  s o r t in g  

occurs o n ly  on th e  p o s te r io r  s o rtin g  a re a , w here  

d i f f e r e n t  grades o f  p a r t ic le s  a re  c a r r ie d  in  

d i f f e r e n t  d ir e c t io n s  on th e  r id g e s  and in  th e  g rooves .

The P e r ic a rd iu m .

The h e a r t  was s tu d ie d  on l i v in g  specimens 

and in  specimens f ix e d  in  fo rm a lin  and p re s e rv e d  in  

p ro p y le n e  p h e n o x e to l, (Owen and Steedman, 1 9 5 6 ) .

T h is  method shows up th e  s tru c tu re  o f  th e  h e a r t
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F ig u re  1 2 . Venus s t r i a t u l a : D o rs a l v ie w  o f  th e
c o n te n ts  o f  th e  p e ric a rd iu m *

M o .  A n te r io r  a o r ta .

A3. P o s te r io r  a o r t ic  b u lb .

EO. E x c re to ry  organ -  k id n e y .

LA. L e f t  a u r ic le .

PAo. P o s te r io r  a o r ta .

PAM. P o s te r io r  ad d uctor m uscle.

VA. A u r ic u lo -v e n t r ic u la r  v a lv e .

VV. V a lv e  at o r ig in  o f  a n te r io r  a o r ta
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p a r t i c u l a r ly  w e l l .

The p e r ic a rd iu m  is  s itu a te d  d o r s a lly  between  

th e  s u p ra x ia l e x te n s io n s  o f  th e  o u te r  dem ibranchs  

o f  th e  c t e n id ia .  The v e n t r ic le  ( f i g .  12 ) is  

la r g e  and s p h e r ic a l ,  com m unicating on e i t h e r  s id e  

w ith  th e  cone-shaped, t h in - w a l le d  a u r ic le s ,  by way 

o f s l i t  - l i k e  a u r ic u lo -v e n t ic u la r  v a lv e s . A n te r io r  

and p o s te r io r  a o rta e  open from  th e  v e n t r ic le  and 

th e r e  i s  a la r g e  p o s te r io r  a o r t ic  b u lb . B lood  i s  

p re v e n te d  from  re tu r n in g  to  th e  v e n t r i c le  from  th e  

a n te r io r  a o r ta  by a s im p le , a n n u la r v a lv e  at th e  

ju n c t io n  o f th e  tw o . The h in d -g u t runs th ro ug h  

th e  v e n t r ic le  and th e  p o s te r io r  a o r t ic  b u lb .

VJhite (194-2) has d e s c rib e d  th e  p o s it io n  o f  th e  

p e r ic a r d ia l  g lands in  th e  B iv a lv ia ,  in c lu d in g  

s e v e ra l members o f  th e  V e n e r id a e . The p e r ic a r d ia l  

g lands may l i e  e i t h e r  in  th e  p e r ic a r d ia l  investm ent 

o f  th e  a u r ic le s  ( a u r ic u la r  p e r ic a r d ia l  g la n d s ) ,  o r  

in  th e  d o rs a l and v e n t r a l  a n te r io r  re g io n s  o f th e  

p e r ic a rd iu m  and n e ig h b o u rin g  areas o f  th e  m antle  

( p e r i c a r d i a l l y  s i tu a te d  p e r ic a r d ia l  g la n d s ). In  

th e  V e n e rid a e  th e  g la n d s  occur in  bo th  th e s e  p o s it io n s  

in  some sp ecies  ( G a fra r iu m ) w h ile  in  o th e rs  th e y
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appear to  be r e s t r ic t e d  to  th e  p e r ic a r d ia l  s i tu a t io n *  

In  a l l  s p e c ie s , how ever, th e  g re a te s t  developm ent o f  

th e  g lands is  in . th e  a n te r io r  re g io n  o f th e  

p e ric a rd iu m  and in  th e  m a n tle .

•The k id neys  o f  th e  V e n e rid a e  l i e  d o rs a l to  th e  

p o s te r io r  adductor muscle and are p a r t i a l l y  o v e r la in  

by th e  p o s te r io r  a o r t ic  b u lb . The two k id n eys  

communicate by way o f  a la r g e  median a p e r tu r e .  The 

r e n o -p e r ic a r d ia l  pores open in to  th e  p o s te r io r  

v e n tr a l  corners o f th e  pericardium.

The Nervous System.

The nervous system has been b r i e f l y  s tu d ie d  by  

d is s e c t io n  in  Venus s t r i a t u l a  o n ly .

The c e r e b r a l-p le u r a l  g a n g lia  a re  o f  s im p le , 

fu s ifo rm  shape and l i e  ju s t  behind th e  a n te r io r  

adductor m uscle. The c e re b ro -p e d a l c o n n e c tiv e  

passes o b l iq u e ly  backwards through th e  a n te r io r  p e d a l 

r e t r a c t o r  muscle and en te rs  th e  a n te r io r  fa c e  o f  th e  

p e d a l g a n g lio n . The c e re b ro -v is c e ra l c o n n e c tiv e  

p e n e tra te s  th e  base o f th e  a n te r io r  p ed a l r e t r a c t o r  

muscle and th en  passes back th rough  th e  t is s u e s  o f  

th e  v is c e r a l  mass. A la r g e  n erv e  on e i t h e r  s id e  

runs round th e  v e n tr a l  s ide o f  the  a n te r io r  adductor
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m uscle and branches to  supply th e  a n t e r io r  and 

v e n t r a l  re g io n s  o f th e  m antle edge* O th e r n erves  

run  to  th e  a n te r io r  adductor muscle and th e  d o rs a l 

re g io n  o f  th e  v is c e r a l  mass.

The p ed a l g a n g lia  a re  fused  to  g iv e  r i s e  to  

a la r g e ,  rounded g an g lio n  which l i e s  in  th e  m id - l in e  

ju s t  v e n tr a l  to  th e  c o i ls  o f  th e  In t e s t in e .  Two 

la r g e  n erv es  pass ven t r a l l y  on each s id e  in to  th e  

fo o t  •

The v is c e r a l  g a n g lia  l i e  a t th e  a n te r io r  

s u rfa c e  o f  th e  p o s te r io r  adductor m uscle. Three  

main n e rv e s  le a v e  th e se  g a n g lia  on e i t h e r  s id e :  

a c t e n id ia l  n e rv e , a nerve to  th e  p o s t e r io r • adductor 

m uscle, and a n erv e  to  th e  s ip ho n al p rocess and 

p o s te r io r  p a r t  o f  the m a n tle . T h is  l a s t  named 

n e rv e  d iv id e s  v e n tr a l  to  th e  p o s te r io r  adductor 

muscle to  g iv e  s e p a ra te  branches to  v a r io u s  re g io n s  

o f th e  m a n tle  ( f i g .  13) •

The R e p ro d u c tiv e  System.

The g e n ita l  a p e rtu re  l i e s  on th e  p o s te ro -  

d o rs a l s u rfa c e  o f th e  v is c e r a l  mass, and opens in to  

th e  e p ib ra n c h ia l space above th e  in n e r  dem ibranch.

In  th e  r ip e  c o n d it io n , th e  gonad occup ies most o f
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th e  space between p a r ts  o f th e  a lim e n ta ry  can a l in  th e  

v is c e r a l  mass, but does n o t extend in to  th e  m a n tle *

A l l  th e  B r i t i s h  species  a re  n o rm a lly  u n is e x u a l .  The 

developm ent o f th e  gonad, and th e  b re e d in g  o f  c e r ta in  

sp ec ies  i s  d e s c rib e d  l a t e r *

(3 ) My s i a u n d a ta

The s y s te m a tic  p o s it io n  o f  M ysia u n d a ta  has been  

th e  s u b je c t o f  some d isagreem ent in  th e  p a s t ,  b e ing  

p la c e d  b y  some au th ors  in  th e  V e n e rid a e , and by o th e rs  

in  th e  P e t r ic o l id a e .  I t  w i l l  th e r e fo r e  be c o n s id e re d  

s e p a ra te ly  h e re  and i t s  system atic  p o s it io n  d is cu ss ed .

The s h e ll  o f M vsia u n d a ta  is  e q u iv a lv e  and 

i n e q u i la t e r a l .  The shape is  s u b -o r b ic u la r , th e  form  

o f th e  norm al a x is  being a tu r b in a te  s p i r a l .  The 

s h e ll  i s  t h in  and f r a g i l e  and th e  p e rio s tra c u m  

t ra n s p a re n t .  I n t e r n a l l y  th e  adductor m uscle scars  

a re  w e ll-m a rk e d , th e  p o s te r io r  being s l i g h t l y  la r g e r  

than  th e  a n t e r io r .  The p a l l i a i  l i n e  i s  d is ta n t  from  

th e  edge o f  th e  s h e ll  and sinuous ( f i g .  l 4 ) . T h ere  

i s  a deep p a l l i a i  s in u s , extend ing  about tw o - th ir d s  o f  

th e  way to  th e  umbones. The v a lv e  m argins a re  not 

c re n u la t  ed.

The h in g e  is  w e ll-d e v e lo p e d , w ith  th re e  c a rd in a l
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B . In t e r n a l  v ie w  o f th e  l e f t  s h e l l  
v a lv e  showing h inge t e e t h .

AAM. A n te r io r  adductor m uscle.

SX. E x h a le n t s ip h o n .

F . F o o t.

ID . In n e r  dem ibranch.

IN . In h a le n t  s ip ho n .

OD. O u te r dem ibranch.

PAM. P o s te r io r  ad d ucto r m uscle.

SB. S u p r a -a x ia l  ex ten s io n  o f  o u te r  
dem ibranch.

ULP. Upper l a b i a l  p a lp .
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t e e th  in  th e  l e f t  v a lv e ,  th e  c e n tre  one o f  which is  

b i f i d .  I n  th e  r ig h t  v a lv e  th e r e  a re  two c a rd in a l  

t e e t h ,  th e  p o s te r io r  one b e in g  b i f i d .  The lig a m e n t  

i s  id e n t ic a l  in  s t r u c tu r e  w ith  t h a t  a lre a d y  

d e s c rib e d  f o r  th e  V e n e rid a e .

The m an tle  m argins a re  f r e e  v e n t r a l l y  fo rm ing  

a la r g e  p e d a l gap th ro u g h  w hich th e  w e ll-d e v e lo p e d  

m uscular fo o t  may be p ro tru d e d . P o s t e r io r ly  th e  

m an tle  m argins fu s e  t o  fo rm  th e  s ip h o n s , th e  fu s io n  

b e in g  o f  ty p e  B (Yonge, 1957 ) • The siphons a re  

lo n g  and s e p a ra te , th e  e x h a le n t b e in g  s l i g h t l y  

s h o r te r  th an  th e  in h a le n t .  The opening  o f  th e  

in h a le n t  siphon is  r in g e d  by a d ou b le  row  o f  s im p le  

t e n t a c le s ,  w h ile  th e  e x h a le n t, is  r in g e d  by a s in g le  

row o f  sh o rt tu b e r c le s .  I n  l i f e  th e  siphons a re  

p ro tu d e d  a l i t t l e  above th e  su b stra tum  and undergo  

l i t t l e  movement except when d is tu r b e d . M vs ia  u n d a ta  

i s  a t r u e  suspension fe e d e r  -  a v ie w  w hich is  

c o n firm e d  b y  th e  s t r u c tu r e  o f  th e  stom ach, which  

does n o t d i f f e r  in  e s s e n t ia ls  fro m  th a t  o f  th e  

V e n e r id a e .

The organs o f th e  m a n tle  c a v i ty  ( f i g .  l 4 )  a re  

s im i la r  to  th o s e  o f  Venus. The o u te r  dem ibranchs
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o f  th e  c te n id ia  a re  about h a l f  th e  depth  o f th e  

in n e r .  There  is  a la r g e  s u p ra x ia l e x te n s io n .  

C i l i a r y  c u rre n ts  on th e  c te n id ia  a re  o f  ty p e  C 

l ( b )  (A tk in s ,  1 9 3 7 b ), w ith  w e l l  marked o ra lw a rd s  

c u rre n ts  a t  th e  f r e e  edge o f th e  in n e r  dem ibranch  

and a t th e  a x is  o f  th e  two demib ra n c h s , and a 

weal: o ra lw a rd s  c u rre n t at th e  f r e e  edge o f  th e  

o u te r  dem ibranch. Guard c i l i a  a re  p re s e n t.

C i l i a r y  c u rre n ts  on th e  in n e r s u rfa c e  o f  th e  m a n tle , 

th e  v is c e r a l  mass, and th e  p a lp s  a re  s im i la r  to  

th o s e  o f  Venus.

I n t e r n a l l y  th e r e  a re  no im p o rta n t d if fe r e n c e s  

i n  s t r u c tu r e  between M vsia and undoubted members o f  

th e  V e n e r id a e .

In  t a b le  1 ,  th e  c h a r a c t e r is t ic  fe a tu r e s  o f  th e  

genera V enu s and Pap hi a re p re s e n tin g  th e  V e n e r id a e ,  

and o f  th e  P e t r ic o l id a e ,  are  summarised and compared 

to  th o s e  o f  Mvsi a u n d a ta . The c h a ra c te rs  o f  th e  

P e t r ic o l id a e  have been taken  from  th e  papers o f  

Purchon (1 9 5 5 ) and Yonge (1 9 5 8 ) on P e t r ic o la  

n h o la d ifo rm is  and P e t r ic o la  c a rd ito i.d e s. r e s p e c t iv e ly .  

As is  seen from  t h is  t a b le ,  Mvsi a resem bles th e  

P e t r ic o l id a e  e s p e c ia lly  in  th e  form  o f  th e  siphons
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and th e  p a l l i a i  s in u s , hut th e  fo rm  o f  th e  h in g e  

te e th  suggest th a t  t h is  species should he 

c la s s i f ie d  w ith  th e  V e n e rid a e  r a th e r  th an  th e  

P e t r ic o l id a e .  The number o f  h in g e  t e e t h  i s  n o t  

re g a rd ed  as im p o rta n t in  t h is  co n n e c tio n  s in c e ,  

a lth o u g h  a l l  o th e r  B r i t i s h  sp ec ies  have th re e  

te e th  in  each v a lv e ,  a number o f  fo r e ig n  g enera  

occur in  which th e  number o f  te e th  is  d i f f e r e n t .

For example Gemma has th r e e  te e th  in  th e  l e f t  v a lv e  

and two in  th e  r i g h t ,  as does C v c lin a  (Adams & Adams, 

1 9 5 8 ) .

ih) D is c u s s io n .

From th e  fo re g o in g  account o f  th e  fu n c t io n a l  

m orphology o f  th e  V eneracea i t  i s  c le a r  th a t  w ith in  

t h is  group th e  V e n e rid a e  fo rm  a c e n t r a l  f a m ily  o f  

c lo s e ly  r e la te d  fo rm s , m ostly  l i v i n g  c lo s e  to  th e  

s u rfa c e  in  r e l a t i v e l y  s o ft  s u b s tra ta , and a l l  w ith  a 

suspenS io n -fe e d in g  h a b i t ,  but w ith o u t many s p e c ia l  

a d a p ta tio n s . T h is  la c k  o f s p e c ia l a d a p ta tio n s  may 

i t s e l f  be connected w ith  th e  h a b it  and h a b ita t  o f  

th e  an im als  s in ce  u nd er sus p e n s io n -fe e d in g  c o n d it io n s  

much o f  th e  m a te r ia l e n te r in g  th e  m antle  c a v i ty  i s  

n o rm a lly  u t i l i s a b l e  as fo o d , making a d a p ta tio n s  o f
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th e  c t e n id ia  and m a n tle , such as are found  in  

d e p o s it fe e d e rs , u n n ecessary . F u r th e r  Owen ( 1 9 ^ )  

has suggested th a t  many o f  th e  a d a p ta tio n s  o f  more 

s p e c ia l is e d  s u s p e n s io n -fe e d e rs  ( e .g .  S o le n id a e , 

M yidae) a re  connected w ith  a deep-burrow ing  h a b it  

and lo s s  o f  h o r iz o n ta l  m o b i l i t y ,  whereas th e  

V e n e rid a e  r e t a in  t h e i r  m o b il i ty  and a re , in  g e n e r a l,  

s h a llo w  burrow ing  fo rm s. Among th e  su spens io n - 

fe e d in g  B iv a lv ia  th e  V e n e rid a e  may be re g a rd e d  as 

a group which have evo lved  along u n s p e c ia lis e d  

l in e s  a lth o u g h  t h e i r  w o rld -w id e  d is t r ib u t io n  on a l l  

ty p e s  o f  s u b s tra ta  shows th a t  th e y  a re  none th e  

le s s  h ig h ly  s u c c e s s fu l.

In  c o n s id e rin g  th e  re la t io m s h ip s  o f th e  

V en eracea  w ith  o th e r  groups o f  b iv a lv e s  th e  most 

im p o rta n t an a to m ica l fe a tu r e s  a re  th o s e  connected  

w ith  th e  burrow ing  and th e  s u s p e n s io n -fe e d in g  

h a b it s ,  n o ta b ly  th e  form  o f  th e  siphons and f o o t ,  

and th e  s t r u c tu r e  o f th e  stom ach. C e r ta in  members 

o f  th e  V e n e rid a e  such as G a fra riu m  and some sp ec ies  

o f  Venus have sh o rt fu sed  s ip ho n s. Such siphons  

may be reg a rd ed  as p r im i t iv e  in  th e  V en eracea  so 

t h a t  w ith in  th e  E u la m e ll ib ra n c h ia  r e la t e d  form s
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nnist be sought among th e s e  groups w ith  s im j.la r  s ip h o n s . 

Such groups In c lu d e  th e  A s ta r ta c e a , Is o c a rd ia c e a  and 

C y p rin a c e a . O f th e s e  th e  Is o c a rd ia c e a  and C y p rin a c e a  

show many p o in ts  o f  s im i la r i t y  w ith  th e  V e n e ra c e a , 

e s p e c ia l ly  w ith  th e  genus G a fra riu m .

W ith in  th e  V eneracea th e  le a s t  s p e c ia lis e d  

c o n d it io n  is  found in  th e  genera. G a fra riu m  and C a l l i s t a . 

which have sh o rt fu sed  siphons a s s o c ia te d  w ith  a 

s u r fa c e - l iv in g  h a b i t .  O n ly  s l ig h t ly  more s p e c ia lis e d  

i s  Venus. th e  members o f  which range from  n e a r -s u r fa c e -  

l i v i n g  fo rm s, l i k e  Venus f a s c ia t a , to  deeper b urro w in g  

form s vTith lo n g e r s iphons, such as Venus s t r ia t u l  a .

Among th e  o th e r members e v o lu tio n  appears to  have ta k e n  

a number o f  l in e s ,  one p o s s ib le  course be ing  in d ic a te d  

below :

P r im it iv e  Veneracea  
(S h o rt fu sed  siphons  

s u rfa c e  l i v i n g ) .

G a fra riu m
C a l l i s t a

M vsia (lo n g  s e p a ra te  s ip h o n s ).

1Do s in i  a Venus--------------------- ----------
( lo n g  fu sed  ( sh a llo w

siphons; burrow ing) Glauconome P e t r ic o l
r e l a t i v e l y  deep (G laucom yidae) ( P e t r ic o l id a e )
b u rro w in g ; no (deep burrow ing  ; (b o r in g )
b y s s a l f i x a t io n )  lo s s  o f  m o b il i ty )

V m e ru p i s
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The gem s Do si n i a has ta k e n  a somewhat d i f f e r e n t  

co u rs e , b e in g  adapted fo r  what is  a r e l a t i v e l y  deep 

b urro w in g  h a b it  when compared w ith  a t y p ic a l  V e n e rid  

such as Venus c a s in a . T h is  end p o in t  h a s , how ever, 

been reached  by a d i f f e r e n t  ro u te  fro m  th a t  ta lie n  by  

th e  o th e r  deep b urro w ers . In  th es e  burrow ing  i s  

a s s o c ia te d  w ith  e lo n g a tio n  o f th e  s h e l l  by a s h i f t  in  

th e  lo c a t io n  o f th e  zone o f g re a te s t  m a rg in a l in c re a s e  

away fro m  th e  re g io n  where th e  dem arcatio n  l i n e  meets 

th e  s h e ll  edge. The anim als l i e  v e r t i c a l l y  in  th e  

substra tum  w ith  th e  p o s te r io r  end upperm ost. In  

th o s e  g enera  such as Eh s is  which move in  t h e i r  

burrow s th e  fo o t i s  protuded a n t e r io r ly .  In  o th e rs  

such as Mva. th e  fo o t  i s  reduced and th e  an im al 

o ccu p ies  a perm anent p o s it io n  deep below  th e  

s u rfa c e . In  c o n tra s t to  th e s e  th e  s h e ll  o f Do s in i  a 

is  alm ost c i r c u la r ,  and l i e s  n o rm a lly  w ith  th e  

lig a m e n t more o r le s s  p a r a l le l  to  th e  s u rfa c e . The 

fo o t  i s  p ro tru d e d  vent r a l l y  in  d ig g in g  and th e  

a n te r io r  and p o s te r io r  se ts  o f  pedal muscles p e rfo rm  

equal work in  th e  d ig g in g  p ro c e s s . B urrow ing i s  

p o s s ib ly  a s s is te d  by th e  f la t t e n e d  lu n u le  a c tin g  as 

a p re s s u re  p la t e  p re v e n tin g  th e  an im al from  moving
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upw ards as th e  fo o t  i s  ex tended . The norm al 

p o s it io n  o f  D o s in ia  in  l i f e  i s  shown in  f ig u r e  l5 >  

to g e th e r  w ith  th a t  o f  Mva and E n s is  f o r  com parison.

The two f a m i l ie s ,  th e  G laucom yidae and th e  

P e t r io o l id a e  show th e  r e s u l t  o f d iv e rg e n c e  from  

th e  c e n tr a l  v e n e r id  ty p e  in  two d i f f e r e n t  

d ir e c t io n s ,  w hich have r e c e n t ly  been d iscussed  by 

Owen (1 9 5 9 ) end Yonge (1 9 5 8 ) r e s p e c t iv e ly .  

Glauconome i s  adapted  by th e  possession  o f  lo n g ,  

u n ite d  s ip h o n s , e x te n s iv e  fu s io n  o f  th e  m a n tle  

m argins v e n t r a l l y ,  and re d u c tio n  o f  th e  f o o t ,  to  

a d eep -b u rro w in g  l i f e  in  s o ft  s u b s tra ta . I t  

p re s e n ts  a f u r t h e r  c o n tra s t w ith  D o s in ia . The 

P e t r ic o l id a e ,  as re p re s e n te d  by P e t r i  c o l a 

p h o la d ifo rm is  (P u rch o n , 1955 ) and P e t r ic o la  

c a r d ito id e s  (Yonge, 1958) a re  adapted in  v a ry in g  

degrees to  a ro c k -b o r in g  h a b i t ,  and have lo n g ,  

s e p a ra te  s ip h o n s , and v e n tr a l  m an tle  fu s io n . B oth  

th e  G laucom yidae and th e  P e t r ic o l id a e  show s p e c ia l  

a d a p ta tio n s  o f  th e  c t e n id ia  a llo w in g  them to  d e a l 

w ith  p a r t ic le s  o f  sand and mud e n te r in g  th e  m antle  

c a v i t y ,  and b o th  possess s h e llp  which a re  

e lo n g a te d  by d isp lacem en t o f th e  zone o f  g r e a te s t
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m a rg in a l in c re a s e  p o s te r io r ly .  As Owen (1 9 5 9 )  

has suggested, members o f  th e  genus P a n h ia  show 

fe a tu r e s  in  common w ith  bo th  th ese  groups.

The e v o lu tio n  o f th e  ro c k -b o rin g  h a b it  in  th e  

B iv a lv ia  has taken  p la c e  along a number o f  l in e s .  

Yonge ( 1951 ) bas suggested th a t  i t  would appear 

to  have been preceded by s p e c ia l is a t io n ,  in  some 

cases f o r  b yssa l attachm ent in  c re v ic e s , o r  

" n e s t l in g " ,  in  o th e rs  fo r  deep-burro iv ing  in to  

s o f t  s u b s tra ta . The f i r s t  o f  th es e  is  e x e m p lif ie d  

by B o tu la  and L ith o p h as a  (Yonge, 1955) , th e  o th e r  

by P I a t VO don (Yonge, 1951) * I f  th e  P e t r ic o l id a e  

a re  regard ed  as evolved from  a P a n h ia - l i k e  a n c e s try ,  

th e  p o s s ib i l i t y  e x is ts  th a t  th e  b o rin g  h a b it  may 

have been acq u ired  by e i th e r  o f th e s e  two r o u te s ,  

s in c e  w ith in  the genus P ap h ia  both r e l a t i v e l y  deep 

b u rro w in g , ( P . decussata) and n e s t l in g  ( P . p u l la s t r a ) 

form s e x is t .  By n e s t l in g  is  h ere  meant th e  

attachm ent o f th e  young anim al w ith in  c re v ic e s  in  

ro cks  b y  means o f a byssus, a process w hich occurs  

in  Paphi a u u l la s t r a  and may r e s u lt  in  abnormal- 

grow th due to  th e  r e s t r ic t io n  o f the s h e ll  b y  th e  

surround ing  ro c k .
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The P e tr ic o lid a e  are le ss  sp e c ia lise d  fo r  th e  

boring  h a b it than are many o ther groups. The ir 

main adaptations consis t o f the  e longation  of the 

s h e ll p o s te r io r ly ,  the  development o f sharp 

ridges on the sh e ll e s p e c ia lly  at th e  p o s te r io r  

end, and e labora tion  o f  the c i l i a r y  cu rren ts  o f 

the c te n id ia *  These adaptations are developed 

to  t h e i r  f u l le s t  extent in  P e tr ic o la  p ho la d ifo rm is  

( Pur chon, 1 9 5 5 ) , but in  o ther members the  l i n k  

w ith  the  genus Paphia o f the  Veneridae may be seen 

more c le a r ly .  In  P e tr ic o la  la p ic id a  (O tte r ,  1937) 

the s h e ll is  s im ila r  to  th a t o f the  ve ne rids ,

(e .g . Pauhia u u lla s tra ) .  but w ith  s e rra tio n s  

developed e sp e c ia lly  at the p o s te r io r  end where 

they form  a rough, jagged border to  th e  s h e ll.  

Boring is  mechanical as in  a l l  the  P e tr ic o lid a e , 

but the burrow is  shallow* O tte r considers th a t 

the  opening and c los ing  o f the s h e ll va lves would 

be s u f f ic ie n t  to enlarge the burrow as growth 

proceeds. The in te rn a l anatomy o f P et r i  co l a 

1 ani c i da has not been described in  d e ta il and i t  

would be in te re s tin g  to  see how i t  compares w ith  

o th e r members o f the  P e tr ic o lid a e , e s p e c ia lly  in



-5 5 -

re g a rd  to  th e  c i l i a r y  c u rre n ts  o f th e  c t e n id ia .  In  

th e  P e t r ic o l id a e ,  as in  H i a t e l l  a (H u n te r , 19^9) th e  

byssus i s  not used in  burrow ing  by th e  a d u lt ,  as i t  

i s  in  B o tu la  and Lithonhag:a (Yonge, 1955). The 

burrow ing  movements are developed fro m  th e  norm al 

lo c o m o to ry  a c t iv i t ie s  o f  th e  anim al, and more 

e s p e c ia l ly  from  th e  c lean s ing  movements o f  th e  

s h e ll  v a lv e s . The w e ll-d e v e lo p e d  h in g e - te e th  and 

th e  lo n g  lig a m e n t make ro ck in g  movements o f  th e  

s h e ll  v a lv e s , such as occur in  th e  P h o la d id a e  

(P u rch o n , 1955a) , im p o s s ib le . Thus th e  ev idence  

suggests th a t  the b o rin g  h a b it  o f  th e  P e t r ic o l id a e  

has been made p o s s ib le  by th e  p re v io u s  a d a p ta tio n  o f  

P a n h ia - l i k e  ancestors to  a n e s t l in g  r a th e r  th an  to  

a deep burrow ing  h a b it .
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I V .  B reeding  and Larval. D evelopm ent.

1 .  In t r o d u c t io n .

The work described  in  t h is  s e c t io n  i s  concerned  

w ith  th e  b reed ing  and la r v a l  developm ent, m à in ly  o f  

Venus s t r i a t u l a .

The study o f th e  b reed in g  c y c le  was o r i g i n a l l y  

u nd er talc en as a p re lim in a ry  to  a tte m p ts  to  id e n t i f y  

th e  la r v a  in  p la n k to n  c o l le c t io n s .  How ever, th e  

sm all s iz e  at which la r v a e  o f th e  V e n e rid a e  set and 

metamorphose makes s p e c if ic  Id e n t i f i c a t io n  fro m  

mixed p la n k to n  c o lle c t io n s  d i f f i c u l t ,  e s p e c ia l ly  in  

areas  where s e v e ra l d i f f e r e n t  sp ec ies  a re  p re s e n t  

to g e th e r  and where th e  exact spawning p e r io d s  o f  th e  

a d u lts  a re  no t k n o m . 3 a r ly  a tte m p ts  to  s e p a ra te  

ty p e s  o f la r v a e  from  such c o l le c t io n s  w ere th e r e fo r e  

abandoned, and most o f th e  work d e s c rib e d  h e re  was 

c a r r ie d  out in  la r v a e  c u ltu re d  in  th e  la b o r a to r y  fro m  

n a tu r a l  spawnings. The study o f  th e  b re e d in g  c y c le  

was c o n tin u e d , however, fo r  com parison w ith  s im i la r  

s tu d ie s  by o th e r w orkers in  o th e r  p a r ts  o f  th e  war I d .
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2 . The R e p ro d u ctive  C y c le _ o f Venus s t r i a t u l a .

