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In tro d o c tlo n .

The o r ig in a l  p la n  in  t h i s  In v e s t ig a t io n  was to  

s tu d y  th e  g en e ra l b io lo g y  o f V enerupls p u l l a s t r e  (Montagu) • 

I t  was soon r e a l is e d  th a t  th e  work would h a re  t o  be confined  

to  c e r t a in  phases o f th e  l i f e  h is to ry  and th e se  were chosen 

in  an e f f o r t  t o  cover th e  s e c t ions in  which th e  in fo rm atio n  

on marine L am e llib ran ch la . such a s  *QB fo l*  f «

b e  inadequate* As a r e s u l t , th e  work viewed a s  a whole 

may la c k  c o n t in u ity  and coherence*

I n  th e  main* th e  in v e s t ig a t io n  c e n tre s  on the  

l a r v a l  and sp a t s ta g e s  o f  th e  l i f e  h is to ry ;  a p a r t  which 

fe u  boon la rg e ly  n eg lec ted  in  LoraelllbrRnchia o th e r  th a n  

oyste rs*  The e f f o r t s  o f Thor son , cu lm inating  in  h i s  

ex ten siv e  re p o r t  (Thorson 192*6} on th e  rep ro d u c tio n  and 

l a r v a l  development o f  Danish m arine bottom  in v e r te b ra te s ,  

have a s s is te d  g re a t ly  in  c o r r e la t in g  and fu r th e r in g  work 

in  t h i s  f ie ld *

I n  a d d itio n  to  th e  la rv a l  and spa t work, some 

emphasis has been p laced  on b reed in g , and w hile th e  r e s u l t s  

from t h i s  work a re  in  no way c o n d u c iv e , th ey  may be o f 

in te r e s t  in  a com parative way.

According to  Winckworth (p e rso n a l eommunicat.ion 

191*8), u n t i l  recen t y ea rs  th e  genus V enerupls has been 

grouped w ith  Panhia and Tapes in to  one genus, sometimes 

c a l le d  Tapes and sometimes by th e  o ld e r name Papilla* 

Winckworth recommends Thiele* s (1935) arrangem ent in  w hich, 

f o r  th e  sp ec ie s  b e in g  s tu d ied  h e r e ,  th e  name V enerupls 

p u l la s t r a  (Montagu) ie  recognised* I n  a d d itio n  th e  sp e c ie s



2*
/ s p e c ie s  w i l l  o c c a s io n a lly  be  r e f e r re d  to  by tb s  name 

"o lo a f ,  end D’ Arcy Thompson (I9h7» p*288) i s  c i te d  as  th e  

a u th o r i ty ,  a lth o u g h  th e  name i s  used e x te n s iv e ly  in  fltorth 
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G ra te fu l  acknowledgment i s  a ls o  due t o  Dr* H*F* 
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D ire c to r  of th e  K arine S ta t io n ,  M il lp o r t ,  and t o  meabers 

o f  h i s  s t a f f  f o r  a s s is ta n c e  in  many ways*



3.
fhg, V eU g tt*

The l i t e r a t u r e  on th e  id e n t i f i c a t  io n  o f th e  

v e l ig e r  la rv a e  o f la m e llib ren ch s  l e  n o t ex tensive*

S ta f fo rd  (1942) was one of th e  f i r s t  t o  do im portant work 

on th e  su b jec t*  He in d ic a te d  s u i ta b le  methods o f in v e s t i ­

g a t io n  and f ig u r e s ,  and d e sc rib e s  e ig h t Canadian A tla n t ic  

species*  Ohdner (191U) has id e n t i f ie d  se v e ra l sp e c ie s  

from  Rovigno and h is  f ig u re s  f o r  Saxicava and L i  pa a re  

good* R e ad ie r  ( 1926) in  one o f th e  b e t t e r  papers on th e  

s u b je c t ,  describ ed  se v e ra l N orth  Sea sp eo ies  and h is  

f ig u re s  a re  c l e a r  and accurate*  Lebour (1937* 1938a*

1 * 3 » )  d id  ex ten s iv e  work on lam ellib ran ch  la rv a e  and has 

d escrib ed  17 sp ec ie s  from Plymouth* U n fo rtu n a te ly , b o th  

th e  f ig u re s  and th e  d e s c r ip tio n s  a re  vogue and a re  conse­

q u en tly  o f lim ite d  u se . M iyazaki (1935* 1936a, 1936b) 

has g iven  u se fu l d e s c r ip tio n s  o f  8 sp ec ie s  o f Japanese  

lam e llib ren c h  v e l ig e r  s .  Werner (1939) in  an e x c e lle n t 

p ap e r, goes in to  th e  problem in  d e ta i l  and s tu d ie s  s h e l l  

s t r u c tu r e  o f  th e  v e l ig e r  and uses h inge te e th  and ligam en ts 

a s  d ia g n o s tic  fe a tu re s*  He a ls o  found th e  e rs tw h ile  

prod lesocoach  could be d iv ided  in to  a f i r s t  and a second 

prodissoconch on th e  b a s is  o f  s h e l l  development and s tru c tu re *  

The s iz e  o f th e  f i r s t  prodiseoconch, designated  a s  Prod* 1 * 
i s  r e la t iv e ly  co n s tan t f o r  any g iven sp e c ie s  and i s  ap p aren t­

l y  a more r e l i a b le  d ia g n o s tic  f e a tu re  th an  Prod* 1 1 , th e
v

s e t t in g  s iz e  o f th e  la rv a ,  which se v e ra l au th o rs  have found 

to  v a ry  between wide l im i t s ;  a lthough  Labour (1938b) h as  /

s e t  up a key fo r  th e  id e n t i f ic a t io n  o f th e  v a rio u s  sp ec ie 9/



In

/e p e e  le e  o f  Car&iura found a t  Plymouth* on th e  b a s i s  o f  

m o h  measurements* Jorgensen, (19M>) d e s c r ib e s  and f ig u re s  

about 25 sp e c ie s  o f  v e l ig e r s  from B anish  w ate rs  sad  on th e  

whole t h i s  i s  a  most u s e fu l work* The la rv a e  o f a l l  

commercial sp eo ies  o f o y s te rs  haws been f ig u re d  many tim es 

and th e s e  a re  prcfeably th e  b e s t  known of a l l  m arine lame 111-  

b ranoh  v e l ig e r s .

A f a c t  to  be  ta k en  in to  c o n s id e ra tio n  when des­

c r ib in g  lam e llib ran o h  v e l ig e r 8 i s  th a t  th o se  who e re  ap t 

to  make most use o f  the Id e n t i f ic a t io n s  a re  th e  oceanographic 

p lank ton  w orkers* whose m a te r ia l i s  u s u a lly  preserved* The 

c o lo u r  goes q u ick ly  and a l l  th a t  i s  l e f t  i s  th e  o u tlin e*  i t s  

shape and e lse*  and th e  h inge t e e th  and ligam ent* A ll  t h i s  

i s  p resen t only i f  th e  m a te r ia l  has no t been  t_oo w ell p reserved  

f o r  even n e u tra l  fo rm alin ^  in  tim e becomes a c id  and d is s o lv e s
f

away th e  f r a g i l e  sh e lls*  C olour, th e n , o f te n  a v a lu ab le  

a id  in  id e n t i f ic a t io n *  i s  l o s t  t o  th e  p lank ton  re se a rc h  

worker* as a re  o th e r  anatom ical d e ta i l s  such as th e  p o s i t io n  

o f  th e  d ig e s tiv e  gland* and the  p resence o r absence of ey e - 

spot s  o r  f la g e l la *

T herefo re  in  th e  d e s c r ip tio n  to  be g iven  fear the  

la rv a  o f V. p u l l e s t r a , a t te n t io n  w il l  be d ire c te d  to  th o se  

d ia g n o s tic  f e a tu re s  rem aining  a f t e r  f ix a tio n *  The e s s e n t i a l  

p a r t  of a d e s c r ip tio n  o f a v e l ig e r  I s  the  i l l u s t r a t io n *  Ho 

amount o f  w r i t te n  d e s c r ip tio n  can ta k e  i t s  place* Brewings 

o f  th e  com plete anim al w il l  be g iven  a s  w ell a s  th e  e x te rn a l
j

view o f a s in g le  valve* B eing th e  whole v e lig e r*  th e  t i l t /  j
i

. j



/ tu t  doe t o  th e  l i f t  o f  th e  uafeonal reg io n  may v a ry  a 

good d e a l# eo a f f e c t  log  th e  o u tlin e*  The o n ly  cone i  s te n t  

chape l e  O btained from  an e x te rn a l T ie r  o f  e  s in g le  valve* 

Most au th o rs  on v e l ig e r  I d e n t i f ic a t io n  have r e l i e d  e n t i r e ly  

on camera lu c id a  drawings} In  a d d itio n  to  th e se  i t  le  

b e lie v e d  th a t  photom icrograph o f  th e  v e l ig e r  w i l l  In  th e  

f u tu re  be  used to  a g r e a te r  ex ten t*  No phot omi o rograph ic  

ap p a ra tu s  was a v a ila b le  fo r  th e  p re se n t in v e s t ig a t io n ,  eo 

th e  au th o r* s own 35 am* camera was adapted  f o r  th e  p u rpose , 

end e l l  th e  photom icrographs in  th e  th e s i s  have been tak en  

w ith  th e  adap tation*  The r e s u l t s  a re  no t a s  good as they  

might b e , because o f th e  d i f f i c u l ty  in  o b ta in in g  th e  c o r re c t  

focus* However, th e  photographs g ive  much b e t t e r  rep re se n ­

ta t io n s  o f th e  la rv a e  th an  th e  camera lu c id a  draw ings; and 

Hr* C*B* Rees o f th e  L e ith  L aborato ry  of th e  H ull Oceano­

g rap h ic  D epartm ent, who has been study ing  lam e lllb ran ch  

la rv a e  from p lan k to n  re c o rd e r  re c o rd s , has found them to  be 

o f  more v a lu e  th an  drawings*

Method*

There a re  two main approaches to  th e  study  o f 

la m e lllb ran ch  v e l ig e r s  from th e  po in t o f view  o f id e n t i f i c a ­

tion*  The f i r s t  i s  t o  s tudy  th e  succession  of s iz e s  o f 

v a r io u s  forms as  th e y  appear and develop in  th e  p lank ton  

and th en  a s s o c ia te  th e  la r g e s t  o f  th e se  la rv a e  w ith  th e  

newly s e t t l e d  spat* Xn tu r n ,  th e  spa t a re  fo llow ed th rough  

in d iv id u a ls  o r  groups o f  g rad u a lly  in c re a s in g  s iz e  u n t i l  

s p e c if ic  id e n t i f ic a t io n  i s  po ssib le*  P e c u l ia r ly  enough ,/



/en o u g h , i t  i s  th e  id e n t i f i c a t io n  o f  th e  sp a t th a t  i s  o f te n  

mare d i f f i c u l t  th a n  th e  l in k in g  up o f  la rv a  and spat* To 

O btain  th e  s p a t ,  cardboard  egg s e p a ra to rs  dipped in  a 

maxture o f  t a r  and p i tc h ,  sep a ra te d  by s h e i la  o f  O ctree * 

and s tru n g  on w ire , were used* The cardboard  soon became 

coa ted  w ith  algee^ d e t r i t u s ,  and th e  normal sequence o f  

fo u lin g  organism s, th e  whole o f which p rov ides an id e a l  

s e t t l i n g  su rfa c e  fo r  many sp e c ie s  o f l& m slllbranehs* I n  

a d d it io n , sand and mud from th e  h a b i ta t s  o f  l i k e ly  sp e c ie s  

may be s iev ed  and e l lu t r ia te d *

The second approach to  th e  id e n t i f ic a t io n  problem  

i s  t o  c u l tu re  th e  la rv a e ,  e i th e r  from th e  f e r t i l i s e d  eggs 

o r by p ick in g  out numbers of any one s p e c ie s , and a ttem p tin g  

t o  c u l tu re  th e se  th ro u ^ i to  th e  spat stage* Both th e se  

methods were u sed , b u t th e  l e t t e r  one was more su c c e s s fu l 

end ea s ie r*  C u ltu re  from  th e  f e r t i l i z e d  egg a f t e r  n a tu ra l  

spawning by th e  fem ale may b e  c a r r ie d  o u t, b u t t h i s  was no t 

always possib le*  The v e l ig e r s  p icked  out o f  th e  p lan k to n  

to p s  k ep t in  2 l i t r e  l& rs s t i r r e d  by th e  p lunger system*

They were fe d  w ith  c u l tu re s  o f  naked f l a g e l l a t e s ,  b u t i t  

was found th a t  unfed v e l ig e r s  grew and astamorph osd as  w e ll 

a s  th o se  which were fed* Groups w ith  ©and or mud in  th e  

p lunger J a r  were no more su ccessfu l th a n  th o se  w ithout*

There was no co n sis ten cy  about any o f th e  c u l tu re  r e s u l t s .  

Some s p e c ie s , among which J*  o u l la s t r a  was fo r tu n a te ly  in ­

c lu d ed , were more e a s i ly  c u ltu re d  th a n  others*



P lan k to n  tows w ith  f in e  mesh n e ts  v e rs  ta k e n  a t  

f re q u en t in te r v a ls  throughout th e  simmer, from  Xeppel P ier*  

The ebb t id e  ru n s  southward a t  a  r a t e  o f  3- h  k n o ts  p e s t th e  

p i e r ,  so  th a t  on normal t id e s  th e  p lank ton  n e ts  f i s h  w ell 

from  th e  p ie r  end th e  use of a b o a t i s  unnecessary# The 

tew s were p u re ly  q u a l i ta t iv e  in  nature*  The la ra e lllb ran b h  

la rv a e  from th e  to w -n e ttin g  were s e t t l e d  out by g r a v i ty ,  

ta k e n  by p ip e t te  to  a watch g la s s ,  and by g e n t le  hand 

c e n tr ifu g in g , sep a ra ted  from th e  rem ainder o f  th e  plankton# 

The m a te r ia l was always examined in  th e  f r e s h  c o n d itio n  f o r  

u s e fu l  id e n t i f i c a t io n  c h a r a c te r i s t ic s  a re  lo s t  on p re se rv a ­

tio n *  At f i r s t ,  earners lu c id a  drawings were made o f each 

s ta g e  o f each new sp ec ie s  as  I t  en te red  th e  plankton#

L a te r ,  th e  caraera lu c id a  was rep laced  by th e  cam era, and 

now a l ib r a r y  o f  se v e ra l hundred n e g a tiv e s  i s  a v a ila b le  f o r  

re fe re n c e  purposes* At f i r s t  i t  was n ecessary  t o  study  

th e  whole p lan k to n  in  o rd er to  i s o la te  X* u u l l a s t r a # b u t 

a f t e r  t h i s  was id e n t i f ie d .  I n te r e s t  was m aintained in  o th e r  

s p e c ie s , a f i n a l  t o t a l  o f  17 b e in g  id e n t i f ie d  o f which f iv e  

a re  new# Three o f th e se  a re  s p e c i f ic ,  th e  o th e r  two s t i l l  

generic*

There a re  a nurfber o f s tandard  f e a tu re s  which may 

be used in  id e n t i f i c a t io n  o f lam elllb ran ch  v e l ig e r s ,  b u t 

o f te n  in  th e  l a s t  a n a ly s is ,  due no doubt to  th e  f a c t  th a t  

many sp e c ie s  vary go l i t t l e  from one a n o th e r , th e  g en e ra l 

im pression , a composite p ic tu re  o f  a l l  d e t a i l s ,  i s  p robably  

th e  most im portant* Some o f th e se  c h a r a c te r i s t ic s  a re  8-



1 .  G enera l o u tl in e  o r shape* The wedge shape o f  

yft« a  h i  ana i l l u s t r a t e s  t h i s  well* I t s  shape I s  unique 

amongst la rv a e  h i th e r to  described*

2* Colours U su a lly  only  u se fu l i n  f r e s h  m a te r ia l*  

a lthough  th e  deep yellow  o f th e  v e n tra l  s h e l l  area  o f J[. 

p u l la a tps* way p e r s is t  f o r  some tim e a f t e r  b e in g  preserved*

The o d o u r  of th e  d ig e s t iv e  g land  i s  o f te n  & u se fu l 

c h e r a c te r i s t io t th a t  o f T e ll in g  te n u is  i s  green* w hile

ftjffilftW  M g fc te  i s  brown#
J* Shape» prominence and p o s i t io n  o f usfcooasx 

The shape end prominence o f th e  unbones i s  b e s t i l l u s t r a t e d  

In  th e  o y ste rs*  The in cu b ato ry  ( le rv ip a ro u e )  sp e c ie s  have 

la r g e ,  broad* round umbones* w hile  th e  "oviparous* sp e c ie s  

have lo n g  narrow* p o in ted  and s l i g h t ly  hooked unhones.

Of an eq u lv a lv e  sp e c ie s  th e  r e la t iv e ly  sh o rt * em ail and 

c e n t r a l ly  p laced  udbones o f Teredo a re  most c h a ra e te r i s t ic *

h* R qulvelve o r in eq u iv a lv e : R ead ily  d is tin g u ish a b le *

The la rv a  i s  s im ila r  to  th e  la rv a  in  t h i s  reepect*  Pet r e s

la rv e e  a re  inequ iva lve  and c u l l s s t r s  i s  equivalve*

5* Presence o r absence o f eye sp o ts : The

Anisooaysria n e a rly  a l l  have b lack  eyespots* Lima i s  an

exception* g o a ls  has a b r i l l i a n t  re d  spot under the

p o s te r io r  adductor muscle*

6 * S p ec ia l f e a tu re s :  Few have been found. The

c l e f t  in  th e  v e n t r a l  a rea  of the  r ig h t  valve (a a la g e  o f th e  

b y s s e l notch) o f  Heteranomia i s  an  example*



%
7* Dimension end shape o f Prod*t end P rod*H : 

These a re  g u id e s , bu t w ith in  l i m i t s ,  because th ey  

te n d  to  be somewhat v a ria b le*

8* Number, shape end p o s it io n  o f hinge, te e th :  

Host sp ec ie s  o f  th e  A nlsorryaria have la rv a e  w ith  

taxodont t e e th ,  a lthough  they  may occur in  o th e r  

groups* The la rg e  t e e th  o f Z lrn h aea* two on one 

v a lv e  and th ree  on the o th e r  a re  c h a ra c te r is t ic *

Of a l l  th e se  p o in ts ,  th e  most inm ortant appear to  

be th e  genera l o u tl in e  or shape and th e  h inge d if fe re n c e s , 

e s p e c ia l ly  w ith  p reserved  m ate ria l*  The o th e r  c h a ra c te r ­

i s t i c s  a re  u se fu l f o r  o r ig in a l  id e n t i f i c a t io n  work*

The l a r r a  ocf V. pa l la  a t r  a .

Throughout th e  eumror of 191+6 samples of send from  

v a rio u s  beaches were siev ed  and e l l u t r l a t e d  and th e  spa t 

p icked  out* At th e  earns tim e , cardboard  c o l le c to r s  from  

s t r in g s  o f  c u l t  oh th a t  had been hung from a r a f t  n e a r  th e  

Marine S ta t io n ,  were removed a t  in te rv a ls*  From these*  

samples o f th e  s e t t l e d  spo t were picked o f f ,  end th e se  

c o l le c to r s  proved a b e t t e r  source o f m eter l e i  th a n  th e  sand* 

An exam ination on June 12th  produced about 30 sp a t from  a 

square fo o t o f su rfa c e , in d ic a t in g  th a t  spawning had 

occurred  some time b e fo re  and th a t  la rv a e  should be p re se n t 

in  plankton* F o rtu n a te ly , p rev io u s experience w ith  sp a t 

o f v a r io u s  sp e c ie s  enabled immediate id e n t i f ic a t io n  o f  

th e  e a r l i e s t  spat o f £* p u l la e t r a .  From th e  shape o f /



19.
/ « r  P ro a . i t  on tfes Tsyy young sp sty  in  s ^ l i t i o n  t o  i t #  

mean len g th  o f  260 u . * a s s o c ia t iv a  « s  made w ith  a reX Igor 

o f  s im ila r  shape and s iz e  in  th e  plankton* F u r th e r  s tudy  

o f la rg e  v e l ig e r s  and young sp a t s tren g th en ed  th e  o p in io n  

th a t  t h i s  was th e  v e l ig e r  o f  J£* la illa a tre *  A ttem pts s e re  

im m ediately raade t o  c u l tu re  th e  la rv a e  by p ick in g  them out 

o f  th e  p lan k to n  and p la c in g  them in  p lunger j a r s .  They 

s e re  fed  w ith  a m ixture of ChlmaydomanaB and an unknown 

tt~ f la g e lla te  from th e  s to ck  c u l tu re s  o f th e  M illp o r t S ta tio n *  

These food sp e c ie s  were c u ltu re d  b o th  in  2f iq u s l9s s o lu t io n  

and in  M rdschreiber’ s  m ixture* A em ail a u b e r  of th e  

le y v ae  su rv iv ed  and metamorphosed in to  e a s i ly  recogn ised  

s p a t* th u s  proving th e  c o rre c tn e ss  of th e  id e n tif ic a t io n *  

Many c u l tu re s  of th e se  la rv a e  were s ta r te d *  b o th  in  19i#6 

and in  th e  suimasr o f t 9h?» w ith  v e ry  v a r ia b le  success*

From one cu ltu re *  5?T la rv a e  metaaaorphosed in to  spat*  o f 

which 1*3 o r were o f  aboonaal shape* O ther a ttem p ts  

were made t o  c u l tu re  them in  p lank ton  cages mads o f  b o l t in g  

s i l k  and susittoded from a r a f t*  Ifo spa t were ever found 

i n  th e se  d e s p ite  re p e a te d  a ttem pts*

D e sc rip tio n  of th e  L an re .

The e a r l i e s t  l a r v a l  s tag e  d e f in i t e ly  reco g n ised  

a8 ?* p u l la s t r a  was in  th e  l a t e  s t r a ig h t  h inge c o n d itio n , 

iCB u . longe mad ik k  u . h ig h  (Pl*1 * f  ig * l)  • The v e n t r a l

s h e l l  a rea  i s  l ig h t  yellow  b u t becomes much d eeper in  o ld e r  

larvae*  The ends a re  w e ll rounded and th e  s t r a ig h t  h inge 

i s  p laced  somewhat to  th e  p o s te r io r*  th u s  causing  the/



/ t h e  a n te r io r  m argin to  f a l l  sway more ra p id ly  th a n  il ia  

a n te r io r*  F l* 1 » f i g *2 shows an  e a r ly  us&o stage# 20b u* 

lo n g  and ISO u * h ig h *  S era  th e  v e l ig e r  l a  beg inn ing  t o  

a sBwm th e  ty p ic a l  shape* g e n e ra lly  rounded# s l i g h t ly  mare 

po in ted  to  th e  a n te r io r  and deep in  r e l a t io n  to  th e  length*  

The a n te r io r  and p o s te r io r  d o rsa l m argins a re  s l i g h t ly  

convex* The v e n tra l  m urgla i s  yellow  und th e  co lo u r ex tends 

f u r th e r  t o  th e  a n te r io r  th an  th e  p o s te rio r#  The d ig e s t iv e  

g land i s  apparen t a t  t h i s  s tag e  and i s  a ls o  yellow ish*

The rem ainder o f th e  u n lm l  i s  co lo u rle ss*

Xn P l* t * f lg * 3  i s  shown a (nature la rva#  260 u* 

long  and 2k0 vu high* The v e n tra l  margin and th e  c e n t r a l ly  

p ieced  d ig e s tiv e  g land  have th e  c h a r a c te r i s t ic  yellow  colour# 

There ©re th re e  to  fo u r  g i l l  p la te s  and th e  s ta to c y s t  i s  

p la in ly  v is ib le  th rough  them* The umbones in  most p o s it io n s  

in  which th e  la rv a e  e re  seen# merge w ith  th e  g en era l o u tl in e  

o f  th e  sh e ll*  I n  P l*1 ,  f l g .b  i s  shown th e  in te r io r  view 

o f  th e  l e f t  valve o f a la rv a  256 u . by  238 u* The le n g th  

o f Prod*t in  t h i s  specimen was 108 u* Xn P l . t#  f ig s*  5 end 

€ a rc  shown th e  h inge a re a s  ( in te rn a l  Vlas') o f  e la rv a  227 u« 

by  209 u* F ig . 5 shows th e  r ig h t  and f i g . 6 th e  l e f t ,  valve# 

The ligam ent (L) i s  a t  th e  p o s te r io r  end of th e  hinge#

Xn Pl#2» f ig # 7 i s  shown a photom icrograph o f a s e t t in g  

v e lig e r#  and f i g #8 i s  a photograph o f e x te rn a l vlewe of 

s in g le  valves*  Fl#2* f ig # 9# shows an in te rn a l  view o f th e  

h inge o f a s e t t in g  v e l ig e r  and th e  te e th  and th e  ligam ent 

a re  evident#  P I .2 ,  f ig *  10* shows a newly s e t t l e d  sp a t w ltV



12*
/ w i th  iu s t  a tree©  o f th e  diesoconch showing. The o ld e r  

sp a t In  PI*2 , f ig *  10 l a  0*h mm* In le n g th ,  in  which the  

shape, e s p e c ia l ly  th e  a n te r io r  end, has changed from th a t  

o f  th e  la rv a .  I n  © n u ib e r o f sp ec ies  i t  hae been 

observed th a t  th e  ou tlin e  o f th e  la r v a l  s h e l l  changes w ith  

th e  growth of th e  spat* The prodissoconch becomes n e a r ly  

surrounded by th e  s o l id  spa t s h e l l ,  and doub tless  th e  

p re ssu re s  s e t  up on a l l  s id e s  o f th e  f r a g i l e  la r v a l  s h e l l  

causes th e  d is to r tio n *  Care must he tak en  in  u s in g  th e  

o u t l in e  o f th e  la r v a l  s h e l l  on sp a t f o r  making th e  lin k -u p  

betw een them , and on ly  newly s e t t l e d  specimens should  be 

used*

‘4ft ■* -T£V*fc
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F lu c tu a tio n s  in  ATaumtenoa wad 

V e r t ic a l  D is tr ib u t io n  o f th e  V e lig e r .