In  th e  e a r ly  stages o f  th e  in v e s t ig a t io n ,  th e  

c o n d it io n  o f  th e  gonad in  in d iv id u a ls  was s tu d ie d  

by means o f s e c t io n s . For t h is  purpose th e  

v is c e r a l  mass and fo o t  were removed and imbedded 

i n  e s te r  wax (Steedm an, 19^7) • W ith  la r g e  

specimens a p ie c e  o f  gonad t is s u e ,  a p p ro x im a te ly  

0 .5  nim square, taken  from  th e  s id e  o f th e  v is c e r a l  

mass, was u sed . B o u in *s  f l u i d  in  s e a -w a te r  was 

used as a f i x a t i v e .  S e c tio n s  w ere cu t at te n  o r  

tw e lv e  m icrons and s ta in e d  w ith  E h r l ic h * s  

h a e m a to x y lin  and eo s in . Each b lo c k  was numbered 

s e p a ra te ly  so th a t  fu r th e r  s e c tio n s  could  be  

p re p a re d  l a t e r  i f  re q u ire d . T h is  m a te r ia l  has  

been used fo r  th e  q u a l i t a t iv e  d e s c r ip t io n  o f  th e  

s t a t e  o f  development o f  th e  gonads and f o r  th e  

q u a n t i t a t iv e  work in  1957* The la b o u r  and tim e  

in v o lv e d  in  c u t t in g  s e c tio n s  l im i t e d  th e  number o f  

an im a ls  which cou ld  be examined in  each sam ple.

For t h is  reason th e  method was d ispensed  w ith  in  

l a t e r  stages o f  th e  in v e s t ig a t io n  and th e  an im als  

w ere as c rib e d  to  th e  groups d e s c rib e d  l a t e r ,  on th é  

m acroscopic appearance o f th e  gonad and b y  th e
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ex am in a tio n  o f smear p re p a ra tio n s . In  c o n ju n c tio n  

w ith  o b s e rv a tio n s  o f th e  sp a m in g  o f  an im a ls  

brought in to  th e  la b o r a to ry  t h is  method g iv e s  an 

a c c u ra te  es tim ate  o f th e  tim e  and d u ra t io n  o f  

spalm ing d u rin g  th e  y e a r .

Samples fo r  study were ta k e n  fro m  th e  

p o p u la t io n  o f Venus s t r ia t u la  in  Karnes B ay , M i l l p o r t ,  

d e s c rib e d  l a t e r ,  which consisted  la r g e ly  o f  young 

in d iv id u a ls .  D a ily  tem p e ra tu re  re c o rd s  w ere  

a v a i la b le  f o r  th e  p e r io d  covered by th e  

in v e s t ig a t io n ,  from  Keppel P ie r ,  M i l l p o r t .  These  

a re  g iv e n  in  f ig u r e  15 *

The fem a le  gonads were assigned to  one o f  th e  

fo l lo t / in g  th re e  groups;

S tage A, The gonads in c lu d e d  in  t h is  group were  

th o s e  w hich  were g e n e r a lly  u n r ip e ,  b u t n e v e r th e le s s  

c o n ta in e d  some r ip e  c e l ls .  T h is  group th e r e fo r e  

in c lu d e d  a l l  stages o f development from  th a t  

im m e d ia te ly  fo llo w in g  spawning to  th a t  a t w hich r ip e  

ova p redom inated . S tage A o v a r ie s  w ere r e l a t i v e l y  

sm all in  volume being r e s t r ic t e d  to  th e  v e n tr a l  

p a r t  o f  th e  v is c e r a l  mass, and th e  ova w ere  

d i f f i c u l t  to  sep ara te  in  smear p re p a ra t io n s .



Plate 1.



P la te  1 .  Venus s t r i a t u l a : P hotom icrographs
o f  s e c tio n s  th rough  th e  gonad.

A. F em ale . Spawned o u t .  August 1957-
Young ovo cytes  and r e s id u a l ova a re  p re s e n t.

B. Fem ale. D e v e lo p in g . S tag e  1 .  O ctober 1 9 5 6 . 
Numerous young ovo cytes  a re  p re s e n t.

C. M a le . D e v e lo p in g . A p r i l  1957*
The lu  mina o f  th e  f o l l i c l e s  c o n ta in  
sperm atozoa.
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s ta g e  B .  The an im als in  th is  group were r ip e  

m o rp h o lo g ic a lly , but as f a r  as could  be t o ld  had  

n ot begun to  spawn. T h is  group may p o s s ib ly  

have in c lu d e d  some e a r ly  spawning stages s in c e  

th e  d is c h a rg e  o f  ova in  th e  e a r ly  stages o f  

spawning may not n o t ic e a b ly  a f f e c t  th e  o v a ry .

S tage C. T h is  group co n s is ted  o f  p a r t i a l l y  

spaimed a n im a ls .

The male gonads w ere assigned to  one o f  th e  

two g ro u p s: r ip e  or d e v e lo p in g , o r  spawning.

T h e  annual c v c le  i n th e  femaJ.e.

The p e r io d  ju s t  b e fo re  spawning commenced 

form s a convenient p o in t  to  b e g in  a d e s c r ip t io n  

o f th e  annual c y c le . During 1957 t h is  c o n d it io n  

was reached  in  l a t e  A p r i l  to  e a r ly  May, when th e  

te m p e ra tu re  reco rd ed  a t K eppel P ie r  was about 9 *0  G. 

R ip e  fem ales  were c h a ra c te r is e d  at t h is  s ta g e  by  

extended f o l l i c l e s  c o n ta in in g  almost e x c lu s iv e ly  

l a r g e ,  r ip e  o va . The f o l l i c l e s  were c lo s e ly  

p acked , w ith  l i t t l e  c o n n e c tiv e  t is s u e  betw een them . 

The o v a r ie s  form ed a c rea m y -w h ite  a rea  in  th e  

v is c e r a l  mass and extended  d o r s a lly  and a n t e r io r ly  

over th e  d ig e s t iv e  d iv e r t ic u la .  In  th e  f u l l y - r i p e
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o va ry  th e  ovocytes were detached from  th e  f o l l i c l e  

w a ll  and occupied th e  c e n tre  o f  th e  lum en.

The numbers o f fem ales in  each s ta g e  d u rin g  

th e  p e r io d  O ctober 1956 , to  September 1 9 5 8 , i s  

shown i_n ta b le  2 and f ig u r e  l 6 .  Spawning in

1957 began in  May and continued in to  A u g u s t ......................

The f i r s t  anim als showing signs o f spawning 

appeared in  th e  c o lle c t io n  o f May 2 0 th . B e fo re  

t h is ,  how ever, numerous anim als had spawned on 

being  brought in to  th e  la b o r a to ry  in d ic a t in g  th a t  

th e  b u lk  o f  th e  p o p u la tio n  was both  m o rp h o lo g ic a lly  

and p h y s io lo g ic a l ly  r ip e .  In  1958 spawning to o k  

p la c e  a l i t t l e  l a t e r  than in  1957 -

I n  th e  fe m a le , spawning ta k e s  p la c e  at 

in t e r v a ls  during  th e  season and is  n e v e r co m p le te , 

some r e s id u a l ovocytes rem ain ing  in  th e  o v a ry  a t  

th e  end o f th e  spawning season. S im i la r  r e s id u a l  

ovocytes  have been recorded in  Y e n e ru p is  u u l l a s t r a . 

(Q u a y le , 1 9 5 3 ) ,  in  Venus mere en a r ia  (L o o s a n o ff , 1 9 3 7 ) ,  

C y p rin  a is la n d ic a  (L o o s a n o ff, 1953) and in  s e v e ra l  

o th e r b iv a lv e s .  In  Venus s t r i a t u l a , as in  Venerupi s 

p u l l a s t r a . th e s e  re s id u a l ovocytes p e r s is t  th ro u g h o u t  

th e  w in te r  and spring  w ith o u t being  re s o rb e d . T h e ir
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1957

1958

O ct. N(

F ig u re  1 6 . Venus s t r i a t u l a t  D iagram  to  show th e  
p e rc e n ta g e  o f  fem ales  in  each s tag e  
o f  th e  gonad c y c le  d u rin g  th e  p e r io d  
O cto ber 1956 -  September 1 9 5 8 . D a i ly  
te m p e ra tu re s  tak en  a t K eppel P ie r  a re  
also  shown.

G ro ss -h a tch ed
Unshaded
H o r iz o n t a l ly  shaded 
Shaded

Development S tage  
Development S tage  
Spawning?. 
P a r t i a l l y  spawned.

1.
2.
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u lt im a t e  f a t e  is  unlmovjn, but i t  i s  p ro b a b le  th a t  

th e y  a re  spawned w ith  th e  ovocytes o f  th e  

fo llo w in g  y e a r .

The developm ent o f  young ovocytes in  th e  

o v a ry  b eg in s  b e fo re  spawning ends, so t h a t  th e  

o vary  passes d i r e c t ly  from  th e  spawning c o n d it io n  

to  an e a r ly  stage o f developm ent. Im m e d ia te ly  

fo llo w in g  spawning th e  f o l l i c l e s  may in  some cases  

become f i l l e d  w ith  vacu o la ted  c e l ls  b u t th e  

f o l l i c l e  w a lls  do not c o lla p s e . Development at 

t h is  s tage  is  ra p id  and by September some o f th e  

an im als  may have passed in to  th e  second s ta g e  o f  

developm ent (S ta g e  B) w ith  th e  f o l l i c l e s  f i l l e d  

w ith  r e l a t i v e l y  la r g e  ovocytes . A t t h is  t im e ,  

how ever, th e  o vary  is  s t i l l  f a i r l y  sm all and 

r e s t r ic t e d  to  th e  v e n tr a l  reg io n s  o f th e  v is c e r a l  

mass.

O vogenesis co n tin ues  throughout th e  w in te r ,  

a lth o u g h  a t a reduced r a te .  In  l a t e  F e b ru a ry  and 

e a r ly  M arch, developm ent is  a c c e le ra te d  and th e  

gonad extends d o r s a lly  and a n t e r io r ly .  The 

o vo cytes  c o n tin u e  to  in c re a s e  in  s iz e  and assume a 

p ear-sh ap ed  fo rm  w ith  a th in  s t a l k - l i k e  a ttach m e n t



- 62-

to  th e  f o l l i c l e  w a l l .  By th e  end o f A p r i l  th e  

o v a r ie s  a re  both  m o rp h o lo g ic a lly  and p h y s io lo g ic a l ly  

r i p e .

In  1958 th e  se a -w a te r tem perature as re c o rd e d  

a t K eppel P ie r  reached i t s  low est p o in t to w ard s  th e  

end o f M arch, about a month l a t e r  th an  in  1 9 5 7 . In  

s p ite  o f  t h is  th e  development o f the gonads fo llo w e d  

th e  same p a t te r n  in  both y e a rs . The p r o l i f e r a t i o n  

o f  th e  gonad which ta k e s  p la c e  in  th e  months o f  

F e b ru a ry  and March c o in c id e s  w ith  the p e r io d  when 

th e  p h y to p la n k to n  in  th e  w ater is  in c re a s in g . A t 

t h is  t im e  th e  d ig e s t iv e  d iv e r t ic u la  o f  th e  an im a ls  

ta k e  on a deep green c o lo u ra t io n , q u ite  d is t in c t  

from  th e  ra th e r  p a l l i d  appearance th e y  have d u rin g  

November and December. From th e  in fo rm a tio n  

a v a i la b le  from  th e  two years  s tu d ied  i t  appears  

th a t  th e  p r o l i f e r a t io n  o f th e  gonad ta k e s  p la c e  in  

response to  in c re as e d  food supply ra th e r  th an  to  

in c re a s in g  te m p e ra tu re . A p p a re n tly , p r o l i f e r a t i o n  

o f  th e  gonad does n o t in v o lv e  th e  use o f g lyco gen  

or o th e r  m a te r ia l s to re d  throughout th e  w in t e r ,  b u t 

ta k e s  p la c e  whenever th e  amount o f food o b ta in e d  by  

th e  anim al is  s u f f ic ie n t  to  exceed th e  amount
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re q u ir e d  by o th e r m e tab o lic  p ro cesses . Under 

th e s e  c ircu m stan ces , an in c re a s e  in  p h y to p la n k to n ,  

o r  an in c re a s e  in  tem p e ra tu re  le a d in g  to  an 

in c re a s e d  r a te  o f w a te r f i l t r a t i o n  by th e  b iv a lv e ,  

would a c c e le ra te  th e  r a t e  o f  p r o l i f e r a t io n  o f  th e  

gonad.

The c y c le  in  th e  fem ale  c o n s is ts  th e r e fo r e  

o f  a b r i e f  p e r io d  o f  re c u p e ra tio n  fo llo w in g  

spawning, fo llo w e d  by ra p id  development o f  th e  

ovogonia in to  ovocytes. T h is  developm ent in many ■ 

cases o v e rla p s  th e  spawning phase. Developm ent 

o f  th e  gonad is  continuous u n t i l  m a tu r ity  in  e a r ly  

May. T h is  c y c le  is  s im ila r  to  ih a t  found  in  

V e n eru n is  m l l a s t r a  (Q u a y le , 19^8) and to  th a t  o f  

many N o rth  Am erican species in c lu d in g  Venus m e rc e n a ria  

(L o o s a n o ff , 1937) and P auh ia  s ta m in ia  (Q u a y le , 1 9 ^ 3 )*  

I t  d i f f e r s  c o n s id e ra b ly  from  th e  c y c le  in  many o y s te rs  

where a p e r io d  o f  fa t te n in g  fo llo w s  spaw ning, and 

where development o f  th e  gonads does n o t s ta r t  u n t i l  

th e  fo llo w in g  s p r in g .

The annual C y c le  in  th e  M a le .

In  th e  male gonad im m e d ia te ly  b e fo re  spawning 

th e  f o l l i c l e s  a re  c lo s e ly  packed and a re  f i l l e d
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almost e x c lu s ive ly  w ith  r ip e  spermatozoa. These 

spermatozoa are ty p ic a l ly  arranged w ith  th e  heads 

to ge the r forming dense bands w ith in  the  f o l l i c le s ,  

an appearance which is  p a r t ic u la r ly  n o tice a b le  in  

se c tion s , but a lso , in  some cases in  smear 

p re p a ra tio n s . In  spawning animals the  spermatozoa 

l i e  fre e  in  the f o l l i c le s .  Spasming apparen tly  

takes p lace at in te rv a ls ,  s ince animals opened 

im m ediate ly a f te r  spawning fo r  some tim e  in  the  

la b o ra to ry  s t i l l  contained la rg e  numbers o f 

spermatozoa. In  some cases the  gonads o f such 

in d iv id u a ls  were d i f f i c u l t  to  d is t ij iq u is h  from  those 

o f f u l l y  r ip e  animals which had not spamed. IJhen 

spawning is  completed a number o f spermatozoa are 

l e f t  in  the  gonad and in  fa c t ,  r ip e  spermatozoa may 

be found at any tim e o f the year. Im m ediate ly a f te r  

spawning th e re  is  a development o f vacuolated c e lls  

in  the  f o l l i c le s  although the presence o f these may 

be masked by the  spermatozoa which remain. 

Spermatogenesis begins ra p id ly  and by e a r ly  

September the  gonads have reached a considerab le  

degree o f development w ith  spermatogonia and 

spermatocytes l in in g  the w a lls  o f the  f o l l i c le s  and
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sperm atozoa f i l l i n g  th e  lum en. Sperm atogenesis  

c o n tin u e s  throughout th e  w in te r ,  and th e  e a r ly  

months o f th e  year are marked b y  an in c re a s e  in  

th e  volum e o f th e  gonad. The an im als are  read y  

to  spawn in  l a t e  A p r i l .

The c y c le  in  th e  male is  th e r e fo r e  s im ila r  

to  th a t  in  th e  fe m a le , w ith  gam etogenesis  

continuous from  August to  A p r i l ,  a lthough re d u c ed  

in  r a t e  d u rin g  th e  w in te r .  As in  th e  fe m a le  th e  

sp rin g  i s  marked by p r o l i f e r a t io n  o f  g o n a d ia l 

m a te r ia l  which spreads dor s a l ly  and a n t e r io r ly  in  

th e  v is c e r a l  mass.

■Sex Ratio,.
O f th e  765  an im als examined in  th e  co u rse  o f  

th e  study o f  th e  b ree d in g  c y c le  o f  Venus s t r i a t u l a .

388  w ere fem ales and 377 m ales, showing th a t  th e  

sexes a re .p re s e n t in  equal p ro p o r t io n s . An 

exam in a tio n  o f a la r g e  sample o f  a d u lts  o f  d i f f e r e n t  

ages from  H u nters  ton Sands in d ic a te d  th a t  th e  sex  

r a t io  rem ains th e  same a t a l l  ages. No h erm ap h ro d ite  

In d iv id u a ls  were found,

3* SnawninE.

O b s erva tio n s  o f  th e  spawning o f v a r io u s  members
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o f  th e  V e n e rid a e  have been made on numerous 

o c c as io n s . I t  was found th a t  when th e  an im als  

w ere r i p e ,  b r in g in g  them in to  th e  la b o r a to r y  was 

o fte n  s u f f ic ie n t  s tim u lu s  to  cause a la r g e  

p e rc e n ta g e  to  spawn, th e  s tim u lu s  p ro b a b ly  b e in g  

r i s e  o f  te m p e ra tu re , but p o s s ib ly  also m echanical 

d is tu rb a n c e . N a tu ra l spaim ings induced in  t h is  

way were used as a source o f  gametes fo r  

f e r t i l i s a t i o n s  in  th e  1 a r v a l- r e a r in g  experim ents  

d e s c rib e d  l a t e r ,  and fo r  o b ta in in g  in fo rm a tio n  on 

th e  b re e d in g  season o f those species where th e  

annual c y c le  o f th e  gonad was not fo llo w e d  in  

d e t a i l .  These o b s e rv a tio n s , made in  th e  

la b o r a to r y ,  a lso  g iv e  some in fo rm a tio n  on fa c to r s  

in f lu e n c in g  spawning in  n a tu re .

In  th e  spawning experim ents th e  an im als were 

brought in to  th e  la b o r a to r y  and p lace d  in  f i l t e r e d  

se a -w a te r  in  f l a t  p y re x  d ishes o f about one l i t r e  

c a p a c ity .  W ith  Venus s t r i a t u l a . 40 o r 0̂ an im als  

w ere u sed  in  each d is h , but w ith  most o f th e  o th e r  

s p e c ie s  an im als  were used as th e y  became a v a i la b le ,  

u s u a l ly  in  f a i r l y  sm a ll numbers. As f a r  as 

p o s s ib le  specimens o f  each species  were examined,
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monthly. The r is e  o f temperature to  which the  

animals were subjected va ried  according to th e  

season but was, in  genera l, about in  summer 

and up to  10®C in  w in te r. The animals were 

examined at short in te rv a ls  and any seen to  be 

spawning were removed to  separat e dish esé The 

time a f te r  the  s ta r t  o f the  experiment at which 

each animal s ta rted  spawning was recorded.

SnaminF P e riod .

The months in  which n a tu ra l spawning was 

observed in  each o f the  species examined are shown 

in  ta b le  3«

The o b s e rv a tio n s  fo r  V en eru n is  n u l la s t r a  

agree if/ith  th o s e  o f Q uayle (1 9 5 3 ) > who observed  

t h is  sp ecies  spaim ing a t M i l lp o r t  d u rin g  May,

June and J u ly , and found la rva e  in  the water during 

J u ly , August and September. Lebour (193^) records 

th a t t h is  species breeds at Plymouth in  June and 

J u ly , and also in  September and O ctober. In  the 

North Sea, la rva e  which were p robab ly o f t h is  

species (Rees 1950, 1951, 195^, ? Pap h i a) occurred 

in  th e  p lankton in  September, O ctober, November and 

December. In  each case th e re fo re  t h is  species
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breeds d u rin g  th e  p e r io d  when th e  sea te m p e ra tu re  

is  a t ,  or approaching, th e  annual maxinum.

The la r v a e  o f  Venus s t r i a t u l a  occur in  th e  

N o rth  Sea in  Septem ber, O ctober and November (Rees  

1951? 19^4", V e n e rid  B) when th e  sea te m p e ra tu re  i s  

at i t s  maximum. Lebour (1938 ) s ta te s  th a t  t h is  

species  breeds at Plym outh in  F e b ru a ry , March and 

May. Jgfrgensen (19 36 ) has re co rd ed  la r v a e  o f  t h is  

sp ec ies  from  th e  0'resund from  September 19^1 to  

F e b iu a ry  194-2 and in  August and September 194-2.

The la rva e  were most numerous in  October and 

November at about the tim e when th e  water tem perature 

was at i t s  maximum.

These two species o f  th e  V e n e rid a e  fo r  w hich  

most in fo rm a tio n  on th e  b reed ing  season is  

a v a i la b le ,  th e re fo r e  conform w ith  th e  g e n e r a l is a t io n  

o f  O rton  ( 1 9 2 0 ) th a t  species n ear the lo w e r l i m i t  

o f  t h e i r  g eo g rap h ic a l range o f  tem p e ra tu re  sh o u ld  

breed  d u rin g  th e  warmer months o f th e  y e a r .

From th e s e  o b s e rv a tio n s , i t  appears t h a t  th e  

spawning season of Venus f a s c ia ta  occurs e a r l i e r  

in  th e  year than  th a t  o f th e  o th e r sp ec ies  f o r  which  

in fo rm a tio n  was o b ta in e d , and th e re  is  a su g g e stio n
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th a t  i t  may he s p l i t  in to  two peaks. How ever, 

th e  number o f  o b s e rv a tio n s  o f spawning in  t h is  

species is  in s u f f ic ie n t  to  draw any d e f i n i t e  

com parison, and th e  changes in  th e  gonad w ere  

n ot fo llo w e d .

The Sp'amin.g A c t .

The sexual p ro du cts  are  f i r s t  e x tru d e d  in to  

th e  s u p ra b ra n c h ia l chamber and are th en  

d isch arg ed  through th e  e x h a le n t s ip h o n , b e in g  

c a r r ie d  by th e  exh a len t stream  fo r  some d is ta n c e .

In  male Venus s t r ia t u la  th e  sperm may reach  a 

d is ta n c e  o f s ix  to  e igh t cms. from  th e  s ip h o n .

The d is ta n c e  depends on th e  s iz e  o f  th e  an im al and 

on th e  s tre n g th  o f th e  exhalen t c u r r e n t .  Numerous 

o b s e rv a tio n s  have in d ic a te d  th a t  t h is  may v a ry  

c o n s id e ra b ly  from  in d iv id u a l to  in d iv id u a l ,  and in  

one in d iv id u a l  a t d i f f e r e n t  t im e s . S h e ll  

movements p la y  no p a r t  in  th e  act o f  spawning in  

any o f th e  V e n e rid a e  examined, an o b s e rv a tio n  w hich  

agrees ^ /ith  th a t  o f Quayle (1953 ) on Venerupl s 

D U lla s tra  and o f Loosanoff (1937 ) on Venus m e rc e n a r ia . 

S h e ll movements are im p o rtan t in  spawning o n ly  in  

th ose  b iv a lv e s ,  such as fem ale  o y s te rs , in  w hich
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tb e  gametes pass through th e  g i l l s ,  and w here  

s p e c ia l s h e ll movements a s so c ia ted  w ith  spawning 

are developed from  th e  normal c le a n s in g  movements 

o f th e  s h e ll v a lv e s .

Spax'Zning in  both  th e  male end th e  fe m a le  is  

re p e a te d  at in te r v a ls ' th roughout th e  spawning 

season, but no p re c is e  in fo rm a tio n  on th e  le n g th  

o f th e  r e f r a c to r y  p e r io d  has been o b ta in e d .

Q uayle (1948) found th a t  th e  r e f r a c t o r y  p e r io d  

in  V en eran is  m l l a s t r a  was two to  th re e  days in  

both th e  male and th e  fe m a le .

In t e n s i t y  o f Snav/ning at D i f f e r e n t  Times d u rin g  th e  
Season.

A la rg e  number o f  o b s e rv a tio n s  o f  .spawning 

were made on Venus s t r i a t u l a . e s p e c ia l ly  d u rin g  

19 5 8 . The r e s u lts  in d ic a te  th a t  th e  in t e n s i t y  o f  

s p a c in g  b u ild s  up to  a peak in  th e  m id d le  o f  th e
17

s p a m in g  p e rio d  and th en  drops. I n  f i g u r e t h e  

in t e n s i t y  o f spavming in  an im als b ro ug ht in to  th e  

la b o r a to r y  on d i f f e r e n t  dates is  in d ic a te d  by  

p lo t t in g  th e  number s ta r t in g  to  spawn in  each h a l f  

hour p e rio d  from  th e  s t a r t  o f th e  ex p e rim en t.
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E a r ly  in  the season th e  p ercen tag e  number o f  

an im a ls  w hich were induced to  spam  in  each group  

was lo w , and the tim e  in t e r v a ls  between  

in d iv id u a l  anim als beg inn ing  to  spawn, f a i r l y  lo n g .  

As more anim als in  th e  p o p u la tio n  became

p h y s io lo g ic a l ly  r ip e  l a t e r  in  th e  season th e .................

p e rc e n ta g e  spawning ro s e , and th e  tim e  in t e r v a ls  

became s h o r te r  u n t i l  "ep idem ic spawning" (T ho rson , 

1946 ) to o k  p la c e  in  most o f  th e  samples exam ined.

The fa c t o r s  producing epidem ic spawning w i l l  be 

d is cu ss ed  l a t e r .

The tim e  which elapsed between b r in g in g  th e  

an im a ls  in to  th e  la b o r a to r y  ( i . e . ,  th e  s t im u la t in g  

r i s e  o f  tem p e ra tu re ) and th e  f i r s t  spawning, v a r ie d  

c o n s id e ra b ly , but was in  most cases between 1 .5  

and 2  hours ( f i g .  l 6 ) . During th is  p e r io d  some 

p h y s io lo g ic a l  change must occur in  th e  an im als which  

e v e n tu a l ly  r e s u lts  in  spawning. The n a tu re  o f  

t h is  change is  unknow/n. In  the fem ale  an im p o rta n t 

change in  th e  eggs takes  p la c e  between s t im u la t io n  

and th e  onset o f  spawning: in  th e  ovary  th e  eggs

possess an in t a c t  g erm ina l v e s ic le .  B e fo re  

spawning t h is  b reaks down and a m a tu ra tio n  d iv is io n
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ta k e s  p la c e . The eggs are  spawned when t h is  has  

o cc u rred . I f  th e  eggs are  removed a r t i f i c i a l l y
t

from  th e  o va ry  th ey  do not m ature , and a r t i f i c i a l  

f e r t i l i s a t i o n  is  th e re fo r e  im p o s s ib le . The 

s tim u lu s  i n i t i a t i n g  th e  m a tu ra tio n  d iv is io n  i s  

thought to  be a r is e  in  te % e r a tu r e .

C o n s id e ra b le  v a r ia t io n  o ccurred  in  th e  t im e  

p a t te r n  o f  th e s e  experim ents from  day to  day, and 

in  d i f f e r e n t  batches o f anim als c o lle c te d  a t th e  

same tim e  b u t examined at d i f f e r e n t  tim e s  on th e  

same day. These v a r ia t io n s  cou ld  not be e x p la in e d  

i n  r e la t io n  to  changes in  th e  c o n d it io n s  o f  the  

ex p erim en t. In  some cases th e  v a r ia t io n  was 

extrem e: some samples g iv in g  50 -  spawning

w h ile  o th e r  samples from  th e  same c o l le c t io n  gave 

none. S ince th e s e  v a r ia t io n s  o c c u rred  in  th e  

m iddle  o f  th e  spawning p e rio d  as w e l l  as e a r ly  and 

l a t e ,  th e y  cannot be exp la in ed  by th e  su g gestion  

th a t  th e  batch es  which f a i l e d  to  spawn w ere u n r ip e  

p h y s io lo g ic a l ly .  I t  seems th a t  th e re  is  some o th e r  

f a c to r  a f fe c t in g  spawning in  th e s e  a n im a ls . A 

s e r ie s  o f o b s e rva tio n s  made on June l 8t h ,  1 9 5 8 ,  

suggested spawning might ta k e  p la c e  w ith  a t i d a l
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rhythm , b u t l a t e r  experim ents d id  n o t c o n firm  t h i s .  

More experim ents  are necessary b e fo re  th e  fa c to r s  

c o n t r o l l in g  spawning in  th ese  b iv a lv e s  can be f u l l y  

u n d e rs to o d .

Bnldem ic S p a m in e .

The an im als ' in  th e ' exp erim en ta l d is h e s  w ere  

exposed to  s t im u la t io n  by sexual p ro d u c ts  a f t e r  th e  

f i r s t  anim al had spawned, a lthough  each an im al was 

removed as i t  was seen spawning. Under th e s e  

c o n d it io n s  "epidem ic spawning" o c c u rre d , t h a t  i s ,  

a la r g e  number o f th e  anim als p res en t w ere  

s t im u la te d  to  spawn in  a short t im e . I n  many 

experim ents  over 50% o f  th e  an im als p re s e n t spawned 

w ith in  an hour o f  th e  f i r s t .  T a b le  4  i s  a re c o rd  

o f  such an e x p e r im m t. The e f fe c t  o f  th e  sexua l 

p ro d u cts  in  s t im u la t in g  spawnjiig in  b iv a lv e s  i s  

w e ll e s ta b lis h e d , but th e  work o f G a l t s o f f  ( 1 9 3 8 , 

194-0) should be m entioned. Epidem ic spasming i s  

th e  r e s u l t  o f  continued mutual s t im u la t io n  between  

males and fem ales and may, in  Venus s t r i a t u l a , be  

i n i t i a t e d  by e i th e r  males or fe m a le s . In  

exp erim en ts  where th e  f i r s t  anim al spawning was 

d e f i n i t e l y  seen, 13  were s ta r te d  by m ales and 11



T a b le  4 .  Venus s t r i a t u l a : Record o f  t y p ic a l
spawning groüp, June 1 3 th , 1 9 5 8 .

Sex Time SeX r im e ' Séx rim e Sex Tim e

o’ 3 A 5 0” 4 .0 2 c? 4 .0 9 c? ■ 4 .3 3

$ 3 A 6 ? 4 .0 3 o' 4 .0 9 9 4 .3 4

cf 3 .5 3 4 .0 4 9 4 .1 2 9 4 .3 9

o' 3 .5 5 ? 4 .0 5 9 4 .1 2 9 4 .3 9

d’ 3 .5 8 0 4 .0 6 o’ 4 .1 9 c? 5 .1 0

o’ 3 .5 9 $ 4 .0 7 & 4 .2 0 9 5 .1 1

o-t- If .O l ? 4 .0 7 9 4 .2 5 9 5 .1 2

E xperim ent s ta r te d  2.12 p.m. 40 a n im a ls .
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by fe m a le s .

C r i t i c a l  SpaTfjning Tem perature .