The only  la m e lllb ran ch  v e l ig e r  upon which any 

q u a n t i ta t iv e  work h as  been done i s  th e  o y s te r ,  p a r t ly  no 

dotfct because o f i t s  economic im portance and p a r t ly  because 

i t  i s  one o f th e  v e l ig e r s  th a t  has been long id e n t i f ie d  and 

I s  e a s i ly  re c o g n isa b le , even in  th e  young stages*  Zn some 

ways th e  o y s te r  v e l ig e r  p re se n ts  a s p e c ia l  problem  in  th a t  

i t  i s  most o f te n  found in  sh e lte re d  and enc losed  w a te rs ; 

a t  any rat©  i t  i s  in  t h i s  type o f w ater th a t  i t  has been 

most tho rough ly  s tu d ie d  q u a n tita tiv e ly *  The summer o f  19W> 

was occupied in  id e n tify in g  th e  v e l ig e r  o f £ • o u l le e t r a  and 

in  becoming f a m il ia r  w ith  i t*  In  th e  summer o f  191*7 a 

pump th a t  could  b e  adapted  fo r  th e  q u a n t i ta t iv e  s tu d ie s  of 

p lan k to n  became av a ilab le*  The work was e s s e n t ia l ly  

p re lim in a ry  b u t i t  h as  rev ea led  some o f the problems*

Method*

The pump used was a c e n tr ifu g a l  ex-N .F .8 .  machine 

powered by an 8 H.P. Standard Qwyxme engine th a t  had been 

used by th e  Marine S ta t io n  p lank ton  team f o r  p lank ton  work 

in  Loch S triv en *  The ap p ara tu s was l ig h t  enough t o  be 

loaded and unloaded from a f o r ty  fo o t b o a t w ithout undue 

d if f ic u lty *  The pump was i n i t i a l l y  p laced  on Keppel P ie r  

and th e  s a g g in g  done by pumping w ater fro® 2 f e e t  below 

th e  su rfa c e  th rough  a Ho* 120 b o l t in g  s i l k  p lan k to n  n e t in to  

m easuring ta n k s  o f 333 l i t r e s  capacity*  At f i r s t ,  one c u b ic /



14*
/c u b ic  m etre was used b u t l a t e r  in c re a se d  t o  two* The 

co n ten ts  o f th e  n e t were washed in to  a la rg e  j a r  and th e  

volume reduced  by siphoning  o f f  excess w ater w ith  a t h i s t l e  

fu n n e l covered w ith  b o lt in g  s ilk #  The whole sample was 

th e n  examined in  e coun ting  c e l l ,  i n  th e  f re s h  c o n d itio n  

whenever p o s s ib le ,  f o r  id e n t i f i c a t io n  i s  th e n  e a s ie r  and 

more ce rta in *

F or sam pling from  depths g r e a te r  th a n  15 m etres , 

a  d iam ete r, in s te a d  o f th e  u su a l 4” » In tak e  hose was 

used* T h is  th in n e r  hose had th e  d isadvan tage th a t  w ith  

i t s  u se  i t  re q u ire d  15 m inutes to  pump a cub ic  m e tre , due 

to  th e  f r i c t i o n .

Sampling began on gone 2 6 th , th e  day a f t e r  th e  

f i r s t  v e l ig e r s  were observed in  th e  plankton* On August 

6 t h ,  owing to  th e  pump be in g  req u ired  f o r  o th e r  p u rp o ses , 

th e  s a i l i n g  s t a t i o n  was moved from Keppel P ie r  t o  a  p o in t 

in  a  sm all bay to  th e  n o r th -e a s t  o f  Keppel Point# The 

poop was lo c a ted  on th e  shore above h igh  w ater mark and th e  

in ta k e  p ipe was le d  down over th e  rocks and th e  in ta k e  end# 

two f e e t  below th e  su rface , m e  f lo a te d  on a buoy# (P 1 .2 3 , 

f ig * 2 ) .  At h igh  t id e  th e  intake was 12 to  15 y ard s  o f f  

sh o re , b u t a t low t i d e ,  only ©bout 2 yards# T h is  was not 

th e  most su ita b le  p o s i t io n ,  b u t under th e  c ircu m stan ces , 

th e re  was no a lter n a tiv e . Some luforcaation was c e r ta in ly  

ob ta ined  o f  the l a r v a l  movements in  a bay which i s  ty p ic a l  

o f  th e  I s la n d  of Cunbrae, and in  no way unnatural*
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C urren ts*

The c u r re n ts  e re  known t o  e x e r t  a g re a t in f lu e n c e  

on th e  movements o f  la rv a e ,  and T a i t  (1957) has found an  

eddy which n e a rly  o v e r l ie s  th e  a rea  on th e  Dogger Bank o f  

th e  H orth  S ea, where D avis (1923) found and c a re fu l ly  

mapped ou t a re a s  o f bottom  co n ta in in g  huge p o p u la tio n s  o f  

B n lsu la  and Mactra* These a re a s  appear l i k e  is la n d s  w ith  

d e f in i t e  b o rd e rs  and a re  in d ic a t iv e  th a t  some agency l ik e  

a c u rre n t must have been  re sp o n s ib le  f o r  th u s  co n c en tra tin g  

th e  la rv ae#  O rton (1937) in  a s tu d y  o f  th e  s p a t f a l l s  o f  

C ard iua  ed n le  in  Borecambc Bay, found th a t  th e  h e a v ie s t 

s p a t f a l l s  occur where (a )  t i d a l  stream s m eet, and (b ) sh a re  

banks s h e l te r  a  s t r e tc h  o f  ground from p re v a ilin g  winds#

The cu rren t c o n fig u ra tio n s  in  th e  reg io n  o f  th e  Curcferee a re  

no t w e ll known and th e  work o f  M ill (1892 , 1894) g iv e s  l i t t l e  

in fo rm atio n  on em ail lo c a l  areas# However, o b se rv a tio n s  

du ring  th e  sam pling p e r io d , a s  w ell as  a t  o th e r  tim e s , gave 

acme in d ic a t io n s  of th e  su rfa ce  p ic tu re#  On th e  e a r ly  p a r t  

o f a  f lo o d  t id e  th e  flow  of w ater comes in  ac ro ss  th e  mouth 

o f Karnes Bay ( s e e  P la te  3# Map) from between th e  Ounbraes; 

i t  s t r ik e s  F a rlan d  P o in t and i s  d e f le c te d  to  th e  southw ard 

a c ro s s  t o  Hunt e r s t  on Perch* As f lo o d in g  proceeds, th e  

d ir e c t io n  o f  th e  c u rre n t backs end flow s more d i r e c t ly  up 

F a i r l l e  Channel and In  tim e swings f a r  enough t o  be d e f le c te d  

by  Keppel P o in t*  F i r s t  to  th e  l a s t ,  end l a t e r  to  th e  H orth  

o f  t h i s  stream , th e re  occurs a  re v e rse  eddy o r  sw irl#  E a r ly /
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/K a r ly  In  th e  t id e  i t  a f f e c t s  th e  whole shore  between th e  

L ie n  Hock end Keppel P o in t;  l a t e r  i t  i s  con fined  to  th e  

em ail bay between Keppel P ie r  and Keppel P oin t*  T h is  i s  a 

rough p ic tu re  o f th e  average su rfa c e  c u rre n t c o n d itio n s  on 

th e  f lo o d  t id e  in  t h i s  a r e a ,  b u t many v a r ia t io n s  occur.

The ebb s tream  i s  more s tra ig h tfo rw a rd  and f o r  a p e rio d  

du rin g  each ebb, th e  t i d e  w il l  flow  s tro n g ly  southward p e s t 

Keppel P ie r  where i t  I s  o f te n  used f o r  f i s h in g  p lank ton  n e t s .  

At no tim e , however, in  s p i t e  of th e  r a t e  a t  which i t  s t r i k e s  

Keppel P ie r ,  doe© i t  h i t  th e  n o r th -e a s t  shore o f  Keppel P o in t 

w ith  any fo rc e  and th e  su rfa ce  c u rre n t p as t th e  In tak e  of 

th e  p lan k to n  pump, was not observed to  exceed an e s tim a ted  

$  t o  f  k n o ts .

Seasonal F lu c tu a tio n s  in  Abundance o f Larvae*

To determ ine f lu c tu a t io n s  in  abundance o f la rv a e  

throughout th e  summer, samples were ta k en  os n e a r ly  a s  

p o s s ib le  every fo u r  days during  th e  p eriod  when v e l ig e r s  

were p re se n t in  th e  plankton# The r e s u l t s  from June 26 th  

when th e  f i r s t  la rv a e  appeared , t o  September 30t h  when th ey  

d isap p eared , a re  shown in  th e  g ra p h ,P is te  4* Included  a re  

th e  average weekly tem pera tu res tak en  a t  th e  su rfa c e  from  

Keppel P ie r .  These tem pera tu res were k in d ly  su p p lied  by 

Mr. K*A. P y efln eh , B .I.S .B .A #, M illp o r t .  P r a c t ic a l ly  a l l  

la rv a e  rep re sen ted  in  th e  graph range from  180 to  260 u* in  

length# F o r some unknown reaso n  th e  younger s ta g e s  d id  no t 

appear to  be rep re se n ted  in  e i th e r  th e  q u a l i ta t iv e  o r  

q u a n t i ta t iv e  samples in  adequate numbers comparable t o  th e /
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/ t h e  frequency  o f th e  o ld e r  s ta g e s .  T h is  p recluded  th e  

p o s s i b i l i t y  o f  o b ta in in g  slse~ frequeney  d is t r ib u t io n s  from 

whleh i t  may have been p o ss ib le  to  make on es tim a te  o f the 

le n g th  o f la rv a l, l i f e *

The f i r s t  la rv a e  noted on June 24t h  were a t  

l e a s t  160 u . in  le n g th , showing they  were about h a l f  grown. 

I f  th e  drop in  th e  frequency  curve on J u ly  12 th  in d ic a te s  

th e  d isappearance  o f t h i s  i n i t i a l  p o p u la tio n  due t o  s e t t l e ­

ment, the  d u ra tio n  of la rv a l  l i f e  la  approxim ately  50 days# 

T h is i s  no t im probable, e s p e c ia lly  when tb® tem peratu res 

a re  considered*. Thorsoa (1946) g iv es  f ig u re s  o f  k  wo ska 

f» *  J d a i l f l  and 2 n e k s  f o r  g a s  SE£B2£l£- H«l»oa

(1928) c o n s id e rs  th e  la r v a l  l i f e  o f  M ytllua a d u l ts  to  be 

th r e e  weeks and th e  same tim e f a r  Mys e re n a r la  o t tem pera­

tu r e s  under 20° 0* Weymouth, McMillan and Holmes (1925) 

b e l ie v e  th e  la r v a l  l i f e  o f  th e  r a z o r  clam , B i l io u s , i s  

about two months, bu t th a t  i t  i s  no t f r e e  swimming d u rin g  

a l l  t h i s  tim e. F ie ld  (1922) es tim a ted  a la r v a l  p e rio d  of 

two months f o r  M ytllus e d u lis  by comparing re a re d  la rv a e  

w ith  th o se  found in  n a tu re . The d u ra tio n  o f  la r v a l  l i f e  

In d ica ted  by la b o ra to ry  c u l tu re s  f lu c tu a te  g r e a t ly  accord ing  

to  th e  a u th o r 's  experience w ith  V. n t t l la a t r c .  O ctree g lg ce  

(E lse y , 1933) re q u ire s  about 3 weeks a t  tem p era tu res  between 

18 end 20° C. S ch ae ffe r (1 9 3 8 ), found th a t  th e  la rv a e  of 

£♦ g jgas took 3 t o  6 weeks depending on tem p era tu re , t o  

reach  s e t t in g  s i s e  in  Q uilcene Bay. S urface tem pera tu res 

v a rie d  between 16 and 23° C. Hopkins (1937) s t a te s  t h a t /
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/ t h a t  th e  la rv a e  o f £ ,  lu r id a  have a  f r e e  swimming p e r io d  

o f a month a f t e r  b e in g  re le a se d  from  th© brood d i a l e r .

O rton (1937) e s tim a te s  th e  f r e e  swimming p e rio d  o f £* 

a d u l ts  to  be 10 t o  14 days, and v a rio u s  o th e r  a u th o rs ,

Cole (1936 , 1939), M aszo re lli ( 1922) ,  H agneier (1916) 

and Srdman (1 934), f in d  th e  tim es to  vary  between 9 and 17 

days depending on th e  tem peratu re  w ith in  th e  range 15*0 to  

22*0° C*

Assuming a la rv a l  l i f e  o f 30 days f o r  2* a n i ls  s t r a  

th e  d ate  of th e  f i r s t  spawning would be about June 10 th  and 

th e  m m  weekly tem peratu re a t  t h i s  tim e (Keppel P ie r )  was 

9 ,|®  C, One fem ale has been observed to  spawn in  th e  

la b o ra to ry  a t  10°  C* b u t th a t  i s  th e  ex cep tio n  r a th e r  th a n  

th e  r u le ;  th e  m a jo rity  re q u ire  a minimum tem peratu re  o f 

about 16°  C* June 23rd~28th was th e  f i r s t  5-day p e rio d  

in  1947 th a t  th e  su rface  tem peratu re  a t  K©x>pel P ie r  ro se  

above 10° C« I t  must be  remembered th a t  anim als on th e  

beaches may be su b jec t to  h ig h e r te m p era tu re s , and on a 

sunny day during  th e  tim e o f sp r in g  t i d e s ,  th e  tem pera tu re  

o f  th e  incoming t id e  over th e  beech may be a t  l e a s t  5°  h ig h e r  

th a n  th e  tem peratu re  recorded  a t  Keppel P ier*

The group form ing th e  peak number on August 23rd 

would have spawned approxim ately  2 weeks e a r l i e r ,  which 

would co in c id e  w ith  th e  in c re a se  in  tem peratu re  beg inn ing  

about August 1 0 th . T h is  i s  la rg e ly  c o n je c tu ra l ,  and a 

more s a t i s f a c to r y  sampling s ta t io n ,  w ith  an ex ten siv e  s tu d y /
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/ s tu d y  o f th e  X ength-froqueney of th e  la r v a e ,  would v e r i f y  

th e s e  assum ptions*

One p o in t th a t  t e  e l i c i t e d  from  th e  d a ta  i s  th e  

exect p e rio d  o f  th e  b reed in g  season* Xn 1946 spawning 

began b e fo re  June 1s t ,  f o r  th e  larva©  were f i r s t  i d e n t i f i e d  

in  th e  f i r s t  week o f  th a t  month* On June 12 th  a nuniber of 

newly s e t t l e d  spa t were found and t h i s  in d ic a te d , assuming 

a f r e e  swiwniag p e rio d  o f  a month, th a t  spawning had eoourred  

Mb out th e  middle o f May# The t t^ e v v tw r e  in  «td-4fey, 1946

wee on ly  8*5° C* a t  Keppel P i e r ,  no t r i s in g  above 10° C*

u n t i l  th e  f i r s t ,  week in  June* Xn 1946 th e  la rv a e  d isappeared  

from  th e  p lank ton  in  th e  middle of August * Thus in  1946 th e  

spawning season  la s te d  from  mid-May to  m id -Ju ly , assuming a 

l a r v a l  p e rio d  o f  a month. Xn 1947 th e  season was from  mid- 

Ju n e  to  th e  end o f August* Spawning in  two sueoeeeive y e a rs  

l a s t e d  f o r  about th e  same le n g th  o f t im e , bu t i t  commenced a

f u l l  month la ta *  i n  1947* T h is  la g  tasy have been due t o

th e  r e ta rd a t io n  in  gonad development subsequent t o  th e  

e x c e p tio n a lly  low w in te r  tem pera tu res in  1946-47* I t  i s  

u s u a lly  in  th e  pre-spaw ning p erio d  th a t  th e  in te n se  p ro­

l i f e r a t i o n  and r ip en in g  o f  th e  laollusean gonad ta k e s  place*

V er tic a l D istr ib u tio n .

Thereon (19V>) and B arker Jo rgensen  (192|£) have . 

provided th e  only  in fo rm ation  on th e  v e r t  l e a l  d is t r ib u t io n  

o f  lame 11 lb ranoh  v e l ig e r s ,  o th e r  th an  o y ste rs#  Xn th e  

8ound, however, th e  d is t r ib u t io n  la  markedly in flu en ced  b y /
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/bgr th e la y e r in g  o f  the so -c a lle d  K attegat and B a ltle  

w a te rs , and th e  data from th ose works have on ly lim ited  

ap p lication *

I t  was hoped t o  determ ine th e  normal v e r t i c a l  

d is t r ib u t io n  of th e  la rv a e  o f 2 * o u ^ la s tra  and to  o o r re la te  

t h i s  w ith  th e  v e r t i c a l  d i s t r ib u t io n  o f the  s e t t l e d  spat*

To c o l le c t  in fo rm atio n  about e p a t f e l l ,  a nuttfber o f s t r in g s  

o f c u ltc h  were suspended from  su rfao e  to  bo ttom , in  v a rio u s  

d e p th s , down to  40 m etres , in  s e v e ra l lo c a l i t i e s *  Extreme 

c a re  was used in  th e  p re p a ra tio n  o f  t h i s  experim ent; on ly  

new ro p e , w ith  new g a lv an ised  th im bles and sh a c k le s , and 

s p e c ia l  anchors and buoys were used? however, every  s t r in g  

was l o s t  and in  th e  op in ion  o f th e  S ta t io n  boatm an, vandal­

ism was th e  cause*

To o b ta in  a g en era l p ic tu re  o f th e  d i s t r ib u t io n  

o f la rv a e , su rface  samples were tak en  on J u ly  29th  a t  4  

s ta t io n s  -  B a llo eh  Bay, H untereton  P e rch , T r a i l  I s la n d  and 

Keppel Point* Larvae of 2 - o u l la s t r a  were found on ly  from  

Keppel P o in t,  where 20 were counted* T h is  t r i p  co incided  

w ith  a  p e r io d  when th e  p o p u la tio n  was low , a s  in d ic a te d  by 

th e  coun ts from  th e  re g u la r  s e r ie s  o f sam ples (G raph, P la te  4) *! 

I t  i s  s ig n i f ic a n t  th a t  t h i s  evidence co rro b o ra ted  th e  in fo r ­

m ation from  th e  re g u la r  s e r ie s*  A s ta t io n  was l a t e r  s e t  up 

i n  F a l r l l e  Channel ( P la te  3 ,  P) * and samples of one cu b ic  . 

m etre were tak en  from dep ths o f 3 ,  9 , 15 , 25 and 30 m etres*

A p erio d  o f 9§ m inutes e lap sed  between th e  f i r s t  end l a s t  

sample of t h i s  s e r ie s*  The r e s u l t s  a re  summarised below*



Table

YffWPigfo
V e r tio o l D le t r lb u t la a  o f  L arvae <11 fftrHMI?-

< oublc mot r e  w m plo*.

Tims Depth 
In  m etres

Ho. o f 
L arvae

Remarks.

13*25 3 0 Few la m e lllb ran ch  v e l ig e r s .

13*10 5 1 Horrael su rface  la rv a e  present*

13*00 15 6 C onsiderable number o f  
normal su rfa c e  forms*

12.35 25 0 Smell no* o f M ytllua ed u lls*

12*15 30 1 A no. o f J|« edu lls*
1 M odlolttf m odlolm . _ 
No o th e r  1 sm e lllb ren eh a .

W eather i Calm during  th e  su rface  samples*
S lig h t chop du ring  th e  v e r t i c a l  se rie s*

These nunbers a re  to o  email f o r  much s ig n if ic a n c e  

t o  bo  a tta c h e d  to  them* n ev e rth e le ss*  th ey  in d ic a te  th a t  

tb o  la rv a e  o f J .  p o l la s t r a  do p e n e tra te  below th e  su rfa c e  

l i f e r s  and th e  sm all numbers found ag ree  w ith  th e  r e s u l t  a 

o f  th e  r e g u la r  su rfa c e  ae rie s*

A second v e r t i c a l  a e r ie s  was taken  a t  a s ta t io n  

p laced  a a  n e a rly  a s  p o ss ib le  to  th e  p o s i t io n  o f th e  J u ly  2 9 th  

s ta tio n *  ( P la te  3* F)* Sampling was done in  th e  same manner 

b u t from th e  depths o f 0 9 5 * 10* 15* 20* 25* 50* bO and 

metres* a  volume o f  2 cubic m etres was used f o r  each sam ple  

and a p e rio d  of 7  hours e lap sed  between th e  f i r s t  end t h e /
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/ t h e  la s t  sample* H ie r e s u lts  are euasi&rlsed below and 

graphed on P la te  5*

T able 2*

V o rtica l P lgtrlbT rtloa Qf Lax^»« ln  P a lr ll!  
2 otfcic nwtra s a m p l e . . g j j . g . f r ? '

a* in  P a ir lla  Channel

T in s Depth 
in  m etres

Ho* o f 
Larvae*

Remarks.

10 . 1a 0 26 Few other v e lig ers*

10*30 3 30 Formal complement o f su rface  
forms*

to .5 3 5 32 F air no. o f other v e lig ers*

11*20 10 97 50$ of v e lig e r s  were ¥ • o u lla s -
JUDd4

11*56 15 67 Normal complement o f v e lig ers*

12*30 20 5fc Formal complement o f v e lig ers*

15*20 25 15 Formal complement o f v e lig e r s .

16*00 30 26 Formal complement o f v e lig ers*

16*50 w> 0 Few v e lig e r s . M ytilus e d u lls  
and Modiolus modiolus*

17*10 0 91 V e lig ew  mainly 2 .  o n l la a t r a .

Weather i Calm and sunny.

Owing to  the long period o f tim e Mween samples* 

comparisons between numbers at d iffer en t depths hare l i t t l e  

sign ifiean ee*  ^he inform ation does in d ica te  th a t £*  

p u lla etre and other v e lig e r  larvae may be found over By



/ e  co n s id e rab le  range o f  depth* I t  l a  not known w hether 

th e  behav iour o f  th e  la rv a e  l a  re sp o n s ib le  f o r  t h i s  o r  

w hether th e  Observed d i s t r ib u t io n  i s  th e  r e s u l t  o f a f a i r l y  . 

complex t i d a l  system  a t  t h i s  s t a t io n .  Thor son (19M>) , 

found th a t  la rv a e  were confined  to  t h e i r  *0811x0* w a te r, 

c h a ra c te r is e d  by a c e r ta in  s a l i n i t y  and teosperature; and 

K elson (1928) found th a t  th e  la rv a e  of £ • v lrg ln ic e  

congregate a t  th e  h a l lc l ln e  In  B arnegat Bay. Ko hydro­

g rap h ic  e s tim a tio n s  were made, b u t th e re  i s  l i t t l e  ev idence 

f o r  th e  e x is te n c e  o f  a d e f in i te  h a l lc l ln e  In  a tidew ay such 

a s  F a i r  l i e  Channel* P erk in s  (1931) ,  a ls o  working In  

B arnegat Bay, found a p o s s ib le  c o r r e la t io n  between th e  

v e r t i c a l  d i s t r ib u t io n  of the la rv a e  £* v lrg in ic a  and th e  

and th e  s tre n g th  o f th e  c u r r e n t ,  although  a t  low c u rre n t 

v e lo c i t i e s  and marked s a l i n i t y  v a r ia t io n s ,  t h i s  l a t t e r  f a c to r  

appeared  to  e f f e c t  th e  d is t r ib u t io n  a s  found by Kelson*

The I n te r p re ta t io n  (K orringa 19hO) of Perkin* s  d a ta  i s  th a t  

th e  e f f e c t  o f s a l i n i t y  changes i s  g re a te r  th an  th a t  o f 

c u rre n t v e lo c it ie s *  Working In  th e  C o s te rsch e ld e , K orringa 

found th e  la rv a e  o f £ .  edjulls were uniform ly d is t r ib u te d  In  

a  v e r t i c a l  p lane a t  any tim e of th e  day o r  n ig h t .  In  a U  

k in d s  o f  w ea ther, and a t  a l l  s ta g e s  o f th e  t i d e .  I t  nay 

be p o in ted  out th a t  th e  w ater in  the  O osterschelde l a  

shallow*
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D iu rn a l Movements.