In  th e  course o f th e s e  experim ents no an im als  

w ere fouAd to  spawn at tem pera tures  lo w e r than  

11  ®C. O b s erva tio n s  on th e  re p ro d u c tiv e  c y c le  o f  

Venus s t r i a t u l a  reco rd ed  e a r l i e r  suggest th a t  in  

n a tu re  spawning may ta k e  p la c e  b e fo re  th e  te m p e ra tu re  

reaches  t h is  p o in t ,  s in ce  s igns th a t  some an im als  

had spawned w ere seen when th e  sea te m p e ra tu re  

re c o rd e d  at K eppel P ie r ,  was s t i l l  a t about 9'*C 

o n ly .

4 .  I d e n t i f i c a t i o n  o f  th e  V e l ig e r ,

A d u lt an im als c o lle c te d  during  th e  spai/jning

p e r io d  and p la c e d  in  f l a t  d ishes o f sea w ater in  th e

la b o r a to r y  u s u a l ly  spasmed th e  same day i f  r i p e ,  as

d e s c rib e d  e a r l i e r .  When th e  anim al was seen to  be

spai'm ing, i t  was removed from  th e  d ish and p la c e d  

i n  a s e p a ra te  v e s s e l c o n ta in in g  f i l t e r e d  se a -w a te r .  

T h is  p ro c e d u re  r a r e ly  d is tu rb e d  th e  anim al g r e a t ly  

and spawning u s u a l ly  r e s ta r te d  w ith in  a fe w  m in u te s . 

N a tu ra lly -s p a w n e d  eggs and sperm were th u s  o b ta in e d  

r e l a t i v e l y  f r e e  from  d e t r i tu s  and o th e r  c o n ta m in a tio n .
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F e r t i l i s a t io n s  were made by adding a l i t t l e  sperm 

suspension to  th e  egg suspension in  a 500 m l. o r  

1 l i t r e  b e a k e r, s t i r r in g  c o n tin u o u s ly  to  avo id  

polysperm y and to  in s u re  f e r t i l i s a t i o n  o f  a l l  th e  

eggs. The w a te r was changed s e v e ra l t im e s  a f t e r  

f e r t i l i s a t i o n  to  remove any u n f e r t i l i s e d  eggs o r  

excess sperm.

The f e r t i l i s e d  eggs were kep t m a in ly  in  tw o -  

l i t r e  v e s s e ls  c o n ta in in g  w a te r c o lle c te d  fro m  

Keppel P ie r  and f i l t e r e d  th ro ug h  Whatman No. 3 

f i l t e r  p a p e r. For some f e r t i l i s a t i o n s  s e a -w a te r  

f i l t e r e d  through a B e rk f i  e ld  b a c t e r ia l  f i l t e r  was 

used in  an a ttem pt to  r e s t r i c t  b a c t e r ia l  g row th .

The w a te r  in  th e  v e s s e ls  was changed at in t e r v a ls  

o f  a few  days.

A f t e r  th e  la r v a e  had reached th e  s h e lle d  stage  

w ith  th e  gut developed th e y  were fe d  d a i ly  b y  th e  

a d d it io n  o f a few  m is. o f a c u ltu r e  o f  M onochrvsis  

l u t h e r i  Droop. When la r v a e  were observed c ra w lin g ,  

a sm all d is h  o f sand was p la c e d  in  th e  v e s s e l.

L a rv a e  s e t t le d  in  th e  sand, but some s e ttle m e n t a lso  

to o k  p la c e  on th e  g la s s  bottom  o f th e  c u ltu r e  v e s s e l
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I n  c u l tu r e s  to  which no sand was added th e  l a r v a e  
\

s e t t l e d  n o rm a lly  on th e  bottom  o f  th e  v e s s e l .

L a rv a e  and young bottom  stages were observed  

l i v i n g  and v i t a l l y  s ta in e d  w ith  n e u t r a l  r e d .

F o r s e c t io n in g ,  t h e  la r v a e  were f ix e d  in  B o u in *s

f l u i d  and imbedded in  p a r a f f in  or e s te r  wax. ................................................................................

S e c tio n s  were cut at 31̂ 5 o r 6n, For th e  

p re p a ra t io n  o f  photographs o f  the s h a l l ,  th e  

v a lv e s  were separa ted  by immersing th e  l a r v a e  in  

a s o lu t io n  o f  sodium h y p o c h lo r i te  (R ees , 1 9 5 0 ) ,  

o r in  a weak s o lu t io n  o f  n e u t r a l is e d  hydrogen  

p e ro x id e .  As f a r  as p o s s ib le  th e  v a lv e s  were  

c leaned  b e fo re  being photographed, by th e  u s e  o f  

f i n e  g la s s  n e e d le s . The v a lv e s  were photographed  

l y in g  f l a t  on a s l id e  as recommended by Quayle  

( 1 9 5 2 ) .  T h is  v iew  g iv es  th e  t r u e  shape o f  th e  

s h e l l  and i s  more u s e fu l  fo r  comparison th an  view s  

o f  th e  in t a c t  l a r v a  where th e  curve  o f  th e  s h e l l  

may cause i t  to  l i e  a t an ang le  and so g iv e  an 

erroneous im pression o f  th e  shape.

D e s c r ip t io n  o f  th e  V e l i g e r .

L a rv a e  a t t r ib u t e d  to  Venus s t r i a t u l a  have been  

d es c rib e d  by Ji^rgensen (1946) from  th e  Oeresund, and
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by Roes (1 9 5 0 , 1951) from  th e  North Sea. The 

i d e n t i f i c a t i o n  o f  th e  l a r v a  by Rees was t e n t a t i v e ,  

but is  confirm ed by o b s e rv a tio n s  made h e re .

The c h a r a c t e r is t ic s  o f  b iv a lv e  l a r v a e  which  

are u s e fu l  f o r  i d e n t i f i c a t i o n  purposes a re  c o n f in e d  

almost e n t i r e l y  to  th o s e  o f th e  s h e l l ,  in  p a r t i c u l a r ,  

th e  shape, s c u lp tu re  and h in g e  t e e t h .  C o lour i s  

g e n e r a l ly  not a good c h a ra c te r ,  s in c e , as n o ted  by  

L o o s a n o ff ,  M i l l e r  and Smith (1951) th e  c o lo u r  i s  

dopsndant on th e  food taken  by the larva and may 

change in  a few hours. Also th e  co lou r is  l o s t  i n  

p res erve d  specimens.

C o n s id e ra b le  d i f f i c u l t y  was experienced  i n  

seeing th e  s t r u c tu r e  o f  th e  h inge  p la t e  in  th e  l a r v a  

of Venus s t r i a t u l a . I t  was confirm ed however t h a t  

th e  h in g e  was o f  typ e  C (R ees, 1950) a lth o u g h  e x a c t  

d e t a i l s  could not be seen.

The most g e n e r a l ly  u s e fu l  c h a ra c te rs  f o r  t h e  

i d e n t i f i c a t i o n  o f  th e  l a r v a  o f  Venus s t r i a t u l a  a re  

th e  shape o f  th e  l a r v a l  s h e l l  and i t s  s c u lp tu r e .  A 

s e r ie s  o f  photom icrographs were taken  to  i l l u s t r a t e  

th e s e  c h a r a c t e r is t ic s  in  la r v a e  o f  d i f f e r e n t  s iz e s  

( P la t e  2 ) .  Prodissoconch 1 i s  im m e d ia te ly
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P l a t e  2 .  Venus s t r i a t u l a : Photomicrographs, to
show th e  shape end s c u lp tu re  o f  t h e  
l a r v a l  s h e l l .

A. l a r v a : 85p.

B. l a r v a : 90

C. l a r v a : 175^^

D. l a r v a : i 8 5 p

S. la r v a : 19 5 p

F . spat: 300 p

G. spat: 640 P
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d is t in g u is h a b le  from th e  l a t e r  formed prodissoconch  

1 1 .  The fo rm e r hears s m a l l , p u n c ta te  m arkings and 

i s  90 -  110(1 lo n g . Prodissoconch 11  h ea rs  

c o n c e n tr ic  l i n e s  o f va ry in g  degrees o f  c l a t i t y ,  

hut most are  w e ll-m arke d . E s p e c ia l ly  towards th e  

v e n t r a l  edge y the s h e l l  may be  o f  a l i g h t ,  b ro w n is h -  

orange c o lo u r .

S e t t in g  occurs when the  l a r v a e  have reached a 

le n g th  o f  200 -  220p, a lthough  some l a r v a e  may se t  

when o n ly  190K lo n g . A few rem ain  in  th e  p la n k to n  

u n t i l  280^1 lo n g .  Jévgensen (1 9 ^ 6 )  found young 

bottom  stages w ith  p rodissoconch 1 1 , 210 -  2 2 ^P 

long  and a s in g le  one w ith  p rod issoconch  1 1 , 2 8 0 P 

lo n g .

Complete success in  r e a r in g  th e  l a r v a e  th roug h  

from  th e  f e r t i l i s e d  egg to  metamorphosis was 

o b ta in e d  o n ly  in  th e  case o f T en us  s t r i a t u l a .

N a tu r a l  spawnings were o b ta in e d  also  from V .  f a s c i a t a . 

V. o v a ta . and G a fra r iu m  mini mum, and th e  la r v a e  

r e a r e d  to  the s t r a ig h t  hinge s t a t e .  I n  th e  case o f  

V. f a s c i a t a  and G. minimum th e  la r v a e  were ta k e n  to  

a s iz e  o f  about 16O p. However, up to  t h i s  s ta g e ,  

c h a r a c t e r is t ic  d i f fe r e n c e s  in  th e  la r v a e  were n o t
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obvious enough f o r  u s e fu l  d e s c r ip t io n s  to  be g iv e n .  

Measurements o f  prodissoconch 1 showed no s i g n i f i c a n t  

d i f f e r e n c e  in  th e  r e l a t i v e  p ro p o r t io n s  o f  h e ig h t  and 

l e n g t h .

Dev e l pigment.

The egg i s  surrounded by a g e la t in o u s  membrane 

v /ith in  i f ii ich  c le av ag e  takes  p la c e  ( P l a t e  3 ) *

C leavage i s  o f  th e  t y p ic a l  b iv a lv e  ty p e  and th e  

tro ch o ph o re  l a r v a  i s  formed w ith in  2h hours o f  

f e r t i l i s a t i o n .  At t h is  stage th e  g e la t in o u s  

membrane is  shed and th e  l a r v a  becomes free -sw im m ing .  

The s e c re t io n  o f  the  l a r v a l  s h e l l  by th e  s h e l l  

g land  during  th e  second day fo l lo w in g  f e r t i l i s a t i o n  

b r in g s  th e  l a r v a  in t o  th e  s t r a ig h t - h in g e  v e l i g e r  

s ta g e .  Up t o  t h is  p o in t the source o f  n u tr im e n t  

f o r  the d eve lop ing  l a r v a  has been th e  y o lk  s to re d  

in  th e  egg, but on th e  t h i r d  to  fo u r th  day f o l lo w in g  

f e r t i l i s a t i o n  th e  gut becomes f u l l y  formed and th e  

l a r v a  beg ins  to  feed on nan n o -p la n k to n  organ ism s. 

Growth i s  then  continuous u n t i l  s e t t le m e n t .

5. E ffe c t o f Temperature on Growth o f the  Larva .

Numerous au thors  have made g e n e ra l s ta tem en ts  

concerning th e  e f f e c t  o f  tem p e ra tu re  on th e  r a t e





P la t e  3# Venus s t r i a t u l a :

A. Photorn icrograph o f  smear p r e p a r a t io n  o f
r i p e  fe m a le  gonad. Note th e  g erm in a l  
v e s ic le *

B. Ph otom icrograph  o f  eggs o b ta in e d  from
n a t u r a l  spaim ing . No g erm in a l  
v e s i c le  i s  p re s e n t .

C. Photo m icrog raph  o f  deve lop ing  eggs
mounted in  a suspension o f  carbon  
b la c k  to  show th e  l a r g e  s^mrrounding 
g e la t in o u s  sh eath .
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o f  developm ent and growth o f  b iv a l v e  l a r v a e ,  b u t  

few  o f  th e s e  have been based on exp erim en ts  i n  

w hich  th e  c o n d it io n s  were c o n t r o l l e d .  K o r r in g a  

(19 ^ 1 ) s ta te s  t h a t  l a r v a e  o f  Q s t r e a  v i r g i n i c a  

r e q u i r e  t h i r t e e n  days a t 23*0 -  2 5 . 0 ®C, f i f t e e n  

days a t 2 1 .0  -  2 2 . 0 and seventeen  days a t  

2 0 . 0 ®C f o r  development to  th e  s e t t in g  s ta g e . The 

same a u th o r a ls o  s ta te s  t h a t  t h e  p e la g ic  s ta g e  in  

Ost.rea e d u l is  l a s t s  s ix  days a t  2 2 .0  -  23 .0® C ,  

s e v m  days a t 21 .0® C, tw e lv e  days a t 19*0®C and 

fo u r te e n  days a t l6 .0 ® C .  M ed co ff (1 9 3 9 )  

concluded t h a t  l a r v a e  o f  O s tre a  v i r g i n i c a  r e q u i r e  

2^ ,  26  and 30 days to  re a c h  m a t u r i t y  a t te m p e ra tu re s  

o f  2 1 .0 ,  2 0 .0  and 19*0®G r e s p e c t i v e ly .  R e c e n t ly  

L o o s a n o f f ,  M i l l e r  and S m ith  ( l 9 ? l )  have th o ro u g h ly  

in v e s t ig a t e d  th e  e f f e c t  o f  te m p e ra tu re  on gro\\rbh 

and s e t t in g  o f  th e  l a r v a e  o f  t h e  clam , Venus m e rc e n a r ia  

i n  l a b o r a t o r y  c u l t u r e s ,  and have shown th a t  a t  

30.0®C s e t t in g  began as e a r l y  as seven days a f t e r  

f e r t i l i s a t i o n ,  a t  27*0®C -  n in e  days, a t  2^.0®C -  

e leven  days, a t  2 1 . 0 -  fo u r te e n  d ays , and a t  

1 8 . 0 °C -  s ix te e n  days.

The b u lk  o f  th e s e  o b s e rv a t io n s  w ere made on
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species  which develop at r e l a t i v e l y  h ig h  

tem pera tu res  compared w ith  those at which many 

B r i t i s h  b iv a lv e s  d ev e lo p . L i t t l e  in fo r m a t io n  i s  

a v a i la b le  on th e  r a t e  o f  growth o f  l a r v a e  which  

n o rm a lly  occur at tem p e ra tu res  in  th e  rang e  o f  

10.0®C -  1 6 . 0 or lo w e r ,  and i t  i s  thought  

t h e r e f o r e  th a t  th e  r e s u l t s  o b ta in ed  h e re  on t h e  

r a t e  o f  growth o f  th e  l a r v a e  o f  Venus s t r i a t u l a . 

although incom ple te  in  some r e s p e c ts ,  may be  

usefully reco rded .

Eggs and sperm of- Venus s t r i a t u l a  were  

o b ta in e d  in  th e  la b o r a to r y  as d es crib ed  e a r l i e r .  

F e r t i l i s a t i o n s  were made and th e  la r v a e  a llow ed  

to  develop at room te m p e ra tu re  (about 15.0®C) f o r  

two days, t h a t  i s  u n t i l  th e  v e l ig e r  s tage  was 

reached  and th e  l a r v a l  s h e l l  had groim  to  le n g th  

o f  100  -  1 2 0 p. The la r v a e  were then  d iv id e d  a t  

random between th e  e ig h t 600 m l. b ea ke rs  which  

were used during th e  e x p erim en t, to  g iv e  a d e n s i ty  

o f  about 1 0 /m l.  in  each vesse l,.  Throughout th e  

exp erim en t, th e  sea -w ate r p resen t in  th e  v e s s e ls  

was removed every second day through a s t a in le s s  

s te e l  mesh f i l t e r ,  and f re s h  se a -w a te r  added.
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The s e a -w a te r  used was c o l le c te d  from  Keppel P i e r ,  

M i l l p o r t ,  and f i l t e r e d  th rough  VJhatman No. 3 

f i l t e r  paper to  remove th e  l a r g e r  p la n k to n ic  

organism s and d e b r is .

To obtaiJi a range o f  te m p e ra tu re ,  a l a r g e  

g a lv a n is e d  i ro n  b a th ,  d iv id e d  in to  ten  s e p a ra te  

compartments by i ro n  sh eets , and c o n ta in in g  f r e s h  

w a te r ,  was used. The tem p e ra tu re  at one end o f  

t h i s  b a th  was c o n t r o l le d  a t 3 0 . 0 ®C b y  means o f  a 

h e a t in g  c o i l ,  s t i r r i n g  u n i t ,  and th e rm o s ta t ,  and 

at th e  o th e r  end a te m p e ra tu re  o f  5 * 0 ®C was 

m a in ta in e d  by  means o f  a th e r m o s t a t ic a l ly  

c o n t r o l le d  r e f r i g e r a t i n g  c o i l .  Each compartment 

was s t i r r e d  i n d i v i d u a l l y  by a stream o f  a i r  

b u b b le s .  B e fo re  use th e  ba th  was run  f o r  s e v e ra l  

days to  a l lo w  a te m p e ra tu re  g ra d ie n t  to  be se t u p ,  

and i t  was found th a t  th e  tem p e ra tu re  in  each 

compartment rem ained f a i r l y  s teady , w i t h in  1 . 0 on 

e i t h e r  s id e  o f  th e  mean tem pera tu re  o f th e  

compartment. The d i f f e r e n c e  in  te m p e ra tu re  between  

one compartment and th e  n ex t remained v e ry  s te a d y .  

The b ea ke rs  used were suspended in  th e  v a r io u s  

compartments o f  t h i s  b a th  to  g iv e  e x p e rim e n ta l
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te m p e ra tu re s  o f  5 -0 , 1 0 . 0 , 1 2 . 0 , l^K.O, l 6 . 0 , 2 0 . 0 , 

2 2 . 5 , and 2 6 . 0 =0 .

A l iq u o ts  o f  a c u l tu r e  o f  Monochrvsis l u t h e r i  

Droop, were added to  th e  c u l tu r e s  each day to  

m a in ta in  a c o n c e n tra t io n  o f  a p p ro x im a te ly  500 c e l l s  

per ml. o f  w a te r .

R esu lt s .

The r e s u l t s  o f  t h e  two experim ents c a r r ie d  

out a re  shown in  f ig u r e  l 8 , th e  curves o f  which are  

based on th e  mean le n g th s  o f  th e  la r v a e  as 

determ ined  by measurements o f  r e p r e s e n t a t iv e  samples 

o f t h e  p o p u la t io n s  ta k e n  on th e  t h i r d ,  f i f t h ,  

seven th , t e n t h ,  t w e l f t h  and s ix te e n th  days f o l lo w in g  

f e r t i l i s a t i o n  ( t a b l e  5 ) .  I n  th e  f i r s t  experim ent  

a sample o f  l a r v a e  was also  tak en  on th e  f o u r te e n t h  

day. On th e  s ix te e n th  day, th e  f a s t e s t  growing  

l a r v a e  in  th e  c u l tu r e s  were beg in n in g  to  s e t  and 

th e  experim ent was c a r r ie d  out wûth la r v a e  from  a 

f e r t i l i s a t i o n  made on June l ^ t h ,  1 9 5 8 , th e  second 

w ith  l a r v a e  from a f e r t i l i s a t i o n  made on June 3 0 th ,  

19 5 8 . P r i o r  to  th e s e  s e v e ra l  experim ents had been 

c a r r ie d  out in  which new ly  f e r t i l i s e d  eggs had 

been t r a n s fe r r e d  to  d i f f e r e n t  te m p e ra tu re s .
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Figure l8 . Venus s t r i a t n l a î Graph to  show in c re a s e  
in  le n g th  o f  l a r v a e  a t  d i f f e r e n t  
tem p e ra tu res  in  la b o r a t o r y  c u l t u r e s .
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The la r v a e  in  c u l tu r e s  kept a t  te m p e ra tu re s  

between 1 0 . 0 °C and 2 2 . 5 ®C in c lu s iv e  behaved n o rm a lly *  

They swam v ig o r o u s ly  and remained in  suspension in  

th e  se a -w a te r  w ith o u t  mechanical a g i t a t io n  o f  t h e  

c u ltu r e s *  C e l ls  o f  Monochrvsi s could  be seen 

b eing  a c t i v e ly  moved by th e  c i l i a  and c r y s t a l l i n e  

s t y l e  in  th e  stomach, w h i le  th e  d ig e s t iv e  

d i v e r t i c u l a  were co lo u red  green by th e  in g e s te d  

food  p a r t i c l e s .

Larvae kept a t  5*0°C  in  experim ent l  f a i l e d  

to  grow. These la r v a e  swam s lu g g is h ly  and were  

v e ry  t r a n s p a r e n t ,  w i t h  l i t t l e  or no food in  th e  

g u t*  Some o f  th e  l a r v a e  a t  t h is  te m p e ra tu re  were  

a l i v e  a t  th e  end of th e  experim ent, l 6 days a f t e r  

f e r t i l i s a t i o n ,  b u t  m o r t a l i t y  occurred in  th e  

c u l tu r e s  kept at 2 6 .0 ®C although in  th e s e  food  was 

observed in  t h e  stomachs o f  the la r v a e *  I n  s p i t e  

o f  t h i s ,  l i t t l e  g ro i/th  o c c u rre d , and i t  i s  p ro b a b le  

t h a t  t h is  te m p e ra tu re  i s  near th e  upper l i m i t  o f  

te m p e ra tu re  to le r a n c e  f o r  these l a r v a e .

M o r t a l i t y  in  c u l tu r e s  kept at te m p e ra tu re s  

between 10.0®C and 22*5®C was lo w . I n  th o s e  kep t  

a t  1 2 *0 , l 4 . 0  and l 6 . 0 ®C m o r t a l i t y  was e s tim a te d  

a t  th e  co nc lus ion  o f th e  experim ents as n o t  more
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than  1 0 ^ . At 1 0 . 0 ®C and at 22 .5°C  m o r t a l i t y  was 

h ig h e r ,  an o b s e rv a t io n  which agrees w i th  t h a t  o f  

L o o sa n o ff et a l  ( l 9 ? l )  who found t h a t  m o r t a l i t y  

was g re a te s t  in  those c u l tu r e s  o f  Venus m e rc en ar ia  

in  which th e  growth o f  th e  la r v a e  was slowest#

I t  i s  to  be expected th a t  m o r t a l i t y  in  c u l tu r e s  

w i l l  be g r e a te s t  at tem pera tures  c lo s e s t  to  th e  

to le r a n c e  l i m i t s  o f  th e  sp e c ies .

Only the fa s te s t growing la rv a e  in  the  c u ltu res  

reached metamorphosis before the experiments were 

concluded, so th a t no in form ation is  a v a ila b le  on 

the s ize  at metamorphosis at the d if fe re n t  

tem peratures. Loosanoff et a l ( l 9 5 l )  found no 

in d ic a tio n  th a t la rv a e  o f Venus mercenaria grown at 

lower tem peratures were reaching a la rg e r  s ize  

before se ttin g  than those groim at h igher 

tem peratures.

The two experiments showed agreement in  general 

although th e re  are some discrepancies. In  

p a r t ic u la r ,  la rv a e  in  the c u ltu re  kept at 1 6 .0 ®C in  

th e  f i r s t  experiment grew considerably fa s te r  than  

those in  the s im ila r  c u ltu re  in  th e  second exp erim m t, 

and in  fa c t grew fa s te r  than the la rv a e  kept at 20.0®C
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V/itbout f u r t h e r  experim ents  i t  i s  im p o s s ib le  to  

account fo r  th e s e  d i f f e r e n c e s .  I t  is  p o s s ib le  

t h a t  th e  c o n d it io n s  in  th e  c u l tu r e s  may have  

v a r ie d  in  some f a c t o r  which was not c o n t r o l le d ,  

p o s s ib ly  in  some p r o p e r ty  o f  th e  s e a -w a te r  a t  

d i f f e r e n t  t im es  or in  th e  b a c t e r i a l  f l o r a  which  

developed. A number o f  w orkers  have suspected  

t h a t  .such d i f fe r e n c e s  may occur between s e a -w a te rs  

and a f f e c t  th e  growth o f  la r v a e  groim  in  c u l tu r e s .  

Of p a r t i c u l a r  i n t e r e s t  in  t h is  connection  is  th e  

work o f  W ilson (1951 ) and W ilson and Armstrong  

( 1 9 5 2 , 195^7 1 9 5 8 ) on th e  development o f  th e  

l a r v a e  o f  Echinus es cu len tu s  in  w ate rs  o f  d i f f e r e n t  

o r i g i n ,  and t h a t  o f  Walne (1958 ) on th e  e f f e c t  o f  

th e  b a c t e r i a l  f l o r a  on growth in  l a b o r a t o r y  

c u ltu r e s  o f th e  la r v a e  o f  O s tre a  e d u l is . I n  

a d d it io n  L o o sa n o ff e t  a l (1951 ) found d i f f e r e n c e s  

between c u l tu r e s  o f  Venus m e rc e n a r ia  grown un d er  

c o n t r o l le d  c o n d it io n s ,  and suggest th a t  d i f f e r e n c e s  

i n  m ic ro -p la n k to n , o r in  ** c e r t a in  d is s o lv e d

substances w h i c h   a f fe c te d  th e  r a t e  o f

development o f  b iv a lv e  la rvae** in  th e  s e a -w a te r  

u sed , may have been re s p o n s ib le .  Dr R .H , M i l l a r
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(personal com m nication) fin d s  s im ila r  d iffe rences  

between c u ltu re s  o f the  la rv a e  of Q strea  e d u lis .

To summarise the  re s u lts  o f th e  two 

experiments the  a rith m e tic  mean o f a l l  th e  re s u lts  

fo r  each terrperature on each day when measurements 

were taken have been c a lc u la te d . The re s u lts  are 

summarised g ra p h ic a lly  in  f ig u re  19# The curves 

show th a t growth o f the la rv a e  increased w ith  

increase  in  tem perature in  the range 5 * 0^0 -  1 6 . 0 ®C 

Grovyth at 2G.0°C is  s im ila r  to th a t at l6.0®C and 

i t  seems l i k e l y  th e re fo re  th a t the maximum mean 

groif/th o f la rv a e  might occur at about iB.O^C. At 

tem peratures above 2 0 . 0 growth o f th e  la rv a  is  

re ta rd e d . S ig n ific a n t amounts of growth were 

obtained in  the range 12.0®C -  22.5®C.

In  a l l  c u ltu re s  i t  was found th a t  th e re  was 

considerab ly  v a r ia t io n  in  s ize  o f the la rv a e . In  

ta b le  6 are g iven  the maximum and minimum lengths  

o f la rv a e  at each tem perature on each day on which 

measurements were taken , the  ta b le  being based on 

th e  combined re s u lts  of the two experim ents. In  

f ig u re  20 these  values are compared g ra p h ic a lly  

fo r  the  1 0 .0 , l6 .0  and 20.0®C c u ltu re s . I t  w i l l  

be seen th a t th e  extent o f v a r ia t io n  is  not th e
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Figu.re 2 0 . Venus s t r i a t u l a ; E x ten t o f  v a r i a t i o n  
i n  le n g th  o f  l a r v a e  on d i f f e r e n t  days 
o f c u l t i v a t i o n .

Based on measurements o f  l a r v a e  grown 
at 1 0 . 0 , l 6 .0  and 2 0 . 0 i n  two 
experim ent s.
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F ig u r e  2 1 . Venus s t r i a t u l a : Maxi.mum le n g th s  o f
l a r v a e  in  c u l tu r e s  a t d i f f e r e n t  
te m p e ra tu re s  on d i f f e r e n t  days a f t e r  
f e r t i l i s a t i o n .
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same at each tem perature. I f  the 16.0®G and 20.0°C  

cu ltu res , where the mean ra te  of growth is  s im ila r ,  

are compared, th is  e ffe c t is  best seen. The range 

of length  of the la rv a e  at 20.0®C is  g rea te r than 

that of the la rv a e  at l6*0®C, with the re s u lt  th a t ,  

although in d iv id u a l la rv a e  at 20.0^0 grow fa s te r  

than those at l6 .0® C , a considerable number also 

show a slower growth r a te ,  the mean ra te  being the  

same. The cause o f these wide d iffe re n c e s  in  

individual ra tes  between larvae of the same spawning, 

kept under id e n tic a l conditions, is  at present 

unknov/n*

I f  the maximum s ize  obtained by in d iv id u a l 

la rv a e  on d iffe re n t days at each temperature is  

p lo tte d  ( f ig .  2 1 ), the  e ffec t o f tem perature on the  

in d iv id u a l ra te  o f growth is  c le a r ly  seen. From 

these fig u re s  i t  is  c le a r tha t the highest in d iv id u a l 

ra te  of growth occurred in  the 20.0®C c u ltu re *

-Examples o f the length /frequency d is tr ib u t io n  

of the la rv a e  in  the cu ltu res  are given in  f ig u re  22, 

which is  based on measurements of the la rv a e  grown 

at 1 0 .0 , 12.0 and 20.0®C in  experiment 2 . The 

tendency for some of the d is tr ib u tio n s  to be bi-m odal
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suggests th a t  th e  sample s iz e  used may have been 

too s m a ll ,  but even so, th e s e  d i s t r i b u t i o n s  g iv e  a 

c le a r  p ic t u r e  o f  th e  e f f e c t  o f  te m p e ra tu re  on th e  

r a t e  o f  growth o f  th e  l a r v a e .  As w i l l  be  seen 

from  f i g u r e  22 th e r e  i s  a ten d en cy , wnich has been  

noted  e a r l i e r ,  fo r  th e  range o f  s iz e  to  in c re a s e  

as th e  l a r v a e  grow o ld e r .

The two experim ents  d e s c r ib e d  w ere c a r r ie d  

out on th e  s h e l le d  l a r v a e  o f  Venus s t r i a t u l a . 

E a r l i e r  exp erim en ts  were a tte m p ted  in  which  

n e w l y - f e r t i l i s e d  eggs were t r a n s f e r r e d  to  d i f f e r e n t  

te m p e ra tu re s  and t h e i r  subsequent development 

fo l lo w e d .  A lthough r a t h e r  in c o m p le te, th e s e  

o b s e rv a t io n s  a re  in c lu d e d  h e re ,  s in c e  th e y  i n d ic a t e  

t h a t  t h e  te n ^ e r a tu r e  t o le r a n c e  o f  th e  e a r l i e r  

stages o f  th e  development may be d i f f e r e n t  to  th a t  

o f  th e  v e l i g e r  l a r v a .