Oa August 1Uth* 1 5 th  anfl 1 6 th , 19U7> «anple» 

o f  2 cub ic  m etres were pumped a t  each  low , h a l f  and h ig h  

t i d e  p e rio d  from th e  Keppel P o in t shore s t a t io n  (P1.3#

Bap 0 ) ,  g iv in g  a s e r ie s  o f  16 samples over 48 hours*

B e su ita  o f  the  la r v a l  coun ts f o r  th e se  samples a re  ta b ­

u la te d  In  f a b le  3* *nd shown g ra p h ic a lly  on P la te  6 *

T h is  Shows th a t  the  number of la rv a e  i s  c lo s e ly  c o r r e l a t e  

w ith  th e  s ta g e  o f the  t id e  and a l s o ,  to  some e x te n t ,  w ith  

th e  p e rio d s  o f  darkness#

I n  o rd e r  to  check t h i s  d a ta  and, I f  p o s s ib le ,  to  

e lim in a te  th e  p o ss ib le  e f f e c t  of lo c a l  co n d itio n s  such as 

th e  eddy f a c to r  and the  p roxim ity  o f th e  in tak e  to  th e  

sh o re , a s e r ie s  o f samples were token  from th e  'N a u t i lu s 9 

du ring  th e  p e rio d  26th~28th August 1947» a t  a s t a t io n  

(F l* 3 t D) 200 y ards so u th  of  Keppel P ie r  In  l|0  metres* 

These samples o f 2 cubic m etres volume were ta k e n , as 

b e fo re , approxim ately every th re e  h o u rs , co in c id in g  w ith  

th e  tim es o f  h ig h  and low w ate r and th e  h a l f  t id e s *  I n  

a d d i t io n  to  th e  su rface  sam ple, one was tak en  n ea r th e  

bottom  a t  12 metres* I t  re q u ired  13 m inutes to  tak e  each 

sample* The r e s u l t s  of th i s  a e r ie s  a re  ta b u la te d  In  T ab le  

4  and graphed in  P la te  7*

The d ir e c t io n  o f  th e  su rfa c e  c u r re n t d u rin g  th e  

tim es o f  sam pling was in te re s tin g *  I t  appeared t o  occur 

a t  random and no d ir e c t  c o r r e la t io n  w ith  th e  r i s e  and f a l l  

o f  th e  t id e  ex is ted *  T h is  imy be tru e  only  f o r  t h i s  a r e a /
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als&... afaara. -Start.l<?a.cl. 3 .Baar.Jat.M gy.lg j... A .w w t ifr-1£.il3 tiZ

T in s Nu®&er 
o f Larvae

L igh t T ide

11.30 35 Day H

14*15 14 Day H alf

17*15 2 Day LL

« M T 2 Day H alf

23*25 30 N igh t HH

02*25 69 N ight H alf

05.10 4 Day L

09*15 25 Day H alf

12*15 70 Day a

15*10 11 Day H alf

10*15 8 Day LL

21*20 120 Day H alf

00*20 92 N ight NT

03*30 155 N ight H alf

06*20 25 Day L

09.55 86 Day H alf

H m High* HH m Higher High*
L * Low* LL * Lower Low*

Weather : Bdgfct and manny. Ho wind or aea*
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Veneraple pglXaetrs.

S A a a ^ L R lf f i lA i^ iM  fe irU s -g te a f lg i l tanil Metr.. aemnlee o f2 Cuiblo Botraa. Awcuet 2fc-2ti.12h?.

f t  m
BeptK

l a
M etres

fb* SP
Eierreo, L igh t T ide Remark*

12.03 0 .6 12 Day H alf Ebb stream .

12*20 12 .0 21 Bay H alf Ebb stream . Bore o f o th e r  
sp ec ie s  o f v e l ig e r  s th a n  
in  su rfa ce  sam ple.

15.16 12*0 34 Bay Low Flood steam . Normal 
v e l lg e r s  complement.

15 .30 0 .6 11 Bay Low Almost pure c u l tu re  of 
t i n t ir .n l8  P e r e l la  B tr la tu c . 
Only v e l ig e r s ,  V. p u l la s t r a  
and Cardlma ed u le .

18.20 0 .6 45 Bay H alf Ebb stream  -  f lo o d  stream  
50 yards so u th . R e la t iv e ly  
few t l n t in n id s .  V e lig e r  
con ten t norm al.

18.3* 12 .0 29 Bay H alf Ebb steam -  f lo o d  stream  
50 yards so u th . R e la tiv e ly  
few t l n t i n n id s .  V e lig e r  
co n ten t norm al.

21.1(0 12*0 5 High* High E a s te r ly  chop. Few v e i l  g en  
Some C rustacea and some 
C eratium .

22.00 0 .6 TO Siefct High Bormal complement o f 
v e l lg e ra .  Ebb steam.

00.91 0 .6 107 B igh t H alf Flood stream . F a i r  number 
o f  y w e l l a .  Sorm al y e l lg e n  
sp e e le s .

01.0J 12*0 1 B ight H alf Few v e l lg e r s  -  mainly 
S lfc te lla  end H eteranorala.

03.51 12*0 11 B ight Bov Flood stream . Normal

0U»H 0 .6 77 B ight Low Flood stream . Form al 
complement.

/O v er i



Time
Depth 1 

i n  
le t* * *

¥ o .’ o r ~
L a rm t# t i g h t T ide Remarks

07.014. 0*6 16 Day H alf Ebb stream . Ho deep 
s ta p le  -  pwap tro iib le*

10.33 0*6 2 Day High Flood stream* Few p lank - 
to r e  o f  any so rt*

10.1*3 12*0 25 Bey S ig h Hortnal p lan k to n .

13.30 0 .6 5 Day H air Ebb stream , L i t t l e  plankton 
Few M y illu s .

13*45 12*0 50 Day H alf Hormal v e l ig e r  complement*

16*30 0*6 7 Day tow Changing from  Ebb t o  Flood 
stream* L i t t l e  p lank ton  
o f  any so rt*

16 ,30 12*0 15 Day Low norm al complement*

13.50 0*6 47 Day H alf F lood stream . Few o th e r  
v e l ig e r  apeolee*

20*05 12*0 56 Day H alf norm al complement*

22,1*5 0*6 105 E ight High F lood stream* V ellg ere
normal*

23*00 12*0 20 n ig h t High Changing to  Ebb stream* 
V e llg e rs  normal*

01*53 0*6 206 H irh t H alf Ebb stream* V ellg e re  
normal*

02*13 12*0 0 S ig h t H alf Pew v ellg ere*

05*00 0*6 20 Day Low S lack  water*

05*20 12*0 34 Day Low Beginning of f lo o d  a t  ream*

08*25 0*6 34 Day H a lf Ebb stream , norm al v e l lg e r i

08*40 12*0 33 Day H alf S lig h t ebb* Many esmstaeeas 
V e ilg a rs  o f l a r g e r  e ls e  
g roapa. H v tila a  dominant*

11*27 0*6 i f Day High L ig h t flood*

11*45 12*0 14 Day High S lig h t ebb* Few v e llg e re*
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/ e r e a  ee th e  s ta t io n  was c lo s e  to  th e  o u te r  edge ©f th e  

X eppel P o la t-L io n  Sock sw irl*  Some of th e  sam ples were 

no doubt ta k e n  from th e  * sw irl*  w a te r , w h ile  o th e rs  were 

from  th e  main c u r r e n t .  The com plexity  o f th e  su rfa ce  

c u rre n t h as  been em phasised.

The maximum nunbers in  th e  su rfa c e  samples 

co in c id e  w ith  the  p e r io d s  of darkness* In  th e  12 m etre 

sam ples th e  numbers r i s e  to  e peak during  th e  hours o f  

d a y l ig h t ,  b u t a re  always ranch low er th an  th o se  in  th e  

su rfa c e  sam ples. The ex p lan a tio n  p robably  i s  th a t  th e  

la rv a e  a re  w idely  d is t r ib u te d  In  depth during  th e  day bu t 

co n cen tra ted  n e a r  th e  su rfa ce  a t n ig h t ,  a s  w ith  many p lank­

to n  organism s. I n  t h i s  s e r ie s  th e re  appears to  be no 

c o r r e la t io n  between number o f la rv a e  and th e  stage o f  th e  

tid e *

A nother s e r ie s  o f  samples was ta k e n , ag a in  from  

th e  shore s ta t io n  a t  Keppel P o in t ,  bu t a t  le s s  freq u en t 

in te r v a ls .  The samples were most o f te n  ta k e n  a t  h igh  

t id e  w ith  sm a lle r  numbers a t  low t i d e .  Sampling was 

continued  f o r  f iv e  days and s ix  n ig h ts ,  from  August 29 th  

to  Septem ber 4 th ,  1947# and the  counts a re  p resen ted  in  

T ab le  5 and graphed on P la te  8*

I n  f iv e  out of the s ix  n ig h t samples th e  numbers 

o f  la rv a e  a re  s ig n i f ic a n t ly  h ig h e r  th an  th o se  ta k e s  a t  

comparable s ta g e s  o f the  t id e  during  th e  day* T h is  

c o rro b o ra te s  th e  evidence from  th e  two p rev ious s e r i e s /



T able

VenoruDla pg lla« tg» .
aw « HlghtDlBtrlbatlM or LaTTOaat̂ tiiftKgppel Point Short 

S ta tio n . August 29th to  Sontonteoy h th . <9hi.

Time
Kudber

of
Larvae

L igh t T ide Remarks

12*15 9 Lay High Calm. Pew v e i l  gars*

Si^OO 96 Hirht. High Calm* P a ir  nurriber o f  v e llg e re*

12*55 24 Day High Calm* Pew v e lig e ra*

19*05 31 Day Low Calm* Large number o f  sm all 
v e llg e re*

01*00 311 Night High Calm* Many thousands o f v e llg e rs*

07 .15 Day Low Too much weed -  im possib le to  
count*

13*25 29 Day High Calm* Pew v e llg e re*

19 .15 1 Day Low Calm* Pew v e llg ere*

01*30 378 N ight High Calm* Moonlight* Numerous 
v e llg e re*

08*30 42 Day Low Calm* P a ir  number o f v e llg e re*

13*50 10 Day High Calm* Pew v e l lg e r e » m ainly 
M odiolw iB (aarnwrBtfi.

19.30 9 Day Low Calm* Pew v ellgere*

02*00 151 N ight High Calm* P a ir  nunber o f ve llgere*

14.30 108 Day High Calm* P a i r  nuaber o f v e llg e re*

02*30 17 N ight High B lig h t w esterly*  Pew v e llg e re*

15*15 19 Day High Cloudy.► Extrem ely few vellgfers*

03*30 137 N ight High S o u th erly  b re e e e » ra in*  
Numerous v e llg ere*



/ s e r i e s ,  th a t  th e se  la rv a e  undergo d iu rn a l v e r t  l e a l  

m ig ra tio n s . tn  th e  sh a re  sam ples i t  i s  p o ss ib le  t h s t  

th e re  raay be a  d iu rn a l h o r iz o n ta l  movement , bu t t h i s  la  

h a rd ly  l ik e ly  in  view o f  th e  in fo rm atio n  from  th e  12*0 

m etre sam ples in  th e  August 26th~28th s e r ie s  and fbom th e  

v e r t i c a l  s e r ie s  o f  August 22nd in  F a i r l i e  Channel*

F u rth e r  evidence i s  needed on t h i s  p o in t t and the p re se n t 

work h as only po in ted  out a s tro n g  p o s s ib i l i t y  th a t  some 

s o r t  o f a  d iu rn a l rhythm e x is ts*  F u r th e r  sampling i s  

needed a t  more and o th e r  s ta t io n s  in  a d d itio n  to  la b o ra ­

to r y  experim ents and o b se rv a tio n s  on th e  larvae*

I f  a v e r t i c a l  m ig ra tion  does e x i s t ,  even w ith in  

th e  com pare!Ively  narrow l im its  o f  th e  su rfa c e  and 15 

m etres , a  mechanism f o r  b rin g in g  about t h i s  movement i s  

re q u ire d . S evera l o f  th e  samples in d ic a te d  th a t  th e  

m ig ra tio n  may ta k e  p la ce  w ith in  a p e rio d  o f th re e  hours* 

T h is  re q u ire s  a v e lo c ity  o f 3 m etres p e r h o u r, o r  rou ^H y  

10*0 ecu p er minute* Ho d a ta  i s  a v a ila b le  on th e  r a te  of 

awinsniog o f  th e se  larvae*

D iurnal movements have been observed in  a nuafoer 

o f  anim als and Welch (1935) s t a t e s ,  ^Diatoms, f l a g e l l a t e s  

and o th e r  organisms w ith  weak locom otion have been observed 

to  m anifest d iu rn a l movements, b u t a re  r e s t r i c t e d  t o  narrow 

lim its* *  Fox (1 9 2 5 ), found th a t  Paramecium end ech ino id  

la rv a e  under c e r ta in  c o n d itio n s  swim down in  l ig h t  and up 

in  d ark n ess, and so concludes th a t  d iu rn a l movements occur 

in  organism s moving by c i l i a r y  action* K ikuohi ( 1 9 3 0 ) , /
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/fe ikueh l (1 9 3 0 ), rev iew s th e  l i t e r a t u r e  on d iu rn a l move­

ments of p le n k to n ic  C rustacea  and m entions t h a t  l im ite d  

d iu rn a l  m ig ra tio n  o f  d ia tom s, f l a g e l l a t e s ,  P ro ta s e s , 

R o ta to r ia  and o th e r  organism s w ith  weak locom otor a c t i v i t y  

have been observed , b u t th a t  Ceratium  and Anursea make 

more ex ten s iv e  movements* Re does no t g ive h i s  a u th o r i ty  

f o r  th e  in fo rm atio n  on Ceratium  and A nuraea. and t h i s  has 

n e t  been found elsew here. Rose (1 9 2 5 ), d isc u sse s  in  

d e t a i l  th e  p o s s ib le  causes of d iu rn a l movements. Holmes 

(1 9 0 2 ), d isc u sse s  p h o to tax is  in  Volvoqt  which he f in d s  i s  

p h o to ta o tic  in  normal l i g h t ,  n eg a tiv e ly  so  in  In ten se  

l i g h t ,  and w ith  no re a c t io n  in  weak l i g h t .  Thus th e  

l i t e r a t u r e  throw s l i t t l e  l ig h t  on th e  p o s s ib le  mechanism 

o th e r  th a n  c i l i a r y  a c t iv i ty  f o r  c a rry in g  out d iu rn a l move* 

m eats by  £* o u f la s trs *
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Metamorphosis of the Larva.

The change from the free liv in g  larval stage into  

the more or leas fixed or sedentary form in lamellibranchs 

is  recognised as perhaps the most c r it ic a l stage in th eir  

l i f e  h istory. The anatomical changes that occur in the 

fixed forms lik e  the Ostreidae are more drastic than those 

which take place in , for instance, the active burrowing 

forms lik e the Veneridae. As well as the loss of the 

typ ica lly  larval organs there i s  also the lo ss  of the foo t, 
of a l l  or part of one adductor muscle, and a general sh ift  

in the symmetry of most of the organs of the attached forms.
I t  is  on these attached forms, especially  the 

oysters, that the major part of the work on metamorphosis 

of larval lamellibranchs has been carried out. Ryder 

(1882, 1884), Jackson (1888, 1890), Stafford (1913) and 
Prytherch (1934) have given accounts of the process in 
the American oyster, Qstrea v lrgin ica . On the European 

oyster, 0. ed u lis , until the work of Cole (1937, 1938a, 

1938b ), there had been no adequate description of the 
transition  stages. Yonge (1926), gave a description of 

the early spat, and Erdman (193b-), gave a complete descrip­
tion  of the fu lly  developed "ansatzreifen" larva.

♦

Most of the remaining studies on metamorphosis 

have been done on freshwater m ussels. Because of the 

parasitic stage in  their l i f e  history, comparisons with 

marine sp ecies are not easy to make. Ziegler (1885) 02*/
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/ m  C veles co rn ea . Harms (1909) on th e  U nionidae g e n e ra lly  

and H ebers (1913) on Anodon&a c e l  l e a s t s * have gone in to  

d e t a i l  on th e  metamorphosis o f th e s e  form s. I n  a d d i t io n , 

S lg erfo o a  (1901) on th e  T ered ia id ae  and Drew (1897, 1898, 

1901) on th e  P ro t ob ranch ia , have c o n tr ib u te d  to  an  under­

s tan d in g  of th e  change from th e  p e la g ic  to  th e  b e n th ic  

l i f e .

The purpose o f t h i s  s tudy  o f th e  metamorphosis 

o f  la rv a e  in to  th e  sp a t o f  J .  o u l la s t r a  ie  to  examine, in  

a g en e ra l way, th e  m ajor changes th a t  ta k e  p lace  during  

t h i s  c r i t i c a l  p e r io d , and to  sea  whether th ey  throw l i g h t  

on th e  a c t i v i t i e s  and re a c tio n s  of the young animals* I t  

I s  not proposed to  go in to  th e  changes In  much d e t a i l ,  f o r  

th e  enh ryo log ioa l and developm ental s tu d ie s  th a t  would be 

involved a re  beyond the  seope of th e  p re sen t research*  Xt 

i s  a ls o  necessary to  l im it  the  s iz e  of th e  sp a t examined and 

t h i s  has been p laced  a t  a le n g th  of 1*0 mu

■ a t t a i n  and Method*.

P lan k to n  was tak en  in  th e  o rd in ary  way by tow 

m attin g  o r  by pump and th e  la rv a e  sep ara ted  out and f ix e d  

in  Bonin, which d e c a lc if ie d  a t  th e  same time* The s p a t, 

a ls o  f ix e d  in  B enin , were ob ta ined  from p lunger j a r s  in  

which they  had been re a re d  from  th e  la rv a e  ,  o r were tak en  

from p la te s  o f  v a rio u s  m a te r ia ls  which had been exposed a s  

e u l td u  F ix a tio n  was good though co n s id e rab le  shrinkage 

occurred  (O rto n , 1937)* S e c tio n s  were cu t a t  7 u« in  E s te r /
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/E s t e r  wax sad  s ta in e d  w ith  m ethylene b lu e  and ery th ro e in *  

Whole mounts and d is s e c t  ions were s ta in e d  in  v a rio u s  ways 

b u t m ethylene b lu e  was found to  be s a t is fa c to ry *

To form © b a s is  f o r  fo llo w in g  th e  p rocess o f  

m etam orphosis, © d e s c r ip tio n  of th e  la r v a l  anatomy i s  

deemed n ec essa ry . Development w il l  no t be d iscu ssed  a s  

th a t  i s  an o th er problem , and th e  organs to  be d escrib ed  

h e r s  a re  those  o f the  mature la rv a  ready  to  metamorphose.

P I .9 ,  f i g . l h  i s  a seml-diagrararaat 1c i l l u s t r a t i o n  o f a 

la rv a  re c o n s tru c te d  from  exam ination o f l iv in g  specim ens, 

whole mounts and s e c tio n s . The in d iv id u a l organs w i l l  be 

d ism issed  s e p a ra te ly .

ia g - .M s . iw  j Jh u m*
The S h e l l .

The la rv a l  s h e l l ,  according to  Werner (1 9 3 9 ), i s  

a  c a lc i f ie d  s t r u c tu re  w ith  a eonchyolin  b a s e , end a t  t h i s  

s ta g e  o f  developm ent, i t  com pletely  enc lo ses th e  body of  

th e  la rv a . I t  has th e  c h a r a c te r i s t ic  shape w ith  th e  deep 

yellow  c o lo u r , e s p e c ia l ly  in  th e  v e n tra l  reg io n  toward the  

edge o f th e  s h e l l .  There a re  two main p a r ts  to  th e  la r v a l  

s h e l l ,  an  e a r l i e r  formed a rea  desig n a ted  by Werner (1939) 

a s  th e  f i r s t  p rodlssoconch o r P ro d .1 , and th e  p a r t  formed 

l a t e r ,  th e  second prodlssoconch , P rod.11* Prod*1 i s  of 

uniform  su rface  s tru c tu re  w ith  an a n te r io r - p o s te r io r  le n g th  

o f between 95 end 105 u* in  d i f f e r e n t  in d iv id u a ls . Prod* 11, 

th e  la rg e  o u te r  p a r t o f th e  la r v a l  s h e l l ,  i s  c o n c e n tr ic a l ly /
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/e o n e e n tr ie a lO y  s t r i a t e d  w ith  f in e  l i n e s .  wernar* s 

exp lanation , i s  th a t  P rod.1  i s  l a id  down un ifo rm ly  by th e  

s h e l l  g la n d , whereas P rod . 11 i s  l a i d  down by th e  m antle 

edge as  in  th e  manner o f th e  a d u l t ,  and th e  s t r i a e  e re  

a c tu a l ly  growth l i n e s .  The le n g th  o f ? ro d .1 i a t  th e  

end o f la r v a l  l i f e  i s  between 250 end 2d0 u . As f a r  a s  

osn  be a s c e r ta in e d , th e re  i s  l i t t l e  v a r ia t io n  in  shape a t  

t h i s  tim e . The h inge of th e  la rv a  i s  roughly  80 u . i n  

le n g th  and i s  in  th e  form of a s o l id  b r id g e  studded w ith  

15 sm all t e e th  ( ? 1 .2 ,  f i g . 9) ,  the  c e n tre  one b e in g  b i f i d .

At th e  p o s te r io r  end o f th e  row of te e th  i s  a ligam ent (I.)

10 «• wide and 15 u . lo n g . When th e  v a lv e s  e ra  sep a ra te d  

ter d is s e c t io n  th e  ligam ent s p l i t s  in to  two p a r t s ,  one 

rem aining w ith  each v a lv e .

Tbs M antle.

The m an tle , one c e l l  la y e r  th ic k ,  i s  w ell 

developed and th e  edges a re  a lread y  fu n c tio n in g  a s  a reg io n  

o f  s h e l l  d e p o s itio n  ( W erner, 1939). The lo b e s  a re  sep a r­

a te d  except f o r  a sh o r t d is ta n c e  n e a r  the o r ig in  o f  th e  

g i l l s  and d o rs a l ly  between th e  adduc to r m uscles where 

fu s io n  w ith  th e  v is c e r a l  mass o ccu rs .