Eggs f e r t i l i s e d  a t room te m p e ra tu re  (abo ut  

15^.0°C) and th e n  t r a n s f e r r e d  w i th  g rad u a l r i s e  o f  

te m p e ra tu re  to  2 6 . 0 f a i l e d  to  develop  n o rm a lly #  

Segm entation  was i n t e r f e r e d  w i t h ,  sm all p ie c e s  o f  

th e  eggs became c o m p le te ly  d e tach ed , and in  some 

a b u b b lin g  appearance o f  t h e  cytoplasm  deve loped .
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The eggs soon died. At 2 2 . t he same processes 

occurred.

At the other end of the  tem perature sca le , 

at 5 .0*^0, the eggs were apparently not in ju re d  

and c e ll d iv is io n  occurred, though a t a very  much 

reduced ra te .  Most o f the trochophore la rv a e  

produced were, however, abnormal, and m o rta lity  

was almost 100^ before the  s h e lle d -la rv a  stage  

was reached. Between the range 10.0 -  l8.0®C  

develop mont was normal, but tho tim e between the  

f i r s t  and second, and the second and subsequent 

d iv is io n s , was g reater at lower tem peratures.

At 20.0°C th ere  was some in te rfe re n c e  w ith  the  

normal course of e a r ly  development, and a la rg e  

proportion  of the la rv a e  produced were abnormal.

These observations on the e a r ly  development 

of Venus s t r ia tu la  at extreme tem peratures are in  

agreement w ith  re s u lts  found fo r o ther b iv a lv e s . 

Seno, H01Î  and Kusakabe (1926) found th a t at l6 .0®C  

few o f the eggs of 0 s trea  jz i ga^ would develop to  

the she lled  la rv a , and tha t the la rv a e  which were 

produced were abnormal and soon d ied . At 1 ^ .0 ®C 

segmentation was so abnormal that no s h e lle d  la rv a e
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were produced. In  Venus m e rc e n a r ia . L o o s a n o ff  

e t a l  ( 1 9 5 1 ) found th a t  eggs p la ce d  i n  w a te r  at 

15«0°C w ith in  th re e  hours o f  f e r t i l i s a t i o n  would  

n o t develop n o rm a lly .  Soma would develop  in to  

trocho phore  la r v a e ,  u s u a l ly  o f abnormal appearance. 

At 3 3 * 0 an abnormal development and heavy  

m o r t a l i t y  occurred  I f  f e r t i l i s e d  eggs were  

im m e d ia te ly  t r a n s fe r r e d  to  such a h ig h  te m p e ra tu re .

I n  th e  course o f  these experim ents  

moasuromonts were made o f  a la rg e  number o f  l a r v a e  

o f d i f f e r e n t  s iz e s .  The measurements o f  th e  l a r v a e  

groX'Tn at l6 .0® C  i n  the two exp erim en ts , to g e th e r  

w ith  some o f  those o f  la r v a e  g ro m  a t  2Q*0°C have  

been used to  co n stru c t t a b le  7 and a curve ( f i g .  22) 

showing th e  r e la t io n s h ip  between le n g th  and h e ig h t  

o f th e  l a r v a  from  th e  s t r a ig h t -h in g e  s ta g e  o f  

metamorphosis. The numerals on th e  curve re p re s e n t  

th e  frequency  o f occurrence o f l a r v a e  o f  v a r io u s  

h e ig h ts  and le n g th s .  The curve c lo s e ly  approaches  

a s t r a ig h t  l i n e  in d ic a t in g  th a t  th e  r e la t io n s h ip  i s  

sim ple and d i r e c t  w ith  no r a d ic a l  change in  shape 

w ith  age. D is p e rs io n  i s  s l i g h t ,  and i s  p a r t l y  

due to  d i f fe re n c e s  in  th e  p o s it io n s  i n  which th e



Table 7* Length /he ight re la t io n s h ip . 
V. s t r ia tu la .

Larvae .

Mid p o in t  
lo n g th

Ho. o f  
specimens

Mean
h e ig h t

H e ig h t /
le n g th

108 4 088 0 .8 1 5
113 4 094 0 .8 3 2
118 17 0 9 4 0 .7 9 7
123 30 098 0 .7 9 7
128 4 l ■ ■ 103  ■ ■ ■ 0 .8 0 5
133 l 4 111 0 .8 3 5
138 46 113 0 .8 1 9
1^3 25 119 0 .8 3 2
148 40 123 0 .8 3 1
153 44 128 0 .8 3 7
158 43 132 0 .8 3 5
163 22 137 0 .8 4 0
168 49 i 4 5 0 .8 6 3
173 38 149 0 .8 6 1
178 46 155 0 .8 7 1
183 35 159 0 .8 6 9
188 27 166 0 .8 8 3
193 15 169 0 .8 7 6
198 26 176 0 .8 8 9
203 11 180 0 .8 8 7
208 21 185 0 .8 8 9
213 7 188 0 .8 8 3
218 10 195 0 .8 9 4
223 2 198 0 .8 8 8
228 2 206 0 .9 0 3
233 1 208 0 .8 9 3
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F ig u re  23 . Venus s t r i a t u l a : L e n g th /h e ig h t
r e la t io n s h ip  o f  th e  l a r v a .

The num erals re p re s e n t  th e  number o f  
l a r v a e  o f  each s iz e  measured.

Based on m easurem ents o f  620 la r v a e .
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la r v a e  l i e  on th e  s l id e ;  e s p e c ia l ly  i n  l a r g e r  

l a r v a e  th e  curved s h e l l  causes them to  l i e  o b l iq u e ly -

The s iz e  o f  th e  sm alles t l a r v a  shown in  th e  

curve was 108 x 83p, the l a r g e s t  235 x 21Ùp^

6 . Anatomy o f  th e  V e l ig e r ;  Venus s t r i a t u l a . 

T h ^ L -S h Q li.

The f i r s t  appearance o f  th e  l a r v a l  s h e l l  occurs  

on th e  second day fo l lo w in g  f e r t i l i s a t i o n .  I t  i s  

composed o f  a t h in  la y e r  o f  conch io l i n - l i k e  

m a te r ia l  se cre te d  by the s h e l l  g land and i s  a t  

f i r s t  u n c a l c i f i e d .  L a te r  i t  becomes c a l c i f i e d .

The f i r s t  formed re g io n  o f  th e  s h e l l ,  s e c re te d  by  

th e  s h e l l  g land (Pro d is  so conch 1) i s  d is t in g u is h a b le  

i n  l a r v a e  o f  a l l  ages. The r e s t  o f  th e  l a r v a l  

s h e l l  i s  s e cre te d  in  th e  normal way by th e  o u te r  

f o l d  o f  th e  mantle edge. T h is  o u te r  re g io n  

(p rod issoconch  11) i s  t h ic k e r  than p ro d is  so conch 1 

and bears  th e  c o n c e n tr ic  markings a lre a d y  d e s c r ib e d .

The o b s e rv a tio n s  o f Jjrfrgensen (19^6 ) and o f  

Rees ( 1 9 5 0 ) on th e  h inge o f  V e n e rid  l a r v a e  were  

co n firm ed . Venus s t r i a t u l a  has a h in g e  o f  ty p e  C 

(Rees, 1 9 5 0 ) .  When f u l l y  developed t h e  pro  v in cu lu m
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o f  th e  l e f t  v a lv e  c a r r ie s  two lo w  r id g e s  w h ic h , on 

c lo s u re ,  l i e  on e i t h e r  s ide  of a s in g le  r id g e  in  

th e  c e n tre  o f  th e  provinculum  o f th e  r i g h t  v a lv e .  

A n t e r io r ly  on the l e f t  v a lv e  th e r e  i s  a lo n g  

p r o je c t io n  which on c lo s u re  i s  a p p lie d  to  a s o l id  

to o th  on th e  r i g h t  v a lv e .

The l ig a m e n t i s  a small s t r u c t u r e  about l5l^ 

long  in  th e  f u l l y  developed l a r v a .  I t  i s  d i f f i c u l t  

to  d is t in g u is h  in  s e c t io n s , b u t  appears to  c o n s is t  

of a s in g le  l a y e r ,  presumably s e c re te d  by th e  

m antle isthmus and continuous w i t h , t h e  p ro d u ct o f  

th e  s h e l l  g land  (Prod . I ) ,  and hence homologous 

w ith  th e  in n e r  la y e r  o f  th e  a d u lt  l ig a m e n t .

The M a n t le .

The m antle edge o f  th e  f u l l y  deve lop ed  l a r v a  

c o n s is ts  o f  o n ly  two fo ld s .  The o u te r  s u rfa c e  o f  

th e  outermost o f  th e s e  s e c re te s  th e  s h e l l ,  w h ile  

the p erio stracum  i s  se cre te d  from  i t s  in n e r  

s u r fa c e .  The innermost f o ld  re p re s e n ts  th e  in n e r  

and m iddle  fo ld s  o f  th e  a d u l t ,  but th e s e  do not  

se p ara te  u n t i l  c o n s id e ra b ly  l a t e r  in  development  

when th e  animal has become b o t t o m - l iv in g .

The m antle is  one c e l l  t h ic k  except at th e



MGL

Fig^are 2h* Venus s t r î a t u l a : D is p o s i t io n  o f  th e
organs i n  th e  v e l i g e r ,  Drav;^ng from  
l i f e .

AH*
GG.
F .
LT.
MGL*
0 .
PA.
PG.
PR.
S.
SC.
SF.
S3.
V.
VG.

A n te r io r  adductor m uscle. 
A n t e r io r  pedal r e t r a c t o r  m uscle. 
C e re b ra l g a n g l io n .
F o o t .
L e f t  d ig e s t iv e  tu b u le .
A n te r io r  lo o p  o f  m id -g u t .  
Oesophagus.
P o s te r io r  adductor m uscle.
Pedal g a n g lio n .
P o s te r io r  p e d a l r e t r a c t o r  muscle. 
Stomach.
S ta to c y s t  s t a t o l i t h .
A n te r io r  sensory f la g e l lu m .
S t y le -s a c .
Velum.
V is c e r a l  g a n g l io n .
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F ig u r e  2 5 . Venus s t r i a t u l a : D is p o s i t io n  o f  th e  
organs in  th e  p e d o -v e l ig e r .  Drawing  
from  l i f e .

AP.
CF.
R.

A p ic a l p l a t e .
Ct en i d i a l  f  i l  am ent • 
Rectum.

O th e r  l e t t e r i n g  as in  f i g u r e  2*+.
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edges where i t  becomes th re e  c e l ls  t h i c k ,  th e  in n e r  

and outer c e l l  la y e r s  c o n tin u in g  in t o  th e  tw o fo ld s  

o f  th e  edge.

On i t s  in n e r  s u rfa c e  th e  m antle  b ea rs  a row 

o f  c i l i a  which f o l l o w  th e  same course as th e  c i l i a  

o f  t h e  main r e j e c t  ion  t r a c t  o f  th e  m antle  o f  th e  

a d u l t .  These c i l i a  are not lo s t  at metamorphosis  

and p ro b a b ly  re p re s e n t  th e  f i r s t  appearance o f  th e  

m antle  r e j e c t i o n  t r a c t .

The m antle  edges o f  th e  l a r v a  a re  s e p a ra te  

except f o r  a sm all re g io n  p o s t e r io r l y ,  ivhere in  

th e  f u l l y  developed l a r v a  th e y  fuse  t o  fo rm  th e  

sip honal septum.

The G te n id ia .

The f i la m e n ts  o f  th e  in n e r  l a m e l l a  b e g in  to  

form when t h e  l a r v a  i s  190 -  2 00P in  le n g th ,  t h a t  

i s  about l 4  days a f t e r  f e r t i l i s a t i o n ,  a t  l6® C ,  

being  budded o f f  from a b lo c k  o f  t i s s u e  in  th e  

re g io n  o f  th e  s ip ho n a l septum. The most r e c e n t ly  

formed f i la m e n ts  a re  th e r e f o r e  p o s t e r i o r .  I n  th e  

f u l l y  developed l a r v a ,  th re e  o r  fo u r  f i la m e n ts  may 

be p re s e n t .  A c t iv e  c i l i a  a re  p re s e n t between th e  

f i la m e n ts  at t h i s  s ta g e ,  but th e  c t e n i d ia  do n o t
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ta k e  over th e  fu n c t io n  o f  food c o l le c t io n  u n t i l  

a f t e r  s e t t le m e n t ,  t h a t  i s ,  u n t i l  a f t e r  th e  velum  

i s  l o s t .

The F o o t .

Throughout most o f  th e  l a r v a l  l i f e ,  th e  fo o t  

i s  a sm all organ occupying th e  p o s t e r io r  end o f  

th e  m antle  c a v i t y .  S h o r t ly  b e fo re  s e t t le m e n t  th e  

fo o t  in c re a s e s  r a p i d l y  in  s iz e  and i s  used in  

c ra w lin g  on th e  s u r fa c e  o f  th e  sub s tra tu m . At 

t h i s  t im e  th e re  is  a p e r io d  -  th e  p e d o -v e l ig e r  

stage ( C a r r i k e r , 1956) -  which may l a s t  s e v e ra l  

days, when both  th e  fo o t  and th e  velum a re  

f u n c t io n a l .  The s u r fa c e  o f th e  fo o t  is  covered  

w ith  lo n g  c i l i a ,  and when on th e  s u rfa c e  o f  th e  

substratum  w ith  th e  fo o t  extended, t h e  an im al i s  

dragged fo rw a rd  by t h e i r  a c t io n .  At th e  base o f  

th e  f o o t ,  th e  v e r y  l a r g e  pedal g a n g lio n  and th e  

s ta to c y s ts  a re  obvious in  th e  f u l l y  developed l a r v a  

( f i g .  2 4 ) .

The p eda l m u scu la ture  is  p o o r ly  developed  in  

th e  l a r v a ,  but both th e  p o s te r io r  and th e  a n t e r io r  

r e t r a c t o r  muscles can be d is t in g u is h e d ,  each 

c o n s is t in g  o f a few muscle strands o n ly .  The
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p o s t e r io r  pedal r e t r a c t o r  muscle runs fro m  t h e  he'el 

o f  th e  fo o t ;  a n te r io r  to  th e  v is c e r a l  g a n g lio n  and 

i s  in s e r te d  in to  th e  s h e l l  above th e  p o s t e r io r  

adductor muscle, on e i t h e r  s id e  o f  t h e  re c tu m .

The a n t e r io r  r e t r a c t o r  muscle runs fro m  th e  ' 

a n t e r i o r . p a r t  o f  th e  fo o t  to  be in s e r t e d  ju s t  above 

th e  a n te r io r  adductor muscle.

Î Î0 s ig n  o f  a byssus gland has been seen in  

s e c t io n s  and no evidence o f byssa l s e c r e t io n  found  

i n  l i v i n g  m a t e r ia l .  Venus s t r l a t u l a  a p p a re n t ly  

n ev er a ttach es  i t s e l f  t o  the substratum  at any 

stage o f  i t s  l i f e .

The Velum.

The velum i s  th e  c h a r a c t e r is t ic  swimming and 

f 0 0 d - c o l le c t i j ig  organ o f  b iv a lv e  l a r v a e .  When 

expanded, the velum o f  Venus s t r i  a t u la  i s  c i r c u l a r ,  

and bears  a r in g  o f long c i l i a  at th e  c irc u m fe re n c e .  

At th e  ce n tre  o f  th e  d is k  l i e s  t h e  a p ic a l  p l a t e  which  

i s  in t im a t e ly  asso c ia ted  w ith  the  c e r e b r a l  g a n g l ia .  

From th e  c e n tre  o f  th e  a p ic le  p l a t e  p ro tru d e s  a 

long  s in g le  sensory f la g  e llum , about 50 -  6 0 p i n  

le n g th .  T h is  a n t e r io r  sensory f l a g  e llu m  is  p re s e n t  

throughout th e  l a r v a l  l i f e  from  th e  tro c h o p h o re
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s tage  u n t i l  s e t t le m e n t .  I n  th e  swimming l a r v a ,  

co n tac t o f  t h is  f l a g  e llu m  w ith  an o b s ta c le  

causes r e t r a c t io n  o f  th e  velum . R e -exp ans ion  

o f  th e  velum is  preceded  by the appearance o f  

th e  f l a g  e llum  from  between th e  p a r t l y  open s h e l l -  

v a lv e s .  A s im i la r  a n t e r io r  f l a g  e llu m  i s  p re s e n t  

in  th e  la r v a e  o f G a fra r iu m  minimum. Venus o v a ta . 

and Venus f a s c ia t a  (p e rs o n a l o b s e rv a t io n )  and i n  

VeneniiDis m l l a s t r a  (Q u a y le ,  1953) > and appears to  

be c h a r a c t e r is t ic  o f  th e  l a r v a e  o f  th e  V e n e r id a e ,  

although i t  a lso  occurs in  some o th er groups.

The velum is  r e t r a c t e d  by means o f  two p a i r s  

o f  v e la r  r e t r a c t o r  m uscles. V/hen r e t r a c t e d  in to  

th e  s h e l l  i t  i s  thrown in to  fo ld s  ( f i g .  24) and 

occupies th e  a n t e r io r  h a l f  o f  th e  m antle  c a v i t y .

The D ig e s t iv e  System.

Food c o l le c te d  by  th e  c i l i a  o f  th e  velum  is  

passed in to  th e  mouth, which l i e s  im m e d ia te ly  

p o s te r io r  to  th e  ve lum . Thé oesophagus passes  

dor s a l l y  in to  th e  v is c e r a l  mass and opens in to  

th e  a n t e r io r  v e n t r a l  re g io n  o f  th e  stomach. The 

w a lls  o f  th e  oesophagus a re  l i n e d  w ith  c e l l s  

b e a r in g  c i l i a ,  those c lo s e s t  to  th e  o p e n i n g i n t o



F ig u r e  2 6 . Venus s t r i A t n l a ; L a rv a :  t r a n s v e r s e
s e c t io n  o f  th e  oesophagus and 
stomach, showing th e  openings from  
t h e  d ig e s t iv e  tu  b a le s  on e i t h e r  s id e *

LT.

MGL.
0 .
RT.
3 .

G a s t r ic  s h ie ld .
L e f t  d ig e s t iv e  tu b u le .  
Mout h •
I n t e r i o r  m id -gut lo o p .  
Oesophagus.
R ig h t  d ig e s t iv e  tu b u le  
Stomach lum en.
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th e  stomach being e s p e c ia l l y  lo n g .

The stomach is  a g lo b u la r  o rg an , s i tu a te d  

between th e  umbo.ies in  th e  d o rs a l  re g io n  o f  th e  

v is c e r a l  mass. P o s t e r i o r l y  i t  i s  e lo n g a te d  to  

fo rm  th e  s t y l  e -sac , th e  p o s t e r io r  end o f  which l i e s  

ju s t  a n t e r io r  to  th e  p o s t e r io r  adductor m uscle.

The w a l ls  o f  th e  stomach are c i l i a t e d  except f o r  

th e  r o o f  and l e f t  s id e  which b ea r th e  smooth 

g a s t r ic  s h ie ld  ( f i g .  26  G S). The s ty le -s a c  is  

l i n e d  w ith  dense c i l i a  which have th e  same 

c h a r a c t e r i s t i c  appearance i n  s e c t io n  as th o s e  o f  

th e  a d u l t .  The d ig e s t iv e  d i v e r t i c u l a  l i e  on 

e i t h e r  s id e  o f  th e  stomach and open s e p a r a te ly  

th ro ugh  i t s  a n t e r io r  1 a t e r o - v e n t r a l  w a l l ,  on e i t h e r  

s id e  o f  th e  opening o f  th e  oesophagus ( f i g .  2 6 ) .

I n  th e  l a r v a  th e  l u  mina o f  th e  d i v e r t i c u l a  open 

d i r e c t l y  in to  the  stomach and th e r e  a re  no ducts  

p re s e n t to  compare w i t h  th e  system o f  p r im a ry  and 

secondary ducts o f  th e  a d u lt  (Owen, 1 9 5 5 ) .  The 

ducts  develop l a t e r  when th e  d i v e r t i c u l a  become 

branched and complex.

Fu.nction ing  o f  the D ig e s t iv e  System,

Movement o f  food in  th e  gut o f  l a r v a e  re ad y  t o
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metamorphose has been observed u n d er th e  microscope  

i n  l a r v a e  fe d  on a t h i c k  c u l t u r e  o f  M o no ch rvs is ,

The mechanism o f  food movement w i t h in  th e  gut is  

s i m i l a r  t o  t h a t  observed in  th e  la r v a e  o f  O s tre a  

e d u l is  by M i l l a r  (1 9 5 5 ) *  Food m a t e r ia l  passing  

from  th e  oesophagus in t o  th e  stomach becomes 

entrapped  in  a mass o f  m a te r ia l  wrapped i n  mucus 

around th e  head o f  th e  c r y s t a l l i n e  s t y l e .  T h is  

m a te r ia l  i s  r o ta te d  in  a s a g g i ta l  p la n e  by th e  

a c t io n  o f  th e  c i l i a  o f  th e  f l o o r  and a n t e r io r  w a l ls  

o f  th e  stomach, and i s  a lso  s u b je c te d  to  r o t a t io n  

by th e  c r y s t a l l i n e  s t y l e ,  which r o t a t e s  in  a 

c lo ck w is e  d i r e c t io n  when viewed a n t e r i o r l y .  The 

d ig e s t iv e  d i v e r t i c u l a  on e i t h e r  s id e  o f  t h e  stomach 

co n ta c t a l t e r n a t e l y ,  drawing m a te r ia l  to  r e j o i n  

th e  mass in  th e  stomach, as th e y  c o n t r a c t .  The 

process may be seen in  swimming l a r v a e  moving on 

th e  s u r fa c e  o f  the substratum  by means o f  t h e  f o o t ,  

but a p p a re n t ly  stops when th e  velum i s  r e t r a c t e d .  

The same process has a ls o  been observed  i n  young 

p o s t - l a r v a l  s ta g e s .

The s t r u c tu r e  o f  th e  d i v e r t i c u l a  o f  th e  l a r v a  

i s  s im i l a r  to  th a t  o f  a s in g le  tu b u le  o f  t h e  a d u lt
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d i v e r t i c n l a .  Most o f  th e  w a l l  i s  l i n e d  w ith  l a r g e ,  

v a c u o la te d  a b s o rp t iv e  c e l l s ,  b ut at th e  ends, sm all  

numbers o f  d e e p ly -s ta in in g  c e l l s  occur s i m i l a r  to  

th e  f l a g e l l a t e d  c e l l s  which occur in  t h i s  p o s i t io n  

in  a d u l t  tu b u le s  (Owen, 1955) • No f l a g e l l a  were  

d is t in g u is h e d  in  s e c t io n s .

The Nervous System.

I n  th e  l a r v a  o f  Venus s t r i  a t u la  th e  nervous  

system is  re p re s e n te d  by l a r g e  masses o f  d e e p ly -  

s ta in in g  c e l l s  form ing th e  g a n g l ia .  The c e re b ra l  

g a n g l ia  l i e  a n te r io r  to  th e  oesophagus, and p o s t e r io r  

to  th e  a p ic a l  p la t e  o f  th e  velum. The c e r e b r a l  

coramisure i s  p re s e n t connecting th e  two g a n g l ia .  

V e n t r a l  to  th e  c e re b ra l  g a n g l ia  and connected to  

them by c o n n e c tiv e s , l i e  th e  p le u r a l  g a n g l ia .

The fu sed  pedal g a n g l ia  a re  v e ry  obvious in  th e  

p ro x im a l re g io n  o f  th e  f o o t ,  w i t h ,  on e i t h e r  s id e  

in  th e  f u l l y  developed l a r v a ,  th e  s t a t e - c y s t s ,  each 

w ith  a s in g le  l a r g e  s t a t o l i t h .  The v i s c e r a l  

g a n g l ia  l i e  a n t e r io r  to  th e  p o s te r io r  adductor muscle.

I 'h s c u la tu r e .

The adductor muscles occupy th e  same r e l a t i v e  

p o s it io n s  as in  th e  a d u l t .  The pedal m u sc u la tu re
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F irp a re  27 . Venus s t r i a t n l a : T ran s ve rse  s e c t io n
o f th e  p ro x im a l end o f  th e  fo o t  o f  a 
young p o s t - l a r v a  to  show th e  p e d a l  
g a n g lio n  and s ta to c y s ts .

CP.
PG.
30 .
SL.

C e re b ro -p e d a l c o n n e c tiv e .  
P eda l g a n g l io n .
S t a t o c y s t .
S t a t o l i t h .
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has a lr e a d y  been d e s c r ib e d  in  r e l a t i o n  to  th e  f o o t ,  

so t h a t  a l l  t h a t  rem ains  to  be d e s c r ib e d  here a re  

th e  a n t e r i o r  and p o s t e r io r  p a i r s  o f  v e la r  r e t r a c t o r  

m uscles. The a n t e r io r  p a i r  a re  in s e r t e d  in t o  th e  

s h e l l  a n t e r io r  to  th e  a n t e r io r  adductor muscle and 

th e  p o s t e r io r  p a i r  a n t e r i o r  t o  th e  h in g e  l ig a m e n t .

The muscles branch  to  g iv e  m u l t ip le  in s e r t io n s  in to  

th e  s h e l l ,  w h i le  th e  d i s t a l  ends branch and r a d i a t e  

over th e  s u r fa c e  o f  th e  expanded ve lum .

SettjLn^ and Metamornhosi s .

The changes o c c u r r in g  a t metamorphosis have  

not been s tu d ie d  in  d e t a i l ,  b u t  some p o in ts  o f  

p a r t i c u l a r  i n t e r e s t  should be n o te d .  I n  Venus 

s t r i  a t u la  as i n  V e n e ru n is  p u l l a s t r a  (Q u a y le  1953)  

metamorphosis i s  a f a i r l y  g ra d u a l p ro cess  extend ing  

over a number o f  weeks, and n o t a r a p id  change 

such as o cc u rs  i n  O s tre a  e d u l is  (C o le ,  1 9 3 8 a , 1 9 3 8 b ) .  

The processes  o f  metamorphosis may be re g a rd ed  as 

s t a r t i n g  in  t h e  p e d o -v e l ig e r  s ta g e ,  w i th  th e  

in c re a s e  in  s i z e  o f  the f o o t ,  a f t e r  w hich  th e r e  i s  a 

continuous developm ent o f  organs u n t i l  t h e  f u l l  

a d u lt  form  i s  re ac h e d . S e t t in g  occurs  e a r l y  i n  t h i s  

pro cess  and i s  marked by th e  lo s s  o f  th e  ve lum , and
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a subsequent re -a r ra n g e m e n t o f  th e  i n t e r n a l  o rgans.

I n  V e n e ru p is  p u l l a s t r a  (Q u a y le ,  1953) and Venus 

mere en a r i a  ( C a r r i k e r ,  1952) s e t t in g  a lso  in v o lv e s  

attachm ent to  t h e  su b stra tum  by means o f  a b ys sa l  

s e c r e t io n ,  b u t  t h i s  has n o t been observed in  Venus 

s t r i  a t u l a . I t  i s  p o s s ib le  t h a t  permanent 

s e t t le m e n t  i s  not reached  u n t i l  some t im e  l a t e r  

s in c e  th e  anim al may be t ra n s p o r te d  by w ate r  c u r re n ts  

even a f t e r  th e  velum  has been l o s t ,  as is  the  case  

in  Cardium edu le  (Baggerman, 1 9 5 3 ) -

The changes succeeding th e  lo s s  o f  th e  velum  

in v o lv e  a r o t a t i o n  o f  th e  organs o f  t h e  v is c e r a l  

mass, and f o o t ,  so t h a t  th e  mouth comes to  l i e  

im m e d ia te ly  p o s t e r io r  to  th e  a n t e r io r  adductor  

m uscle. T h is  r o t a t i o n  in v o lv e s  changes in  th e  

o r i e n t a t i o n  o f  t h e  stomach and a l im e n ta ry  c a n a l ,  

and o f  th e  c t e n i d ia ,  w h i le  th e  c e r e b r a l  and p le u r a l  

g a n g l ia  a re  c a r r ie d  fo rw a rd  w ith  th e  oesophagus 

u n t i l  th e y  l i e  in  t h e  a d u lt  p o s i t io n  p o s t e r io r  to  

th e  a n t e r io r  adductor m uscle.

F o l lo w in g  th e  changes at s e t t in g  th e  c t e n id ia  

c o n tin u e  to  develop b y  t h e  a d d it io n  o f more 

f i la m e n t s  p o s t e r o - v e n t r a l l y ,  w h i le  th e  p a lp s  develop



MGL

F ig u r e  2 8 . V eau s s t r i  a.tul a s L a t e r a l  v ie w  o f  a 
young p o s t - la r v a  to  show th e  
d is p o s i t io n  o f  th e  organs and 
e s p e c ia l ly  th e  appearance o f  th e  
s ip h o n a l s t r u c tu r e s  at t h i s  s tage .  
Drawing from  l i f e .

A.
LP.
PE.
TP.
TS.
VO.

Anal p a p i l l a .
L a b ia l  p a lp .
P r im a ry  e x h a len t s iphon .
F i r s t  formed s ipho nal t e n t a c l e .
Second formed p a i r  o f  s ip h o n a l t e n t a c le s  
V e n tra l  open- ’̂ ng o f  p ed a l gap .
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r a p i d l y .  A t t h i s  stage th e  b e a t in g  o f  th e  

l a t e r a l  c i l i a  o f  th e  c te n id ia  cause a w a te r  c u rre n t  

to  e n te r  th e  n a n t ie  c a v i ty  around t h e  v e n t r a l  gap. 

T h is  w ater c u r r e n t  c a r r ie s  p a r t i c l e s  i n  suspension  

fo rw a rd  in  th e  m antle c a v i ty  around th e  s ides  o f  

th e  p ro x im a l end o f  th e  f o o t ,  p a r a l l e l  to  th e  f r e e  

edge o f th e  c t e n i d ia ,  so th a t  th ey  im pinge on th e  

p a lp s ,  which a t  t h is  stage a re  r e l a t i v e l y  l a r g e .  

The f u r t h e r  development o f th e  food c o l le c t in g  

mechanism o f  th e  m antle  c a v i ty  has not been  

f o l lo w e d .

The s ip h o n a l apparatus makes i t s  f i r s t  

appearance v e r y  e a r ly  in  the p o s t - l a r v a l  l i f e  o f  

th e  a n im a l.  T h is  tak es  th e  form o f  th e  

development o f  sh ort te n ta c le s  o r  th e  m antle  edge 

d o r s a l l y ,  p o s t e r io r  to  th e  p o s te r io r  adductor  

m uscle. The m antle  margins a re  a lr e a d y  fused  

p o s t e r i o r l y  to  form  th e  s iphonal septum, i n  th e  

p e d o - v e l ig e r ,  and a s h o rt ,  t h in - w a l le d  p r im a ry  

e x h a le n t  siphon soon develops d o rs a l  to  t h i s ,  w i th  

a r in g  o f  a t  f i r s t  th re e  and l a t e r  f i v e  te n ta c le s  

around i t .  The young spat i s  e x tre m e ly  

s e n s i t iv e  to  mechanical d is tu rb a n c e , t o  which i t  

responds by c lo s in g  th e  s h e l l .  The p r im a ry
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e x h a le n t  siphon i s  a p p a re n t ly  extended and kep t  

extended by th e  p re s s u re  o f  th e  exha len t w a te r  

stream  and i s  w ithdraw n r a p i d ly  p r i o r  to  c lo s u re  

o f  th e  s h e l l ,  by in v e r s io n .  The mechanism by  

which t h is  occurs i s  a p p a re n t ly  as fo l lo w s :  p r i o r

t o  c lo s u re  o f  th e  s h e l l  th e  v e n t r a l  mantle  

margins are drawn to g e th e r ,  thus e f f e c t i v e l y  

stopping  th e  f lo w  o f  w a te r  through th e  m antle  

c a v i t y .  T h is  stoppage causes th e  p r im a ry  

e x h a le n t  siphon to  c o lla p s e  and so s e a l o f f  t h e  

m antle  c a v i t y  c o m p le te ly .  Any s l ig h t  opening o f  

th e  s h e l l  v a lv e s  would then set up a reduced  

p re s s u re  in s id e  th e  system, which would in  tu rn  

cause th e  c o lla p s e d  siphon to  in v e r t  in t o  th e  

m an tle  c a v i t y .  The p r im a ry  exha len t s iphon i s  

r e t a in e d  in  th e  a d u lt  at th e  d i s t a l  end o f  th e  

t r u e  exh a len t s iphon, and fu n c t io n s  in  t h e  same way, 

t h a t  i s ,  i t  i s  w ithdraw n by in v e r s io n  in t o  th e  

s iphon . The e a r ly  appearance o f  th e  p r im a ry  

e x h a le n t  siphon is  necessary  in  o rd e r  to  d i r e c t  

th e  e x h a le n t  stream  away from  th e  c u r re n t  e n te r in g  

around th e  g e n e ra l v e n t r a l  m argin.

The f i r s t  appearance o f  th e  in h a le n t  siphon
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t allés th e  form  o f  p a i r s  o f  te n ta c le s  v e n t r a l  to  

t h e  s iphonal septum. i/hen s e v e ra l  p a i r s  o f  th e s e  

t e n t a c le s  have been formed th e  m antle  edges fu se  

v e n t r a l l y  and th e  t r u e  exha len t and in h a le n t  

siphons a re  formed by lo c a l  growth of th e  

p o s t e r io r  m antle  edges.
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V. Ecology.

1 .  I n t r o d u c t io n .

The work d es crib ed  in  t h is  s e c tio n  d e a ls  w ith  

some aspects o f  th e  eco logy o f  Venus s t r i  a t u l a . 

and in  p a r t i c u l a r ,  i s  a study o f  a s in g le  y e a r ’ s 

s p a t f a l l '  in  Karnes B ay, M i l l p o r t , ' I s l e  o f  Cumbrae. 

T h is  p o p u la t io n  was sampled r e g u la r ly  over th e  

p e r io d  O cto b er, 1956 t o  January  1957 , th e  samples 

being  taken  g e n e r a l ly  by means o f  a Robertson Mud 

B u c k e t,  o r an anchor dredge (F o r s te r ,  1 9 5 3 ) .

N e i th e r  o f  th e s e  two p ie c e s  o f gear p ro v id e  

in fo rm a t io n  on th e  d e n s i ty  o f  animals in  r e l a t i o n  

to  area  o f  bottom , and attem pts to  o b ta in  such 

in fo rm a t io n  by th e  use o f  a Van Veen grab proved  

f r u i t l e s s  due to  th e  i n a b i l i t y  o f  th e  jaws o f  th e  

grab to  p e n e tra te  th e  t i g h t l y  packed sand on th e  

bottom . The bottom  sampler designed by Holme 

(19^9) was a lso  t r i e d  b u t s u f fe re d  from  th e  same 

d isad van tage . D e n s ity  o f  animals on t h e  bo ttom  i s  

th e r e fo r e  o n ly  d e s c rib e d  in  r e l a t i v e  te rm s .

2 . Bottom com m unities.

The study o f  th e  anim als o f  the l e v e l  se a -  

bottom  in  term s o f  communities o r ig iu a te d  w ith  th e
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c la s s ic  work o f  P e te rs e n  and Jensen ( 1 9 1 1 ) ,  and 

P e te rs e n  (1 9 1 3 ,  191^ , 1915 , 1 9 l8 )  on th e  

d is t r i b u t i o n  o f  animals in  Danish w a te rs .  S in c e  

th e n  t h i s  work has been extended to  o th e r  seas  

by v a r io u s  w orkers among whom should be m entioned  

B leg vad  ( 1 9 2 2 ) ,  Davis (1 9 2 3 , 1 9 2 5 ) ,  Ford  (1 9 2 3 ) ,  

Jones (1 9 4 0 ,  1 9 5 1 , 1952) and Holme (1 9 5 3 ) .

Members o f  th e  Veneracea c h a r a c te r is e  what a re  

knoim as Venus communities (Thorson , 1957) o f  

which th e  "Venus g n l l in a  community" and the  

"Venus fa s c ia tu m  -  S n is u la  e l l i p t i c  a -  B r anchiostoma  

community" a re  im p ortan t in  B r i t i s h  w a te rs .

P a r a l l e l  comiTunities t o  th e s e  occur in  o th e r  p a r ts  

of th e  w orld  (Thorson , 1957) •

Such communities form a broad b a s is  f o r  th e  

comparison o f  bottom  fauna in  d i f f e r e n t  a re a s .

Under lo c a l  c o n d it io n s ,  however, c e r t a in  members o f  

th e  community may be dominant and i t  i s  p o s s ib le ,  

when d e a lin g  w ith  a number o f  c lo s e ly  r e l a t e d  

s p e c ie s , to  s u b d iv id e  th e  comm unities, on th e  b aS is  

of th e s e  dominant an im a ls , in to  groups  

c h a r a c t e r is t ic  o f  s l i g h t l y  d i f f e r i n g  a lth o u g h  

r e la t e d  environm ents . Thus, in  th e  F i r t h  o f  C lyde
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and n e ig h b o u rin g  a re a s , th e  members o f  th e  

V eneracea , in c lu d in g  th o s e  which occur on t h e  

shore , may be regard ed  as b e lo n g in g  to  th e  scheme 

o f  sub-com m unities shown in  t a b le  8 .

Venus s t r i  a t u la  i s  n o rm a lly  most abundant 

on bottoms o f  f i n e ,  c lean  sand. Samples o f  

s o i l  were taken  from s e v e ra l areas where Venus 

s t r i  a t u la  occurred  and were s u b je c te d  to  g ra d e  

a n a ly s is  by  th e  method used by Holme ( 1 9 5 4 ) .

The r e s u l t s  have been expressed in  th e  fo rm  o f  a 

cu m u la tive  curve f o r  each d e p o s it ,  and examples 

o f  th e s e  are  shown in  f i g u r e  29. The curves  

fo r  th o s e  s o i ls  in  which Venus s t r i  a t u la  o c c u rre d  

in  g r e a te s t  numbers a re  v e ry  s im i la r  to  each 

o th e r ,  w h i le  curves o f  s o i ls  su p p o rt in g  few er  

V. s t r i a t u l a  d ep art more o r  le s s  from  them .

Holme (19 5 4 ) found th a t  spec ies  o f  E n s is  w ere  

a s s o c ia te d  w ith  p a r t i c u l a r  typ es  o f  sub stra tum ,  

and t h a t  th e  d e n s i ty  o f  th e  p o p u la t io n  was u s u a l ly  

g re a te r  in  sands approaching th e  mean grade o f  th e  

samples f o r  t h a t  s p e c ie s . The im p ortan ce  o f  

substratum  i n  in f lu e n c in g  the  d i s t r i b u t i o n  o f  

m arine bottom  in v e r te b r a te s  has r e c e n t ly  been s tre s s e d
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b y  Rasmussen (1 9 5 8 )  i n  an in t e r e s t in g  paper on th e  

changes in  d e n s i t y  o f  p o p u la t io n  o f  V enerun ls  

m l l a s t r a  in  D anish  w a te rs .

3 . General D e s c r ip t io n  o f  t h e  Karnes Bav P o p u la t io n ,

B e fo re  d e a l in g  w ith  th e  r e s u l t s  o f  th e  

e c o lo g ic a l  s tud y  in  d e t a i l  i t  i s  n e c e s s a ry  to  

d e s c r ib e  the p o p u la t io n  d e a l t  w ith  s in c e  i t  shows 

c e r ta in '  c h a r a c t e r i s t i c s  which make i t  e s p e c ia l ly  

s u i t a b le  f o r  a s tu d y  o f  t h is  s o r t .

The p o p u la t io n  o ccurred  on a bottom  o f  f i n e ,  

c le a n  sand i n  Kam.es B a y , M i l l p o r t ,  at depths from  

3 -  ^  m etres  to  about 20 m e tres . Karnes Bay i s  a 

sm all b ay , fa c in g  s o u th , and t h e r e f o r e  exposed to  

th e  p r e v a i l in g  winds which a re  from  th e  s o u th -w e s t  

(B a rn e s , 1955 ) • Wave a c t io n  i s  moderate a t a l l  

t im e s  and p r o b a b ly  f o r  t h i s  reason Venus s t r i a t u l a  

does n o t  occur on th e  shore h e re ,  a lthough  

e lse trh ere  i t s  range may extend  above L.W. S .T .

The fau n a  o f  th e  s u b l i t t o r a l  re g io n  o f  th e  bay  

has been d e s c r ib e d  by C la rk e  and M i ln e  (19 55 ) from  

two s u rv e y s , in  1938 -  1939 and 1 9 4 9 . S ince th e s e  

surveys how ever, c e r ta i.n  changes in  th e  fa u n a  have  

o c c u rre d , o f  which th e  most n o t ic e a b le  i s  th e
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c o n s id e ra b le  in c re a s e  i n  th e  numbers o f  Venus 

s t r i a t u l a . P ro b a b ly  a s s o c ia te d  w ith  t h i s  

in c re a s e ,  a lth o u g h  th e re  i s  no d i r e c t  ev idence  

s in c e  no surveys were c a r r ie d  out in  th e  p e r io d  

from  19^9 to  1 9 5 6 , i s  a change in  th e  ca rn ivo ro u s  

gastropod  fa u n a , but t h i s  w i l l  be d iscussed  l a t e r  

(Appendiiîç 1 ) •

D i s t r i b u t i o n .

The d i s t r i b u t i o n  o f  Venus s t r i a t u l a  in  Karnes 

Bay i s  summarised in  f i g u r e  30 . Map A has been 

p rep ared  fro m  t h e  f i g u r e  and t a b le s  in  C la rk e  and 

M iln e *  s paper (19 5 5 ) > w h i le  Map B shows th e  

g e n e ra l  d i s t r i b u t i o n  found by th e  au th o r i n  th e  

course o f  t h i s  s tu d y . The numbers found are  

d i f f i c u l t  to  compare d i r e c t l y  due to  th e  d i f f i c u l t y  

exp erienced  i n  o b ta in in g  any a c c u ra te  q u a n t i t a t i v e  

measure o f  th e  p o p u la t io n  d e n s i ty ,  b u t  sampling  

w ith  a R o bertson  Mid Bucket (a s  used b y  C la rk e  and 

M iln e )  suggest t h a t  th e  in c re a s e  in  p o p u la t io n  

d e n s ity  was i n  th e  re g io n  o f  a h u n d re d fo ld .  The 

re g io n  o f  th e  bay where th e  g r e a te s t  p o p u la t io n  

d e n s ity  was fo u n d , was s im i la r  in  b o th  ca ses .

The re ason  f o r  th e  sudden in c re a s e  i s
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in m e d ia te ly  obvious i f  th e  s iz e  o r  age d i s t r i b u t i o n  

of th e  anim als in  th e  p o p u la t io n  i s  examined. Age 

d is t r ib u t io n s  o f  th e  p o p u la t io n  a re  g iv e n  in  

f ig u r e  3 1 . From t h i s  i t  w i l l  be seen t h a t  th e  

b u lk  o f  th e  p o p u la t io n  i s  composed o f  an im als  from  

the s e tt le m e n t which o ccu rred  in  1955* The s iz e  

d is t r ib u t io n  ( f i g .  3'+A) shows a s in g le  peak formed  

by anim als d e r iv e d  from  t h i s  s e t t le m e n t ,  and th e  

p o p u la tio n  may be re g a rd e d , in  p r a c t i c e ,  as 

coiîipopod o f  a s in g le  year g roup . I n  t h i s  i t  c l e a r l y  

d i f f e r s  from  most p o p u la t io n s  o f  b iv a lv e s  o f  

s im ila r  l i f e - s p a n ,  which n o rm a lly  show a c o n ^ le x ,  

m ultim odal s iz e / f r e q u e n c y  d i s t r i b u t i o n  from  w hich  

i t  i s  d i f f i c u l t  o r  im p o s s ib le  t o  s e p a ra te  ye ar  

classes (Q u a y le , 1953 ; Green, 1957) • Examples o f  

more t y p i c a l  s iz e / f r e q u m ic y  d is t r i b u t i o n s  f o r  

Venus s t r i a t u l a  are g iv e n  in  f i g u r e  3^B & C, the  

graphs in  which are  d e r iv e d  from  measurements o f  

animals from  Hunt e rs t  on Sands, A y r s h i r e ,  and Loch  

Creran, A r g y l l .

The fa c to r s  which may l i m i t  th e  d i s t r i b u t i o n  

o f Venus s t r i a t u l a  have a lr e a d y  been b r i e f l y  

touched upon. In  Karnes Bay th e  u p p er l i m i t  is
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p ro b a b ly  set by w a v e -a c t io n  d is tu r b in g  th e  s t a b i l i t y  

o f th e  sand, and th u s  making permanent s e tt le m e n t  

of spat d i f f i c u l t .  As depth in c re a s e s  tow ards th e  

nouth o f  the b ay , th e  bottom  d e p o s its  become 

g r a d u a l ly  more and more s i l t y  and e v e n tu a l ly  grade  

In to  mud. The b u lk  o f  th e  p o p u la t io n  is  thus  

l i m i t e d  to  th e  s h a llo w e r  re g io n  o f  th e  b a y , which  

has a f a i r l y  u n d is tu rb e d  bottom  o f  f i n e ,  c le a n  sand.

D isp er si on .

The r e s u l t s  o f  sampling a t a number o f  s ta t io n s  

in  t h e  bay i n d ic a t e  t h a t  th e  d e n s i ty  o f  Venus 

s t r i  a t u l a  i s  n o t u n i fo r m  even w i t h in  th e  a re a  where  

i t  i s  g r e a te s t .  Two s e r ie s  o f  r e p l i c a t e  samples 

were ta lie n  d u r in g  1957 and th e  r e s u l t s  o f  th e s e  are  

given  in  t a b l e  1 0 . The f i r s t  s e r ie s  was ta k e n  w i th  

th e  R obertson Mud B u c k e t ,  th e  second w ith  a s m a ll  

dredge c o n s is t in g  o f  two "buckets" mounted on a fra m e ,  

designed to  g iv e  s m a lle r  samples than  those tak en  

w ith  th e  mud b u c k e t . To t e s t  w hether t h e  d is t r i b u t i o n  

on t h e  sea bed is  random F is h e r 's  " c o e f f i c i e n t  o f  

d is p e rs io n "  has been c a lc u la te d  f o r  t h e  r e s u l t s  o f  

th e s e  two s e r ie s  o f  samples. A d is c u s s io n  on th e  

use o f  t h i s ,  and o t h e r ,  measures o f  d is p e rs io n  in  

anim al eco logy i s  g iven  in  th e  paper o f  C la rk e  and
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M iln e  (1 9 5 5 ) .  The c o e f f i c i e n t  o f  d is p e rs io n  i s  

g iven  b y  t h e  fo rm u la :

c .d .  = 2  ( x  -  S :)^ /x (n  -  l ) ,

where 2 ! (% -  x )^  i s  th e  sum o f  th e  squares o f  t h e  

d e v ia t io n s  o f  th e  in d iv id u a l  u n i t s  (x )  from  th e  

mean (x )  o f  a l l  th e  u n i t s  (n ) com prising th e  sample  

The c o e f f i c i e n t  le a d s  to  u n i t y  when th e  p o p u la t io n  

i s  random ly d i s t r i b u t e d ,  i s  le s s  th an  one i f  t h e  

p o p u la t io n  i s  o v e r -d is p e rs e d  ( i . e .  more o r  le s s  

even ly  d i s t r i b u t e d ) ,  and g r e a t e r  th an  one i f  i t  

i s  under d is p e rs e d  ( i . e .  more o r le s s  a g g re g a te d ) .  

The s ig n i f ic a n c e  o f  th e  d e p a r tu re  from  u n i t y  I s  

te s te d  by;

1 i  2 >^[2N/(n - 1)2] ,

w here, a ^ a in ,  n i s  th e  number o f  u n i t s  in  th e  

sample. I n  th e  two p re s e n t  s e r ie s  o f  samples, 

n = 20 and th e  l i m i t s  o f  th e  c o e f f i c i e n t ,  f o r  

random d i s t r i b u t i o n ,  a re  1 .6 6 5 8  and 0 .3 3 ^ 2 .  A 

c o e f f i c ie n t  g r e a te r  th a n  1 .6 6 5 8  may t h e r e f o r e  be  

ta k e n  as s i g n i f i c a n t  ev idence o f  a g g re g a t io n ,  

w h ile  a c o e f f i c i e n t  s m a l le r  than  0 . 33^2  would



T a b le  1 0 .  C o e f f ic ie n t  o f  d is p e rs io n  f o r  t h r e e  
s e r ie s  o f  samples o f Venus s t r i a t u l a .

L o c a l i t y Karnes' Bay ' Karnes Bay ■ We st Lo ch 
. T a r b e r t

Date 15A /57 2V 5/57 2V 7 /5 7

Gear Mud bucket Bucket dredge Bucket dredge

Ho, o f
h a i l s 20 20 20

Mean No* 
per h a u l 3 0 1 .1 1 0 .6 5 . 5

C o e f f i c ie n t  
Disp e rs io n 6 0 .5 1 0 .6 1 .8 6
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in d ic a te  a s ig n if ic a n t degree o f o ve r-d isp e rs io n .

The re s u lts  from both series o f  samples g ive  

a c o e ff ic ie n t fa r  g rea te r than 1.6658 in d ic a tin g  

th a t Venus s t r ia tu la  is  aggregated in  th is  

popu la tion . This re s u lt is  In agreement w ith  

th a t o f Clai'ke and M ilne  (1955). who also found 

s ig n if ic a n t evidence o f aggregation in  th is  species, 

( re fe rre d  to  in  th e ir  paper as V. g a in n a ) . Young 

V ._ s tr ia tu la  in  West Loch T a rb e rt, A rg y ll ,  also 

showed evidence o f aggregation ( ta b le  10).

The re s u lts  obta ined in  s tud ies  such as th is  

w i l l  depend to  some extent on th e  s ize  o f the  

sample u n it  used. Evidence fo r  aggregation may 

disappear i f  the  s ize  o f the sample u n it  is  reduced, 

since th is  re s u lts  in  the reduction  o f the mean 

number found in  each sample ( HXrans, 1952).

Moreover, i f  a small sample u n i t  is  used and samples 

are t  ale en close to g e th e r, a re s u lt  which in d ic a te s  

random d is t r ib u t io n  or ove r-d isp e rs ion  may be 

obtained from a popu la tion  which in  fa c t cons is ts  

o f la rg e , more or le s s  iso la te d  aggregations. 

O bviously when studying the re la t io n s h ip  between 

animals o f the same species on the  sea-bed, i t  is



-1 1 5 "

d e s i r a b le  to  c o l le c t  in fo rm a t io n  concern ing  both  

th e s e  l e v e l s  o f  d i s t r i b u t i o n ,  t h a t  i s ,  th e  w id e -  

s c a le  d is t r i b u t i o n  over th e  a re a ,  and, in  

p o p u la t io n s  which a re  th u s  shown to  be a g g re g a ted ,  

th e  l o c a l  d i s t r i b u t i o n  w i t h in  a s in g le  group .

The f i r s t  might be expected  to  r e v e a l  d i s t r i b u t i o n a l  

p a t te r n s  based on such f a c t o r s  as s e tt le m e n t  

p re fe re n c e s ,  e t c . ,  w h i le  th e  second might in d ic a te  

any r e a c t io n  by in d iv id u a l  a d u lt  an^'.mals to  t h e i r  

neighbours.

I n  n a t u r a l  s u b l i t t o r a l  p o p u la t io n s  i t  i s  

im p o s s ib le  to  study th e  s m a l l -s c a le  d i s t r i b u t i o n  

d i r e c t l y  -  u n le s s  by d iv in g  -  but i t  i s  p o s s ib le  in  

p o p u la t io n s  o c c u rr in g  on th e  shore , where sm all  

areas can be mapped d i r e c t l y .  Holme (195G) found  

thait th e  d is t r i b u t i o n  o f  th e  d e p o s it - fe e d in g  b iv a lv e  

T e l l i n a  te n u is  was o v e r -d is p e rs e d  i n  a p o p u la t io n  in  

th e  3 x 0 e s tu a ry ,  and concluded t h a t  t h is  

d is t r i b u t i o n  was th e  r e s u l t  o f  th e  i n d i v i d u a l ' s  

r e a c t io n  to  i t ' s  n e ighb ours  caused by th e  a c t i v i t y  

o f  th e  sweeping in h a le n t  s iphon. The d i s t r i b u t i o n  

became random at h ig h e r  p o p u la t io n  d e n s i t ie s .
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I n  a r t i f i c i a l  p o p u la t io n s  o f  Venus s t r i a t u l a  

in  boxes c o n ta in in g  sand, kept in  a l a r g e  outdoor  

ta n k  (see l a t e r ) ,  th e  author found t h a t  th e  

in d iv id u a ls  were d ispersed  at random a t  p o p u la t io n  

d e n s i t ie s  o f  le s s  than  5 ,000 / sq. m etre  w h i le  in  

p o p u la t io n s  o f  5 , 000 / s q .  m etre and 1 0 , 00 0 / sq. m etre  

th e  animals were o v e r -d is p e rs e d . I n  th e s e  two 

a r t i f i c i a l l y  h ig h  d e n s i t ie s  however, o v e r -d is p e r s io n  

i s  more o r  le s s  in e v i t a b le  s in ce  th e  cross  

s e c t io n a l  area o f  th e  animal ( c a lc u la t e d  ro u g h ly  

as mean le n g th  x mean b read th ) accounted f o r  2 2 . 5/̂  

and ĥ fo r e s p e c t iv e ly  o f  th e  a re a  a v a i l a b le .

Growth.

There i s  a c o n t in u a l ly  expanding amount o f  

l i t e r a t u r e  on th e  r a t e  o f  growth o f  v a r io u s  

b iv a lv e s ,  s ince i r i t h  t h e i r  hard  s h e l l s ,  which i n  

many cases bear a n n u a lly  produced r in g s ,  th e s e  

anim als o f f e r  id e a l  su b je c ts  f o r  such s tu d ie s .

M c h  o f  th e  l i t e r a t u r e  in  t h is  f i e l d ,  however, 

concerns th e  com m ercia lly  im portan t o y s te rs  and 

clams, and u n t i l  r e c e n t ly ,  few o f  t h e  common sm all  

b iv a lv e s  o f  th e  B r i t i s h  coasts had been s tu d ie d  in  

t h is  way. In  many cases such sm all b iv a lv e s  form
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a c o n s id e ra b le  p a r t  o f  th e  food o f  bottom  l i v i n g  

f i s h  (F o rd ,  19 25 ; H unt, 1925) and c o n t r ib u te  

s u b s t a n t i a l l y  to  th e  p r o d u c t i v i t y  o f  th e  areas o f  

th e  sea-bed where th e y  occur (Je n s en , 19 1 9 ;

B leg v ad , 1 9 2 5 ) .  O bv io u s ly  t h e r e f o r e  s tudy o f  

th e  r a t e s  o f  growth and o f  th e  m o r t a l i t y  o f  such 

b iv a lv e s  is  o f  im portance in  b o th  th e s e  f i e l d s ,  

as w e l l  as being  o f  i n t e r e s t  i n  i t s e l f ,  o r  in  

comparison w ith  s im i la r  s tu d ie s  in  o th e r  a re a s .

I n  g e n e ra l  th e r e  are  th r e e  ways o f s tudying  

th e  r a t e  o f  growth i n  b iv a lv e  m o llu s c a  i n  t h e i r  

n a t u r a l  h a b i t a t .  These a re  ( l )  by means o f  

marking exp erim en ts , ( 2 ) by th e  study o f  annual 

markings on the s h e l l ,  and ( 3 ) by th e  s tu d y  o f  

random samples ta k e n  from  th e  p o p u la t io n  at v a r io u s  

t im e s .

The f i r s t  o f  th e s e  methods, t h a t  o f  marking  

th e  s h e l l ,  r e tu r n in g  th e  anim al to  i t s  norm al 

h a b i t a t ,  and subsequent re c o v e ry ,  i s  g e n e r a l ly  o f  

more u s e  in  th e  study o f  b iv a lv e s  l i v i n g  in  th e  

l i t t o r a l  zone, th an  in  th e  s u b l i t t o r a l ,  s in c e  th e  

form er a re  more e a s i ly  re c o v e ra b le .  T h is  method 

has been used by some w orkers  to  c o n f irm  t h a t  s h e l l
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m arkjjigs are in  f a c t  formed a n n u a lly  (O r to n ,  1926  5 

Q uayle, 1 9 5 3 )*  The method has c e r t a in  

disad.vantag0 s , one being  th a t  th e  an im als are  

d is tu rb e d  each t im e  measurements are  made. Such 

d is tu rb a n c e s  may te m p o r a r i ly  stop grovrth w ith  th e  

fo rm a t io n  o f  d is tu rb a n c e  r in g s  (O r to n ,  1 9 2 6 ;  

Weymouth, 1 9 2 3 ) .  In  s u b l i t t o r a l  p o p u la t io n s  t h i s  

mot hod has t h e  a d d it io n a l  drawback t h a t  success ive  

measurements a re  not n o rm a lly  p o s s ib le .

The Second method, the  study o f  annual 

m arkings on th e  s h e l l ,  may p ro v id e  th e  most 

in fo rm a t io n  but i t s  use  is  l i m i t e d  t o  th o s e  

b iv a lv e s  where s h e l l  markings can b e shown to  be 

o f  an annual n a tu r e .  I t  must t h e r e f o r e  be used  

in  c o n ju n c tio n  w ith  e i t h e r  o r b o th  o f  th e  o th e r  

methods d iscussed. Once th e  r in g s  in  any sp e c ies  

have been shown to  be annual a c o n s id e ra b le  amount 

o f  in fo rm a t io n  may be o b ta in ed  both  o f  in d iv id u a l  

and mean r a te s  o f  grovrfch. The comprehensive  

paper o f  Weymouth (1923 ) on th e  l i f e - t r i s t o r y  and 

growth o f  th e  Pismo clam, T iv e la  stu l to ru m , 

e s ta b l is h e d  th e  u s e fu ln e s s  o f  t h i s  method f o r  th e  

study o f  th e  r a t e  o f  groT'/th o f  m arine b iv a lv e s .
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I n  t h i s  paper Weymouth rev iew ed  p re v io u s  l i t e r a t u r e  

and went on t o  show beyond doubt t h a t  m arkings on 

th e  s h e l l  o f  T iv e la  a re  formed a n n u a l ly .  S ince  

then a number o f  w orkers  have used th e  method, 

among them M c M illa n  ( 1 9 2 3 ) ,  O rto n  (1 9 2 3 ) ,  Ford  

( 1 9 2 5 ) ,  F ra s e r  & Smith (1928) and Newcombe (193^ )  

and more r e c e n t ly  Quayle (19 52 ) and Green (1957 ) •

The t h i r d  method, th e  study o f  random samples 

o f  th e  p o p u la t io n ,  i s  u s e fu l  o n ly  in  c e r t a in  types  

o f b iv a lv e  p o p u la t io n .  I t  i s  e s s e n t ia l  t h a t  th e  

sample can be s p l i t  in to  age groups, e i t h e r  from  

peaks in  th e  s iz e / f r e q u e n c y  d i s t r i b u t i o n ,  o r from  

r in g  measurements. T h is  method to g e th e r  w i th  th e  

measurement o f  annual r in g s  on t h e  s h e l l  has been  

used in  th e  p re s e n t w ork, s in c e  th e  p o p u la t io n  o f  

Venus s t r i a t u l a  s tu d ie d  was p a r t i c u l a r l y  s u i t a b le  

fo r  t h i s  t re a tm e n t .

Throughout th e  s tud y , le n g th  has been used  

as th e  measure o f  growth s in c e  t h i s  i s  the  most 

e a s i ly  d e term in ed , and appears t o  be as good as , o r  

b e t t e r  than  any o th e r measurement. H e ig h t  (d o rs o -  

Ve n t r a i  measurement) and th ic k n e s s ,  or b re a d th  

(g r e a te s t  l a t e r a l  measurement) have been used o n ly



-1 2 0 -

to  e s ta b l is h  t h e i r  r e la t io n s h ip s  w i th  le n g t h .  

i-Jhere r in g  number i s  r e f e r r e d  to  r a t h e r  than  age, 

age may be d eterm in ed  by adding one h a l f  to  th e  

r in g  number, s in ce  th e  t r u e  f i r s t  r i n g ,  formed a 

few months a f t e r  s e t t le m e n t ,  is  r a r e l y  n o t ic e a b le  

and has not been in c lu d e d  in  th e  r in g  co u nts .