The m antle edges c a rry  two lo b e s  in s te a d  o f the 

th re e  norm ally  fo\md in  th e  a d u lt  (Tonga, 19h8). There 

a re  th re e  c e l l  la y e rs  in  t h i s  re g io n , one o f  whloh co n tin u es  

in to  each o f  th e se  two lo b e s , w hile th e re  i s  a th i r d  c e n t r a l  

one w ith  n u c le i  which s t a in  b r ig h t g reen  w ith  methylene b lu e ,  

(P 1 .1 3 , f ig .2 6 ) .  Presum ably th e  two lo b es  p re sen t a re  th e /



32.
/ t h e  in n e r  m uscular and th e  o u te r  sec re to ry #  Bo nerve 

wee observed in  th e  m antle lo b e s  o f  th e  larva#

On th e  in n e r  s id e  o f  each m uscular lo b e  p o s te r ­

io r ly  below th e  g i l l  o r ig in  i s  a l i n e  o f c i l i a  (Pl#13» 

flg#26c) • The c i l i a  from th e  two lo b es may in te r lo c k  and 

may th u s  form an e f f e c t iv e  b a r r i e r  t o  th e  flow  o f w ater 

in to  and out o f th e  m antle cav ity#  The velum i s  th e  

organ o f  feed in g  and th e  g i l l s  a re  no t concerned w ith  t h i s  

in  any way# The c i l i a  o f th e  g i l l s  e re  very  a c tiv e  in d i­

c a tin g  th a t  th ey  may be fu n c tio n in g  as a r e s p ir a to ry  o rgan , 

s c  d o u b tle ss  th e re  a re  c u r re n ts  in  and out o f th e  m antle 

cav ity #  I t  i s  th e re fo re  l ik e ly  th e re  i s  a mechanism f o r  

c o n tro l l in g  th e  fo rc e  and d ir e c t io n  o f th e se  c u r re n ts  and 

f o r  p reven ting  th e  en try  o f  p a r t ic le s #  I t  i s  suggested  

th a t  the rows o f in te r lo c k in g  c i l i a  in  co n ju n c tio n  w ith  

th e  m uscular lo b e  o f th e  m antle may fu n c tio n  as  th e  

c o n tro l l in g  mechanisms#

G i l l s -

The g i l l s  of th e  mature la rv a  c o n s is t  of fo u r  

filam en ts#  In the la rv a  of t h i s  and most o th e r  s iphona te  

form s, the g i l l s  appear to  be formed co n s id erab ly  in  

advance of those of O etrea e d u lls  acco rd ing  to  th e  d e sc r ip ­

t io n  g iven  by Cole (1938)* Erdman (1934) , in  h is  f ig u re  

o f  an "ansstzreifen” la rv a  o f e d u l ia » shows only  a row 

o f s ix  sh o rt processes re p re se n tin g  the g i l l s #

The g i l l s  l i e  in th e  vertica l plane between th e  /



33*
/ t h e  p o s te r io r  p a r t  of the d ig e s t iv e  g land  and th e  m antle 

edge ( P I .9 ,  f ig *  14 , i .g * ) .  They a re  a tta c h e d  a n te r io r ly  

l a  th e  r e g io n  o f th e  a n te r io r  fo o t ro o t;  d o rs a lly  by s tra n d s  

o f muscle to  th e  v is c e r a l  mass and p o s te r io r ly  to  th e  reg io n  

o f  m antle fusion*  At t h i s  p o in t f ila m e n ts  o r ig in a te  by 

v e r t  l e a l  s p l i t s  in  th e  b lock  o f t i s s u e  ly in g  in  th a t  reg lo su  

In  a m ature la rv a  th e  lo n g e s t (o ld e s t )  filam en t i s  90 u* 

long  and th e  s h o r te s t  (youngest) 25 n* in  the f ix e d  condi­

t io n  ( P la te  1 1 , f ig * 1 7 , l*g* 1-4)* The arrangem ent o f 

th e  e i l l e  i s  d i f f i c u l t  t o  determ ine a t  t h i s  s ta g e ,  bu t 

l iv in g  m a te r ia l shows working c i l i a  between th e  filam en ts*

The fo o t o f th e  la rv a  occupies th e  p o s te ro -v e n tro l 

p a r t  o f  th e  m antle c a v ity ,  ad jacen t to  th e  velum whloh l i e s  

d i r e c t ly  in  f ro n t  o f  i t  ( P l .9 ,  f ig * l4 f )  • I n  th e  n a tu ra l  

r e s t in g  co n d itio n  th e  so le  of th e  fo o t l i e s  p a r a l l e l  to  

th e  v e n tra l  m argin o f  th e  m antle edge w ith th e  t i p  p o in tin g  

forward*

The p o s te r io r  peda l r e t r a c t  o r (P l* 1 0 , f ig * l6 ,  p*r*) 

tu n s  a long  th e  h e e l o f  th e  f o o t ,  co n tin u es d o rsa l p as t th e  

a n te r io r  margin o f th e  v is c e r a l  g an g lio n , th e n  p o s te r io r ly  

over th e  to p  o f  the p o s te r io r  adductor* At th e  le v e l  o f  

th e  v is c e ra l  gang lion  i t  b i f u rc a te s  and th e  branches extend 

on each s id e  o f the rectum  to  be f i n a l l y  in s e r te d  in to  th e  

s h e l l  j u s t  above th e  adductor muscle* The a n te r io r  pedal 

r e t r a c to r  ru n s  a long  th e  a n te r io r  edge of th e  fo o t eng/



34*
/ a n d  above th e  c e re b ra l  gang lion  to  bo in s e r te d ,  c m  

b ranch  on each v a lv e , above th e  a n te r io r  adductor*

The m usculature o f th e  fo o t i s  no t w ell developed 

a t  t h i s  s ta g e , f o r  i t  i s  u n lik e ly  th a t  i t  i s  used t o  aqy 

ex ten t in  th e  p e la g ic  period* However, planktoni©  la rv a e ,  

r e s t in g  on th e  v e n tra l  s h e l l  edges, may move along th e  

bo ttom  o f  a  watch g la s s  by th e  c i l i a r y  a c t iv i ty  o f  th e  

fo o t which i s  extended forw ard in  th e  d i r e c t io n  o f  th e  

movement# Newly metamcrphosed la rv a e  do not use t h i s  

method o f  locom otion , b u t e x h ib it f e v e r is h  pedal a c t i v i t y  

in  th e  form  o f  th e  ty p ic a l  sequences o f  d igg ing  movements 

o f  th e  adu lt*  The la rv a e  o f M ytllua e d u l ls  a ls o  move by 

means o f th e  c i l i a r y  a c t iv i ty  o f  the extended f o o t ,  and 

th i s  method of locom otion i s  re ta in e d  in  th e  young spat*

I t  i s  rem arkable t h a t  th e  nerve p a t te rn s  of th e  a d u lt a re  

o u tlin e d  so  ea rly *

According t o  v a rio u s  a u th o r i t i e s ,  th e  b y ssa l 

g land i s  o r ig in a l ly  p a ire d , bu t w hatever i t s  p rev io u s 

. h is to ry ,  in  th e  mature la rv a e  o f JJ* n u lla  a t  r a  i t  c o n s is ts  

o f  a  r e l a t iv e ly  la rg e  s in g le  sac  occupying th e  m ajor p a r t  

o f  th e  fo o t  (P l* 9 , fig*  14* b*g*). I t  extend* from  n ea r 

th e  t i p  o f th e  fo o t to  th e  edge of the pedal ganglion*

At t h i s  tim e th e re  la  no duct connecting  th e  g land t o  th e  

deep bysoal groove (b*gr*)* The c o n ten ts  o f th e  b y ssa l 

g land  in  th e  la rv a  s ta in  a l ig h t  b lu e  w ith  methylene b lu e ,  

q u ite  d i f f e r e n t  fro m  th e  d a rk ly  s ta in in g  mas* c h a re c te r ­

i s t i c  o f  th e  b y ssa l s e c re tio n  in  th e  adu lt*
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M usculature*

The m usculature o f th e  fo o t h as  a lre ad y  bean 

d e a l t  w ith  end th e  v e la r  m uscles w i l l  be d esc rib ed  along  

w ith  th e  velum, thus le av in g  on ly  th e  adductor muscles* 

These occupy th e  same r e l a t i v e  p o s i t io n  th ey  do in  th e  

ad u lt*  I n  some se c tio n s  th e y  appear t o  be d iv ided  in to  

two p a r t s ,  which may re p re se n t th e  "quick” and th e  "ca tch" 

s e c t io n s ,  bu t i t  i s  no t to o  d e f in ite *  Erdroan (1934)* 

a ls o  raeotions th a t  some of h ie  s e c tio n s  o f  O ntras ed rill*  

la rv a e  seem t o  show t h i s  d iv is io n ,  bu t he does not oonmit 

h im se lf  fu rth e r*

Digest Iyo Sygtam.
The d ig e s tiv e  system  c o n s is ts  of a mouth 

s i tu a te d  on th e  p o s te r io r  l i p  o f th e  velum and i s  guarded 

by an  o ra l  f l a p  (P l* 9 , f ig * ?  o*f*)* From th e  mouth 

proceeds a  long  oval oesophagus, 25 u* wide and 10 u* deep 

In  a  f ix e d  c o n d itio n , l in e d  w ith  long  c i l i a *  The oeso­

phagus ex tends along th e  p o s te r io r  edge o f th e  velum to  

th e  p o in t where t h i s  jo in s  th e  v is c e r a l  mass, and th en  

co n tin u es in to  th e  b ase  o f th e  stomach* T h is  i s  a sac - 

l i k e  body on th e  ro o f  o f which l i e s  th e  g a s t r i c  shield*

At th e  p o s te r io r  end i s  a c o n s tr ic te d  p o r t io n  w ith  h e a v ily  

c i l i a t e d  w a lls ,  th e  s ty le  sac* The p o s te r io r  ex trem ity  

o f  t h i s  (P l* 9 , f ig *  14, k * s« ), l i e s  c lo se  t o  th e  p o s te r io r  

adduc to r and th e  v is c e r a l  ganglion* From th e  p o s te r io r  

p a r t  o f  th e  stom ach, c lo se  to  i t s  ju n c tio n  w ith  th e  s ty le  

s a c ,  emerges th e  s le n d e r in te s t in e  which r i s e s  d o r s a l ly /
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/d o r s a l  ly  and ru n s  in  an a n te r io r  d i r e c t io n  over th e  to p  

e f  th e  stomach* I t  loops t o  th e  l e f t  e t  th e  f ro n t  o f  

th a t  organ and r e tu r n s  in  a p o s te r io r  d i r e c t io n  h ig h  w ith in  

th e  le ft- unbone* Along t h i s  ccui’se i t  ta k e s  s e v e ra l sh o rt 

v e r t i c a l  lo o p s  u n t i l  i t  b eg in s to  descend , s t i l l  c lo se  t o  

th e  d o rsa l edge, p assin g  between th e  fo rk  of the p o s te r io r  

r e t r a c to r  m uscle, w ith  th e  anus ju s t  below th e  base  o f th e  

p o s te r io r  adductor*

Two d ig e s tiv e  d iv e r t i c u la ,  one on each s id e , e re  

connected t o  th e  stomach* In  f r o n ta l  s e c t io n  th ey  a re  

pear-shaped  b o d ies  whose p o in ted  e x tre m itie s  extend t o  th e  

a n te r io r  l im i t  o f th e  stomach and whose s in g le  d u c ts  open 

in to  i t  about th e  le v e l  o f th e  v is c e r a l  ganglion*

B e rro ra  Syetwa oafl S-nae Organ*.

The nervous system o f  th e  mature la rv a  i s  

com parative ly  w ell developed* A ll th e  g an g lia  found in  

th e  a d u lt e re  p resen t a s  s in g u la r ly  la rg e  b o d ies  o f nerve 

tis s u e *  The g a n g lia , which a re  p a i re d , a re  com plete 

w ith  com m issures, b u t th e  co n n e c tiv es , i f  they  e x is t  a t  

t h i s  tim e , a re  not r e a d i ly  evident*

The v is c e r a l  g an g lia  e re  ad jacen t end a n te r io r  

t o  th e  p o s te r io r  adductor muscle* The c e re b ra l  g an g lia  

e re  in tim a te ly  connected w ith  th e  a p ic a l a re a  o f  th e  

▼dum, one gang lion  ly in g  on each s id e  o f th e  a p ic a l groove 

(P l* 1 0 , f ig *  15)* The p le u ra l  g an g lia  l i e  c lo se  to  th e  

m antle a g a in s t th e  th in  ro o f  o f th e  velum and v e n tra l  t o /
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/ t o  th e  c e re b ra l  g a n g l ia , to  which th e y  a r e  lin k e d  by  

connectives*  The pedal g a n g lia  a re  s i tu a te d  i n  th e  ro o t 

o f  th e  fo o t  (FI*  9  and 10 , f i g .  14, 1 5 , 1 6 ) . Connected 

w ith  th e  p ed a l g an g lia  a re  th e  p a ire d  s ia to c y e ts ,  which 

l i e  one on each s id e  o f ,  and above, th e  ganglia*  Sash 

s tu to c y s t c o n ta in s  a s in g le  s ta to l i th #

N e ith e r  flic abdominal sense organ o r th e  osphradium 

h a s  been observed in  th e  la i ’v© o f p o lls  s tr f t*

H e a rt. P arloard iqc) anfl Kidney.

V arious au th o rs  p la ce  th e  anlage of th e se  organs 

a s  a  g r oup o f  c e l l s  c lo se  to  th e  rectum , between th e  

p o s te r io r  p a r t  o f  th e  stomach and p o s te r io r  r e t r a c to r  muscles* 

Xn th e se  s e c tio n s  o f  a d u lt l a r v a ,  it. i s  im possib le  t o  p o in t 

w ith  any c e r ta in ty  t o  any group o f c e l l s  as  be ing  th e  anlage 

o f  th e se  organs* tn  th e  m ature la rv a  no h ea rt o r kidney 

e x i s t s  a s  such , and th e  e s s e n t ia l  development ta k e s  p lace  

a f t e r  metemorphoele*

Velum*

The velum i s  one organ c h a r a c te r i s t ic  o f p e la g ic  

la a s l l lb r s n e h  la rva*  Xn th e  f u l l y  developed v e l ig e r  i t  

i s  th e  la r g e s t  s in g le  organ and occupies a t  l e a s t  2 /5 th e  

o f  th e  volume o f  th e  s h e l l  cav ity*  When ex tru d ed , i t  i s  

c i r c u la r  and about 180 u* in  d is a s te r  and appears to  be 

d i l a t e d  a long  i t s  whole margin* The long p e r ip h e ra l 

c i l i a  a re  roughly  50 u* in  le n g th  and th e  s h o r te r  about 

10 u*



Tit® m argin o f  th e  velum i s  a th ic k  heavy 

s t r u c tu re  o f  cubo ids! e p ith e liu m , which f o ld s  and c re a se s  

whan th e  velum i s  r e t r a c te d  (K U 9 , fig *  14, v«l«)« Xn 

th e  c e n tra  o f  th e  ro o f  o f  th e  velum i s  lo c a te d  th e  cone- 

shaped a p ic a l p la te ,  which s ta in s  d eep ly  w ith  methylene 

b lue*  Xn i t s  c e n tre  i s  a groove (P l* 1 0 , f ig * 1 $ , *»P» 

a .g * ) in  th e  p lane o f th e  d o rso -v en tra l a x is  o f tb s  body* 

There arc* a n te r io r  and p o s te r io r  p a i r s  o f  v e l s r  

r e t r a c to r  m uscles, th e  1 s t t o r  a re  in s e r te d  in  th e  afceh o f 

th e  s h e l l  a n te r io r  to  the  h inge ligam en t, and th e  form er 

on th e  b u lg e  of th e  v a lv es  p o s te r io r  t o  th e  a n te r io r  

adductor* The s in g le  a t  rands o f th e  v e la r  m uscles b ranch  

a t  th e  ends to  g ive m u ltip le  in s e r t io n s  on th e  v a lv es  and 

on th e  velum*

The S pat*

The s p a tt in g  o r s e t t l i n g  a c t in  non-seden tary  

form s l ik e  X* ^ u lla a^ re  i s  not so defined  as i t  i s  in  

cem enting forme* Three of the  most im portant and r e a d i ly  

ev id en t changes th a t  may be tak en  a s  In d ic a tio n s  o f meta­

morphosis a re  s 1 . The lo s s  of th e  velumj 2* The 

fu n c tio n in g  o f  the  b y s sa l g land ; and 3* The fo rm ation  

o f  th e  sp a t s h e l l  o r disBOConch*

The immediate lo s s  of the  velum in  o u l la a t r a  

corresponds w ith  a s im ila r  s t a t e  found in  o th e r  s e r in e  

lam elilb rencha*  I t s  l a r v a l  fu n c tio n  in  fe e d in g  has to  

be tak en  over by soms o th e r  o rgans, u lt im a te ly  th e  g i l l s *
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T h is  w i l l  he d iscu ssed  f u r th e r  in  th e  s e c tio n  on g i l l  

development*

The fu n c tio n in g  o f the byssus g lan d  a t  s p a t t in g  

i s  ap p a re n tly  common to  a l l  la ra e lllb re n c h e , even though 

in  some c a se s , th e  hyssus g land i s  l o s t  in  th e  adult*  

E sp e c ia lly  in  l i t t o r a l  s p e c ie s , th e  sp a t would he  l i a b l e  

t o  be s h if te d  u n le ss  i t  was f irm ly  a tta c h e d  o r  in  a 

s h e lte re d  spot* I n  th e  T ered ln idae (S ig e rfo o s , 1907)* 

th e  byseus g land  i s  fu n c tio n a l f o r  only  a sh o rt p e rio d  

a f t e r  se ttlem en t*

The immediate development o f th e  diseoconoh i s  

im port an t in  p rov id in g  a d d itio n a l p r o te c t io n ,  f o r  th e  

l a r v a l  s h e l l  i s  ex trem ely  f ra g ile *

F u rth e r  c o n s id e ra tio n  o f th e  s p a t t in g  p ro cess 

w i l l  be d e a lt  w ith  in  ano th er s e c tio n , and now th e  changes 

th a t  ta k e  p lace  in  th e  v a r io u s  organs o f th e  newly s e t t l e d  

sp a t w i l l  be  discussed*

The Anatomy o f th e  S pat*

S h e l l ,

The development o f the  dlssoeonch fo llo w s ra p id ly  

th e  t r a n s i t i o n  from  p e la g ic  l i f e *  The shape end p ro p o rtio n s  

o f  th e  sp a t s h e l l  a re  somewhat d i f f e r e n t  from  th o se  o f  th e  

a d u l t ,  b u t t h i s  w i l l  be  d e a lt  w ith in  th e  s e c tio n  on growth* 

Development o f  th e  m olluscan s h e ll  I s  t r e a te d  in  d e t a i l  by  

Bhrehbaum (1 8 8 5 ), Bbderman (1 9 0 2 ), B ernard  (1 8 9 6 ), Weymouth 

(1923) * B oggild  (1 9 3 0 ), Trueman (1942) and many o thers*
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Mantle*

Xn th e  young sp a t th e  m antle ehengee l i t t l e  from  

th e  s in g le  la y e r  o f ep ith e liu m , w ith  s p a rse , e longated  

n u c le i#  The m antle edge s t i l l  c o n s is ts  o f  th e  m uscular 

and se c re to ry  lo b es  only# The th i r d  or senso ry  lobe  

does no t appear u n t i l  a f t e r  th e  anim al has reached a 

le n g th  o f 1*0 ran# when i t  i s  formed by  a lo n g itu d in a l 

s p l i t t i n g  o f th e  o u te r  secrdory  lo b e , and th e  groove so 

formed becomes th e  p e r lo s t r a c a l  groove (Pl*13» fig *  27), 
(Yonge, 1948)* P rev ious to  th e  form ation  o f  th e  groove 

th e  p erio straeu ra  o r ig in a te d  from th e  t i p  o f th e  s e c re to ry  

lo b e  o r from a p o in t on i t s  e x te rn a l su rfa c e  (Pl*13, fig *

26 p l* )«

The lin es  of c i l ia  found on the inner mantle edge 

of the larva ore retained (P1.16, fig*35c) in  the spot for 
some time as a row in the region of the future inhalent 
siphon* By the time a length of 1*0 mra. i s  reached, 
however, these c i l ia  are confined to  a depression (Pl*19 
fig* 46- e* gr») below the Inhalent opening* The further 

history of th is  area requires to be followed* Both Harms 

(1909) sad Hebers (1913) for the Gnionidee and Anodonta 
ee l leas Is  respectively, figure end describe the d i la t io n  
of the inner mantle edge but do not discuss the possible

|
| funet ion.

In the literature there Is l i t t l e  reference to  
the formation of the lobes of . the mantle edge* Stafford 

(1913), gives r short description of the mantle of th e/



/ t i n  young sp a t o f  O atrea v ln r ln lo a * I t  i s  I n te r e s t in g  

th a t  th e  f ig u re s  in  h i s  p la te  7* show on ly  two lo b es  in  

th e  1*0 am* s p a t ,  b u t th re e  f o r  th e  spo t 1*5 an* l a  

leng th*  Jackson  (1 8 9 0 ), m entions th e  raantle b u t g iv es  

no d e t a i l s  cm i t s  development, in  £ • v ir g in  ic e * H ebers 

(1913) co n s id e rs  th e  o rd er of appearance o f th e  th re e  

m antle f o ld s  in  Anodonta c e l l e n s l s ,  to  be f i r s t  th e  e x te r n a l ,  

th en  th e  m idd le , and f i n a l l y  the  Inner*

Siphons*

Xn th e  f u l l y  grown la rv a  th e re  a lre a d y  e x i s t s  

th e  t i s a n e  b rid g e  sometimes c a l le d  th e  siphons! septum , 

Connecting th e  two in n e r lo b e s  of the mantle* Through 

m etam orphosis, t h i s  b r id g e  r e ta in s  i t s  id e n t i ty  and 

becomes a more d e f in i te  s t r u c tu r e  (P i*  14, f ig * 28 , s* s* ) ,  

f lg .3 1 ) ,  (P 1 .1 5 , f ls .3 f c ) .

Soon a f t e r  metam orphosis, th e  prim ary exhalen t 

siphon develops from th e  in n e r  lo b es  of th e  m antle edge 

a s  a  th in  w alled membranous sa c , open a t th e  f re e  end 

(P i*  15 , f ig * 33 e* s i* )*  A s im ila r  s t r u c tu re  h as  been 

p e rso n a lly  observed in  Mya a re n a r la  le a s  th a n  0*5 an* in  

le n g th , though i t  h as  n o t been  observed in  l i f e  in  2* 

p u lla e tre *  I n  £ • a re n a r la * i t  i s  a v ery  a c t iv e  organ and 

i s  r a p id ly  ex truded  and r e t r a c te d ,  much l i k e  a proboscis*

Xt would seem e s s e n t ia l  th a t  some such s t ru c tu re  should be 

developed e a r ly  in  th e  sed en ta ry  s ta g e  in  o rd e r to  keep th e  

m antle ehsnber and g i l l s  f re e  o f faeces*
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At a  le n g th  o f  about 0*4 n *  th e  f i r s t  in d ic a ­

t i o n  o f  th e  in h a le n t siphon  ta k e s  th e  form  o f  te n ta c u la r  

development in  th e  reg io n  o f th e  s lp h o n a l septum* Oroovea 

f o r a  in  th e  in n e r  (m uscular) lobe o f th e  m antle edge v e n t ra l  

t o  th e  septum , p e n e tra tin g  inward from  th e  f r e e  edge of th e  

lobs*  The t i s s u e s  between th e s e  grooves th ic k e n  and 

e lo n g a te  in to  d e f in i t iv e  te n ta c le s  (P1*14» fig*  29, s i* t* ) .  

The te n ta c le s  n e a re s t th e  septum a re  formed f i r s t  and a re  

consequen tly  th e  l a r g e s t ,  w hile new te n ta c le s  a re  formed by 

f u r th e r  grooving down th e  lobe* T h is  p ro cess ta k e s  p lace  

on each  m antle edge and s ta g e s  a re  developed s im ila r  to  

th o se  shown in  ?1*14, f ig * 30; P I . 15 , fig*34* Soon a f t e r  

a  le n g th  of 1*0 mm* has been reached , a lthough  co n s id erab le  

v a r ia t io n s  may o ccu r, th e  upper and low er ends o f  th e se  

two groups o f  te n ta c le s  fu se  to  form th e  m argin o f th e  

in h a le n t siphon* At f i r s t  t h i s  c o n s is ts  o f 8 o r 9 (Short 

te n ta c le s  which form th e  in n e r row o f  th e  a d u lt siphon 

(Yonge, 1948)* Approxim ately a t  th e  some t i n s , th e  

sensory  lobe o f th e  m antle edge i s  formed and, no doubt, 

a s  th e  siphon grows and e lo n g a te s , i t  ta k e s  w ith  i t  a 

covering  o f t i s s u e  from  th e  sensory  lo b e , from  which th e  

o u te r  rim  o f te n ta c le s  of th e  a d u lt  w il l  be formed (Yonge, 

1948)* I n  PI* 15» f i g . 34, e e . t* ,  th e  f i r s t  in d ic a t io n  of 

th e  form ation  of t i l l s  o u te r  r in g  o f  te n ta c le s  around th e  

exhalen t siphon  i s  shown*

On th e  development o f  siphons l i t t l e  in fo rm ation  

may be found i n  th e  l i t e r a tu r e *  Harms (1909) in d ic a te * /



/ I n d ic a te s  th a t  th e  r e s p ir a to ry  siphon  o f  th e  U nlanldas 

i s  formed from  th e  c o n tac t o f two cone-shaped p r o l i f e r a ­

t io n s  on each s id e  o f  th e  p o s te r io r  m antle  edge* On t h i s  

opening appear sm all p a p i l l a - l ik e  e le v a tio n s  which become 

th e  "fio& rlee*  o f th e  siphon* X eiseenheim er (19(H)# 

le a v e s  th e  siphons out o f  h is  ex ten siv e  work on D re laaen e la  

a s  b e in g  o f  secondary importance* Hebers (1913) 

b r l e l f y  d e sc rib e s  th e  fo rm ation  o f th e  siphons in  Anodonta 

c e l  l e n d s * A b rid g e  i s  formed by th e  fu s io n  o f th e  two 

s id e s  o f  th e  in n e r  lcbo  o f th e  m antle and under t h i s  

ap p ears th e  f i r s t  s ig n  o f  th e  anlage o f  th e  r e s p ir a to ry  

siphon  (* A teoslpho9) •

W asaerloos (1911) d e sc rib e s  th e  fo rm ation  o f  th s  

siphons in  C ycles cornea and shows i t  t o  be a  double fu s io n  

o f  th e  p o s te r io r  p a r t o f th e  1 Mont e l f  a l t  e f , th e  exhelan t 

siphon being  formed f i r s t  and th en  th e  inha len t*  There 

a re  no d e t a i l s  a s  to  w hether a p a r t ic u la r  p a r t  o f th s  

• jta n te lfa lte *  i s  involved o r w hether i t  i s  an  o v e ra l l  fu s io n  

w hich, from  th e  f ig u r e s ,  i t  appears to  be* S Igerfooa (1911) 

shows th e  la r v a l  X ylo trva g o u ld i t o  have siphons and th ey  

a r e  a l s o  found l a  th a  la rv a  o f  Z lrohaea c r la a a t*  (W erner,