I n  th e  course o f t h i s  s tu d y , numerous 

anim als have been sexed p r i o r  t o  measurement, but 

in  no case has any s ig n i f i c a n t  d i f f e r e n c e  in  s iz e  

beon found between males and fem a les . Venus 

s t r i a t u l a  is  t h e r e f o r e  s im i la r  to  many o th e r  

b iv a lv e s  in  shov/ing no d i f f e r e n c e  in  r a t e  o f  

growth between th e  sexes. Thus F ra s e r  and Sm ith  

( 1 9 2 8 ) found no d i f f e r e n c e  between th e  s iz e s  o f  

males and fem ales o f  s im i la r  ages in  P a n h ia  stam inea  

and Saxodomus g ig  ant eus, n o r d id  Weymouth, M c M illa n  

and R ic h  (1931) w ith  th e  ra z o r  clam, S i l ic a ia  n a t u la . 

Quayle (1952) s ta te d  th a t  in  V e neru p is  n u l l a s t r a  

no s t r ik in g  d i f f e r e n c e s  between th e  s iz e s  o f  males  

and fem ales  were observed.

S h e l ls  were measured w ith  a v e r n ie r  c a l l i p e r  

read ing  to  0 .1  mm. Measurements have in  most 

cases been grouped su bsequently  to  summarise th e
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d a ta .  The le n g th  i s  tak en  a s 'th e  g r e a te s t  

d is ta n c e  between th e  a n te r io r  and p o s t e r io r  ends 

o f  th e  s h e l l  ( f i g .  32A, L) , th e  h e ig h t  i s  th e  

d is ta n c e  from  th e  umbo, or from  a l i n e  along  

th e  h inge  m argin o f  th e  s h e l l ,  to  th e  most v e n t r a l  

p a r t  o f  th e  s h e l l ,  and was measured at r i g h t  

angles to  th e  le n g th  (H) . The th ic k n e s s ,  o r  

b re a d th ,  i s  the  g r e a te s t  l a t e r a l  d is ta n c e  across  

th e  t i g h t l y  c losed s h e l l  ( f i g .  32B, W ). Ring  

le n g th  i s  th e  g re a te s t  d is ta n c e  along th e  

lo n g i t u d in a l  a x is  o f  the  s h e l l  as i t  was when t h e  

r in g  was formed ( f i g .  32A, R l X  S h e l ls  too  

small to  be measured w ith  t h e  c a l l i p e r s  w ere  

measured under a b in o c u la r  microscope w ith  a 

m icrometer ey ep iec e .

R e s u lts  from  random sam pling .

The r e s u l t s  o b ta in ed  from  re p e a te d  random  

sampling over th e  p e r io d  O cto b e r, 1 9 5 6 , to  

December, 1958 a re  summarised in  t a b le  11 and 

f i g u r e .3 3 , in  which a re  g iven  th e  mean s iz e  o f  th e  

dominant year group to g e th e r  w ith  i t s  s tand ard  

d e v ia t io n  f o r  th e  v a r io u s  days on which samples 

were tak e n . These r e s u l t s  do not in c lu d e
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F ig a r o  32 . Di agram to  show th e  me a serrera ont s 
made on th e  s h e l ls  o f  a d u l ts .

H. H e ig h t

L . Length

R l . R ing 1

R2 . Ring 2

w. H id th ,■^idth, o r th ic k n e s s ,  o r  b re a d th *
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L E N G T H  IN M M S

F ig u r e  3^* Venus s t r i a t u l a ; S iz e / f r e q u e n c y
d is t r i lD u t io n s  f o r  th r e e  p o p u la t io n s .

A.

B .

C.

Karnes Bay, M i l l p o r t .  March 1 2 th ,  1957*  

Hunt e rs t  on Sands, A y r s h i r e .  A p r i l ,  1957- 

Loch C reran , A r g y l l .  March l 8 t h ,  1957#



T a b le  1 1 . Venus s t r i a t u l a ? Summary o f d a ta  from  
random sam pling . 1955 s e t t le m e n t .  
Karnes B ay.

L e n g t h

Date N Range
Mean
le n g th

Standard
d e v ia t io n

2 3 . 1 0 .5 6 714 21-120 8 9 .8 5 1 6 .6 1
1 . 2 .5 7 170 5 9 -1 1 8 9 7 .8 2 9 .6 7

2 9 . ,3 .5 7 630 4 8 -1 3 7 1 0 0 .9 8 1 1 .2 8
1 5 . I+ .5 7 774 2 4 -1 3 4 100 .9 6 1 4 .3 1

3 . 5 .5 7 350 7 7 -1 3 7 1 0 7 .5 4 9 .7 2
1 6 .. 5 .5 7 92 6 1 -1 3 4 1 0 8 .2 7 1 3 .8 8
2k. 5 .5 7 281 4 6 -1 4 2 1 0 8 .2 8 1 1 .9 5

7 . 6 .5 7 121 5 3 -1 2 8 1 0 5 .6 0 1 2 .9 7
2k. 6 .5 7 409 7 0 -1 6 0 1 2 0 .7 0 1 3 .1 2
1 9 . 7 .5 7 335 8 9 -1 7 5 1 3 8 .1 2 1 3 .1 5
2 1 .  8 .5 7 207 1 0 8 -1 8 5 1 5 1 .5 5 1 4 .4 7

8 .  9 .5 7 518 1 1 4 -1 8 6 1 4 7 .1 8 1 2 .3 2
7 . 1 0 .5 7 323 8 1 -1 8 5 1 3 1 .7 8 1 8 .3 8

2 1 . 1 0 .5 7 405 7 1 -1 9 8 1 2 9 .2 7 1 9 .8 9
3 0 . 1 1 .5 7 440 1 1 3 -1 8 9 l 4 4 . 64 1 3 .9 5
1 ^ .  1 . 5 8 360 9 9 -1 7 3 1 3 9 .8 9 1 3 .6 9
1 7 . 2 .5 8 499 1 0 4 -1 7 5 1 3 8 .9 2 1 3 .1 4
1 4 .  3 . 5 s 1151 1 0 6 -1 9 1 1 4 8 .7 7 1 4 .5 1
2 1 .  4 . 5 6 . 614 1 2 3 -2 0 0 1 6 1 .5 0 1 3 .2 5
21 . 5 .5 8 4 5 4 1 2 4 -2 0 5 1 6 1 .4 6 1 3 .3 4
3 0 . 6 .5 8 179 1 3 3 -1 9 3 1 5 6 .3 5 1 2 .6 3

8 .  7 .5 8 320 1 4 5 -2 1 5 1 8 2 .6 1 1 1 .4 9
3 0 . 7 .5 8 5 4 l 1 2 4 -2 1 5 1 5 8 .8 8 1 4 .8 6
2 6 . 8 .5 8 309 1 4 8 -2 i 8 1 8 4 .8 2 1 3 . a
2 2 . 1 0 .5 8 138 1 3 5 -2 2 0 1 8 2 .5 4 l 4 . 8 l

7 . 1 1 .5 8 212 1 4 4 -2 3 5 1 8 3 .0 2 1 5 .8 0
3 . 1 2 .5 8 66 1 5 8 -2 2 4 1 8 8 .1 0 1 2 .4 9

1 8 . 2 .5 9 215 1 5 1 -2 2 2 1 7 9 .4 0 1 3 .8 8

M easurem ents i n  one t e n th  o f  a m i l l im e t r e .



T ab le  11 (c o n td * )  . Venus s t r i a t u l a : Summary o f  d a ta
from random sam pling. 1955  
s e t t le m e n t .  Karnes B ay.

Length  o f  R l .

D a te N Range
Mean
le n g th

Stan dard
d e v ia t io n

3 .  5 .5 7 Not meîasured
1 6 . 5 .5 7 91 6 1 -1 2 4 1 0 0 •5 3 1 2 .4 8
2 4 . 5 .5 7 281 4 6 -1 3 0 9 7 .6 1 1 1 .4 4

7 .  6 .5 7 120 32-110 8 9 .3 7 1 3 .4 9
24 . 6 .5 7 399 4 2 -1 3 4 9 7 .7 4 1 2 .5 7
1 9 .  7 .5 7 322 4 0 -1 3 6 9 8 .6 7 1 3 .0 6
2 1 . 8 .5 7 207 5 3 -12 5 9 7 .4 2 1 3 .3 0

8 .  9 .5 7 519 50 -12 9 9 6 .5 0 10 .4 3
7 .1 0 .5 7 223 5 9 -1 2 8 1 0 1 .0 9 9 .7 9

2 1 .1 0 .5 7 334 6 2 -12 5 9 3 .4 8 1 0 ,1 2
3 0 .1 1 .5 7 442 6 8 -1 2 8 1 0 0 .9 8 9 .8 1
1 4 .  1 ,5 8 Not measured
1 7 .  2 .5 8 505 55-120 9 7 .2 3 9 .5 0
1 4 .  3 .5 8 Not measured
2 1 . 4 .5 8 613 4 8 -1 2 8 9 8 .6 0 1 0 .5 5
2 1 . 5 .5 8 455 ^ 3 -1 2 5 9 8 .2 0 1 0 .0 3
3 0 . 6 .5 8 Not measured

8 .  7 .5 8 Not measured
3 0 . 7 .5 8 539 55-120 1 1 0 0 .1 6 9 .6 9
2 6 . 8 .5 8 Not measured
2 2 .1 0 .5 8 Not measured

7 .1 1 .5 8 212 66 -12 5 1 9 8 .8 6 3 .8 7
3 .1 2 .5 8 Not measured

l 8 .  2 .5 9 215 6 8 -1 2 6 1 1 0 0 .0 2 8 .7 7

M easurem ents in  one t e n th  o f  a m i l l im e t r e .



T ab le  11  (c o n td . ) Venus s t r i  e tu i  a ; Summary o f  d a ta  
from  random sampling • 1955
s e t t le m e n t .  Karnes Bay.

Length o f  R2.

Date IT Range
Mean
le n g th

Standard  
d e v ia t io n

2 1 .  5 .5 8 454 1 1 6 -1 9 4 1 5 2 .3 0 1 3 .1 6
30 . 6 .5 8 180 1 1 5 -1 7 8 1 4 0 .5 0 1 2 .7 7

8 .  7 .5 8 324 1 2 4 -1 9 2 1 5 8 .6 6 1 2 .2 7
3 0 . 7 .5 8 5^H 1 0 1 -1 8 5 1 3 6 .9 6 1 2 .9 0
2 6 . 8 .5 8 Not measured
2 2 .1 0 .5 8 'Not measured

7 .1 1 .5 8 212 114-190 1 4 7 .0 3 8 .0 1
3 .1 2 .5 8 Not measured

1 8 .  2.'59 215 1 1 9 -1 7 6 1 4 6 .7 2 1 1 .1 0

M easurem ents in  one te n th  o f  a m i l l im e t r e .
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in fo rm a t io n  on growth du.r in g  th e  f i r s t  y e a r  

fo l lo w in g  s e t t le m e n t ,  b u t  t h is  in fo rm a t io n  has  

been o b ta in e d  from  th e  few  samples c o l le c te d  o f  

th e  spat o f  1 9 5 6 , 1957 and 19 58 . These r e s u l t s  

have not been in c lu d e d  i n  d e t a i l  s in c e  th e y  do 

not form  a com plete sequence, b ut th e y  in d ic a t e  

t h a t  a f t e r  s e t t le m e n t  in  th e  summer months, th e  

young spat grow to  a le n g th  o f  between 0 .1  and 

0 .3  mm. b e fo re  t h e i r  f i r s t  w in t e r ,  when grovjth  

sloVS o r ceases c o m p le te ly .  The main ye ar  

group d e a lt  w ith  h e re  i s  th e r e fo r e  t h a t  o f  th e  

s e tt le m e n t o f  1 9 5 5 , which in  O c to b e r, 1956 was 

between one y e a r  two months and one y e a r  f i v e  

months o ld .

The r e s u l t s  show c l e a r l y  th a t  n o t ic e a b le  

grovrth i s  r e s t r i c t e d  zo th e  summer months o f  

May, June, J u ly  and August. I n  t a b l e  12  and 

f ig u r e  35 th e  mean in c re m e n t/d a y  added by th e  

anim als between each sampling d a te  d u r in g  1957 is  

shov/n. Growth is  slow during  May, in c re a s e s  

during June and reaches' i t s  maximum r a t e  d urin g  

J u ly .  T h e r e a f te r  th e  r a t e  is  reduced and
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F ig u re  35* Venus s t r i a t i i l a : D a i l y  in c re m e n ts  i n
le n g th  o f  th e  1955 s e t t le m e n t  in  Kames 
Bay, d urin g  1957*

The w eelily  mesa tenp e r a tu r e  f o r  t h e  
p e r io d  i s  a lso  shown.
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throughout th e  w in te r  months i t  is  n i l .  During  

th e  e a r ly  p a r t  o f  th e  growing season t h e  grovrth 

increm ent curve fo l lo w s  th e  te m p e ra tu re  curve  

c lo s e ly ,  but th e  increm ent curve drops in  August 

although th e  te m p e ra tu re  i s  then  at i t s  h ig h e s t  

f o r  th e  y e a r .  T h is  c o n d it io n  is  s im i la r  to  th a t  

f o r  th e  Pismo clam -  T i v e l a  s tu lto ru m  (Weymouth, • 

19 23 ; Coe, 19^7) where th e r e  i s  also an in c re a s e  

in  th e  r a t e  o f  gro^rkh w ith  th e  spring  in c re a s e  in  

te m p e ra tu re  u n t i l  August when grov/th f a l l s  o f f ,  and 

to  t h a t  o f  V en e ru u is  u u l l a s t r a  (Q na y le , 1 9 5 2 ) .

Both Weymouth and ^ay le  consider th a t  the f a l l i n g  

o f f  o f  growth at a t im e  when t h e  w ate r te m p e ra tu re  

i s  s t i l l  h ig h ,  i s  connected w ith  b r e e d in g ,  and t h i s  

v ie w  was a lso  p ut fo rw a rd  by O rton (1928) who found  

t h a t  growth o f  th e  s h e l l  o f  O s tre a  e d u l is  took  

p la c e  in  th e  spring  and autumn, but n o t in  th e  

summer, when th e  an im als were b re e d in g . He 

suggested t h a t  th e r e  is  a p h y s io lo g ic a l  antagonism  

between re p r o d u c t iv e  a c t i v i t i e s  and s h e l l  grov/th.

W ith  Venus s t r i a t u l a  t h i s  i s  not the case. R ip e n in g  

o f th e  gonads ta k e s  p la c e  throughout t h e  w in te r  

although  a t  an in c re a s e d  r a t e  in  March and A p r i l .
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8paim ing occurs in  May, June and J u ly  (s e e  e a r l i e r ) ,  

th a t  i s ,  durin g  th o s e  months when th e  an im als are  

a ls o  a c t iv e ly  g row ing.

The same tre n d  o f  grow th a lso  ta k e s  p la c e  in  

th e  two species  o f M v t î lu s  found in  C a l i f o r n ia  and 

in  o th e r  in v e r te b r a te s  th e r e  (Coe and Fox, 1 9 ^ ^ ).  

They suggest th a t  food supply is  th e  fa c to r  which  

c o n tro ls  th e  r a te  o f  growth r a th e r  th an  sm all 

changes o f  te m p e ra tu re . At M i l l p o r t ,  a d ia to m  

in c re a s e  occurs in  th e  sp rin g  (M a rs h a ll and O r r ,  

1 9 2 7 )*  T h is  c o in c id e s  w ith  th e  p e r io d  o f  

p r o l i f e r a t io n  o f th e  gonad o f Venus s t r i a t u l a  as 

noted  e a r l i e r ,  w h ile  growth does n o t s t a r t  u n t i l  

about a month l a t e r ,  when i t  fo llo w s  c lo s e ly  th e  

in c re a s e  in  te m p e ra tu re  o f the  s e a -w a te r .

The s h e ll  o f  Venus s t r i a t u l a  b ea rn  a number 

o f more or le s s  w e ll -d e f in e d  r in g s  on th e  s u rfa c e  

( p la t e  ^ ) . The r e s u lts  o f th e  s e r ie s  o f  random  

samples ta k en  o f  th e  s e ttle m e n t o f 1955 show 

c le a r ly  th e  annual n a tu re  o f  th e s e  r in g s ,  and 

t h e i r  u s e fu ln e s s  th e r e fo r e  as in d ic a t io n s  o f  th e  

age o f  any p a r t ic u la r  in d iv id u a l . The 

measurements o f  th e  r in g s  in  th e  samples are
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P la t e  h* Venus s t r i a t u l a ;

A . S h e lls  from  th e  Karnes Bay p o p u la tio n
to  show th e  annual r in g s *

B . S h e ll from  th e  Loch C reran  p o p u la t io n ,
to  show c lo s e ly  packed r in g s  in  
o ld e r  specimens.
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summarised in  t a b le  11 and f ig u r e  33? which show th e  

mean le n g th  o f  each r in g  in  each sample to g e th e r  

w ith  th e  s ta n d a rd  d e v ia t io n .  In  1957? th e  f i r s t  

sign  o f  renew al o f  a c t iv e  grov/bh a f t e r  th e  w in te r  

months o c c u rre d  in  th e  c o l le c t io n  taken  on May l 6 t h .  

In  t h is  c o l le c t io n  some an im als showed a sm all 

edge o f  o b v io u s ly  new growth marked o f f  from  th e  

p r e v io u s ly  formed s h e ll  by a r in g .  By June 7 th ,  

a l l  an im als  in  th e  c o l le c t io n  were showing a 

s im i la r  edge o f n ew ly  formed s h e l l ,  and a r in g  was 

d is t in g u is h a b le  in  each. The mean le n g th  o f  t h is  

r in g  in  th e s e  and subsequent samples corresponds  

to  th e  mean le n g th  o f  th e  an im als  in  th e  

c o l le c t io n s  ta k e n  d u rin g  th e  w in te r  o f 1956 -  1957*

A s im ila r  r in g ,  co rrespond ing  in  le n g th  to  t h a t  o f  

th e  an im als  in  th e  w in te r  o f  1957 -  1958 became 

ap p aren t when growth r e s ta r te d  in  1 9 5 8 . No r in g s  

w ere form ed on th e  s h e ll  betw een th e s e  two d a te s .

One r in g  o n ly  th e r e fo r e  is  form ed each year which  

becomes apparen t a t th e  recommencement o f  g ro w th  

a f t e r  th e  w in te r ,  and such r in g s  may be used f o r  

th e  d e te rm in a tio n  o f th e  age and r a t e  o f growth  

o f in d iv id u a l  a n im a ls .
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G roifth from  Ring Measurements.

The s e r ie s  o f  random samples has in d ic a te d  

th e  seasonal v a r ia t io n  in  th e  r a te  o f  g ro ifk h , and 

dem onstrated  th e  annual n a tu re  o f th e  r in g s  form ed  

on th e  s h e l l .  The s e r ie s  g iv e s  in fo rm a tio n  

concern ing  th e  f i r s t  th re e  years  o f th e  an im als  

l i f e  o n ly . To determ ine th e  form  o f  th e  g e n e ra l 

growth curve o f th e  sp e c ies , measurements o f  th e  

annual r in g s  on th e  s h e lls  o f  o ld e r  in d iv id u a ls  

from  Karnes Bay have been used.

As th e  anim al ages th e  annual growth  

increm ent in  le n g th  le s s e n s , so th a t  th e  l a t e r  

form ed r in g s  are  c lo s e ly  packed. For t h is  reason  

i t  is  u s u a l ly  im p o s s ib le  to  d is t in g u is h  th e  l a t e r -  

form ed r in g s  in  o ld  s h e lls .  However s h e lls  have  

been found in  which te n  r in g s  were d is t in g u i's b a b le ,  

so th e  d u ra tio n  o f l i f e  may be te n  o r e le ve n  yea rs  

and p ro b a b ly  in  some cases more.

In  a l l  372 measurements o f  annual r in g s  in  

o ld e r  s h e lls  from  Kames Bay have been made. These 

are  grouped according to  r in g  number in  t a b le  13 and 

th e  mean le n g th  o f each r in g  is  g iv en  in  t a b le  1 ^ . 

These f ig u r e s  have been used to  c o n s tru c t th e  cu rve



T a b l e  1 3 . Venus s t r i a t u l a : R ing  m easurem ents
Kames B a y .

i n

M id
p o in t R1 R2 R3

Mid
p o in t R4- R5 R6 R7 R8 R9 RIO

043 1 163 1
Oh8 1 168 1
053 6 173 2
058 4- 178 7
063 11 183 8
068 9 188 6 1
073 10 193 11 1
078 6 198 2 3 1
083 12 203 5 4 0
088 9 208 6 5 0
093 4- 213 3 2 0
098 4- 3 218 1 2 2
103 4- 1 223 2 1 3
108 2 k 228 0 2
113 3 k 233 2 3
118 1 9 238 1 0 1
123 1 12 24-3 1 0 1
12c 1 11 1 2^8 1 2
1 3 ; 0 8 1 253 0 0 1
138 0 13 1 258 1 0
14.3 0 8 1 263 1 0
14-8 1 7 6 268 1 1
153 3 11 273 1 1
158 2 8 278
165 4. 15 283 1
168 . 1 12
173 5
176 10
183 3
IBS 8
193 3
198 If
203 1



T a b le  ih. A . Venus s t r i a t u l a : R in g  m easurem ents .
Kames Bay. M eans.

King IIo . 1 2 3 4  5 6 7 8 9 10

N 90 90 90 55 23 15 6 1 1 1

Mean le n g th  
( cms.)

0 .7 8  1 .3 2  1 .6 8  1 .9 3  2 .1 1  2 .3 3 2 .5 3  2 .5 4  2 .7 5  2 .8 4

B . Venus str^ a t u l a : Mean o f a l l  measurements f o r  each
r in g  (random sam p les ).

R ing No. 1 2

IT 5262 1711

Mean le n g th  
(c n s .)

0 .9 8 1 .4 7

C, Vonus s t r ia t u la !  Mean to t
during

W in te r  No. 1 2 3

N 2288 3792 278

Mean le n g th  
(eras. )

0 .9 7 1 .4 5 1 .8 4

during  w in te r  (random  sam p les ).
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R I N G  N U M B E R

F ig u re  3 6 . G en era l grov/th cu rve  (Length /N um ber 
o f  r in g s )  f o r  Venus s t r i a t u l a  in  
Kames Bay*

A.

B.

Based on measurements o f  th e  1955 s e t t le m e n t .

Based on measurements o f  annual r in g s  in  
o ld e r  s h e l ls .
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s h o w  in  f ig u r e  36B. S ince th e  measurements f o r  

each r in g  in c lu d e  those o f a number o f  d i f f e r e n t  

y e a r c la s s e s , th e  curve shows th e  mean tre n d  o f  

gro w th , u n a ffe c te d  by annual v a r ia t io n s  in  r a t e  

caused by short term  environm enta l f lu c t u a t io n s .

A lso  in  f ig u r e  36  (A ) a re  shown th e  mean v a lu e s  

o f  th e  le n g th  fo r  each r in g  fo r  th e  1955 s e tt le m e n t .  

These v a lu e s  have been d eriv ed  from  two sources , 

f i r s t l y ,  th e  mean o f a l l  measurements fo r  each r in g ,  

( t a b le  l^ B ) and secondly th e  mean t o t a l  le n g th  o f  

th e  an im als during  th e  corresponding w in te r  ( t a b le  

l^+G) • These two sets  o f measurements fo r  th e  

1955  s e ttle m e n t agree almost e x a c t ly ,  dem onstra ting  

ag a in  th e  v a l i d i t y  o f th e  r in g  measurements, b u t  

th e r e  is  some d if fe r e n c e  between th e  r a t e  o f  grow th  

o f th e  1955  s e ttle m e n t and th a t  o f th e  r e s t  o f  th e  

p o p u la tio n  as shown by th e  g e n era l grow th cu rv e : th e

1955  s e ttle m e n t has shown a h ig h e r mean r a te  o f  

grovrth than  th a t  o f  e a r l ie r  spat f a l l  s .

E xam in atio n  o f th e  measurements tak en  showed 

th a t  th e r e  is  a c o n s id e ra b le  v a r ia t io n  in  th e  r a t e  

o f grov/th from  one in d iv id u a l  to  a n o th e r. T h is  i s  

p a r t l y  th e  r e s u l t  o f annual v a r ia t io n s  in  th e  r a t e
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o f  growth o f  th e  p o p u la tio n  as a w h o le , h u t even 

between anim als o f th e  same year group th e re  i s  

s t i l l  a w ide range o f  v a r ia t io n .  T h is  may be 

a s c rib e d  to  th re e  sources: f i r s t l y ,  th e r e  i s  a

p e r io d  o f ap p ro x im ate ly  th r e e  months in  th e  

summer during  which se ttle m e n t may ta k e  p la c e ,  ■ 

so th a t  anim als o f  th e  same y e ar group may in  

f a c t  d i f f e r  in  age by as much as th re e  months, 

seco n d ly , th e  r a te  o f  growth o f  in d iv id u a ls  may 

be a f fe c te d  by lo c a l ,  s m a ll-s c a le  d if fe r e n c e s  in  

th e  environm ent, in  Kames Bay t h is  f a c t o r  i s  

p ro b a b ly  n o t v e ry  im p o rtan t s in ce  th e  a re a  is  

sm all and v e ry  u n ifo rm . T h ir d ly ,  th e  observed  

d if fe re n c e s  in  th e  r a te  o f  growth may be th e  

r e s u l t  o f  in h e r i te d  p h y s io lo g ic a l f a c t o r s .

A n n u a l-r in g  measurements have a ls o  been made 

on Venus s t r  1 a tu la  from  two o th e r  l o c a l i t i e s  in  

S c o tla n d ; Hunt e rs t  on Sands, A y r s h ir e ,  and Loch 

C re ra n , A r g y l l .  These measurements a re  g iven  in  

t a b le s  15 and l 6 ,  and in  f ig u r e  37 vÆiere th e y  a re  

compared w ith  those fo r  Kames Bay. The tre n d  o f  

growth is  s im i la r  in  a l l  th re e  cases but m inor 

d if fe re n c e s  occur which are p ro b a b ly  th e  r e s u l t  o f



T a b le  I J A . Venus s t r i a t u l a ; Ring measurem ents: 
F a i r l i e  S h ore ,

M id
P o in t RI R2 R3

Oij-3 2
04-8 12
053 7
058 12
063 8
068 13
073 11
078 9 1
083 6 0
088 9 3
093 5 1
098 5 8
103 c 13
108 0 9
113 0 9 1
118 1 18 0
123 13 2
128 8 1
133 6 1
138 3
14-3 2 5
14-8 0 2
153 0 5
158 1 10
163 7
168 2
173 5
178 5
183 2
188 2
193 2
198

M id
P o in t R^ R5 R6 R7

158 1
163 0
168 0
173 0
178 1
183 1
188 0
193 1 1
198 0 0
203 2 0
208 0
213 0
218 3
223 2
228
233 1
238 1
2^3
2k8
253



T a b le  15^» V enu s s t  r  1 a t i i l  a ; L e n g th  o f  s h e l ls
w i t h  2 - 8  r in g s :  F a i r l i e ,

Mid
P o in t 2 3 4 5 6 7 8

113 1
118 0
123 0
128 2
133 1 2
138 3
14-3 Lk
14-8 If 2
153 6 1
158 5 1
163 6 2
163 h 6

2
2

2
6

183 1 5
188 5
193 2
198 7
203 2 1
208 2 1
213 2
218 1
223 2
228 0
233 1 1
238 0
24-3
2kS

1
0 1

253 1 1



T a b le  l6 A *  Venus s t r i a t u l a ; Ring measurements: 
Loch C reran *

Mid
P o in t RI R2 R3

058 2
053 1
068 2
073 8
078 10
083 7
088 15
093 15
098 i 4
103 12
108 1 -̂
113 15 1
118 8 3
123 10 5
128 3 3
133 2 7
138 12 1
1^3 13 1
l >+8 17 0
153 16 0
158 16 4
163 13 2
168 6 3
173 12 4
178 6 8
183 3 16
188 2 16
193 17
198 1>+
203 15
208 7
213 5
218 3
223 1
228 0
233 1

Mid
P o in t Rif R? R6 R7 R8

168 2
173 0
178 1
183 0
188 1
193 3
198 5 1
203 4 1
208 5 0 1
213 22 1 0
218 l 4 1 1
223 17 2 0
228 7 10 0
233 6 11 0 1
238 6 13 3 0
2lf3 1 10 7 0
2h 8 1 î+ 5 2
253 1 6 5 0
258 2 5 2
263 2 1 3
268 1 0 1
273 3 0 1
278 1 3 0
283 2 0
288 1 0
293 0
298 1
303



T a b le  i 6B. V enu s s t  r  T a tu  1 a ? L e n g th  o f  a n im a ls
w i th  1 - 9  r in g s *  L o ch  C re ra n .

M id
P o in t 1 2 3

073 2
0 7 8 0
083 1
088 1
093
098

1
3

103 0
108 2
113
118
123
128
133 1
138 2
1^3 1
lh8 0
1?3 0
158 0
163 0
l 68 0
173 1 1
178 3
183 1
188 2
193 2
198 3
203 1
208 1
213 1

M id
P o in t 4 5 6 7 8 9

208 2
213 3
218 1 1
223 2 1
228 1 0
233
238

2
1

0
1

243 0 0 1
248 1 1 1 1 1
253 0 0 1 0
258 1 1 0 1
263 0 1 2
268 0 1 1
273 1 0 1
278 0
283 1
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d if ie r e n c e s  in  th e  p e r io d  o f  maximum s e tt le m e n t ,  

and in  th e  le n g th  o f th e  growing season d u rin g  th e  

summer*

H e ig h t / le n g th  and T h ic k n e s s /le n g th  R e la t io n s h ip s *

In  t a b le  17 are  shown th e  h e ig h t / le n g th  and 

th ic lo i e s s /le n g th  r  e l at io n  ship s fo r  an im als between  

0 *3 5  and 3 .6 5  cms. in  le n g th .  E a r l ie r  ( t a b le  7 and 

f i g .  23) th e  s im ila r  r e la t io n s h ip s  f o r  the  la r v a  

were g iv e n . D uring th e  e a r ly  post l a r v a l  s tag e  

th e  r a t i o  o f  h e ig h t to  le n g th  changes from  th a t  

t y p ic a l  o f  th e  l a r v a  to  th a t  o f  th e  a d i l t .  In  

th e  a d u lt  th e  r a t io  o f  h e ig h t to  le n g th  and o f  

th ic k n e s s  to  le n g th  rem ains r e l a t i v e l y  co n stan t as 

s iz e  in c re a s e s , and th e r e  is  l i t t l e  v a r ia t io n  from  

th e  mean r a t i o ,  except in  e x tre m e ly  la r g e  

in d iv id u a ls  where growth tends to  become c o m p le te ly  

t r a n s v e rs e , r e s u lt in g  in  in c re a s e  in  th e  th ic k n e s s  

w ith o u t a co rresponding  in c re a s e  in  th e  le n g th .

The two curves approxim ate  c lo s e ly  to  s t r a ig h t  

l in e s  showing th a t  th e r e  i s  no r a d ic a l  change o f  

shape w ith  age. A s im ila r  s t r a ig h t  l i n e  

r e la t io n s h ip  was found by Weymouth (1 9 2 3 ) f o r  th e  

Pismo clam  -  T iv e la  s tu lto ru m , and a ls o  by C ro z ie r



T a b le  17* V enn s s t  r1 a t u l  a : H e ig h t / le n g t h  and
T h ic k n e s s / le n g th  r e la t io n s h ip .

A. B a llo c h  B ay .

Mid 
P o in t  
1 ength

Ho. o f  
sp ecimens

mean 
1 ength

mean
h e igh t

mean
th ickness

H e ig h t/
le n g th

Thic lm ess/
le n g th

0.35 10 0.366 0.337 0.197 0.921 0.538
0 . 4-5 13 0.1+52 0.394 0.232 0.872 0.513
0.55 11 0.545 0.485 0.285 0.890 0.523
0.65 2 0.665 0.570 0.360 0.857 0.541

B. Kanes B ay.

M id
H e ig h t /P o in t No. o f mean mean mean T h ic k n e s s /

1 ength specimens le n g th h e ig h t th ic lm e s s le n g th le n g th

0.75 4 0.779 0.668 0.362 0.858 0.465
0.85 10 0.886 0.744 0.417 0.840 0.471
0.95 10 0.967 0.810 0.469 0.838 0.485
1.05 10 1.053 0.881 0.502 0.837 0.477
1.15 10 1.131 0.922 0.548 0.815 0.485
1.25 10 1.253 1.045 0.639 0.834 0.510
1.35 10 1.369 1.158 0.685 0.846 0.500
1.45 10 1.465 1.249 0.749 0.853 0.511
1.55 10 1.548 1.313 0.810 0.848 0.523
1.65 10 1.650 1.403 0.846 0.850 0.513
1.75 10 1.761 1.490 0.930 0.846 0.528
1.85 6 1,875 1.588 0.982 0.847 0.524
1.95 10 1.940 1.647 1.040 0.849 0.536
2.05 9 2.041 1.695

1.804
1.044 0.830 0.512

2.15 5 2.158 1.120 0.836 0.519
2.25 1 2.240 1.930 1.130 0.862 0.504



T a b le  1 7 - Venus s t r i a t u l a : H e ig h t / le n g th  and
th ic k n e s s /1  e n g th  r e la t io n s h ip *

G* Loch C re ra n .

Mid 
P o in t 
L ength

No. o f 
sp ecimens

mean 
1 ength

mean
height

mean
th ic lm ess

H e ig h t/
1 ength

Thiclm ess/ 
1 ength

0.75 2 0.750 0.670 0.380 0.893 0.507
0.85 2 0.885 0.780 0.455 0.881 0.514
0.95 1 0.940 0.800 0.500 0.851 0.532
1.05
1.15
1.25

2 1.050 0.935 0.555 0.890 0.529

■ U l
î :U

2 1.375 1.190 0.735 0.865 0.535

1.75 3 1.770 1.540 0.933 0.870 0.527
1.85 if. 1.855 1.610 1.010 0.868 0.544
1.95 4 1.955 1.670 1.020 0.854 0.522
2.05 5 2 .o42 1.714 1.056 0.839 0.517
2.15 6 2.178 1.908 1.152 0.876 0.529
2.25 7 2.267 1.989 1.219 0.877 0.538
2.35 5 2.364 2.014 1.218 0.852 0.515
2.45 6 2.485 2.115 1.366 0.851 0.550
2.55 10 2.541 2.189 1.378 0.861 0.542
2.65 15 2.652 2.323 1.494 0.876 0.563
2.75 12 2.762 2.399 1.573 0.869 0.570
2.85 24 2.862 2.487 1.590 0.869 0.556
2.95 25 2.952 2.552 1.647 0.865 0.558
3.05 26 3.051 2.632 1.660 0.863 0.5^4
3.15 15 3.149 2.671 1.679 0.848 0.533
3.25 10 3.262 2.829 1.840 0.867 0.564
3.35 7 3.340 2.799 1.793 0.838 0.537
3.45 2 3.450 2.885 1 .790 0.836 0.519
3.55 1 3.600 3.010 1.800 0.836 0.500
3.65 1 3.610 3.020 2.060 0.837 0.571



T a l) lo  17# Venus s t r l a t u l a : H e ig h t / le n g t h  and
th ic k n e s s / le n g th  r e la t io n s h ip #

D# F a i r l i e  Shore.

H id  
P 0 in t No. o f mean mean mean H e ig h t / T h lc lo ie s s /
le n g th speclEiens le n g th h el ght th ic k n e s s le n g th le n g th

0.95 2 0.940 0.845 0.510 0.899 0.543
1.05
1.15 3 1.187 1.053 0.643 0.887 0.542
1.25 5 1.244 1.080 0 .638 0.868 0.553
1.35 7 1.366 1.203 0.759 0.881 0.556
1.^5 10 1,460 1.282 0.815 0.878 0.558
1.55 6 1.542 1.355 0.845 0.879 0.548
1.65 2 1.685 1.500 0.935 0.890 0.555
1.75 9 1.757 1.557 0.972 0.886 0.553
1.85 9 1.850 1.623 1.024 0.877 0.554
1.95 3 1.967 1.723 1.097 0.876 0.558
2.05 11 2.049 1.773 1.091 0.865 0.532
2.15 5 2.132 1.832 1.144 0.859 0.537
2.25 5 2.225 1.924 1.220 0.865 0.548
2.35 3 2.340 2.030 1.250 0.868 0.534
2.^5 3 2.490 2.140 1.340 0.859 0.538
2.55 2 2.570 2.200 1.440 0.856 0.560
2.65
2.75

1.485 0.8842.85 2 2.855 2.525 0.520
2.95

1.8503.05 1 3.100 2.820 0.910 0.597
3.15

2.820 0.6253.25 1 3.230 2.020 0.873



15 1-0

2 0
LENGTH IN CMS.

4  0

F ig u r e  3 8 . Venus s t r i a t u l a : H e ig h t / le n g th  and
th ic k n e s s / le n g th  r e la t io n s h ip s  fo r  
a d u lts .

C rosses. B a llo c h  B a y , Cumbrae.

Open c i r c le s .  Kames B ay, M i l l p o r t .

D o tte d  c i r c le s .  H u n te rs to n  Bands, A y r s h ir e .  

C losed  c i r c le s .  Loch C re ra n , A r g y l l .
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( l 9 l W  f o r  Do SI n i  a d is cu s , and Q uayle ( l9 ? 2 )  fo r  

V ene ru p ts  n u l la s t r a .

5 . M o r t a l i t y .

The d i f f i c u l t y  o f  o b ta in in g  a c c u ra te  

q u a n t i t a t iv e  samples in  hard  sand such as occurs  

in  Kames Bay has a lre a d y  been b r i e f l y  ' m entioned. 

Because o f t h is  d i f f i c u l t y ,  and o f  th e  aggregated  

d is t r ib u t io n  o f Venus s t r ia t u l a  in  th e  B ay, th e  

s e r ie s  o f  random samples gave no d ir e c t  in fo rm a tio n  

on th e  in t e n s i t y  o f  m o r ta l i t y .  However a rough  

e s tim a te  o f  th e  m o r ta l i t y  which had o c c u rre d  p r io r  

to  sam pling could  be o b ta in e d  from  counts o f  th e  

number o f  dead s h e lls  p resen t in  th e  sam ples, 

compared w ith  th e  number o f  l i v in g  a n im a ls . The 

p resen ce  o f  one dom inating  year group in  th e  

p o p u la tio n  meant th a t  i t  was p o s s ib le  to  assume 

th a t  th e  m a jo r ity  o f th e  dead s h e lls  found were  

d e riv e d  from  t h is  year group, and t h is  assum ption  

was supported  by th e  appearance o f  such s h e l ls ,  

w hich w ere alm ost e n t i r e ly  c lean  and unw orn. In  

p r a c t ic e  i t  was found th a t  o ld e r  s h e lls  w ere e a s i ly  

p ic k e d  out from  th o se  d e riv e d  from  th e  1955  

s e t t le m e n t .
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O nly one cause o f  m o r t a l i t y  was d e f i n i t e l y  

e s ta b lis h e d  -  th a t  o f  p re d a tio n  by th e  gas trop o d  

d r i l l  N a tica . n o l ia n a  a ld e r i  (F o rb e s ) . D uring th e  

f i r s t  year o f  l i f e  o f  th e  b iv a lv e ,  N a t ic a  was 

re s p o n s ib le  f o r  th e  d ea th  o f  about f i f t e e n  p e r cent 

o f  th e  p o p u la tio n  in  th e  a re a  s tu d ie d . T h is  

f ig u r e  re p re s e n ts  about hO% o f th e  t o t a l  m o r t a l i t y  

d u rin g  t h is  p e r io d .  Q uayle (1953) stu d y in g  a 

p o p u la tio n  o f  young V e n eru n is  p u l la s t r a  in  B a llo c h  

B ay, Cumbrae, found th a t  a p p ro x im a te ly  5% o f  th e  

dead s h e lls  found were d r i l l e d  by a g as tro p o d , 

p ro b a b ly  N a t ic a .

D uring th e  second ye a r o f  l i f e  o f  th e  b iv a lv e s  

th e  im p ortan ce  o f  N a t ic a  as a cause o f  m o r t a l i t y  

le s s e n e d . O n ly  about 5% o f  th e  an im als rem a in in g  

a l i v e  at th e  end o f  th e  f i r s t  y ear w ere bored d a rjjig  

th e  second year o f  l i f e .  T h is  f ig u r e  re p re s e n ts  

o n ly  about iÇ /î o f  th e  t o t a l  m o r t a l i t y  during  th e  

p e r io d .  In  th e  t h i r d  ye ar o f  l i f e  o f  th e  b iv a lv e s  

th e  in t e n s i t y  o f  p re d a tio n  i s  aga in  much le s s  ( l  -  ^ ) . 

N a t ic a  i s  th e r e fo r e  an im p o rta n t p re d a to r  o n ly  

d u rin g  th e  f i r s t  y e a r ,  or p o s s ib ly  two years  o f  th e  

l i f e  o f  Venus s t r i a t u l a .
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A p art from  th e  m o r t a l i t y  due to  th e  a c t i v i t i e s  

o f  N a t ic a  a l d e r i . th e r e  was a c o n s id e ra b le  " r e s id u a l"  

m o r t a l i t y ,  th e  causes o f  which are  unknown. In  th e  

p e r io d  from  th e  t im e  when th e  b iv a lv e s  reached a 

le n g th  o f about 2 - 3  mms. u n t i l  O cto b er 1956 

(a p p ro x im a te ly  th e  f i r s t  year o f  l i f e )  t h is  re s id u a l  

m o r t a l i t y  accounted f o r  th e  d e a th  o f  about 25/  ̂ o f  

th e  p o p u la t io n . The t o t a l  m o r t a l i t y  d u rin g  t h is  

p e r io d  was th e r e fo r e  about -̂O/Z. H ir in g  th e  second 

y e ar o f l i f e  o f  th e  b iv a lv e s  th e  t o t a l  m o r t a l i t y  

was about 33/^ o f  th e  an im als  rem ain ing  a l iv e  at th e  

end o f  th e  f i r s t  y e a r ,  o f  which o n ly  about 5/2 was 

caused by N a t ic a . D uring th e  t h i r d  y e a r o f  l i f e ,  

th e  p e rc e n ta g e  m o r t a l i t y  was o f th e  same o rd e r .

These f ig u r e s  in d ic a te  t h a t  th e r e  i s  a f a i i l y  

h ig h  m o r t a l i t y  d u rin g  th e  e a r ly  ye ars  a f t e r  

s e ttle m e n t and th a t  few  o f  th e  an im als  o r i g i n a l ly  

p re s e n t l i v e  to  com plete th e  maxi.mum l i f e  span 

p o s s ib le .  A s im ila r  m o r t a l i t y  has been found to  

occur in  T iv e la  s tu lto ru m  (Weymouth, 1923) a lth o u g h  

t h e r e ,  m o r t a l i t y  was la r g e ly  th e  r e s u l t  o f human 

p re d a t io n , s in c e  T . s tu lto ru m  is  an im p o rta n t food  

s p e c ie s  in  th e  U n ite d  S ta te s .



-133-

Tbe f ig u r e s  o b ta in e d  fo r  th e  r a t e  o f  m o r t a l i t y  

ap p ly  o n ly  to  those causes which le a v e  th e  em pty  

s h e ll  in t a c t  in  th e  same p o s it io n  w hich i t  occupied  

in  l i f e .  A nother p o s s ib le  cause o f m o r t a l i t y  w hich  

does n o t f u l f i l  t h is  c o n d it io n  is  t h a t  o f  p re d a tio n  

by bottom  fe e d in g  f i s h ,  many o f which a re  knovm to  

take b iv a lv e s .  However f is h  are n o t abundant in  

Kames Bay and t h e i r  a f f e c t  on th e  p o p u la tio n  o f  Venus 

s t r i a t u l a  is  p ro b a b ly  s m a ll.

I t  was thought th a t  th e  m o r ta l i t y  m ig h t in  some 

way be th e  r e s u lt  o f  th e  h ig h  d e n s ity  o f  th e  1955  

s e t t le m e n t ,  s in ce  i t  is  known th a t  th e  m o r t a l i t y  o f  

some anim als i s  m a rk ed ly  a f fe c te d  by t h e i r  p o p u la tio n  

d e n s i t ie s .  A s e r ie s  o f  experim ents  was th e r e fo r e  

c a r r ie d  ou t during  1957 in  a la r g e  outdoor ta n k  a t 

M i l lp o r t  which had o r i g i n a l l y  been used fo r  th e  ta n k  

b re e d in g  o f  o y s te rs . Wooden boxes, a p p ro x im a te ly  

0 .1  sq. m etre  in  a rea  and 22 cms. in  d ep th , were  

f i l l e d  w ith  sand to  a depth o f  about 10 cm s., and 

p la c e d  on th e  bottom  o f  th e  ta n k , w hich was then  

f i l l e d  w ith  s e a -w a te r to  a depth o f  about th re e  f e e t .  

The send was o b ta in e d  from  Kames B ay, and s ie v e d  

b e fo re  u s e .



r a b l e 18 • Venus s t r i a t u l a : Growth end m o r ta l i t y
a t d i f f e r e n t  a r t i f i c i a l  p o p u la tio n  
d e n s it ie s .

P opula tion 
d ens ity  per
-/^o  sq. m.

Mean
Length

Mean
Length

R1

% gro^rth . ..................
m o r ta li ty

10 1.22 0.99 23.2 0

30 1.29 1.05 22.9 6.67

30 1.19 1.01 17.8 6.67

100 1.23 1.04 18.3 9.0

100 1.24 1.02 21.6 8.0

200 1.26 1.05 20.0 6.67

500 1.26 1.08 16.7

1000 1.25 1.06 17.9 7.0

Kames Bay 1.21 0.98 23.5
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Venus s t r i a t u  1 a from  Kames Bay were p la c e d  in  

th e  boxes to  g iv e  a r t i f i c i a l  p o p u la t io n  d e n s i t ie s  

o f  1 0 ,  3 0 ,  1 0 0 ,  2 0 0 , 5 0 0 , and IgpOO p e r /o n e  t e n th  

o f  a square m e tre .  These p o p u la t io n s  were set up 

on March 3 1 s t ,  1 9 5 7 ,  and th e  experim ents were  

brought to  a c lo s e  on June 2 8 th ,  1 9 5 7 ,  when a l l  . , 

anim als b o th  a l i v e  and dead were p re s e rv e d .

The r e s u l t s  o b ta in e d  a re  summarised in  

t a b l e  l 8 .  Over t h e  range o f  p o p u la t io n  d e n s ity  

from  300 / sq. M to  l 0 , 0 0 0 / s q .  M, th e  p e rc e n ta g e  

m o r t a l i t y  during  th e  th re e  months o f  t h e  experim ent  

was a p p a re n t ly  n o t a f f e c t e d  by p o p u la t io n  d e n s ity  

in  any way.

The an im als in  th e  ex p erim en ta l p o p u la t io n s  

were measured at th e  b eg in n in g  and end o f  th e  

e x p e r im e n t,  and th e  p e rc e n ta g e  growth increm ent 

f o r  each group is  shown i n  t a b le  1 8 .  The 

measurements were too sm all to  show w hether th e r e  

i s  any s i g n i f i c a n t  d e n s i ty  a f f e c t  on grovrth, but 

w ere s im i la r  to  th o s e  which o cc u rred  in  members o f  

th e  n a t u r a l  p o p u la t io n  over th e  same p e r io d .

I n  a s i m i l a r  experim ent w i th  Venerupi s 

sem id ecussa ta . Ohba (1 9 5 6 ) found t h a t  p e rc e n ta g e
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m o r t a l i t y  in c re a s e d  w ith  p o p u la t io n  d e n s i ty  and 

t h a t  t h e r e  was a l i n e a r  r e la t io n s h ip  between th e  

two i n  p o p u la t io n s  o f  le s s  than  5 ,0 0 0 /s q ,M .  

M oreover in d iv id u a l  growth was le s s  in  th e  denser 

p o p u la t io n s .  However, th e  m o r t a l i t y  re co rd ed  in  

h is  exp erim en ts  was much h ig h e r  th a n  th a t  recorded  

h e re  (6 8 .8 ^  i n  a p o p u la t io n  o f  1 0 ,0 0 0 /s q .M .  ) so 

t h a t  th e  c o n d it io n s  were a p p a re n t ly  more s t r in g e n t .
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V I I .  Summary.

1 .  The fu n c t io n a l  morphology o f  th e  main organ  

systems o f  tw e lv e  o f  th e  seventeen B r i t i s h  

sp ec ies  o f  Veneracea i s  described  and f ig u r e d .

2 .  The fu n c t io n a l  morphology o f  M ysia u n d a ta  i s  

d e s crib ed  and compared to  t h a t  o f  th e  

V e n e r id a e  and th e  P e t r i c o l i d a e .  The 

sy s te m a tic  p o s i t io n  o f  M ys ia  un data  i s  

d iscussed .

3# A d a p ta t io n  and e v o lu t io n  w i th in  th e  V e n e r id a e  

and th e  o r ig in  o f  th e  b o r in g  h a b i t  in  th e  

P e t r i c o l i d a e ,  a re  d iscu ssed .

k .  Seasonal changes in  tn e  gonads o f  bo th  sexes 

o f  V . s t r i a t u l a  were fo l lo w e d  by macroscopic  

and m ic ro sco p ic  e x a m in a t io n , o r study o f  

s e c t io n s ,  in  over 700 an im a ls . The sex r a t i o  

was a p p ro x im a te ly  e q u a l,  and no h e rm ap h ro d ite  

in d iv id u a ls  were fo un d .

The t im e and d u ra t io n  o f  th e  spawning p e r io d  

o f  V . s t r i a t u l a  during 1957 and 1958 were fo und.
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Spawning j j i  bo th  males and fem ales  ta k e s  p la c e  

a t i n t e r v a l s  th ro ugho ut t h i s  p e r io d .  I n t e n s i t y  

o f spaiming b u i ld s  up to  a peak n e a r  th e  m idd le  

o f  th e  season and th en  drops. I n  la b o r a t o r y  

e x p erim en ts , no an im als spawned at tem p e ra tu res  

below 11 .0® C . Spawning may be induced by r i s e  

o f  te m p e ra tu re  o r  s t im u la t io n  by sexual  

p ro d u c ts .  "Epidem ic spaim ing" may be 

i n i t i a t e d  by e i t h e r  males o r  fe m a le s .

s6 . N a tu r a l  spawning was observed in  s ix  specie  

o f  th e  V e n e r id a e .  S h e l l  movements p la y  no 

p a r t  in  t h e  spawning a c t .

7 . A r t i f i c i a l  f e r t i l i s a t i o n  i s  im p o s s ib le  s in ce  

eggs removed from  th e  o v a ry  s t i l l  possess th e  

germ ina l v e s ic le  i n t a c t ,  and t h is  is  n o t  broken  

down in  se a -w a te r .

8 .  The v e l ig e r  l a r v a  o f  V .  s t r i a t u l a  has been 

c u l tu r e d  from  eggs o b ta in e d  from n a tu r a l  

s p a c in g s  f e r t i l i s e d  in  th e  la b o r a t o r y ,  and 

re a re d  u n t i l  s e t t le m e n t  to o k  p la c e .
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9 .  L a b o ra to ry  experim ents  were c a r r ie d  out t o  f in d  

th e  e f f e c t  o f  te m p e ra tu re  on l a r v a l  developm ent  

and gro ifbh . L a rv a e  were grown in  two 

experim ents  at te m p e ra tu re s  between 5 .0  and 2 6 . 0 ®C 

and o b s e rv a t io n s  on th e  development o f  th e  eggs 

were a lso  made.

1 0 .  The organs o f  th e  v e l i g e r  and p e d o -v e l ig e r  

stages are  d e s c r ib e d  and f ig u r e d .  The main 

changes o c c u rr in g  at metamorphosis a re  b r i e f l y  

d e s c r ib e d  and d iscussed .

1 1 .  A p o p u la t io n  o f  V . s t r i a t u l a  in  Kames Bay,  

M i l l p o r t ,  c o n s is t in g  m a in ly  o f  anim als from  

one y e a r  group, i s  d e s c r ib e d .

1 2 .  The r a t e  o f  grow th  o f  young V. s t r i a t u l a  was 

found from a s e r ie s  o f  random samples ta k e n  

o ve r th e  p e r io d  O ctober 1956 to  January  1 9 5 9 .

The growing season was found t o  be r e s t r i c t e d  

to  th e  summer months o f  May, June, J u ly  and 

Augu s t .

1 3 . C e r ta in  markings on th e  s h e l l  o f  V . s t r i a t u l a  

a re  shorn to  be o f  an annual n a t u r e ,  and a
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g e n e ra l  g row th  curve has been c o n s tru c te d  from  

measurements o f 372 o f  th e s e . T h is  fo l lo w s  

th e  u s u a l sigmoid form .

l4-. The r a t e  o f  m o r t a l i t y  among th e  1955 spat f a l l  

i n  Kames Bay is  d e s c r ib e d .

l 5 .  I n  a r t i f i c i a l  p o p u la t io n s ,  m o r t a l i t y  was found  

to  bo independent o f the  p o p u la t io n  d e n s i ty .
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Adp en d ix  1 .

A I lo te  on P re d a t io n  o f  Venus s t r i a t u l a  bv 

N a t ic a  p o l i  an a a l d e r l .

As d e s c rib e d  e a r l i e r  an in c re a s e  in  t h e  numbers 

o f  Venus s t r i a t u l a  in  Karnes Bay has o ccu rred  s in c e  

1 9 4 9 , th e  in c re a s e  being  a t t r ib u t e d  p a r t i c u l a r l y  to  

th e  sp at f a l l  o f  1955* ■ O f th e  dead s h e l ls  f r o m - t h is  

p o p u la tio n , a number show h o le s  bored by th e  gas tro p o d  

d r i l l ,  N a t ic a  p o l i  an a a ld e r i  (F o rb e s ) ( P l a t e  5) *

C la i ’ke and M iln e  (19 55 ) s ta te d  t h a t  t h i s  gastropod  

was not p re s e n t i n  Karnes B ay , a lthough  i t  was p re s e n t  

in  th e  nearb y  W h ite  Bay. At th e  t im e  o f  t h e i r  

survey P h i l  in  e a p e r ta  was th e  im p o rta n t  ca rn iv o ro u s  

gastropod in  Karnes Bay. During  th e  course o f  th e  

present s tudy , numerous samples o f  th e  fau n a  o f  

Karnes Bay have been ta k e n  o ve r th e  a re a  s tu d ie d  b y  

C la rk e  and M i ln e ,  and P h i l  in  e a p e r ta  has not been 

found. On th e  o th e r  hand N a t ic a  p o l ia n a  a ld e r i  i s  

now common, b o th  a d u lts  and young specimens, as w e l l  

as egg c o l l a r s ,  hav ing  been talc en on many o c c a s io n s .  

The apparent c o in c id e n c e  o f t h i s  change in  th e  

carn ivo ro us  gas trop o d  fa u n a  w i t h  th e  in c re a s e  in  

numbers o f  Venus s t r i a t u l a  i s  s t r i k i n g .  T h is  n o te



FI ate 5,



P la t e  5 . Photograph o f  specimens o f  ITati ca
p o l ia n a  .a ld e r i  and v a r io u s  b iv a lv e s  
from  Karnes Bay w ith  h o le s  b ored  by  
t h i s  speb ies .

l e f t .  Venus s t r i a t u l a ? t h e  lo w e r  f o u r  show 
in c o m p le te  b o r in g s .

c e n tr e .  from  to p  to  bottom:

Mont a c u ta  fe r ru g in o s ;  

N u a i la  t u r g id  a 

T h v a s ira  _ f le x io s a  

S nlauka s u b tru n c a ta  

T e l l i n a  te n u is  

T e l l  i n  a f a b u la  

C yprin  a i s l a n d ic a  

T h ra c ia  sp.

r i g h t .  N a t ic a  p o l ia n a  a l d e r i .
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d i sen s ses c e r t a in  asp ec ts  o f  t h e  r e la t io n s h ip  o f  

th e s e  two species  in  th e  a re a .

S tu d ie s  o f  th e  p r e d a t io n  o f  b iv a lv e s  by  

b o r in g  gastropods have been c a r r ie d  out by  a 

number o f  x^/orkers, but such s tu d ie s  have f o r  th e  

most p a r t . concerned th e  c o m m e rc ia lly  im p o r ta n t  

o y s te rs  and clam s, and d r i l l s  such as U r o s a ln in x  

and Qceanebra b e lo n g in g  t o  th e  M u r ic id a e .  These  

gastropods may cause c o n s id e ra b le  damage to  

n a t u r a l  and c u l t i v a t e d  o y s te r  b ed s , e s p e c ia l l y  

among th e  young s p a t .  Thus N e lso n  (1 9 2 3 )  found  

th a t  in -D e la w a re  B ay, U .S .A . ,  33/  ̂ o f  th e  spat from  

one o y s te r  bed, 4 l^  from, a n o th e r ,  and 50/J from  a 

t h i r d  had been d r i l l e d .  More r e c e n t l y  Hancock

(1 9 5 4 ) has shown t h a t  U r o s a lp in x  c in e r e a  on Essex  

o y s te r  beds may consume a t  l e a s t  58^ o f  th e  young 

o y s te r  spat in  th r e e  months fro m  t h e  t im e  when t h e  

spat reach a le n g th  o f  4  -  5 mm. He e s t im a te d  

t h a t  540 ,000  spat w ere d es troyed  b y  U r o s a ln in x  

i n  an a re a  o f  o n ly  6 ,2 5 0  square m etres  o f  o y s te r  

ground. C a r r ik e r  (1 9 5 5 )  has re v ie w e d  th e  s u b je c t  

o f p re d a t io n  by  th e  d r i l l s  U r o s a ln in x  and E in le u r a ,
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Compa r a b le  in fo r m a t io n  on t h e  damage caused to  

n a t u r a l  p o p u la t io n s  by N a t ic a  i s  n o t a v a i l a b le .

The m o r t a l i t y  caused by N a t l  c app o 1 i  an a a l d e r i  

i n  Karnes Bay has been d e s c r ib e d  e a r l i e r .  During  

th e  f i r s t  ye ar  o f  l i f e  o f  th e  b iv a lv e s ,  N a t ic a  was 

re s p o n s ib le  f o r  th e  death  o f  about f i f t e e n  per cent  

o f th e  p o p u la t io n  in  th e  a rea  s tu d ie d .  T h is  

f i g u r e  re p re s e n ts  about hOfo o f  t h e  t o t a l  m o r t a l i t y  

from  a l l  causes du rin g  t h i s  p e r io d .  Quayle (19 53 )  

studying  a p o p u la t io n  o f  young Y e n e ru p is  p u l l a s t r a  

i n  B a l lo c h  Bay, Cumbrae, found t h a t  a p p ro x im a te ly  

5^ o f  t h e  dead s h e l ls  found were d r i l l e d  by a 

g as tro p o d , in  t h i s  case p ro b a b ly  a ls o  N a t i c a .

During t h e  second year o f  l i f e  o f  th e  b iv a lv e s ,  

th e  im portance o f  N a t ic a  as a cause o f m o r t a l i t y  

le s s e n e d .  Only about o f  th e  an im als rem ain ing  

a l i v e  at th e  end o f  th e  f i r s t  ye ar  were bored  

during  th e  second. T h is  f i g u r e  re p re s e n ts  o n ly  

about 15 0̂ o f  th e  t o t a l  m o r t a l i t y  during th e  p e r io d .  

I n  t h e  t h i r d  year o f  l i f e  o f  t h e  b iv a lv e s ,  t h e  

i n t e n s i t y  o f  p r e d a t io n  was again  much l e s s  ( l  -  2^ )  . 

N a t ic a  i s  th e r e fo r e  an im p o rta n t p re d a to r  o n ly  

during  th e  f i r s t  ye ar  o r  p o s s ib ly  two ye ars  o f  th e
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l i f e  o f  Venus s t r i a t u l a .

The f a c t o r s  which might a f f e c t  th e  i n t e n s i t y  

o f  p r e d a t io n  by a p re d a to r  such as N a t ic a  . a ld e r i  

on a s in g le  s p e c ie s , may b e  summarised und er fo u r  

h e a d in g s , as fo l lo w s :

(1 )  Food p re fe re n c e s  o f  t h e  p r e d a to r .

(2 )  A v a i l a b i l i t y  o f  a l t e r n a t i v e  fo o d .

( 3 ) D e n s ity  o f  p re y .

(4 )  D e n s ity  o f  p r e d a to r .

The e v a lu a t io n  o f  th e  e f f e c t s  o f  th e s e  f a c t o r s  

X\TOUld r e q u i r e  a le n g th y  s tu d y , but some in d ic a t io n s  

o f  th e  im p o rtan ce  o f  some, o f  them have been g a in e d ,  

and a lth o u g h  th e s e  are  in c o m p le te ,  i t  i s  thought  

t h a t  th e y  may be u s e f u l l y  in c lu d e d  h e r e .