I n  connection  w ith  th e  development of th e  siphons 

i s  th e  lo c a l  enlargem ent o f  th e  p a l l l a l  m uscles t o  form th e  

siphonal r e tr a c to rs *  They o r ig in a te  from th e  m uscular 

lobe o f  th e  m antle near th s  s iphona l septum* They b e g in /
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/b e g in  a s  s h o r t  muscle f ib r e s  which ex tend  p o s te r io r ly  

in to  th e  m antle (P l* 1 h , f ig *  30 , p*r*m«H As th e  an In a l 

grows th ey  extend end r a d ia te  o a t a n t l l  th e y  cower an  a rc  

o f  n e a r ly  180°* P i* 13, f ig * 27, p*r*m* and PX*15, f ig * 32, 

P*X*m*, show c ro ss  and h o r iz o n ta l  s e c tio n s  r e s p e c tiv e ly  

th rough  th e se  r e t r a c to r  muscles*

H il ls *

The s ig n i f ic a n t  change th a t  occurs in  th e  g i l l s  

o f  th e  newly s e t t l e d  sp a t o f  J[* m l l o e t r a  ie  th e  develop­

ment o f  th e  ad u lt ty p e  o f d i l a t i o n ,  which h as bean 

d esc rib ed  many tim e s , Peck (1877)* P e lso n eer (1889, 1892), 

Ridewood (1 9 0 3 ), O rton (1912 , 1913), Tonga (1923, 1928), 

A tk in s (1936, 1937 *~e, 1938 a~ e, 19U3) end o thers*  I n  

a d d i t io n , th e re  i s  a continuous in c rease  in  th e  number o f 

f i la m e n ts ,  from th e  l a r v a l  munfter o f  fo u r ,  t o  approxim ately  

tw elve in  a  sp a t 1*0 am* long*

W ith th e  lo s e  of th e  velum , th e  g i l l s  must be  

assumed t o  become th e  food c o l le c t in g  organs of th e  spat* 

However, a s  p o in ted  out by Yong^(l9M7) ,  th e  f ilam en t a eannot 

fu n c tio n  a s  food  c o l le c to r s  u n t i l  th e  food groove i s  p resen t*  

I n  X* js U g g lg i*  o s  in  moat o f th e  o th e r  sp e c ie s  th a t  have 

been  s tu d ie d , th e  food groove does no t appear u n t i l  a f t e r  

th e  " re f le c tio n *  o f  th e se  f i r s t  formed f ila m e n ts  has 

o ccu rred , no t u n t i l  the  sp a t i s  n e a rly  1*0 mm* o r more in  

leng th*  I t  i s  th e re fo re  n ecessa ry  to  p o s tu la te  a  method 

o f  feed in g  o th e r  th an  th a t  in v o lv in g  th e  food groove*

D e ta i ls  o f  th e  exact method must aw ait th e  exam ination  o f /
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/ e t  l i v i n g  m ate ria l*  I t  i s  d o u b tfu l i f  th e  p a lp e  a m

a s  y e t fu n c tio n in g  aa s o r t in g  mechanisms* They a re  fu n n e l-  

shaped , o l i i e t e d  on th e  in s id e  and d ire c te d  w ith  th e  opening 

tow ard th e  v e n t r a l  m argin o f th e  row o f filam en ts*  T h is  

v e n t r a l  m argin may a c t a s  a  tem porary food t r e a t*  The 

palpe  a re  r e la t iv e ly  la rg e  s t r u c tu r e s ,  and i t  would no t 

he  n ecessary  f o r  th e  food d i r e c t in g  rrech&nlesi t o  he f in e ly  

a d ju s te d  f o r  th e  food p a r t i c le s  t o  s t r ik e  th e  p a lp  area*

Ho doubt th e  r a p id  development o f th e  a d u lt ty p e  of e te n id ia l  

e i l l a t i o n  i s  a s so c ia te d  w ith  th e  g i l l  becoming fu n c tio n a l 

a s  a  feed in g  organ*

The method o f in c re a se  in  th e  number of f ila m e n ts  

i s  most e a s i ly  oboorved in  th e  s p a t ,  a lthough i t  i s  

e v id e n tly  a co n tin u a tio n  of th e  same p ro cess  in  th e  larva*  

A ttached  to  th e  sip h o n a l septum a re  two b lo ek s o f  t i s s u e ,  

one on each s id e  o f  th e  median l i n e ,  which a re  th e  th e  g i l l  

ad ag en *  From each o f  th e s e  a re  "budded" o f f  ( t o  use 

L ankaster* s  term  f o r  th e  p rocess in  P lsld ium  (1875) s e c tio n s  

which e lo n g a te  in to  o l i i e t e d  g i l l  filam en ts*  These form  

th e  o u te r  lam ella  o f  th e  in n e r  desdbraaeh* The p rocess i s  

a h em  In  l a t e r a l  view in  Pl*1h» f ig * 29 , and in  f r o n ta l  

view  in  P l* l6 , f i g . 35* L aease -im th ie r1 s  (18198) lu c id  

d e s c r ip t io n  o f th e  process i n  Ifcsrtllup e d u l ls  can  h a rd ly  be 

improved*

Thus th e  lam e lla  i s  added to  from th e  p o s te r io r ,  

th e  o ld e s t and lo n g es t f ila m e n ts  be ing  th e  most a n te r io r*

The f i r s t  f i la m e n t, which i s  never r e f l e c te d ,  i s  a t ta c h e d /



/a t ta c h e d  t o  th e  v is c e r a l  m ass, w ith  th e  v e n t r a l  «od 

ly in g  between th e  upper and low er palps* The f r e e  v e n tra l  

t i p s  o f  th e  f ila m e n ts  *hloh a re  en la rg ed  lo n g itu d in a l ly  

a re  r a th e r  lo o s e ly  u n ite d , prefoably by c i l i a  alone* At 

a le n g th  o f 1*0 ms* two w ell defin ed  rows ox* i n t e r -  

f ila m e n ta ry  ju n c tio n s  a re  p re se n t and the  f r e e  v e n tra l  

edge o f  t h i s  lam e lla  beg ins t o  f o ld  inw ard and upward*

T h is i s  th e  beg inning  o f th e  r e f le e te d  ( in d i r e c t  o r  

ascending) in n e r  lam ella  of th e  in n e r  deralbronoh* The 

f u r th e r  development of th e  g i l l s  i s  beyond th e  seope o f 

th e  p re se n t re s e a rc h , bu t p a r t s  of i t  have been Observed 

and th e y  may be o f  in te ra c t*

Soon a f t e r  th e  r e f le c t io n  of th e  o u te r  la m e lla  

o f th e  in n e r dem lbranch, th e  o u te r  demlbranch beg ins t o  

f a n  a long  th e  a x is  by an upward growth o f  newly formed 

filam en ts*  The p ro cess  d i f f e r s  from  th a t  in  M vtHus 

e d u lla  (hs©aae«*Duthler, s  1856, R ice 1907) in  which th e  

corresponding  growth l a  downward, b u t i t  i s  s im ila r  t o  

t h a t  d esc rib ed  f o r  C ycles cornea by W aeaerloos (1911)*

I n  X* p n l le a tg a * th e  Ibisaat io n  o f th e  o u te r  la m e lla  o f  

th e  o u te r  demlbranch cannot tak e  p lace  by outward and 

upward r e f le c t io n  o f th e  in n e r  lam ella*  The term s 

'r e f le c te d *  o r  ’ seconding* which e re  ap p ro p ria te  f o r  th a  

U m er demlbranch, a re  h a rd ly  a p p lic a b le  to  th e  ou ter*

The fo rm ation  o f  th e  double lam ella  must ta k e  p lace  a s  

tihown by  w esserloos (1911) f o r  C ycles cornea by a bending 

o r  doubling downward o f  the  s in g le ,  f i r s t  formed lam ella*
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T h is  approaches more c lo s e ly  th e  method o f g i l l  fo rm atio n  

suggested  by Tongs (l9 k 7 ) based  on fu n c tio n a l and 

th e o r e t ic a l  c o n s id e ra tio n s*  However, th e re  s t i l l  rem ains 

th e  q u es tio n  o f th e  fo rm ation  of the  food g roove, o f  which 

th e re  i s  no ev idence b e fo re  th e  bending o r  doubling  has 

Ptkkaa p lace* In  a d d it io n , th e re  i s  th e  fo rm a tio n  and 

d is p o s i t io n  o f th e  o te n id ia l  b loud  v eeo e ls  to  be considered* 

Ridewood (1 9 0 3 ), Rioe (1907) and e s p e c ia l ly  

w&seorlooe (1911) have reviewed th e  l i t e r a t u r e  on g i l l  

development and s in c e  th a t  tim e th e re  has been l i t t l e  o r  

no work on th e  development o f th a t  organ in  Icusiell ibranchs* 

The mode o f g i l l  fo rm ation  in  X* o n l la s t r s  throws 

l i t t l e  new l ig h t  on th e  subject*  The In n e r denxibranehs o f  

b o th  BgtilHfi fifltillE and £ .  o u l la g tr s  a re  formed in  e s s e n t i a l ­

l y  th e  same manner, b u t d i f f e r e n t  from th a t  o f  C ycles cornea- 

The o u te r  damibranchs o f  £* «■»* £ •  ,9,9m m

to  b e  formed in  a  s im ila r  manner, b u t d i f f e r e n t  from  t h a t  

o f £* ed a lls*  I n  a d d i t io n , R ice (1907) found th e  farm a- 

t i o n  o f  th e  l a t e r  f ilam e n ts  t o  be d if f e r e n t  from  th a t  o f 

th e  e a r l i e r  filam en ts*  This b rin g s  to  mind th e  o f te n  

u sed  q u o ta tio n  from  R ice (1896) reg a rd in g  th e  extrem e 

p l a s t i c i t y  o f  th e  la m e llib ra a c h  g i l l*  I t  i s  becoming 

in c re a s in g ly  ev id en t th a t  fu n c tio n a l in te r p r e ta t io n  i s  

re q u ire d  t o  go hand in  hand w ith  morphology in  th e  study  

o f  development*
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The byaetue g lcnd  becom e fru a c tio n rl th e  tim e
A

o f  metamorphosis when th e  g land  becomes connected w ith 

th e  b y eea l groove* The fo o t beccnee S h o rte r  end b ro a d e r , 

b u t th e  d i l a t i o n  i s  r e ta in e d  (?1*19, fig*fc6)* The 

byseus g land  meres f u r th e r  buck In to  th e  fo o t m d  becomes 

r e l a t iv e l y  sm aller*

The nervous sytem  changes s l i g h t ly  a t  meta­

m orphosis w ith  th e  a l t e r a t i o n  In  th e  p o s i t io n  o f  the  

c e re b ra l  g an g lia  and t h e i r  fu s io n  w ith  th e  p le u ra l  ganglia*  

The eonnectivee  now become evident*  The a ta to e y s ta  and 

e t a t o l i t h e  in c rease  in  e lse*  Im m ediately below th e  

v i s c e r a l  g an g lio n , a  p e r t  o f  th e  ep ith e liu m  becomes 

s p e c ia lis e d  In to  th e  sense organ d escrib ed  ae th e  

esphradlttffi (P1»16, f ig * 38 , o*s») which i s  ev id en t when 

th e  anim al reach es a le n g th  o f  1*0 mm*

O.teeot-lve System

The major change in  th e  d ig e s tiv e  system  i e  th e  

a l t e r a t i o n  in  th e  p o s it io n  o f th e  mouth and oesophagus*

Chi th e  d isappearance o f th e  velum th ey  move d o rs a l ly  and 

to  th e  a n te r io r  u n t i l  th e  month l i c e  iraaed ia te ly  in  f r o n t  

o f ,  and on a le v e l  w ith , th e  a n te r io r  adduc to r muscle 

(PI* 11 , f ig s*  1 8 , 19, 21)* I n  th e  e a r l i e s t  spo t s ta g e s  

i t  i s  c lo se  t o  th e  ad d u c to r, bu t l a t e r  moves a s h o r t /
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/s i# o rt d is ta n c e  bade from  I t*  Up t o  a  le n g th  o f 1*0 am*, 

th e  mouth opens d i r e c t ly  downward, w h ile  th e  oesophagus, 

now r e l a t i v e l y  s h o r te r  th a n  in  th e  l a r v a ,  bends round t o  

e n te r  th e  stomach (P l* 1 9 , fig*U6 o*e.s*) The stomach 

en la rg e s  r a p id ly  and th e  p o s te r io r  end i s  t i l t e d  downward, 

b r in g in g  th e  s ty le  sac in to  a more v e r t ic a l  p o s i t io n  (Cf* 

P 1 .9 , f ig * 1 h  and P l*19 , fig*h6)*

The in te s t in e  ex tends back  p a r a l l e l  t o  th e  base 

o f  th e  stom ach, beh ind  which i t  bends sh a rp ly  upward (?1*19 , 

f ig * i |£ , i.n*t.*)*  I t  makes a sh o r t loop  in  th e  v e r t i c a l  

p lane t o  th e  r ig h t  and proceeds alm ost to  th e  d o rsa l l im i t  

o f  th e  body where i t  bends to  th e  l e f t  in  a h o r iz o n ta l  

p la n e , w ith  th e  loop  p a r t ly  o v erly in g  th e  stomach* I t  now 

p asse s  d i r e c t ly  backward a long  th e  d o rsa l body w all and a s  

th e  rectum^ passes  th rough  th e  h e a r t and pericard ium  (P 1 .1 9 , 

f ig * h £ , r ,p ,h * )*  I t  th e n  c i r c le s  behind th e  p o s te r io r  

adducto r to  which i t  i s  C losely  a p p lie d , and bends f a r  back  

on I t s e l f  t o  end in  an an a l bush ju s t  below th e  v is c e r a l  

ganglion*

The d ig e s tiv e  d iv e r t ic u la  (P l* i6 , fig*38  d*d#} 

undergo no in ^ o r ta n t change o th e r  th a n  in c re a s in g  in  s ls e  

w ith  th e  fo rm ation  o f  numerous branched duets* They cover 

th e  v is c e r a l  mass in  th e  a n te r io r  d o rsa l reg io n  and th e  

du c ts  e n te r  th e  a n te r io r  p e r t  c f  th e  stomach a t  th e  upper 

l im i t  o f th e  s ty l e  see*
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B f f r t  ffml P ff r ta r f li .m i
The h e a r t  and p erica rd iu m , to g e th e r  w ith  th e  

k id n ey , a re  g e n e ra lly  assumed to  o r ig in a te  from  a common 

a n la g e , which ta k e s  th e  form o f hands o f c e l l s  j u s t  

a n te r io r  t o ,  and shove, th e  v i s c e r a l  g ang lion  and p o s te r io r  

p ed a l r e t r a c to r  m uscles (U e ie sen h e in rr  1901, H abers 1913, 

Fernando 1931, Krdman 193h)* The anlage cou ld  n o t he  

id e n t i f ie d  w ith  c e r ta in ty  in  th e  la rv a  o f £♦ o u l l a a t r e - 

h u t th e  appearance o f th e  th r e e  organs in  th e  sp a t was 

unm istakable* Xn a spat o f  0 ,28  new th e  th in  w alled  

pericard ium  appeared a s  a  com parative ly  long  shallow  

c a v ity  surrounding  th e  rectum , ex tend ing  from  th e  

p o s te r io r  end of th e  h lng  ligam ent t o  th e  p o s te r io r  

r e t r a c to r  muscles* The h e a r t  showed as a double menfcrane 

t i g h t l y  en c lo s in g  th e  rectum  h u t as y e t th e re  i s  no cav ity *  

At a  le n g th  o f 0*35 nnn (? l* 1 7 f f lg * l& ), th e  

develepm eat from  th e  p reced ing  s ta g e  i s  considerab le*  The 

e x te rn a l  h e a r t  maaferene has now se p a ra te d  from  th e  in te r n a l  

t o  f o r a  a  c a v ity  surrounding th e  rectum* The h e a r t i s  

surrounded by th e  pericard ium  which i s  bounded to  th e  

p e a te r lo r  by th e  kidney* A s a g i t t a l  s e c tio n  through th e  

h e a r t ,  pericard ium  and kidney o f  an  anim al 1*0 mm* in  

le n g th  (P l* 1 7 , fig*h3) ,  Shews th e  muscle f i b r e s  in  th e  

h e a r t w a ll ju s t  beg inn ing  t o  appear*

The la r v a l  kidney cou ld  not he id e n t i f ie d  w ith  

c e r ta in ty *  Very soon a f t e r  s p a t t in g ,  in  an im als 0*28 an* 

lo n g , th e  beg inn ings o f  th e  k idney were id e n t i f ie d  a t  t h e /



/ t t o  p o s te r io r  end o f  th e  p e r ic a r d ia l  c a v i ty ,  a g a in s t 

th e  p o s te r io r  r e t r a c t o r  m u sc les . The organ c o n s is ts  o f 

a p a ire d  v e s ic le  w ith  o ccas io n a l groups o f  c e l l s  which 

reaen b le  th e  ex c re to ry  c e l l s  o f th e  m ature kidney* I n  

an  anim al 0*5 *»a# in  le n g th  i t  i s  a shallow  body w ith  a 

c e n t r a l  lumen, ly in g  a n te r io r  t o ,  and v e r t i c a l  a g a in s t ,  

th e  p o s te r io r  r e t r a c to r  muscle (P 1 .1 7 , fig*U 0, k*)* A 

diagram m atic re c o n s tru c tio n  o f a k idney  in  an  anim al 0*5 

an* in  le n g th  i s  shown in  P l* 1 7 , f ig * 39* The f r o n ta l  view 

la  shown w ith  th e  upper p a r t o f th e  f ig u re  correspond ing  

t o  th e  d o rsa l p a r t  o f  th e  organ* A. and B* a re  o ro ss  

s e c tio n s  in  th e  re g io n s  in d ic a te d  by th e  two lin e s*  In  

F l*17 , f ig s* M  and U2, a re  shown re c o n s tru c tio n s  o f  th e  

r ig h t  h a l f  o f  a k idney  in  an anim al 1*0 ran* long ; and 

P i . 17 , f lg * h 3 , k* Shows a s a g i t t a l  s e c t io n  o f th e  kidney 

in  an anim al o f th e  same size*  The gland c o n s is ts  of two 

tu b e s ,  one w ith in  th e  other* The in n e r , th in n e r  tu b e  i s  

th e  r a n o -p e r ie a rd ia l  duet which le a d s  from th e  p o st e r a -  

v e n t r a l  p a r t  o f  th e  pericard ium  in to  th e  d o rsa l p e r t  o f  th e  

ex o re to ry  s e c tio n  o f th e  kidney* The d ire c t io n  of th e  

cur r ent  i s  shown by th e  d is p o s i t io n  of th e  c i l i a  in  th e  

reno-*perio& rdial d u e t. The e x c re to ry  pore d isch arg es 

n ea r th e  ren o -p e ric& rd la l opening in to  which w i l l  l a t e r  

b e  th e  su p rsb raae h ia l chanber* Ho ducts a re  ev id en t in  

an im als 0*5 msu In  length*

The two lo b e s , r ig h t  sad l e f t ,  o f th e  kidney 

a re  u n ite d  by a connnmicat lag  tu b e  below th e  rectum*
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h ate*  th e  w a lls  o f  th e  kidney become g rea tly  fo ld ed  in  

order to  Increase th e surface area*

Hebers (1913) con sid ers th a t in  Anodonta 

o e lle n s is  the kidney i s  so  w e ll developed that th e rano- 

p erica rd ia l duct fun ction s sh o rtly  b efore th e beginning  

o f th e fr e e  l iv in g  period* Comparisons are d if f ic u lt  

but there la  c e r ta in ly  no evidence of the kidney being  

ab le  to  fu n ctio n  in  £ .  o u lla str a  u n t il a len gth  o f a t 

le a s t  0 .5  mm* has been reached* Ohdner (1912) in  h is  

ex ten siv e  work on the morphology and phylogeny o f  the 

lame 11 ibranch kidney d escrib es that of Venus g a llln a  as 

a rep resen ta tive  o f the Venerldae* The stru cture o f the  

kidney o f the adult £ •  nuU astre i s  sim ila r  to  th at of 

Yfttta g a llln a - but both  are d iffer en t from the organ found 

in  th e  spat le e s  than fou r or f iv e  am* in  length*

Honed»

In  aniraalo 1*0 mm* in  len gth  the gened appears 

a s a sm all c lu s te r  o f c e l l s  attached to  the outer a ide o f 

th e  w a ll o f the ven tra l pericardium  (P l« 1 9 , f ig * h 6 , £« )•

f to  fa t*  o f th e Telmn.

The most d ra stic  anatom ical change that occurs 

at metamorphosis i s  th e lo s s  o f th e velum* From se c tio n s  

o f a number o f newly sp atted  specim ens, In  only two was 

found any evidence o f what might have been remains o f th e  

velum* This con sisted  o f  c e llu la r  d ebris in  the mantle 

ca v ity  in  the region o f the mouth, which did not e x h ib it /
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/e x h ib it  th e  normal d e a r -c u t ou tlin e*  I t  appears from  

t h is  th at th e  bulk  o f th e  velum i s  sloughed o f f  and th a t 

th e  operation  i s  a rapid  sad  e f fe c t iv e  one which occurs 

aeon a f te r  th e  larva  cea ses t o  be pelagic*

With th e lo s s  o f th e  velum th e  mouth and oeso­

phagus are fr e e  to  d o rsa lly  and to  the a n te r io r , tak in g  

w ith  them th e cerebral ganglion  and the a p ica l p la te*

As shown in  P l* 9 , f ig *  14 , th ese  organs were c lo s e ly  

a sso c ia ted  in  the larva* The p leu ra l gan glia  have now 

become fu sed , or nearly s o , w ith  the cerebral gan glia  

which take up a p o sitio n  adjacent to  th e  a n terio r  adductor 

a n o d e  (P l* 1 1 , f ig * 2 1 , c*p*g*). The a p ica l p la te  m aintains 

approxim ately the same r e la t iv e  p o sitio n  th at i t  d id  in  th e  

la r v a , and a s  comes to  l i e  d ir e c tly  above the mautlu Zt 

i s  presumed by various a u th o r itie s  to  form th e beginning  

o f  th e upper palps* T h is a lso  appears to  be th e ease in  

X* P B lla stre . fo r  in  the e a r lie s t  spat th e t is s u e  o f the  

palp reg ion  i s  id e n tic a l to  th at o f  th e a p ica l p la te  (P l* 1 1 , 

f ig .1 8 , a*p*)« In  P l*12 , flg * 2 2  i s  diown th e  mouth reg ion  

in  fr o n ta l se c tio n  in  a newly s e tt le d  spat* From th is  

o r ig in  th e  upper palp grows rap id ly  and a t a s h e ll len g th  

o f 1*0 mu they are 0*1 msu lo n g . The 1*2 mu spat o f  

ftstvjfa e d a lls  described by Tonga (1926) a lso  had r e la t iv e ly  

huge palps*

Up to  a length  o f  at le a s t  1*0 ms* the upper palp  

forms a hood above end around th e mouth (P 1 .1 2 , f ig *  25 u*p* ,  

f ig * 24 u*p*)* In  P I*12, f i g .25 i s  shown a seml-dlegrammat 1 c /
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/s e m i-d in g r  e a m tlo  draw ing o f  th e  p a lp s  d is s e c te d  from  an  

anim al 0*75 &au long* A fte r  sev e rin g  th e  oesophagus th e  

whole was d is s e c te d  e a t  a s  a u n i t ,  which as#  In d ic a te  th e

c lo se  t i s s u e  r e la t io n s h ip  between th e  upper and low er 

palps* The o r ig in  o f  th e  low er p a lp e io , however, d eb a tab le  

and th e re  i e  th e  su g g estio n  th a t  th ey  o r ig in a te  as  ou t­

growths o f th e  upper* The d e f in i te  b reak  in  e p i th e l i a l  

s t r u c tu re  between th e  low er l i p  of th e  mouth and th e  low er 

p a lp  i s  shown in  P l*11, flg*20  j.Ri*p* The mouth and 

oesophagus a re  l in e d  w ith  t a l l  columnar c e l l s  w ith l i g h t l y  

s ta in in g  n u c le i  and th e  p a lp  w ith  more cu b o id e l c e l l s  w ith  

h e a v ily  s ta in in g  nuclei*  I t  would th e re fo re  appear more 

l ik e ly  th a t  th e  low er palp s a re  outgrow ths o f  th e  upper*

Loven, as  e a r ly  a s  1848, a s so c ia te d  th e  develop­

ment o f  th e  p a lp s  w ith  th e  a p ic a l a rea  o f th e  velum , and 

Hexfee (1875) suggested  th e  velum was transfo rm ed  In to  th e  

palps* Devalue (1852) b e lie v e d  in  th e  shedding o f  th e  

velum toward th e  end c f  la rv a l  l i f e *  Ryder (1884) working 

on th e  metamorphosis of O ctree v irg in fo a . agreed  w ith  none 

o f  th is *  S ig erfo o e  (1908) b e lie v e d  th a t  th e  velum o f th e  

T enedin idae i s  suddenly c a s t o f f  and e a te n  soon a f t e r  th e  

attachm ent o f  th e  la rv a  end t h a t ,  a s  a consequence o f t h i s  

lo s e ,  th e  fo rm ation  o f th e  p a lp s  has no connect io n  w ith  th e  

velvmi* S ta f fo rd  (1913) d iscu sse s  a t  some le n g th  th e  

th e o r ie s  o f p a lp  form ation  and questions w hether th e  velum 

has any th ing  to  do w ith  th e  palp s in  O ctree v irg ln ie a -
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Jan !m m  (1890) speaks about th e  p a lp s  end th e  velum 

e x i s t in g  a t  th e  same tim e in  &« v l r g in le a .  F ie ld  (1922) 

s tu d ie d  th e  fo rm atio n  o f  p a lp s  in  Mart H a s  e d u l ia  from  whole 

mounts o n ly , and came to  th e  conc lusion  th a t  th e  develop­

ment in  1« e d u lla  i s  © indlar to  th a t  worked out f o r  

D re lse e n s la  polyraorpha by  tteleeenhelm er (19(H)*

While much re se a rc h  has been  done on th e  

SevelogH&Dnt o f fre sh w a te r  la m e llib ra n c h s , most o f  th e  

sp e c ie s  s tu d ie d  have no v e l ig e r  la rv a e  and th e  p a lp s  a re  

d esc rib ed  a s  o r ig in a t in g  e i th e r  from  p a p i l la e  a s  in

(H abers 1913, Harro© 1909), o r  as  outgrow ths from  

th e  upper and low er l i p s  o f  th e  mouth a s  In  C ycles (Z ie g le r  

1865, W&ooerloos 1911)* Medaaenheizaer (1901 in  h i s  very  

d e ta i le d  paper on D relsaenB la d e sc rib e s  th e  upper p a lp s  as 

o r ig in a t in g  from  th e  a p ic a l  area* He a ls o  d esc rib ed  th e  

fo rm a tio n  o f the in n e r  o r  low er p a lp s  a s  "outgrow ths o f  

th e  p o s te r io r  end in n e r  s id e  o f  th e  o u te r  palps*"

Col© (1936) ag a in  to o k  th e  question  o f  p a lp  develop­

ment i n  Outre** a d u l ts  and he ag rees  w ith  K eissenhelm ar a s  

t e  th e  mode c f  fo rm atio n .
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The S p ottin g  o f  Yeaaruple n u lle s tr a  on Plana B ia * .— .