(1 )  Food p re fe re n c e s  and a v a i l a b i l i t y  o f  a l t e r n a t i v e

The sp ec ies  o f  B iv a lv e  w hich  have been found  

bored by N a t ic a  in  th e  M i l l p o r t  a re a  a re  g iven  below: 

Sp e c ie s  found bored b y  N a t ic a  a l d e r i  i n  Karnes B a y . 

N u cu la  t u r g id a  Leckenby & M a rs h a l l  

N ucu la  te n u is  (Montagu)

T h y a s ir a  f le x u o s a  (Montagu)

Mont acu ta  fe r r u g in o s a  (Montagu)



D o s in ia  lu p in u s  (Montagu)

Venus s t r i a t u l a  (d a  Costa)

V eneru p is  p u l l a s t r a  (Montagu)

T e l l i n a  te n u is  da Costa  

T e l l i n a  f a b u la  Gmelin  

G a ri fe r v e n s is  (G m elin)

C u lt  e l lu s  p e l lu c id u s  (Pennant)

S p is u la  s u b t iu n c a ta  (d a  Costa)

C orbu la  g ib b a  ( O l i v i )

T h ra c ia  sp.

A d d i t io n a l  spec ies  found bored b y  N a t ic a  sP. in  t h e  

SLzia.
G afra r iu m  minimum (Montagu)

Venus f a s c i a t a  (d a  Costa)

O f th e s e ,  by f a r  th e  commonest bored s h e l l  in  Karnes 

Bay was Venus s t r i a t u l a . but t h is  i s  to  be expected  

s in c e  t h i s  species  was th e  commonest b iv a lv e  in  sand  

i n  th e  s u b l i t t o r a l  re g io n .  N a t ic a  wi l l  a p p a re n t ly  

a t t a c k  any b iv a lv e  in  th e  sand p ro v id e d  i t  i s  o f  

s u i t a b le  s iz e .

A number o f  l a b o r a t o r y  experim ents  were  

a tte m p ted  to  see i f  N a t ic a  would s e le c t  one species  

o f  b iv a lv e  in  p re fe re n c e  to  o th e rs ,  but c o n s id e ra b le
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d i f f i c u l t y  was experienced  i n  keeping th e  anim als  

a l i v e  and h e a lth y  under la b o r a to r y  c o n d it io n s .

In  one experim ent, one la r g e  specimen o f  N a t ic a  

d r i l l e d  seven V . s t r i a t u l a  and one N ucu la  t u r g i d a , 

but d id  n ot a t ta c k  T e l l i n a  f a b u la . S p js u la  

sub t  run ca t a and T h ra c ia  sp. which were a lso  presen t,.  

Sm aller specimens o f  N a t ic a  were found to  be  a p p a re n t ly  

u n a b le  to  a t ta c k  th e  s iz e  o f  Venus used in  t h e  

experim ents (av erag e  le n g th  about 1 . 0  cm.) and 

d r i l l e d  T e l l i n a . N u cu la . small S p is u la . and T h r a c ia  

w ith  no apparent d is c r im in a t io n .  No d e f i n i t e  

conclusions could be dravm from th e  e x p erim en ts ,  

ap a rt  from th a t  th e  s iz e  o f  th e  p re y  was an 

im portan t f a c t o r  in  in f lu e n c in g  p r e d a t io n .

(2 )  D e n s ity  o f  n rev  and p re d a to r .

In fo rm a t io n  on th e  im portance o f  t h i s  f a c t o r  

was o b ta in ed  o n ly  i n d i r e c t l y ,  from a c o n s id e ra t io n  

o f  th e  connection between th e  s iz e  o f  th e  p re d a to r  

and th e  s iz e  o f  th e  b iv a lv e  bored . As i s  shown in  

t a b le  19 end f ig u r e  3 9 , th e re  i s  a d i r e c t ,  a lthou gh  

lo o s e  r e la t io n s h ip  between th e  s iz e  o f  th e  h o le  (and  

hence the  s iz e  o f  th e  d r i l l i n g  gastropod) and th e  

s iz e  o f  the  s h e ll  b ored . A s im i la r  r e la t io n s h ip



T a b le  1 9 . H el at T on ship between t h e  s iz e  o f  h o les  
bored by Nat 1 ca d o l a n a  a ld e r i  and th e  
le n g th  o f  th e  s h e l l  o f  Venus s t r i a t u l a  
i n  which th e y  were b o re d .

Mean di smet er
H id
P o in t Mean
length ' le n g th in s id e O u ts id e I /O ,

0 .1 5 0 .1 9 2 0 .3 4 0 0 . 5 6 0 0 . 6 0 7
0 .2 5 0 .2 7 17 0 .3 9 8 0 .6 4 7 0 . 6 1 5
0 .3 5 0 .3 5 22 0 .5 0 7 0 . 8 6 7 0 .5 8 5
0.4-5 0.4-6 l 6 0 .6 4 7 1 .0 4 2 0 .6 2 1
0 .5 5 0 .5 5 28 0 .7 0 3 1 . 1 6 1 0 . 6 0 5
0 . 6 5 0 . 6 6 21 0 .7 1 0 1 . 2 2 9 0 . 5 7 8
0 .7 5 0 .7 7 21 0 .7 4 5 1 .2 5 0 0 . 5 9 6
0 .8 5 0 . 8 6 23 0 .8 4 0 1 .4 0 0 0 .6 0 0
0 .9 5 0 .9 5 37 0 .9 3 6 1 .5 6 0 0 .6 0 0
1 .0 5 1 . 0 6 20 1 . 0 1 8 1 . 6 7 2 0 . 6 0 9
1 .1 5 l . l 6 27 1 .1 0 5 1 . 8 6 2 0 . 5 9 3
1 .2 5 1 . 2 6 28 1 .1 4 0 1 . 9 1 3 0 . 5 9 6
1 .3 5 1 .3 5 19 1 .1 7 9 1 .9 6 0 0 . 6 0 2
1.4-5 1 .4 6 1 2 1 .2 9 7 2 .0 9 7 0 . 6 1 9
1 .5 5 1 .5 4 2 1 .1 8 0 1 .9 2 0 0 . 6 l 4
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F ig u re  39* S c a t t e r  d iagram  shoxfing th e  r e la t io n s h ip  
between th e  s iz e  o f  th e  h o le  bored by 
N a t ic a  n o l i  an a a l d e r i  and th e  le n g th  o f  
t h e  s h e l l  o f  Venus s t r i a t u l a  in  which  
i t  was b o re d .
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was found by  P ie ro n  (19 3 3 ) f o r  Don ax and M a c tra  

bored by N a t ic a , The l a r g e s t  specimens o f N a t ic a  

a ld e r i  a re  u n a b le  to  d r i l l  s h e l ls  o f  Venus s t r i a t u l a  

o f  le n g th  much g r e a t e r  th a n  1 . 5  cms. and t h e r e f o r e  

b iv a lv e s  l a r g e r  th a n  t h i s  a re  n o t s u b je c t to  

p re d a t io n  from  t h i s  cause. D uring  t h e i r  second 

year o f  l i f e  a f a i r  p r o p o r t io n  o f  th e  Venus 

p o p u la t io n  grew to  a le n g t h  g r e a t e r  th an  1 . 5  cms. 

and t h e  m a jo r i t y  were above t h i s  s iz e  th ro ugho ut  

t h e i r  t h i r d  y e a r .  The drop in  i n t e n s i t y  o f  

p re d a t io n  a f t e r  th e  f i r s t  year may t h e r e f o r e  be  

expla].ned b y  th e  f a c t  t h a t  in c re a s in g  numbers o f  

th e  b iv a lv e s  w ere becoming too  l a r g e  t o  be 

s u c c e s s fu l ly  a t ta c k e d ,  th u s  e f f e c t i v e l y  re d u c in g  

th e  p o p u la t io n  d e n s i ty  o f  th e  p re y  s p e c ie s . A t  

th e  same t im e ,  m o r t a l i t y  o f  th e  N a t ic a  th em selves  

would r e s u l t  in  t h e r e  be ing  few er l a r g e  specimens 

capab le  o f  a t ta c k in g  th e  l a r g e r  Venus.

Another r e s u l t  o f  t h i s  s iz e  l i m i t a t i o n  i s  

t h a t  p r e d a t io n  on t h e  o ld e r  age groups o f  Venus 

becomes p r o g r e s s iv e ly  more s e le c t iv e  in  t h a t  th ose  

b iv a lv e s  o f  two o r  more ye ars  o ld  which a re  bored  

te n d  to  be t h e  s m a l le s t  o f  t h e i r  age g ro u p . The
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siZG d is t r ib u t io n  o f  th o  dead s h e l ls  c o l le c t e d  

shows t h is  c l e a r l y ,  s in ce  th e  mean s iz e  o f  t h e  

dead bored s h e l ls  i s  le s s  than th a t  o f  th e  

corresponding group o f  dead unbored, s h e l l s .  

Exam ination o f  th e  annual r in g s  on th e  s h e l ls  

confirmed t h a t  t h is  d is t r i b u t i o n  xfas th e  .r e s u l t  o f  

s e le c t iv e  m o r t a l i t y  r a t h e r  than  o f  any p a r t i c u l a r  

seasonal d is t r ib u t io n  o f  m o r t a l i t y  from  p r e d a t io n .

A suggested e x p la n a t io n  f o r  t h is  s iz e  l i m i t a t i o n  

i s  th a t  .Natica may be u n a b le  to bore th ro ugh  th e  

th ic k e r  s h e l ls  o f  th e  l a r g e r  specimens o f  Venus.

Behaviour o f  N a t ic a .

The d is t r ib u t io n  o f h o le s  over th e  s h e l ls  of 

c e r ta in  b iv a lv e s  d r i l l e d  by members o f  the  

N a t ic id a e  has been t  aken by  some au thors  t o  in d ic a te  

th a t  th e  animal chooses th e  s i t e  o f  i t s  h o le  i n  some 

way in  r e l a t i o n  to  th e  in t e r n a l  organs o f  th e  

b iv a lv e .  In  most cases th e  ho les  are  d is t r ib u t e d ,  

not at random, but grouped in  some p a r t i c u l a r  re g io n  

o f  th e  s h e l l .  Scheimenz ( I 89I )  found in  6 l  cases  

out o f 79 th a t  th e  h o le  bored by N a t ic a  io s e p h in a  

was a n te r io r  to  the u mb on es and in  most cases in  

th e  dorsal re g io n  o f  th e  s h e l l .  P e ls e n e e r  (1 9 2 4 )
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recorded t h e  d is t r i b u t i o n  o f  h o les  in  th e  s h e l ls  o f  

Don ax v i t t a t u s  and T e l l i n a  te n u is  bored  by N a t ic a  

a l d e r i . and i n  M y t i lu s  e d u lis  bored by P u r m r a  

l a p i l l i  s . He found in  th e  two form er cases th a t  

th e  ho les  were grouped in  th e  umbonal re g io n  o f  

th e  s h e l l .  I n  M vti.lus th e  ho les were s c a t te re d  

over th e  whole o f  th e  su rfa ce  o f  th e  s h e l l  w i th  

th e  excep tion  o f  a narrow b e l t  around th e  margins*

He show ed t h a t  th e  area o f  d is t r i b u t i o n  o f  the  

holds was th a t  a rea  o f th e  s h e ll  o v e r ly in g  t h e  

gonads in  a l l  th r e e  cases. Loppens ( 1 9 2 6 ) found  

th a t  in  Don ax v i t t a t u s  70k , T e l l i n a  b a l t h i c a  86/J, 

M actra s^rbtiuncata 86^ ,  and M ac tra  s o l id a  100%, o f  

th e  holes bored  were in  th e  umbonal re g io n  o f  

th e  s h e l l .  P ie ro n  (1933) examined numerous 

v a lv e s  o f  M ac tra  s o l id a  and o f  Don ax t  run cu ius  

and found in  both  cases th a t  th e  m a jo r i t y  o f  th e  

ho les  were a l i t t l e  more th m  a q u a r te r  o f  th e  

d is tan ce  from  th e  umbones to th e  margin o f  the s h e l l  

V e r la in e  (1 9 3 6 ) ,  a f t e r  d e s c rib in g  th e  d i s t r i b u t i o n  

o f  borings in  T e l l i n a  b a l t h i c a . M a c tra  subtrunca,ta  

and Dona.x v i t t a t u s  suggested t h a t  th e  s i t e  o f  b o r in g  

i s  chosen by th e  p re d a to r  and t h a t ,  m oreover, a
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l e a r n in g  process occurred  in  ju v e n i le s  en ab lin g  

them to  chose th e  most s u i t a b le  s i t e  f o r  the  h o le .

Among o th e r  b o r in g  g as tro p o d s , i t  has been  

shoxm th a t  s h e l ls  o f  O s tre a  e d u l is  were bored by  

Mu re x  er in  ac eu s between th e  adductor mu s c l  e and th e

h in g e  ( F is c h e r ,  l 8 6 5 ) , o r  w ith  re g a rd  to  t h e .........................

“v is c e re s  e s s e n t ie ls ’* ( i s s e l ,  I 8 8 2 ) . F e d e r ig h i  

( 1 9 3 1 ) found t h a t  h o le s  were d r i l l e d  by th e  American  

o y s te r  d r i l l ,  U r o s a ln in x  c in e r e a . in  any p a r t  o f  th e  

s h e l l  o f  th e  o y s te r ,  b u t  t h a t  7 3  ̂ were over or n ea r  

th e  p la c e  o f  muscle attachm ent (pres^amably o f  the  

adductor m u s c le ) .  I n  s h e l ls  o f  V ene ru p is  nhi111pina.rum  

bored by th e  " d r i l l  o y s te r"  201  out o f  217 p e r f o r a t io n s  

were in  th e  beak c a v i t y ,  t h a t  i s  in  th e  d o rs a l re g io n  

o f  th e  s h e l l  v e n t r a l  to  th e  h in ge  p la t e  (H o t ta '  and 

T am u ri, 1 9 5 3 ) .

The d i s t r i b u t i o n  o f  th e  h o le s  d r i l l e d  by  N a t ic a  

a ld e r i  in  th e  s h e l ls  o f  Venus s tr ia . tn  1 a \>res found by 

p lo t t in g  t h e i r  p o s i t io n s  on o u t l in e  d raw ings o f  th e  

s h e l l .  A t y p i c a l  r e s u l t  i s  shoxvn in  f i g u r e  40 which  

re co rd s  th e  p o s i t io n s  o f  150 h o le s .  T h is  re p re s e n ts  

o n ly  one such group examined but i s  t y p i c a l  o f  a l l .

The h o les  a re  s i tu a te d  m a in ly  around th e  margin o f
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F ig u r e  % . The d i s t r i b u t i o n  o f  150 h o le s  bored  
by N a t ic a  n o l ia n a  a l d e r i  in  th e  s h e l ls  
o f  Venus s t r i a t u l a .

The p o s i t io n  o f  t h e  c e n tr e  o f  th e  h o le  
o n ly  i s  marked in  each case.
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th e  s h e ll  v e n t r a l  to  a l i n e  running a n t e r o - p o s t e r io r ly  

at th e  v e n t r a l  l i m i t  o f  th e  adductor muscle s c a rs .

A la r g e  p ro p o r t io n  of th e  ho les  p e r f o r a t e  th e  s h e l l  

o u ts id e  th e  p a l l i a i  l^^ne. Most o f  th e  h o le s ,  

th e r e fo r e ,  p e n e t r a te  the  s h e l l  in  i t s  th in n e s t

re g io n . ...............................................................................................................

The observed d is t r ib u t io n  o f  t h e  h o le s  

appears to be th e  r e s u l t  o f  a s te re o ty p e d  b e h a v io u r  

p a t te rn  in v o lv in g  re c o g n it io n  o f th e  p re y  and 

adoption o f  a p a r t i c u l a r  a t t i t u d e  w h i l s t  b o r in g .

A p o s s ib le  suggestion  is  th a t  th e  p re y  i s  found by  

random wandering and t h a t  s u i ta b le  b iv a lv e s  a re  

d is t in g u is h e d  from  u n s u i ta b le  o b je c ts  such as dead 

s h e lls  o r stones by th ig m o ta c t ic  response t o  s l ig h t  

movements o f  th e  s h e l l  v a lv e s  or th e  s ip h o n s , an d /o r  

by o l f a c t o r y  s t im u l i ;  th a t  re c o g n i t io n  o f th e  p re y  

acts as a re le a s in g  mechanism r e s u l t in g  in  t h e  

gastropod ta k in g  up th e  feed in g  p o s i t io n  w ith  t h e  

b iv a lv e  surrounded by th e  f o o t ,  and t h a t  th e  p o s i t io n  

adopted b y  th e  p re d a to r  in  r e l a t i o n  to  th e  p re y  

during fe e d in g  depends both on th e  p re d a to r  species  

and on th e  shape o f  the  p re y . The r e l a t i v e  

p o s it io n s  would be l i k e l y  to  be s im i la r  in  a l l  cases
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whero a p a r t i c u l a r  p red a to r  a t ta c k e d  a p a r t i c u l a r  

prey sp e c ies , w ith  th e  r e s u l t  th a t  th e  h o le s  bored  

would show a non-random d is t r ib u t io n  o v e r  t h e  

s h e l l .  The re g io n  in  which th e  d e n s i ty  o f  h o le s  

bored was g r e a te s t  might be expected to  d i f f e r  f o r  

d i f f e r e n t  p re d a to r  and p rey  co m binatio ns , as has  

been shorn to  be th e  case.

Th is  h yp o th e s is  would e x p la in  th e  observed  

d is t r ib u t io n  o f  th e  ho les  bored in  t h e  s h e l ls  o f  

Venus n t r i a t u l a . and suggests another e x p la n a t io n  

fo r  the s iz e  l i m i t a t i o n  recorded  e a n l l e r .  T h is  

i s  th a t  l a r g e r  b iv a lv e s  are  not * re c o g n ize d *  as 

s u ita b le  o b je c ts  f o r  b o r in g ,  s ince  th e  gas tropod  

i s  unable to  adopt i t s  normal fee d in g  p o s i t io n  wi th  

regard  to them. Also la r g e  N a t ic a  would not  

* recognize* v e r y  sm all b iv a lv e s ,  f o r  th e  same 

reason.

Method of D r i l l i n g .

Mo new evidence on th e  method o f  d r i l l i n g  

by th e  N a t ic id a e  has been found by th e  a u th o r .  

Animals kept in  th e  la b o r a to r y  never d r i l l e d  

b iv a lv e s  u n le s s  both were co m p le te ly  b u r ie d  in  sand, 

so th a t  i t  was im p oss ib le  to  observe t h e  p ro cess*
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The i n a b i l i t y  to  d r i l l  u n le s s  b u r ie d  suggests t h a t  

th e  p o s i t io n  o f  the  b iv a lv e  and i t s  o r i e n t a t io n  

i n  re s p e c t  to  th e  gastropod might be a f a c t o r  

im p o rta n t in  th e  r e c o g n i t io n  o f  i t s  p re y  by N a t ic a , .  

and tends to  support th e  suggestion  o u t l in e d  above 

t h a t  th e  behav iour o f  N a t ic a  i s  h ig h ly  s te re o ty p e d .

M a r ly  work on th e  method by which  

ca rn iv o ro u s  gastropods d r i l l  t h e i r  h o le s  l e d  to  

th re e  t h e o r ie s  being put fo rw a rd : (a )  M echanical

d r i l l i n g ,  by means o f  th e  r a d u la ,  (b )  A c t io n  o f  

a c id  or o th e r  s e c re t io n  fTom th e  s a l i v a r y  g la n d s  o r  

fro m  th e  "b o rin g  g la n d s " , (c )  A com bination  o f  

both  th e s e  methods. T h is  work has r e c e n t l y  been  

rev iew ed  by Jensen (19 51 ) and T u rn e r ( 1 9 5 3 ) ,  b o th  

o f  whom p re s e n t ev idence t h a t  th e  N a t ic id a e  a re  

a b le  to  b o re  by m echanical means a lo n e . Jensen  

has found egg capsules o f  the Ray, R a ia .  from  th e  

D avis S t r a i t  which had been bored in  t h e  manner 

t y p i c a l  o f  th e  N a t ic id a e  and where t h e  edges o f  

th e  h o le s  showed marks a p p a re n t ly  caused by th e  

r a d u la  t e e t h .  S im i l a r  h o le s  were found by  Thor son 

( 1 9 3 5 ) In  th e  egg capsules o f  th e  s n a i l  S ipho 

(=  Colus) cu rtu s  from  East G reen land . Both th e s e
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typ es  o f  egg capsu les  a re  a c id  r e s is t a n t  and hence  

such h o le s  must have been d r i l l e d  by m echanical 

means a lo n e .  Jensen concludes t h a t  th e  ra d u la  

and p o s s ib ly  th e  Jaws are t h e  to o ls  used f o r  

d r i l l i n g  in  t h i s  group. T h is  v ie w  i s  supported  

by T u rner who found t h a t  t h e  American clam d r i l l  

P o lv n ic e H  d u p l ic a ta  was a b le  to  p e r f o r a t e  th e  s h a l l  

o f  My a. a re n a r in  even a f t e r  t h i s  had been covered  

w ith  la y e r s  o f  h is t o lo g ic a l  p a r a f f i n  wax, o r  w ith  

P la s t e r  o f  P a r is  ( p a r t i a l l y  d ehydrated  ca lc ium  

s u lp h a te ) .  The ev idence in d ic a te s  t h a t  u n d er th e s e  

circum stances th e  N a t ic id a e  are  able to  d r i l l  th ro ugh  

th e  s h e l ls  o f  t h e i r  p re y  by m echanical a c t io n  a lo n e ,  

u n a id e d  by any chem ical s e c r e t io n ,  but does hot  

n e c e s s a r i ly  c o n firm  th a t  t h i s  i s  n o rm a l ly  th e  case.

C a r r ik e r  (19^3) has shown t h a t  among, o th e r  

b o r in g  h as tro p o d s , U r o s a lp in x  p ro b a b ly  uses a 

s o fte n in g  agent w h i ls t  d r i l l i n g ,  th e  s o f te n in g  agent 

being  s e c re te d  in  t h i s  case from  a g la n d  in  t h e  fo o t  • 

th e  accessory p ro b o s c is .  Rasping by th e  r a d u la  and 

s o f te n in g  by s e c r e t io n  from th e  accessory p ro bo sc is  

talce p la c e  a l t e r n a t e l y  durin g  th e  d r i l l i n g  p ro c e s s .

I t  i s  at l e a s t  p o s s ib le  th a t  th e  b o r in g  process in
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t h e  N a t ic id a e  is  s i m i l a r ,  w ith  t h e  b o r in g  g la n d  on 

th e  p ro b o sc is  s e c re t in g  a s o f te n in g  ag en t, p o s s ib ly  

in  th e  form  o f  a c a lc iu m  c h e la t in g  ag e n t, o r  o f  

some agent which ac ts  on th e  o rg a n ic  m a tr ix  o f  th e  

s h e l l .

P i sell s s io n . ......................................................

I t  is  tem ptin g  to  p o s tu la te  some connection  

between th e  appearance o f  N a t ic a  n o l ia n a  a ld e r i  in  

Karnes Bay and th e  g re a t  in c re a s e  in  th e  d e n s i ty  o f  

Venus s t r i a  t u l a  in  th e  bay as th e  r e s u l t  o f  th e  

ab n orm a lly  h ig h  s p a t f a l l  in  1955? a lthough  th e r e  

i s  no d i r e c t  ev idence to  show when Nat 1 ca appeared.  

C la r k e  and M iln e  made t h e i r  main su rvey  in  1938 -  

1939? b u t a lso  sampled s f t e r  19^9* They s t a t e  

t h a t  N a t ic a  was n o t p resen t (C la r k e  & M i ln e ,  1955  

pp. l 6 8  & 177)* D r. R .B .  P ik e  (p e rs o n a l  

communication) found N a t ic a  a l d e r i  d u r in g  1951  

( l  specimen in  6 h a u ls  w ith  mud b u c ke t)  and 1952  

(6  specimens in  6 h a u ls ) ,  which in d ic a te s  t h a t  

N a t ic a  may always have been p re s e n t a lthough  in  

sm all numbers. During 1 9 5 6 , 1957? and 1958 th e  

numbers found were o f  the o rd e r  o f  10 -  50 p e r  mud 

b ucket (p e rs o n a l o b s e r v a t io n ) ,  an in c re a s e  o f  up
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to  f i f t y f o l d  from  1951 » B e fo re  1950? N a t ic a  was 

also  p re s e n t in  areas c lo s e  t o  Karnes Bay, f o r  

example in  l l h i t e  Bay (C la r k e  and M i ln e  I . e . )  and 

i n  B a l lo c h  Bay (Q u a y le ,  1953) # B lm h irs t  (19 36 )  

re c o rd e d  a l o c a l  in c r e a s e  in  numbers o f  th e  sp e c ies ,  

s im i la r  to  t h a t  d e s c r ib e d  h e re ,  on Hunt erston . Sands, 

A y r s h i r e ,  in  193^^? where " i t  was dec im ating  th e  

+ 1 y e a r  group o f  Cardium edu le  (1933  brood) " .

E x te n s io n  o f  th e  l o c a l  ra n g e  o f  N a t ic a  might 

ta k e  p la c e  by  two methods: by m ig ra t io n  o f  a d u lt

a n im a ls ,  o r  by d is p e r s a l  o f  th e  p la n k to n ic  l a r v a l  

s ta g e . N o th ing  i s  lino™  about th e  e x te n t o f  

m ig ra t io n s  by i n d iv id u a l  a d u lt  Nat i c q , b u t C a r r ik e r

(1 9 5 5 ) concludes t h a t  th e  American o y s te r  d r i l l  

TJrosaln inx moves about o n ly  to  a r a t h e r  l i m i t e d  

degree . L o c a l movements o f  d r i l l s  might however 

l e a d  to  a g g re g a tio n  i n  a r e a s  where t h e r e  was an 

abundant food  supply  even a lth ough  th e y  were not  

d i r e c t l y  a t t r a c t e d  by i t .  S ince young Venus 

s t r i a t u l a  form  a r e a d i l y  a c c e p ta b le  source o f  food  

f o r  N a t ic a  a l d e r i . t h i s  process might have r e s u l t  eâ 

i n  th e  observed d i s t r i b u t i o n .
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Tborson (19 ^ 6 ) s ta te s  t h a t  th e  l a r v a  o f  N a t ic a  

a ld e r i  (=  N. n i t i d a ) h atches when th e  s h e l l  is  195^^ 

ac ro ss , and s in c e  la r v a e  o f  750p (T h o rso n , 19^6) and 

800 “ 1 ,0 0 0 ^  (L e b o iir ,  1937) have been found in  the  

p la n k to n ,  th e  p la n k to n ic  stage must be f a i r l y  lo n g ,  

and th e  o p p o r tu n i ty  f o r  >ride d is p e r s a l ,  g r e a t .  At 

M i l l p o r t ,  egg c o l la r s  were found in  May, June, J u ly  . 

and e a r ly  August, and l a r v a e  hatched from  h e re  agreed  

w e l l  w i th  Thorson*s d e s c r ip t io n .  D is p e rs a l  by t h i s  

p la n k to n ic  l a r v a l  s tage  might le a d  to a g g re g a tio n  

l o c a l l y  in  areas  where food was p a r t i c u l a r l y  abundant 

i f  s e t t le m e n t  were in f lu e n c e d  by d e n s i ty  o f  s u i t a b le  

food organisms on th e  bo tto m , perhaps in  response to  

e c to c r in e s  re le a s e d  by th e  b iv a lv e s .  A d u lt  U ro s a ln in x  

are  linown to  f i n d  t h e i r  fo o d  by a p o s i t i v e  chem otactic  

response t o  th e  e x te r n a l  m e ta b o l i te s  o f  t h e i r  p rey  

( C a r r i k e r ,  1955)?  but n o th in g  i s  known o f  th e  

responses o f  young d r i l l s ,  o r  o f  l a r v a l  N a t ic id a e .

The l a r v a e  o f  c e r t a in  p o ly c h a e te s  respond to  

c h a r a c t e r is t ic s  o f  th e  substratum  at s e t t le m e n t  

(W ils o n  1 9 3 2 , 1937? 1955? Day & W ils o n ,  1 9 3 ^ ) .

L a r v a l  O s tre a  edu li s are  in f lu e n c e d  b y  c h a r a c t e r is t ic s  

o f  th e  s u r fa c e  w ith  which th e y  come in to  c o n ta c t .
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and especla ll3^  by th e  p resence o f  s e t t l e d  spat 

(C o le  & K n ig h t -J o n es, 19-1-9) • The su c ce ss fu l  

metamorphosis o f  A d a r i a  proxim a depends on i t s  

e s ta b l is h in g  c o n ta c t w i th  a l i v e  colony o f  th e  

polyzoan  E l e c t r a  c i lo s a  during  a search ing  phase  

o f  th e  l a r v a l  l i f e ,  and many m arine in v e r t e b r a t e s ,  

in c lu d in g  N atica . (L a b o u r, 1937) ? have a swimming-  

cra w lin g  stage  p rec ed in g  metamorphosis during  which  

a ch o ice  o f  substratum  could be made. I t  i s  

p o s s ib le  t h e r e f o r e  t h a t  l a r v a l  N a t ic a  might 

d is c r im in a te  between areas o f  h ig h  and lo w  b iv a lv e  

p o p u la t io n  d e n s i ty  in  s e t t in g .  A l t e r n a t i v e l y  th e  

observed d i s t r i b u t i o n  coh ld  be th e  f o r t u i t o u s  r e s u l t  

o f  l o c a l  h yd ro g ra p h ic  c o n d it io n s  a f f e c t in g  both  ty p e s  

o f  l a r v a e .

A long  term  study in  a sm all lo c a l  a re a  such 

as Karnes Bay, o f  th e  f lu c t u a t io n s  o f  numbers o f  

N a t ic a  in  r e l a t i o n  to  th e  number o f  b iv a lv e s  should  

g iv e  much i n t e r e s t i n g  in fo rm a t io n  on p re d a to r  p re y  

i n t e r - r e l a t i o n s h i p s ,  w h i le  môre l a b o r a t o r y  and f i e l d  

exp erim en ts  a re  n ec es sary  b e fo re  th e s e  i n t e r 

r e l a t i o n s h i p s ,  e s p e c ia l ly  in  re g a rd  to  s e t t in g ,  a re  

f u l l y  u n d e rs to o d .
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