I t  l a  known th a t  o y s te r  la rv a e  te n d  to  s e t  more 

r e a d i ly  on tinder su rfa c e s  o f  v a r io u s  c u l t  oh m a te r ia l a* 

8 e h a e ffe r  (1937) has dem onstrated a fu n c tio n a l r e la t io n s h ip  

between th e  ang le  of su rface  and the  frequency  o f  a t ta c h ­

ment o f th e  la rv a e  o f O strea  g la s s  in  Q uilcene Bay* 

E s s e n t ia l ly  th e  same r e la t io n s h ip  was found by Hopkins 

(1935) fo r  SI* lofrlfla . They attem pt t o  a s c r ib e  t h i s  

s e t t in g  behav iou r to  a "n e g a tiv e  geotroplsm  cap to  th e  

p u re ly  mechanic e l  f a c to r  of th e  swlmaing p o s i t io n  of the 

la r v a  where th e  fo o t and velum are  upperm ost, and vould 

th e re fo re  most o f te n , f o r tu i to u s ly ,  come in to  eontoot w ith  

under su rface s* n (S c h a e ffe r  1937)* The swimming p o s i t io n  

o f th e  la rv a e  o f  £« u m io a tra  and most lone 1 l i b  ranch  v e l ig e re  

i s  n o t d i f f e r e n t  from  th a t  of th e  oyster*  I t  i s  no t Imposs­

ib le  f o r  byesus a t ta c h in g  forms t o  s e t t l e  on under s u r fa c e s , 

and in  & few in s ta n c e s , t h i s  has been found t o  occur* 

Experience has shown moot non-cem enting sp e c ie s  p r e f e r  t o  

s e t t l e  on th e  upper su rface  o f  c u ltc h  m ateria l*  On b each es , 

th e  sp a t o f £ •  nulla a t  r e  a re  moot o f te n  found a ttac h ed  t o  

th e  under edge o f overhanging lodges an pebb les and s n a i l  

stones* To g a in  some in fo rm ation  on th e  s e t t in g  behaVour 

cxf £* m d l^ s t r a  th e  fo llo w in g  experim ent was c a r r ie d  out*

H im  4" x 4" ground g la s s  p la te s  were h e ld  a t  

v a rio u s  an g les  in  fram es o f  mesh g a lv an ized  wire*

These were d u p lic a ted  w ith p la te s  o f T ufnol ( t r a d e  name f o r  

p l a s t i c  sh e e tin g ) . Four s e ts  of n in e  p la te s  were hung 18" /
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/1 8 °  below th e  s u r fa c e , from  a r a f t  moored o f f  th e  s ta tio n  

d i p ,  p rev io u s  ex p erien ce  having shown t h i s  to  he  an 

e x c e lle n t  s e t t l i n g  a re a# The fram es were hung f r e e  to

swing a t  random r e la t iv e  t o  th e  d i r e c t io n  o f  th e  c u r r e n t ,  

which in  th e  reg io n  o f  the r a f t  does no t conform t o  a 

d ts c e m a b le  p a tte rn *  I t  i s  probable th a t  th e  fram es would 

swing so  as to  o f f e r  rotnimuta r e s is ta n c e  t o  th e  p rev a ilin g  

c u r r e n t ,  i*e« p a r a l l e l  to  i t s  d irect.ion* I n  t h i s  ca se

s im ila r  amounts o f w a te r would flow  ever a l l  su rfa c e s  

re g a rd le s s  o f  th e  ang le  a t  which th e  p la te s  wore held* 

P a r t i a l  d o g g in g  o f  th e  meshes o f  th e  w ire fram es w ith  

a lg ae  may have a l te r e d  th is *  The fram es were p laced  d o s e  

to g e th e r  t o  in su re  e q u a li ty  o f  exposure end remained in  the 

sea from J u ly  25 th  to  Septeaiber 2nd, 1947, during  which tim e 

no storm s occurred* The d e t r i tu s  from  th e  upper s id e s  o f 

th e  p la te s  was examined in  a coun ting  c e l l .  I n  a d d i t io n , 

b o th  s id e s  o f tb s  p la te s  woro examined under a b in o o cu la r  

microscope* Both sp a t and s e t t le d  la rv a e  were counted , 

th e  l a t t e r  being  assuued to  be  undergoing metamorphosis*

R esu lts .

Ho spat were found on the under su rfa ce s  of 

p is te s*  This corroborates many other observations on 

f i s t  h o r iz o n ta l  c o l le c to r s , and th is  behaviour appears t o  

be ty p ic a l  o f  most v e l ig e r s  which do not become perm anently 

a tta c h ed  l ik e  those of the oyster* Even in  the Anoraiidae 

a  s l ig h t ly  higher proportion of larvae s e t t l e  on the upper 

s u rfa c e  of cu lt eh m ateria l.
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The count e g iven  In Table 6# In d icate a good 

co r re la tio n  between the frequency o f sp attin g  and th e  angle 

c f  th e  s e t t l in g  surface; the greatest settlem ent occurs on 

to e  upper surfaces «Mch are nearest to  the horizontal*

As c le a r ly  to  Table 6 ,  and to  the graph 3*1*21, thews

i s  l i t t l e  d ifferen ce  to  the esaunt o f  eettlemcint on g la ss  

and ou Tufnol; and toe ap p lica tion  of a t e s t  o f e ig n if i -  

canes proved no d ifferen ce  s ta t is t ic a l ly *  The o r ig in a l 

in te n tio n  in  using g la s s  was to  fieteriato© whether lig h t  

exercised  e iy  influence ok the se tt in g  behaviour*

However, the upper aurfaeea o f the p la te s , even those  

too ltoed  at a etaep angle, were soon fouled  by a coat tog  

o f d e tr itu s  ohich prevented the transm ission  of ligh t*

Bam  sp attin g  took plao© on the Inclined  p la tes*  

The areas c f  these were pi*ojested  on to  the horizontal, and 

the aac&er o f  spat per square Inch calculated* The 

fo llow in g  r e s u lts  were Obtained and p lo tted  on tb s graph 

P I .  20.

Ah u  in

T o ta l fsoiwittA
• 16 16 5*0 5*0

3® 16 12 4*6 6*2

*5 16 « 4*8 7*0
60 16 h 3*0 12*0

9® 16 0 0*0 0*0
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When t]&* to ta l exposed area i s  con sid ered , tb s  

e f f ic ie n c y  o f  th e  p la te s  a s  spat c o lle c to r s  decreases a s  

th e  angle o f  th e  p la te  In creases; but when the areas are  

p rojected  on to  th e h o r izo n ta l, the e f f ic ie n c y  in creases  

b lth  th e angle* T h eo retica lly  the curve fo r  th e  p rojected  

areas would continue to  r is e  a fte r  the 60 degree p o in t, but 

s in c e  no spat were caught on the v e r tic a l p la te s , a zero  

value le  graphed fo r  the e f f ic ie n c y  o f th e  p la te  h eld  a t  

th a t angle*

I f  th e se ttin g  was the r e su lt s o le ly  o f g r a v ity , 

th ere  would have been an equal catch  per unit o f area on

projected  surfaces* But t h is  was not found to  be s o , fo r
/

the p la te s  held  at an angle proved to  be moat e f f ic ie n t .  

T herefore, i t  appears that th e  s e tt in g  eo t i s  due to  a 

h orizon ta l movement o f  the la rv a e , and th is  i s  doubtless 

brought about by currents s tr ik in g  the fa c e s  o f  th e p la tes*  

On th e o th er hand, upper and under sid es o f a l l  p la te s , 

reg a rd less o f an g le, were th e o r e tic a lly  exposed to  equal 

amounts o f flow* The n o n -se ttlin g  on the under and 

v e r t ic a l surfaces may be explained by th e lock  o f fou ling*  

I f  equal amounts o f  w ater d id  pass a l l  p la te s , then a l l  o f  

them , I f  equally  fo u le d , should have caught equal nunfcers 

c f  sp a t, regard less o f a n g le , to ta l exposed, area, or of 

projected  area* I t  nay be concluded th at th e su pp osition  

th a t a l l  p la te s  were equ ally  a v a ila b le  fo r  settler®  nt does 

not hold  good, p o ssib ly  because, owing to  the fo u lin g  o f 

tb s  m eshes, th e frames did not swing as anticipated* The/
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/The con clu sion  th a t the s e tt in g  act i s  due to  a h o r lso n ta l 

carriage o f th e mature larvae in  currents which s tr ik e  th e  

p la te s  taore o r le s s  at r ig h t a n g les , coupled w ith I n it ia l  

fo u lin g  o f  the se tt in g  su rfa ce ,  seems to  he v a lid  under 

th e con d ition s of th is  experiment*

K elson (1926* 1927)* Prytherch (193W # Cole and 

Knight J n e s  (1939)» K or rin gs (19UO) and o th e rs, have 

in v estig a ted  the re la tio n sh ip  between the number of oyster  

spat and th e  angle of th e  s e t t lin g  su rfa ce . Korringa (19^0) 

i s  th e  only in v estig a to r  to  fin d  that more oyster  larvae  

C&+ ftdftlis) s e t t le  on upper than on under surfaces* No 

adequate exp lanation  has been given* Korringa (I9b0) 

g iv e s  the guarded exp lanation  that i t  i s  th e r e su lt  o f  the 

e f fo r ts  o f the mature larvae to  a tta in  th e ir  e c o lo g ic a l norm.
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The la rg e  s p a t f a l l  o f  £ •  n u l la a t r e  In  B e llo ch  

Bey from  th e  b reed in g  In  sunnier o f  19^6 suggested  th e  

p o s s ib i l i t y  o f  fo llo w in g  t h i s  brood so go to  o b ta in  in fo r ­

m ation on i t s  d i s t r ib u t io n  r e l a t i v e  t o  t i d a l  l e v e l s ,  i t s  

m o r ta l i ty  and i t s  r a te  o f grow th. The beach as  a whole 

does no t conform to  a h a b i ta t  f o r  ][. o u l la e t r a . so t h i s  

s p a t f a l l  a ls o  p resen ted  th e  o p p ortun ity  of determ ining 

w hether th e  sm all p o p u la tio n  o f a d u lts  was das t o  unfavour­

ab le  h a b i ta t  o r to  normal la ck  o f s p a t f a l l .

A fte r  la rv a e  had d isappeared  from th e  p lan k to n , 

th r e e  one-square fo o t e a g l e s  of beech su r fa c e , t o  a depth  

o f two In ch es , were tak en  from each o f  7 s ta t io n s  in  a l in e  

runn ing  from h igh  w ater mark to  low w ater mark, on a s p i t  

in  th e  c e n tre  o f th e  Bay* The s ta t io n s  were p laced  a t 

t h i r t y  y ard  in te rv a le  down th e  b each , and t h e i r  t i d e  le v e ls  

determ ined by ta k in g  th e  tim es a t  which th e  t id e  reached  

them on a calm day , and f in d in g  th e  corresponding  h e ig h ts  

from  methods g iven  in  th e  A dm iralty T ide T ab les f o r  191*7 » 

Supplem entary T ab le s , page 22*9* The s ta t io n s  were found 

t o  be a t  th e  fo llo w in g  t id e  le v e ls :  3 .0 ,  7*0, 5*0, h*5$ k*0 , 

3*0 and 1*0 f e e t .  The beach a long  th e  l in e  o f  s ta t io n s  i s  

coov>csed mainly of a f in e  la y e r  o f sand to  a depth  o f 3 t o  

12lnch0S, overlying, a bed o f c la y .  The whole a rea  i s  

s c a tte re d  w ith  f a ir ly  la rg e  b o u ld e rs  (P 1 .2 2 , f i g s .  1 and 2 ) . 

Various dispersed a re a s  a re  studded w ith  sm all pebbles 1 .0  /
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/1 * 0  to  10*0 cm. In  d iam ete r, and I t  i s  i n  th e se  re g io n s  

t h a t  th e  maxima® s p a t t in g  o f  X* P Q llftstra  o ccu rs .

F l a t t s l y  and  W alton (1922) Appendix 111, g iv e  a d e sc rip ­

t i o n  o f B a llo ch  Bay.

The t i d a l  stream s in  t h i s  a rea  have no t been  

s tu d ie d  in  d e t a i l ,  h u t th e re  appears to  he a cu rren t 

p a r a l l e l  t o  th e  sho re , e s p e c ia l ly  on th e  eb b , w ith  a s tro n g  

l ik e l ih o o d  o f an eddy on th e  f lo o d  t i d e ,  caused by th e  

p ro je c t io n  o f C lash fa rlan d  P o in t ( P l .3 ,  h a p ) , which merles 

th e  sou thern  ex trem ity  o f th e  bay . The beach su p p o rts  

a  sm all p o p u la tio n  o f Mara a rc n a r ts  and o f X* 

e s p e c ia l ly  a t  th e  low er l e v e l s ,  w ith  Cardlum edule and 

o o tp a M tlre ly  s n a i l  aorabers o f YgflffrWPtB m il la r tM .

Sampling.

S ta p lin g  was done w ith  a one fo o t square iro n  

fram e which cou ld  be  p ressed  down in to  th e  beach* and th e  

scad  and grave1 tak en  from  w ith in  w ith  a sm all sh o v e l.

The cand les were p laced  in  c lo th  sacks a s  th ey  were c o l le c te d  

and ta k en  to  th e  la b o ra to ry  where the  spot were se p a ra te d  

out* H its  was done f i r s t  by s ie v in g  th e  whole eample 

th rough  a  1 .73  mm. cash  s ie v e . The re s id u e  wee c a re fu l ly  

p icked  over and a l l  th e  pebbles and rooks examined, soon 

under th e  b in o c c u lc r  m icroscope. i n  t h i s  way th e  l a r g e r  

s p a t were removed. The f in e r  sand which passed  th rough  

th e  f i r s t  co a rse  s ie v e , was th a n  put throqgh an o th e r 0 .73  

an* ae rtu  The re s id u e  was examined in  a  coun ting  c e l l  

under th e  b in o c u la r  m icroscope. A nu b e r  of anim als l e s e /
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/ l e s s  th a n  0*75 m *  v e r s  ob ta ined*  in d ic a t in g  th e  p o ss ib ­

i l i t y  th a t  p e r t  o f  th e se  sm a lle r  e ls e  groups was lo s t*  A 

more r e f in e d  method weald h e re  been p ro h ib i t iv e  in  tin e *  

A ll s h e l ls  o r  p a r t s  o f  s h e l l s ,  a s  w ell es th e  

l iv in g  an im als, were ta k e n  and co u n ts  made of th e  an im als 

l iv in g  a t  th e  tim e o f s a i l i n g ,  o f the  com plete s in g le  

v a lv e s ,  and th e  number of s in g le  s h e l l s  d r i l l e d  by gas­

tro p o d , which was taken  a s  th e  ntiriber of anim als bored*

To a r r iv e  a t  an  e s tim a tio n  o f  th e  number o f  dead an im a ls , 

th e  number o f uribored s in g le  v a lv es  was m u ltip lie d  by th e  

f a c t o r  2/5* T h is  i s  a  more s u i ta b le  conversion  f a c to r  

th a n  1 /2  because th e  chances are  g r e a te r  th a t  more s in g le  

th a n  b o th  v a lv es  re p re se n tin g  a p a i r ,  w i l l  be found* I n  

e s tim a tin g  th e  ous&er of v a lv es  from fragm en ts , any p a r t  

th a t  co u ld  n e t be d u p lic a te d , such as th e  hlx&e, was con­

s id e re d  to  be  a  s in g le  valve* The com plete da ta  i s  

ta b u la te d  in  T able 7#

The f i r s t  sam pling was done in  Septem ber, 19M», 

and f a r th e r  sam ples were taken  in  Decenfeer, 19M>, F eb ruary , 

A p r i l ,  June  and October o f 19U7* The sample from th e  1*0 

fo o t  le v e l  in  th e  October sam ples was no t o b ta in ed  u n t i l  a 

month l a t e r  because of th e  u n su ita b le  tid e s*

R e s u lts *

I n  FI#224- i s  shown th e  d is t r ib u t io n  o f the s p a t  

over th e  beach fo r  th e  19M& and th e  19h7 s p a tfa l ls *  A 

s t r ik in g  fe a tu re  of th e  graph i s  th e  s im i la r i ty  in  d e n s i ty /
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/G enei t y  end d i s t r ib u t io n  between th e  two years*  T h is  

would appear t o  in d le a te  th a t  th e  p h y e lo a l n a tu re  o f th e  

beaeh  i s  th e  e s s e n t ia l  fa c to r*  f o r  t h i s  la  r e l a t iv e ly  

constan t*  S im ila r i ty  In  d e n s ity  d id  not occur In  th e  

case  o f  ffira a rc n a r ia  and Cardluia e d u lc . f o r  th e  form er 

sp e c ie s  sp a tte d  l i g h t 1y  In  191*6 and h e e v ily  In  19U7* 

w hile th e  l a t t e r  sp a tte d  h e a v ily  l a  19M> and l i g h t ly  In  

192*7* Xt i s  b e liev e d  th e  low value f o r  £ •  n u l la s t r s  e t  

th e  t id e  le v e l  o f  3 f e e t  i s  due to  th e  u n s u i t a b i l i ty  o f  

th e  ground f o r  se ttin g *  as  I t  i s  couponed of n e a rly  pure 

sand* and th u s  p ro v id es no attachm ent f o r  th e  byssus* 

S ta tio n s  a t  th e  5*0* 7*0 end 8*0 fo o t t i d a l  le v e ls  e re  

much c f  th e  same n a tu re*  although* doubtless*  th e  h ig h  

le v e l  on th e  beech may account in  la rg e  measure f o r  th e  

em ail s p e t f e l l  there*

R etu rn ing  to  th e  low v a lu e  a t  th e  3*0 fo o t le v e l*  

i t  seems u n lik e ly  th a t  in  th e  sh o r t d is ta n c e  between t h i s  

sod th e  h»0 and th e  1*0 fo o t s ta t io n s *  th e re  should  be any 

f a c to r  such a s  t i d a l  sw ir l t o  prevent i n i t i a l  sp a ttin g *  

when t h i s  was heavy above and below* The absence o f 

n a tu ra l  e u l tc h  e i th e r  p rev en ts  s e t t in g ;  or* i f  th e re  i s  

s e tt in g *  su rv iv a l beyond th e  e a r l i e s t  s ta g e s  a f t e r  m ats- 

asrphoete*  A sample token  below th e  ae ro  t id e  mark a t  th e  

o u te r  edge of th e  seme f a i l e d  t o  jttLd any spat*

and h e re  aga in  th e  bottom  I s  o f p u re  sand*



to c ts l iS x *
The re d u c tio n  in  th e  number a t spat p er square 

fo o t  th roughout th e  y ear i s  sh o rn  in  T able T» and th e  

m o r ta l i ty  r a t e  on P la te  2?* By June 19U7, th e  m o r ta l i ty  

had reached  n e a r ly  10C$* The nausea may be t e n ta t iv e ly  

a t t r ib u te d  t o  th ro e  f a c t  ores

1* The u n u su a lly  sever w in te r  o f 1$tt|6-4|.7*

2* P redators*

5* G eneral u n s u i ta b i l i ty  o f  th e  h a b ita t*

I t  le  t r u e  th e  w in te r  o f i9U6-4#7 *ae u n u su a lly  

severe* b u t no d r a s t ic  e f f e c t s  were n o ticed  on o th e r  

in v e r te b ra te s  in  B alloeh  Bay* Sampling a t  C ross Houses 

Beach d isc lo se d  no heavy m o r ta l i ty  of X* u d l la s t r a  th e r e * 

though th e  o r ig in a l  numbers were no t la rg e*  i t  i s  doub tfu l 

i f  th e  severe  w in te r  p layed a s ig n i f ic a n t  p a r t  in  cau sin g  

th e  ex cess iv e  m o r ta l i ty  in  t h i s  brood of X* s h l la a tra *  

Probably  th re e  ty p es  o f p re d a to rs  have to  be 

considered* B alloeh  Bay i s  th e  feed in g  ground fo r  la rg e  

f lo c k s  o f  s e v e ra l sp ee le s  o f  shore and sea b i r d s 9 such a s  

g u l l s ,  curlews* o y s te r  ca tch e rs*  re d  leg s*  e ld e r  end 

m alla rd  ducks* I t  i s  known th a t  th e se  ty p e s  o f b i r d s  do 

feed  on sm all m ellusks* and even a sm all number o f b i r d s  

fe ed in g  re g u la r ly  over a  p e rio d  o f n e a rly  a year* could  

snake a  co n s id e rab le  in ro ad  in  a p o p u la tio n  o f l i t t o r a l  

aollusfes* e s p e c ia l ly  in  eueh a  favoured  feed in g  ground*

F ish  a re  w ell known t o  fe ed  on sm all m ollusks (D avis 1923* 

Blegvad 1928, P e te rso n  1915)* F la t f i s h  a re  known t o /



«6*
/ t o  fre q u en t th e  i n t e r t i d a l  soaee o f  B a llo eh  Bay d u rin g  

h ig h  t  ide  so ev inced  by  t h e i r  tree* *  in  th e  sand* A 

t h i r d  typo  of p re d a to r  i s  th e  d r i l l  o r  g as tro p o d  borer*  

Approxim ately gC o f  th e  deed epat had been  d r i l le d *

T h is  I s  e minimum f ig u re  fear i t  i s  l i k e ly  th a t  s  d r i l l e d  

s h e l l  w i l l  b reak  up more r e a d i ly  th en  an u n d r i l le d  one* 

Bunt (1925) co n s id e rs  th a t  K a tie s  I s  re sp o n s ib le  f o r  th e  

numerous d r i l l e d  s h e l l s  o f b iv a lv e s  in  th e  Plymouth a res*

Z t i s  b e lie v e d  th a t  th e  main cause o f  m o r ta l i ty  

in  B a llo eh  Bay i s  th e  u n s u i ta b i l i ty  o f th e  ground f o r  

o ld e r  spa t*  The s u r f  nee la y e r s  o f th e  beach In  which th e  

young sp a t moat a t  f i r s t  m a in ta in  them selves la  n o t a 

s ta b le  environment and th e  su rfa c e  la y e rs  of ©and s h i f t  

about considerab ly*  T h is  was observed: one in s ta n ce  was

th e  appearanee*0v er th e  w inter* o f a bed of f o s s i l  L n tra r la  

and P ac t an s h e l l s  t o  one s id e  o f th e  s ta t io n  a t  th e  l|*0 

fo o t  lev e l*  Thus th e  young s p a t ,  along w ith  th e  h o ld fa s t*  

any b e  b u r ie d  by s h i f t in g  sand* At t h i s  s ta g e  th e  siphons 

a re  not more th an  k  ~ 5 am* long  in  th e  la r g e r  specimens* 

so i t  does n o t re q u ire  a deep la y e r  o f sand to  smother 

them* On th e  o th e r  hand, th ey  m y  bo more exposed by th e  

s h i f t in g  o f  th e  sand to  p re d a to rs  o r t o  wave action* The 

thoovy o f th e  i n s t a b i l i t y  o f th e  environment i s  f u r th e r  

supported  by th e  f e e t  th a t  th e  sm all a d u lt  p o p u la tio n  on 

th e  beach l a  found between th e  0* and th e  2*0 fo o t t id e  

le v e ls ;  an  a rea  where b o u ld e rs  and pebb les p rovide good 

p ro te c tio n  f o r  b o th  th e  young and old*
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The Cross Houses B ach e t  M illp o rt, which 

supports th e densest population of V* p u llagtra  on the  

Island i s  nearly  a so lid  mas- o f large f l a t  rocks 

providing p lenty  o f attachment and protection; an 

extremely stab le  environment as fa r  as movement of the  

substratum i s  concerned* From the small adult population  

on B allooh Bay i t  seems that a high m ortality  i s  not 

unusual*

Two sim ilar sp ecies are found in  B r it ish  

Columbia, the indigenous Papilla stamlnea and the imported 

Japanese Paphla nhU lP ioarup; but th e ir  hab itat I s  

d iffer en t from that of Venerunic t>ulU stra * They prefer  

e protected  beach of mixed gravel, sh e ll  and mud* I t  i s  

not known whether X* nulla at re i s  found in  such an environ­

ment, for the w riter ha© seen nothing comparable in  Scotland* 

A ll beeches on the I s le  of Cumbrae are exposed to  wave 

action  that at tim es may become considerable*

I t  i s  s tr ik in g  that the ra te  of m orta lity  of a 

large population such as that of young V* p u lls  stra  in  

B alloeh  Bay should be bo high as p r a c tic a lly  to  destroy  

the whole population w ithin a year* Such occurrences 

are not unknown in  other sp e c ie s , fo r  bey mouth, McMillin 

and Holmes (1925) record a m orta lity  of approximately 66?. 

fo r  the spat of B ilio u s  uatula on Copal i s  Beach,

Washington, between August, when they s e t t le d ,  and th e /
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/th e  beginning of December* A storm in  that month 

reduced the numbers s t i l l  further from U9k per square 

fo o t ( th e  33 f  su rv iva l le v e l ) ,  to  18 per square fo o t ,

and by F bruary these had been reduced to  16 per square
)

foot* Few, i f  any, were reported in  the fo llow in g  

su m er. Thus it. i s  seen that a heavy set o f clams, 

o r ig in a lly  1U50 oer square fo o t ,  may bo com pletely  

destroyed, even when they have s e tt le d  in  the type of 

habitat which is  optimal for the sp ec ie s . Therefore,

In comparison, one might expect considerable m ortality  

In B alloeh  Bay, for  It does not represent a habitat in  

which th e adult X* r>ul I a stra  i s  found in  greatest 

abundance.

This r a ise s  once again the problem o f meta­

morphosis, choice o f substratum, delay and m orta lity . 

Thopson (19M>, PP« ty60-U67) has discussed th is  at some 

length  and concludes that the "e ith e r , or ” hypothesis  

o f settlem ent of ®rine invertebrate larvae i s  not tenable#  

B elding (1912) was among the f i r s t  to point out that the  

su rv iva l of la  m ellib ranch larvae depends on the character 

of the bottom in  which they s e t t l e .  Kelson (1928) puts 

the matter su cc in ctly  when ho sa id , ”!Vhen the time for  

s e t t l in g  a rr iv e s , the larvae must attach or die*”

Yong© (1937) assumed that the survival of the two sp ec ies  

o f Arsorrhaia in  Herdla f  3lord depends on whether or not 

they s e t t le  in  the habitat for which the adult i s  adapted,/
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/ad ap ted , but that in  an interm ediate region  both  

sp ec ie s  are able to  ex is t#  Thorson (1946) c i t e s

Mortensen*s (1921) experiment in  which he was able to

induce metamorphosis in  the larva of the echinold  

M elllta  sex lee-n erforata  by adding sand to  the d ish  in  

which they were liv in g*  Day and Wilson (1934) • and 

Wilson (1 9 3 7 ), have shown that the larvae o f various 

polychaetes are able to  postpone metamorphosis u n t il  a 

substratum su ita b le  for adult l i f e  i s  encountered* I t  

i s  s ig n if ic a n t  that Thoreont s most convincing date comes 

from laboratory experiments* Larvae o f Branohloma 

veslcuXosura kept by Wilson (1936) had a f a ir ly  su ita b le  

substratum a v a ila b le , but there was considerable v a r ia tio n  

in  the time o f s e t t l in g .  Lamellibranch larva© are very 

d if f ic u l t  to  rear in  the laboratory and the r e s u lt s ,  in  

r e la t io n  to  tim e, of such experiments must be treated  w ith  

caution* R u ssell (1934) say©, "It i s  p ossib le  that the  

s e t t l in g  down of p elag ic  larva© i s  a much more p rec ise  and 

complex a ffa ir  than we imagine, involving s p e c if ic  

behaviour a cts  or tra in s  o f behaviour*11

I t  i s  not un likely  that the larva© of marine 

invertebrates have a certa in  power of s e le c t io n  of th e ir  

environment fo r  s e t t l in g  in; w itness the search of the 

la rv a l oyster  for  a clean surface; but the larva1 s 

horizon i s  lim ited  because of i t s  size* A larva of X* 

p u llestra  may s e t t l e  in  the th in  f ilm  of d e tr itu s  and 

sand p a r t ic le s  on a g la ss  p la te  and th is  i s  s u ita b le /
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/ s u ita b le  enough fo r  th e  sp a t, because th e  th ick n ess o f  

the f ilm  i s  adequate r e la t iv e  to  the s iz e  o f the spat*

But i t  very soon outgrows t h is  environment. What must

be considered i s  the comparative s iz e  o f  th e coeraoe of 

th e  larva or email spat and the cosmos of the adult* 

Suitab le s e tt in g  grounds for th e larvae and spat of X* 

nulla  stra  are common, but there arc few h a b ita ts su ita b le  

fo r  adults* B alloeh  Bey provides environments su ita b le  

fo r  th e  sp a t, yet few adults ere found th ere , and a l l  the  

m ortality  cannot be attr ibu ted  to  predators.

Many more examples might be given but one w il l  

s u f f ic e .  Both type8 of ground inhabited by Aporrhala

(Yonge 1937) w e  no doubt su ita b le  fo r  the newly s e t t le d  

larra  o f both p es-n e lica n l and serreslen o . The 

m ortality  may m i l  ta ke  place a fte r  the young have out­

grown the la rv a l environment and need the more r e s tr ic te d  

environment for  which the adult i s  adopted. No amount of  

delay in  metamorphosis or occasional "touching down” to  

t e s t  th e substratum as they are  carried  along by the 

current, as suggested by Thor eon (1946, page 465)* can 

overcone the d ifferen ce in  the needs o f the ; metamorphosed 

larva and of the adult.

Careful examination of a variety  of  surfaces in  

th e  l i t t o r a l  and su b - lit to r a l zones revea ls the spat of 

many d ifferen t sp ec ies , often  in  considerable numbers, in  

areas t o ta l ly  unlike the adult h a b ita t. Not always i s  

the s e t t l in g  area even su ita b le  for  the young spat.
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T h is  p e rio d  a f t e r  s e t t in g ,  p o ss ib ly  up to  a 

y ea r a f t e r  t h i s ,  i s  th e  s ta g e  in  th e  l i f e  h is to ry  o f 

many s e s s i l e  marine in v e r te b ra te s  a t which co n s id e rab le  

m o r ta l i ty  occurs and t h i s  i s  c e r ta in ly  th e  case  w ith  X* 

n u lla  s t r a . C ontrary  to  th e  new school o f thought on 

th e  s u b je c t , i t  i s  s t i l l  b e lie v e d  th a t  su rv iv a l o f  th e  

sp a t and f i n a l  succees of any s p a t f a l l  ia  la rg e ly  a 

m a tte r of chance* I t  i s  agreed th a t  th e  la rv a e ,  o r a t  

any r a te  th e  la rv a e  of c e r ta in  sp ec ie s  or g roups, may 

ex e rc ise  a c e r ta in  amount o f choice in  th e  s e le c t io n  o f 

a  s u i ta b le  substra tum , but i t  i s  a choice th a t  in  th e  

main f u l f i l s  only  th e  itaaediat.e needs o f th e  s p a t .  I t  

a ls o  appears th a t  in  most cases th e  h igh  m o r ta l i t ie s  

su ffe red  by many sp ec ie s  a f t e r  metamorphosis (fo rm erly  

a t t r ib u te d  to  th e  p erio d  a f t e r  metamorphosis)

may be spread  over a consid erab le  period* T h is  would 

o e r ta in ly  ex p la in  th e  m o r ta l ity  o f th e  1946 brood o f X* 

p u l la a t ra  m  B alloeh  Bay.
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B a t*  o f  T?ator P ro sm a la n .

C onsiderab le i n t e r e s t  I s  being  shewn i n  th e  

r a t e  o f  w a te r  p ro p u ls io n , o r  f i l t r a t i o n  r a t e ,  In  v a rio u s  

m arine in v e r te b ra te s ,  i n i t i a l l y  because of th e  economic 

and h y g ien ic  im portance in  o y s te r s ,  bu t more r e c e n t ly  in  

o th e r  f i l t e r  feed in g  organism s in  connection  w ith  food 

in ta k e  and metabolism* S im ila r  s tu d ie s  on £ •  o u l l a s t r s  

were undertaken  p a r t ly  f o r  th e  l a t t e r  re a so n s , bu t m ainly 

t o  a s c e r ta in  w hether, and i f  so how, th e  f i l t r a t i o n  

c u r re n ts  end consequent p re ssu re s  a re  involved in  th e  

•pawning act*

Direct, methods o f  study have been used where 

th e  siphons o f th e  vxiSm l s  concerned have been tapped  by 

tu b e s  or robber aprons and th e  a c tu a l  q u a n tity  o f  w ate r 

passed  th rough  th e s e  tu b e s  has bean measured* I n d ire c t  

methods have a le c  been used by aeasuring th e  r a t e  a t  which 

anim als were ab le  to  c le a r  suspensions o f v a rio u s  ty p es  

o f  p a r t ic le s #

A d ir e c t  method was used by P o rker (1914) who 

measured th e  s tre n g th  end volume o f  w ater c u rre n ts  

produced in  sponges by a t ta c h in g  e tube to  th e  osculum# 

P lac in g  th e  tube  in  a v e r t i c a l  p o s it io n  and observing  

th e  in c rease  in  h e ig h t o f th e  w ater In  th e  tube  in  r e la t io n  

t o  th a t  i n  th e  tan k  in  which th e  sponges were l iv in g ,  he 

o b ta in ed  a measure c f  th e  p re ssu re  produced by th e  

e rh a le n t cu rren t#  By measurement of th e  v e lo c i ty  o f /



/ o f  th e  f lo a t in g  p a r t i d e a  in  th e  tu b e , he es tim a ted  th e  

volume o f w ater pumped and concluded th a t  th e  cu rren t 

produced by sponges c o n s is ts  o f  r e l a t iv e ly  la rg e  volumes 

o f w ater flow ing  a t  low pressure#  For th e  sponge 

fln ln o sa lla  he ob ta ined  a w ate r flow  of 3*2 l i t r e s  p e r  hour 

a t  a p re ssu re  o f 2*9 arm o f  sea w a te r. The volume 

e s tim a tio n s  are  c r i t i c i s e d  on the grounds o f  f a i lu r e  to  

r e a l i s e  th a t  th e  speed of flow  through a tu b e  v a r ie s  along  

i t s  r a d iu s ,  th e  maximum v e lo c ity  b e in g  a t  th e  c e n tre .

A llen  (1914) u sin g  a s im ila r  method fo r  f re s h  

w ater m ussels made th e  same e r r o r .  He had d i f f i c u l t y  in  

In tro d u c in g  th e  tube because of th e  s e n s i t iv i ty  o f  th e  

siphons and ob ta ined  only a s in g le  read in g  which gave a 

r a t e  o f  1*4 l i t r e s  p e r hou r. Hecht (1916) measured th e  

c u r re n t p re ssu re  and volume of w ater pumped in  th e  a s c id ia n , 

A sciqifi a t r a  and p o in ted  out th e  d if fe re n c e s  in  th e  c u rre n t 

v e lo c i t i e s  of th e  a t r i a l  and o ra l  s iphons, to g e th e r  w ith  

th e  ang le  a t  which they  work, a s  b e in g  f a c to r s  in  p rev en tin g  

th e  mixing of two stream s of w a te r. He a lso  measured th e  

v e lo c i ty  o f p a r t i c le s  in  a tube In se r te d  in  th e  o ra l  siphon . 

The p re ssu re  was found to  vary  between 1 .7  and 2.1 mm. o f  

sea w ate r and th e  f i l t e r e d  volume to  be 7 .2  l i t r e s  p er hour 

f o r  anim als o f 100 grams w eight. The tem perature was no t 

g iv en . Hecht co n s id e rs  th e  energy d is t r ib u t io n  in  

developing th e  w ater c u rre n t in  A. a t r a  to  be q u ite  e f f ic ie n t  

th e  p ressu re  b e in g  ju s t  s u f f ic ie n t  t o  overcome th e  in e r t i a  

o f th e  w a te r. He a ls o  concluded th a t  th e  volume o f w a te r /
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/w a te r  moved p e r  u n it  o f body w eight v a r ie s  in v e rse ly  

w ith  th e  s iz e  o f th e  an im al, a con c lu sio n  which i s  in  

g e n e ra l supported  by th e  work o f Jo rgensen  (1943) on 

l& m elllbraachs*

Koleon (1921) m odified  th e  method o f Moore (1906) 

u s in g  a robber apron over th e  exha le n t  a rea  and ob ta ined  

f o r  f is tr s a  girjK lalca a v a lu e  o f 5*7 l i t r e s  o f  w a te r f i l t e r e d  

p e r  hour* h a te r  he ob tained  a value o f 26 l i t r e e  p e r  hour 

from  a 4  inch  o y s te r  a t  30° C*

G a ite o f f  (1926 , 1928b) in  a b road  study on th e  

o y s te r  g i l l  in  r e la t io n  t o  s a n i ta t io n  and c u l tu re ,  d esc rib es  

two d ire c t  methods of meanuring th e  flow  through  th e  g i l l  o f 

O ctree v l r r l n l o s * I*i b o th  methods a tu b e  i® in tro d u ced  

in to  th e  c lo s e s !  ehimfber and made f a s t  and w ater t ig h t  w ith  

c o tto n  packing* I n  th e  "tank" method, th e  o y e te r  pumps 

w ater from  a tan k  in  which I t  rest©  in to  a m easuring v e s se l 

which i s  connectod to  th e  o y s te r  by th e  tub© in se r te d  i n  th e  

c lo s e s !  chanS)er* The le v e l  of th e  two v e s se ls  i s  kept 

co n s tan t and equal by overflow  siphons* T his e n m i t y  i s  

most n eeecsary , f o r  a d i f f e r e n t i a l  le v e l  in  on© d i r e c t io n ,  

would cause a siphon ing  e f f e c t  th rough  the  g i l l s ,  w hile in  

th e  e th e r  d ir e c t io n  th e  g i l l  would be  pumping a g a in s t a 

p re ssu re  caused by th e  head o f  water*

l a  th e  "©erratne-cone” method th e  tt& e in s e r te d  

in  th e  c lo aca  i s  connected t o  a f u r th e r  system  o f tu b in g

allow s m easurasent o f  th e  v e lo c ity  o f s  cone o f  ca rm in e /
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/ c a n i n e  c a r r ie d  by  th e  exhalen t stream ; th e n  u s in g  a 

m o d if ic a tio n  o f P o is e u i l le 9 s  form ula f a r  s t r e s s  l in e  f l o e ,  

th e  r a t e  sa y  he  ca lcu la te d *  G a l ts o f f  O btained s l i g h t ly  

h ig h e r  v a lu es  w ith  th e  l a t t e r  method and co n s id e rs  them 

more v a l id  as a measure of r a t e  of flow . He secured  

v a lu e s  o f 2 .5  to  2 .9  l i t r e s  p e r  hour a t  2 6 .9 °  C.

N elson (1935) c r i t i c i s e d  th e  use  of a tu b e  in  th e  e lo a c a l  

chant)er on th e  grounds o f in te r fe re n c e  w ith  th e  o p e ra tio n  

o f  th e  b ra n c h ia l h e a r ts  and v is c e r a l  g a n g lio n , a s  s e l l  a s  

G a l ts o f f9 s n e g le c t o f th e  w ater flow  th rough  th e  "promyal" 

chant) e r .  Hodgson (1928) attem pted  t o  measure th e  volume 

o f  w ater c i r c u la t in g  through th e  m antle c a v ity  of M vtilus 

jStjtg&h& 9 I n i t i a l l y  and u n su c cessfu lly  by means o f  tu b e s  and 

ru b b er ap ro n s. Re th en  tu rn ed  to  th e  in d ir e c t  nethod of 

determ ining  th e  r a te  o f c le a r in g  o f  suspended m a te r ia l in  

known volumes o f  w ate r. Using c h ie f ly  f in e  c la y  suspensions 

th e  r a t e  was tak en  to  be the tim e re q u ire d  f o r  a xmnfber o f  

anim als t o  d e a r  a known volume. W hile he reco g n ised  th a t  

th e  w a te r , In  which th e  m ussels a re  p la c e d , may be f i l t e r e d  

se v e ra l tim es in  o rd e r  t o  c le a r  i t  com plete ly , no q u an ti­

t a t i v e  adjustm ent was made. The r a t e  was found t o  be 

2 l i t r e s  p e r  hour a t  17° C. Hopkins (1933) s tudy ing  th e

r e l a t i v e  r a t e  o f flow  o f w ater over th e  g i l l s  o f P a tro n  

g ig aa  used a method in  which th e  norm al fu n c tio n s  o f  th e  

anim al a re  no t in te r f e re d  w ith . Re found th e  r e l a t io n  

tem pera tu re  and opt Imam g i l l  a c t iv i ty  s im ila r  t o  th a t  

ob ta in ed  by G a lts o f f  f o r  0* v l r g ln io a . ly in g  between 25 and/
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/a n d  30° 0* a t  which p o in t th e  maximum r a t e  o f  flow  la  

3*9 l l t r e e  p a r  hour* H opkins, however, b e l ie v e s  th e  

optimora tem pera tu re  f o r  fe e d in g , co n s id e rin g  tlia  anim al 

ae a whole, to  ha about 20° C . ,  f o r  above t h i s  tem pera tu re  

th e  r e iv e s  b eg in  to  c lo se  and eo ao t a s  b rak es t o  th e  w ater 

cu rren t*

Sparck (1933) in  a p re lim in ary  in v e s t ig a t io n  on 

th e  power of f i l t r a t i o n  in £• e d u l ls  re so lv e d  th e  problem 

in to  how la rg e  a b u lk  of w ater i s  a t  th e  d isp o sa l o f th e  

anim al i f  th e  surrounding w ater i s  alm ost com pletely calm*

To so lve  t h i s  problem he p laoed  an o y s te r  in  a v esee l 

co n ta in in g  w ater o f a s a l i n i t y  o f  30# • Above t h i s  was 

a  la y e r  o f  w ater coloured w ith  m ethyllc b lu e  w ith  a s a l i n i t y  

o f  2 1 # ,, and on to p  o f t h i s  a la y e r  o f f re a h  w ater t o  p reven t 

ev ap o ra tio n , c o o lin g , and th e  form ation  o f v e r t i c a l  c u r re n ts  

In  th e  s a l t  w a te r, o th e r  th a n  those produced by th e  o y ste r*

At a  d is ta n c e  o f 30 cm* an a d u lt o y s te r  was ab le  to  produce 

a  d is tu rb an ce  in  the  co loured  la y e r  by c lap p in g  th e  v a lv e s , 

b u t no mixing was e ffec ted *

F u l le r  and C larke (1936) in  a study  o f se to u s  

feed in g  o f G alanas in v e s tig a te d  th e  r a t e  of f i l t r a t i o n  by 

th e  speed o f removal o f  carm ine p a r t i c le s  from  a suspension  

in  Which th e  anim als were liv in g *  They c a lc u la te d  a f ig u re  

o f  5*61 cc* p e r day, b u t made i t  c l e a r  th a t  theee  e x p e ri­

ments were p re lim in a ry , end c a lc u la t io n s  baaed on n u t r i t io n a l  

require;:ien ts by M arsh a ll, N lch o lls  and O rr (1935) In d ica ted  

th a t  th e  v a lu es  ob ta ined  were f a r  below th e  volume s u f f i c i e n t /
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/ s u f f i c i e n t  t o  supply  th e  n u t r i t i o n a l  seeds o f th e  animal# 

h a t e r  F u l le r  (193?) ag a in  attem pted  t o  e s tim a te  th e  feed in g  

j * t e  Of S ffZ M M  U m E M m ' H" «** tw o fcjr a * to ra in ln g

th e  r a t e  a t  which a group of animnle d ep ic ted  c u l tu re s  o f 

th e  diatom , HJtligffeMg# The form ula developed by him w as:-

Wx «• V 1n where Wx is? the  amount of w ater swept f r e e  o f  

diatom s by each copepod in  x hours; V i s  th e  volume of 

w ater p er cop©pod; 01 and 02 a re  co n c en tra tio n s  o f th e  

diatom s a t  th e  beg inn ing  and end o f tim e x« T h is  form ula 

i s  id e n t ic a l  to  th e  one here  derived in  rm othor way# By 

t h i s  method he found th e  sraeunt o f w ater f i l t e r e d  p e r  day 

was 1*09 cc# which, in  r e la t io n  to  the amount o f  a v a ila b le  

food, would provide only ®m te n th  o f th a  n ecessary  nu trim ent 

e s tim a ted  on th e  b a s is  of oxygen aoneurtpt totu

I n  & compreluxrt^ive paper, Fox, Sverdrup and 

Cunningham (1937) Hive a survey o f  th e  l i t s r o t u r s  and 

e s tim a te  th e  r a te  o f w ater p ro p u ls io n  in  th e  la rg e  

C a lifo rn ia  h m m I ,  t t r t i l a o  o a llfo m lam u a . Group* o f nnaaaXa 

were p laced  in  s t i r r e d  suspensions o f  m arine c lay  o r calcium  

carbonate# The r a te  a t  which the  m lm l&  removed th e  

suapemsiou by f i l t r a t i o n  wsa ^eairored by chem ical e s t le n -  

t i e n  of th e  calcium  con ten t o f  su ccessiv e  samples tak en  a t  

eq u a l in te rv a ls  of time* They made th e  assum ption, " in  

u n i t  tim e each mussel pomps U l i t r e s  o f  w ater th rough  i t s  

qretem  and removes a l l  suspended calcium  from  t h i s  q u a n tity  

o f  w a te r ,” and cm t h i s  b a s i s  th ey  develop sn  equ a tio n  f o r  

tb s  f i l t r a t i o n  ra te *  T h is eq u a tio n  i s  e s s e n t ia l ly  th e  same/
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/ e e m  a s  th o se  d eriv ed  by  F u l le r  and by th e  p resen t author* 

Fox e t  &1 (1957) concluded th a t  th e  m ussel removes v i r t u a l ly  

a l l  suepended^aatter from  th e  w ate r passed o v er th e  mucous 

su rfa ce  of th e  g i l l s  and m an tle , and th a t  th e  w ater i s  

p ro p e lle d  rh y th m ica lly  and a t  a r a te  which i s  on th e  a v e r­

age co n stan t*  Medium s iz ed  m ussels , between 95 and 130 am* 

in  le n g th , gave p rop u lsio n  r a te s  between th e  v a lu es  of 2*2 

and 2*9 l i t r e s  p e r  h ou r, w ith  an  average of 2*6 l i t r e s  p e r  

hour#

Jorgensen (19U3) s tu d ied  th e  r a t e  o f water

transport through the g i l l s  o f young Msrtllup ed u lia  by

means o f photom etric de term ina tions of th e  percen tage

amounts o f th e  u n ic e l lu la r  a lga  Svnechocoocus from  a

known quantity o f th e suspension o f th e algae* He obtained

f i l t r a t i o n  r a t e s  of between 2*5 and 186 ml* o f w ater p e r hour

f o r  a group o f 5 an im als , each 0*2 grains in  w eigh t, a t
otem peratures between 11 and 22 c# From the lite r a tu r e  

Jorgensen a lso  ca lcu la ted  f i l t r a t io n  r a te s  per hour per 

gram fo r  stages from th e p elag ic larvae (o y sters) to  the  

a d u lt  (v a rio u s sp e c ie s ) . These varied  from 6*7 l i t r e s  

fo r  larvae to  0*19 l i t r e s  fo r  young bottom sta g e s , and 

0*01 -  0*02* l i t r e s  fo r  adults*

In  a study o f the feed in g  o f £ •  Virginias. 

booeaM ff and Home^ko (19W ) used th e “tank* method o f 

O a ltso ff (1928) m odified by th e  rubber apron o f Moore 

(1908) and Mela on (1921) over th e exhalcnt aperture*

Pumping ra te s  fo r  if. Inch oy sters w ith in  th e tenq>eratuw/
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/ te m p e ra tu re  range o f  17*0 t o  28*0° 0* averaged 2$ t o  27 

l i t r e s  o f  w ate r p e r hour w ith  a maximum o f  3k l i t r e s *
to

The r a t e s  found on th e  ebb t i d e  were equal)/ o r  g re a te r  th e n

th o se  found on th e  f lo o d , th u s  r e fu t in g  th e  g e n e ra l is a t io n  

by  K elson (1923) th a t  r e la t iv e ly  l i t t l e  food  I s  taken  on 

th e  ebb* They conclude a ls o  th a t  th e r e  i e  no c o r r e la t io n  

between p e rio d s  of s h e l l  c lo su re  and darkness and th a t  th e  

pumping r a te  i s  th e  sane f o r  bo th  d ay lig h t and darkness*

I t  l a  po in ted  out th a t  £» v irg ip ie a  i s  ab le  t o  pump In  one 

hour a volume of w ate r 1500 tim es th e  volume of i t s  own 

body*

The d ire c t method of determ ining th e  r a t e  o f  flow  

I s  exceed ing ly  d i f f i c u l t  in  th e  case of siphonate  le m e l l i -  

branch* due to  th e  g rea t s e n s i t i v i t y  o f th e  siphons in  most 

species*  When tubes a re  In s e r te d  In  th e  sip h o n s , and t h i s  

can only  be done during a n a e s th e s ia , th ey  a re  l a t e r  e i th e r  

fo rced  out of the  siphons o r a re  cu t by th e  p re ssu re  a t  th e  

s h e l l s  a g a in s t the tube* The use o f  b lo ck s to  prop open 

th e  v a lv es  was u n su c cessfu lly  tr ie d *  I n  a few  eases  th e  

In se r te d  tu b es were r e ta in e d  In  th e  s ip h o n s, b u t th e  anim als 

d id  no t e x h ib it normal r e a c t io n s ,  and soon died*

The a l te r n a t iv e  was th e  in d ir e c t  suspension  

c le a r in g  method of Via H an es (1892), Dodgson (1928),

M a as  (1935) and Pox, Sverdrup and Cunningham (1937)*

The l a t t e r  authors are th e  only ones aho have developed 

and used th e  method w ith  any degree o f accuracy , and i t  la /
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/ i s  t h e i r  method, f u r th e r  m odified , th a t  wee used*

The fundam ental b a s is  o f  th i s  method r e s t s  on 

th e  assum ption th a t  th e  g i l l s  com pletely  f i l t e r  out a l l  

p a r t i c le s  in  th e  suspension* K ellog  (1915) considered  

th a t  a lam e llib ran ch  was a b le  to  feed^n ly  when th e  w ater 

was com paratively  c l e a r ,  so  th a t  food p a r t i c le s  would be 

brought to  th e  su rfa c e s  of th e  g i l l s  a few a t  a time* Re 

m aintained  th a t  in  muddy w ater a l l  suspended p a r t i c l e s ,  

w hatever t h e i r  n a tu re , a re  le d  to  th e  outgoing tr a c ts *

Re a l s o  d e sc r ib e s  the  mucous p roduction  of c i l i a t e d  

su rfa c e s  and th e  la rg e  amounts of raucous th a t  may be produced 

by  continued  stim ula tion*  Damae (1935) d e sc r ib e s  th e  forma­

t io n  o f mud d e p o s its  in  th e  Zeebrugge ro ad stead  by warms and 

m ollu sks, and in d ic a te s  th a t  c o l lo id a l  p a r t ic le s  ae w ell as  

d e t r i tu s  are  f i l t e r e d  out o f th e  w ater and deposited*

Kansas (1926) d e sc rib e s  th e  f i l e r i n g  and d ep o s itin g  a c tio n  

o f  la ra e llib ra n c h s , e s p e c ia lly  o y s te rs  and m ussels , and 

d e sc rib e s  th e  q u a n t i ta t iv e  work of V ia lla n e s  who measured 

f i l t r a t i o n  r a te s  by weighing dry th e  amounts o f  fa e c e s  and 

pseudofaeces d ep o sited  in  a g iven  time* Z o b e li and Landon 

(1937) found th a t  99*9% o f  added b a c te r ia  are  r e ta in e d  by 

t h .  g i l l s  o f M ytilue c a l i f  o rn ian u s . though G a lts o ff  (1928) 

s ta te s  th a t  only 20 -  30/ o f th e  b a c te r ia  added a re  r e ta in e d  

by O ctree v irg in  le a . Jo rgensen  (191*3) assumed th a t  a la rg e  

m a jo rity  of Synechoooccus c e l l s  which a re  only 2 - 3  microns 

lo n g , ore re ta in e d  by young Ma&HHSj SSUUa* !• vaHlaetn 
was found to  be eb le  to  c le a r  suspensions o f  g ra p h ite  and o f /
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/o f  m onolite f a s t  s c a r le t  , whose p a r t i c l e  e ls e  ranges a re  

betw een 1 and $ microns* I t  appears th a t  most la m s l l i -  

b ranohs a re  ab le  e f f e c t iv e ly  t o  f i l t e r  sm all p a r t i c le s  oat 

o f  water* M eOInitie (19U1) in v e s tig a te d  th e  method of 

feed in g  in  fo u r  P a c if ic  sp e c ie e by observ ing  th e  p rocess 

th rough a g la s s  window p laced  over an opening cu t in  th e  

sh e ll*  He came to  th e  conclusion  th a t  feed in g  can only 

ta k e  p lace  when a sheet of mucus e n t i r e ly  covers th e  g i l l*

He a ls o  m aintained th a t  because a b iv a lv e  i s  pumping I t  

i s  not n e c e s s a r ily  fe ed in g , and the  s t r a in in g  of th e  

p a r t i c l e s  from the  w ater c u r re n ts  by mucus i s  em phasised.

I t  i s  in te r e s t in g  to  note in  t h i s  connect i n ,  th a t  Hopkins 

(1933) in  d isc u ss in g  th e  marked changes in  pumping r a te s  

observed in  g,* glares, says ( page 1*88), " I t  mey be a ls o ,  

a s  suggested by G a lts o f f  ( 1928a), th a t  mucus forms a la y e r  

over the  g i l l s ,  c logging  th e  pores and impeding or stopp ing  

th e  c u r re n t ."

I n  order to  check M cG initie, s o b se rv a tio n s , 

s im ila r  windows were made in  a number of specimens of J[» 

u u l la a t r a .  O bservations f a i le d  to  d isc lo se  evidence of 

a  continuous sheet of mucus over the  g i l l ,  though It. must 

be adm itted  t h a t ,  due to th e  transparency  o f th e  mucus, I t  

was f re q u e n tly  d i f f i c u l t  to  decide as to  i t s  presence o r 

absence* The ntroduetion of p a r t ic le s  of a v a r ie ty  of 

s ls e s  in to  the  in h a lan t stream  always r e s u l te d  In  th o se  

p a r t ic le s  being conveyed over th e  g i l l  en tangled  In  s t r in g s  

of mucus and no t in  a ^ ie e t ,  Furtherm ore, th e  in tro d u c tio n /
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/ in t r o d u c t io n  o f a  co lo u red  suspension  a i r in g  pumping 

in v a r ia b ly  r e s u l te d  in  th e  p rod u ctio n  o f  co loured  f a e c e s ,  

in d ic a t in g  t h a t ,  w ith  th e s e  su sp en sio n s, pumping was 

always accompanied by feeding*

The m o d ifica tio n  o f  Fox, Sverdrup and 

Cunningham1 a method used here was the  replacem ent of th e  

e s tim a tio n  of co n cen tra tio n s  of suspended m a te r ia l  by 

chem ical means w ith  one based on th e  p r in c ip le  of l ig h t  

a b so rp tio n , which was l a t e r  found to  have been used by 

Jo rgensen  {19k3) ,  w ith  a Rehberg e le c t  rophotom ster* The 

Instrum ent used here was th e  Spekker Abeorpt ioraeter which 

i s  a s e n s i t iv e  instrum ent reco rd in g  q u a n t i ta t iv e ly  minute 

changes in  in te n s i ty  o f  colour*

The normal procedure in  u sing  th e  abeorp t lom eter 

i s  t o  develop a c a l ib r a t io n  curve by ta k in g  read in g s a t  

v a rio u s  known d ilu t io n s  o f  a so lu t io n  o r  suspension  of 

known concen tra tion*  However, s in ce  in  th e  case  o f  th e  

suspension  ( je w e l le r 's  rouge) used in  th e se  experim ents, 

a  l in e a r  r e la t io n s h ip  e x i s t s  between co n c en tra tio n  and 

afeserptio<aeter o r "Spokker” re a d in g s , as  th ey  a re  c a l le d ,  

th e re  was no n e c e ss ity  f o r  knowing th e  ab so lu te  concen tra­

t io n s  o f  the  suspensions used in  term s of w eight p er u n it  

volume* Thus the need f a r  a la rg e  number of chem ical 

an a ly ses was obviated* The orig in a l "Spekker* read in g , 

th a t  i s ,  th e  one a t  the s t a r t  o f  each experim ent, 

represents a co n cen tra tio n  of 100/ of th e  suspension  in  

u se , and the concent r a t  ion  a t  any given tim e io  th e  r a t i o /
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/ r a t i o  o f  th e  "Spekker* read in g  a t  t h a t  tim e to  th e  

"Spekker* reed in g  a t th e  beg inn ing  o f  th e  experiment*

The m ajor d i f f i c u l t y  was to  o b ta in  a  suspension  

m a te r ia l th a t  would meet th e  demands of th e  co n d itio n s  

Imposed by th e  experim ent* The fo llo w in g  c r i t e r i a  o f an 

id e a l  suspension  m a te r ia l was s e t  u p i-  

1* Coloured*

2* N on-toxic and N o n - ir r i ta b le *

3* Low s e t t l i n g  ra te *

U* B o a -f lo c c u la tin g  when s t i r r e d  In  sea water*

5* Low su rface  tension*

6* Small p a r t ic le  else*

In  an e f f o r t  t o  o b ta in  a m a te r ia l th a t  would 

moat most o r  a l l  o f th e se  req u irem en ts, a la rg e  number 

o f substances were te s te d *  The requirem ent in  which 

most su b stan ces f a i l e d  wee th a t  of n o n -flo ccu la tio n *

Many gave good suspensions In  f re s h  w a te r, and were 

s a t i s f a c to ry  in  u n s t i r r e d  sea w a te r, b u t f lo c c u la te d  

in to  ag g reg a tio n s  when ag ita ted *  J e w e l le r 's  rouge, a 

re d  oxide o f iro n , gave th e  b e s t  c o n s is te n t r e s u l t s ,  and 

a suspension of t h i s  wae used in  most o f  th e  recorded 

experim ents*

B o n o llte  F a s t S c a r le t ,  an  X*C*Z« pigm ent, was 

most p ro m isin g ,fo r th e  p a r t ic le s  a re  un iform ly  sm all in  

e l s e ,  n o n -f lo c c u la tin g , and th e  s e t t l i n g  r a te  i s  n eg lig ib le*  

However, though n o n -to x ic , th e  d is p e rs a l  medium in  which i t /
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/ I t  l a  made up appeared to  have, a t  tlm ee , an in h ib i to ry  

e f f e c t  on pumping a c t iv i ty  and f a r th e r  experim ente e re  

neeesstiry  t o  overcome t h i s  d i f f ic u l ty *  Aquadsg, e 

c o l lo id a l  g ra p h ite , w ith  ©mall p a r t ic le  e l s e ,  k in d ly  

su p p lied  by E.G. Acheron L td . ,  g iv es  e f in e  d ia p e rs  1 on 

w ith  a low a e t t l i n g  r a t e ,  bu t i t  floccu la te®  b ad ly  when 

s t i r r e d  in  oca water*

Experimental Method.

With minor v a r ia t io n s ,  th e  fo llow ing  techn ique 

wee weed in  conducting th e  experiments*

One gram o f iro n  oxide woe added t o  two l i t r e s  

o f  f i l t e r e d  see w ater and s t i r r e d  w ith  a h igh  speed e l e c t r i c  

s t i r r e r  f o r  5 minutes* T h is  suspension was allow ed t o  

s e t t l e  f o r  30 m inutes to  allow  th e  la rg e r  agg rega tions o f  

p a r t i c le s  unbroken by th e  s t i r r i n g  to  s e t t l e  out* 1*5 

l i t r e s  o f  th e  superna tan t f l u i d  was then  decanted o f f  and 

made up to  3*0 l i t r e s *  A deed clam, equal in  e ls e  to  th e  

experim en ta l an im als, was used in  th e  s e t t l i n g  c o n tro ls  

t o  make them and th e  experim ents as  comparable a s  p o s s ib le , 

f o r  I t  was found t h a t ,  In  s t i r r i n g ,  some o f th e  suspended 

p a r t i c le s  adhered to  th e  s h e l l s .  Each o f  th e  experim ental 

anim als and th e  dead c o n tro l had p rev io u sly  been p laced  in  

a l i t r e  beaker co n ta in in g  500 cc . o f pure f i l t e r e d  sea 

w a te r, and t o  each o f  th e se  was added 500 oc* o f th e  oxide 

suspension  to  make up th e  experim enta l volume of one l i t r e .  

The f i n a l  co n cen tra tio n  o f  oxide was no t g re a te r  th a n /
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/ t h a n  0*1 grams p e r  l i t r e ,  eq u iv a le n t t o  0*02 cc* o f  

s o l id  m a te r ia l  p e r  liti*e* The s t i r r i n g  a p p a ra tu s  was 

s e t  i n  m otion as  th e  suspension  was added to  th e  beekors* 

T h is  ap p a ra tu s  c o n s is te d  o f  a 1w b y  perspex p la te  

in s e r te d  in  oach beaker t o  a d is ta n c e  of 2 inches from th e  

bottom* The p la te s  were ro ta te d  on th o i r  own a x is  by 

e l e c t r i c  motor and p u lle y , geared  down t o  approxim ately  

90 R*l *H# » a speed s u f f i c ie n t  to  keep th e  main body of 

p a r t i c l e s  in  suspension , b u t not. s u f f i c ie n t  to  l i f t  from  

th e  bottom  o f th e  b eak ers  th e  h e a v ie r  ag g reg a tio n s  th a t  

had s e t t l e d  o u t,  o r  th e  s t r in g s  of fa e c e s  and petmdofaeces* 

The purpose o f  th e  s t i r r i n g  i s  tw o-fold* F i r s t ,  t o  a ttem p t 

t o  reduce th e  s e t t l i n g  out e f f e c t  to  a m lniium, and second, 

to  keep th e  c o n c e n tra tio n  o f p a r t i c le s  homogeneous th rough­

out th e  suspension* I t  th e  suspension  wore n o t s t i r r e d  

th e  anim al would, due t o  i t s  own fe e d in g  a c t i v i t y ,  soon f in d  

l t s o l f  in  an a rea  devoid o f  p a r t i c l e s ,  and t h i s  i s  a  c r i t i c -  

ism  th a t  may be  le v e l le d  a g a in s t Jorgensen* e method In  which 

no s t i r r i n g  was done* Three experim en ta l an im als , and one 

c o n t ro l ,  were used in  each t r i a l ,  and a l l  fo u r b eak ers were 

s t i r r e d  and t r e a te d  In  th e  same manner* R eau lte  from  26 

in d iv id u a l experim ents g iven  In  Appendix 1 ,  were cb ta  ined 

u sing  iron, ox ide , 9  experim ents were conducted w ith  M onolite 

and 3 w ith  Aquadag, a s  w e ll a s  many t e s t  experim ents and 

o th e rs  th a t  were abandoned fo r  v a rio u s reasons*  Samples 

f o r  *spekkerlng" were ta k e n  w ith  a p ip e t t e ,  always from  t h e /



/ t h e  m m  p d a i  a t  m id-d^pth  and m  in ch  from, th e  w all* 

fh e  i n i t i a l  ©suapl© was ta k en  iiaifcdXutely fc f te r  th e  s to c k  

rouge suspension  had 'bean added, and from th e n  on , u s u a lly  

a t  h a l f  h o u rly  i>6riods fox1 in te r v a ls  o f 3 t o  5 hours#

F or experim ents 30 oe* samples v?oro token  f o r  use

l a  tb s  30 cc« ^epekkow^ c e ll*  A w^tex* s e t t in g  o f  1*000 

was used w ith  n e u tra l  f i l t e r s *  F o r experim ents 16-ty),

8 ee* sam ples were token  to  use i n  3 ec* "spokfcr*9 e e l l  

w ith  a w ater s e t t in g  o f 0*2|Q0* A s tan d a rd  procedure 

was adopted f o r  sa& pllng and '’spekkeriag” and th i s  was 

r ig id ly  adhered to  throughout th e  exp erim en ts , so th a t  

th e technique was standard ised*

*  gathowBUoal T reatm ent.

D odgson (1928) used tbo t in *  required to  c le a r  

com pletely a known volume of suspension fo r  determ ining  

th e  r a te  o f f i l t r a t io n  o f Sfel&aa sS tiifi*  * °  a«*oaat 

was taken o f the fa c t th a t th e  suspension was becoming 

p ro g ressiv e ly  d ilu te d , and w ith the progress of tim e, 

g rea ter amounts o f water had to  he filtered  to  obtain  

eq u ivalen t dim inution in  th e concentration  o f pert id e e *  

However, he pointed out th at the v a lu es  so  determined were 

ffljaiaum ones*

m Hr* R« B arnes, M illp o rt, a s s is te d  w ith the  

m athem atical treatm ent which was fu rth er checked by 

Br* E*A* Robb, H etheraetieD epartm ent, U n iv ersity  o f Glasgow*



ST.
I t  would appear th a t  th e  p ro cess  m lg tt he

I n te rp re te d  by  th e  m athem atical concept o f compound 

I n te r e s t  w ith  a  n e g a tiv e  s lg n f u s in g  th e  fo llo w in g  

assum ptions:-

1 • The f i l t r a t i o n  r a t e  i s  constan t*

2* A ll suspended m a te r ia l  in  th e  w ater p ass in g  

th rough  th e  in h a la n t s iphon  i s  removed by th e  g i l l s *

3* The amount o f suspended m a te r ia l  f i l t e r e d  

out i s  p ro p o rtio n a l t o  th e  c o n c e n tra tio n  o f th e  suspension  

p resen t*

On t h i s  b a s is  f th e re  should be a l i n e a r  r e l a t i o n -  

sh ip  between tim e  and th e  r a t e  o f removal*

Thus i f  :

V— eq u a ls  

a  eq u a ls

o r ig in a l  volume in  l i t r e s *  

o r ig in a l  weight o f  suspended 

m ateria l*

y  eq u a ls  ———-  f i n a l  w eight o f suspended

m a te r ia l a t  tim e t«

t  eq u a ls  

r  eq u a ls  

P eq u a ls

r a te  o f f i l t r a t i o n *  

"speldcer" reading*

time*

Bach tim e r / v  o f th e  amount p re se n t i s  f i l t e r e d ,

th e  amount^ |  x  amount p re se n t j I s  removed*

y «  a  * e  t

a v



But the c o n c e n tra tio n  o f  suspauded m a te r ia l  l a  

E x  *epel&eg* reading*

So t h a t  :

B . S . P 1

jr *  k .  p 2

" s p o t te r ” t o  th e  o r ig in a l  " s p e t t s r "  read in g  a t  tim e se re*  

l a  p lo t te d  ag a in st tim e to  g iro  th e  f i l t r a t i o n  r a t e  a t  

which th e  suspended m a te r ia l l a  removed# S lnee  th e  r a t e  

of rem oral o f suspended m a te rie l in  th e  experim ents w ith  

l i r e  anim als i s  due t o  a corcfeinatlon of th e  amount 

a c tu a l ly  f i l t e r e d  out by th e  anim als p lu s  th e  amount th a t  

I s  s e t t l e d  out by g r a v i ta t io n a l  e f f e c t , i t  i s  ueceerepy to  

e s tim a te  th a t  l a t t e r  amount# T h is  was o b ta in ed  from th e  

c o n tro l  s e t t l i n g  experim ents, one o f which was ru n  in  

co n ju n c tio n  w ith  th re e  l iv e  experim ental an im als a s  

d esc rib ed  above# From th e  ty p e  o f curve d e riv ed  by 

p lo t t in g  th e  amounts s e t t l e d  out a g a in s t tim e , i t  would 

appear th a t  th e  amount p r e c ip i ta te d  in  u n it  tim e i s  p ro ­

p o r tio n a l t o  th e  t o t a l  amount which i s  suspended, end 

eq u a tio n  3 above can  be used to  d e sc r ib e  th a t  r a t e  o f  

s e t t l in g #

o r  loge 8fj - f *•

* - f  1080 (If)
The n a tu ra l  lo g a rith m  o f th e  r a t i o ,  su ccess iv e



89.
Thae th e  a c tu a l r a t e  off f i l t r a t i o n  hy  the anim al* 

can  he ex p ressed  hy t

K ate F loge “  loge W  7

th e n  loge  |£ f £ j  I s  th e  tangent, o f  th e  curve d eeo rlh ln g  th e  

r a t e  o f f i l t r a t i o n  by  th e  an im als, In  which i s  Inc luded  th e
►c
I®'

d e s c r ib in g  the  r a t e  o f s e t t l i n g  to  g rav fa tio n *

s e t t l i n g  r a t e ,  and loge  i s  th e  ta n g en t o f th e  cu rse

The d a ta  i s  f i r s t  p lo t te d  a s  a g a in s t tim e ,

and a s  1n (P2®) ag a in s t time* These cu rv es a re  shown in
( p i *)

P la te s  28 and 29# I n  Table 9 a re  l i s t e d  the lo g a rith m ic  

decrem ents f o r  th e  f i r s t  hour of th e  e^perlmextt b o th  in  

th e  anim al and th e  c o n tro l  experim en ts , and th e  r a t e s  a re  

c a lc u la te d  from th e  d if fe re n c e  between th e s e  two v a lu es  

and reduced to  a u n i t  o f  t i n s  o f one hour*

On P la te  30 i s  p lo t te d  th e  f i l t r a t i o n  curve 

( lo w er l in e  of long d ash ed ), f o r  Experiment 35 , d a ta  in  

Appendix 1* The l in e  o f sh o rt dashes i s  a s t r a ig h t  l in e  

f i t t e d  by th e  method o f  L east squares* The upper l in e  o f  

lo n g  dashes i s  th e  curve re p re se n tin g  th e  r a t e  o f s e t t l i n g  

o f  th e  su sp en sio n , a l s o  p lo t te d  from th e  d a ta  o f  Experim ent 

35# Appendix 1* The f i l t r a t i o n  r o te  i s  o b ta in ed  by ta k in g  

th e  d if fe re n c e  of th e  ta n g en ts  o f th e  2 cu rves and m odifying 

t h i s  by th e  tim e and volume r a t i o  a s  in d ic a te d  in  th e  

i t l c n ,  page *



S i M i *

~msr
l i l t  re#

■ JtefflBi..

X xperi
mental
Animals

S3B5F
a t 

sxperi-

LogaritbiHo deoTaaent

Animal C o n tro l

f  lms 
( a ln -  
n teo )

0 .
0#i
1,3262 
1.4024 
1.3280 
0.5863 
0.4231 
0.6632 
0.5888 
1.00S4 
0.7864 
1 .1744 
1.1394 
1.41 
0,1 
0.75! 
0.1 
0 .  _ 
1.1(077 
0 .9 5 m
0.3302
0.5260
0.4216
0.1926
0.9972O.652O

0.3427
0.1054
0.1301
0.1301
0.1301
0.2319
0.2319
0.2319
0.2263
0.2263
0.2263
0.5159
0.5159
0 .5 1 »
0.3774
0.3774
0.3774
0.1143
0.1143
0.1143
0.1278
0.1278
0.1278
0.1878
0.1878
0.1878

3.11 ,  
1.1961 

.2723 

.1979 
0.3544 
0.1912 
b.4513 

3625

0.1^5
0.6235  
0 .9625 
0.2072 
0.3776 
0.1452 
0.5893 
1 .2 9 m  

(0.8431 
0.2024 
0.3982 
0.29! 
0.! '
OJ
0«M»i

77

%
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

0.344
0.181
0.932
0 .992
0 .934
0 .354
0.191
0.451
0 .363
0.776
0.561
0.659
0.623
0 .964
0 .207
0.378
0.145
0 .295
0 .647
0.422
0.202
0 . 3 ^
0 .294
0.545
0.809
O .4 6 4

X1
X2

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

2* 3  
1, 11 
6 ,  7
4
7 
1
8 
9

10

4 -  Of * 
16 -  18 1 
32  -  40  s

(a ) 1

30 as* sarapl# removed*
30 ee* sample removed ana returned#

0 ce* sample removed and returned#

2 anim als used in  the one experiment#
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Re c u l t s *

The g raphs mi P la te s  28 and 29 show th e  r e la t io n ­

sh ip  betw een th e  r a t e  o f  rem oral o f th e  suspension  and tim e* 

and th e  ta n g e n ts  o f th e se  l in o s  e re  th e  f i l t r a t i o n  ra te s *

F or th e  f i r s t  90 m inutes t h i s  i s  a s t r a ig h t  l i n e  r e la t io n ­

sh ip : th e r e a f t e r  in  a number of c a se s  th e  slope  o f th e

l i n e  a l te r s *  T h is may be a t t r ib u te d  to  the  f a c t  th a t  th e  

r a t e  o f  f i l t r a t i o n  has changed, i f  th e  o r ig in a l  assum ptions 

g iven  on page 88 a re  co rrec t*  On th e  o th e r  hand th e  change 

i n  th e  slope  !nay be due to  th e s e  assum ptions being  in c o r r e c t ,  

and th e  f i l t r a t i o n  r a t e  Jigs rem ained constan t*  I t  would 

appear th a t  th e  form er co n c lu sio n  i s  th e  more l ik e ly  because

in  a t  l e a s t  50 % of th e  experim ents th e  s t r a ig h t  l in e
*

r e la t io n s h ip  h o ld s  over th e  whole p e r io d , and in  n e a rly  t i l l  

eases  f o r  th e  f i r s t  th ird *  A lso i t  i s  no t unreasonable t o  

assume th a t  th e  f i l t r a t i o n  r a t e  may be su b je c t t o  Change, 

e s p e c ia l ly  when th e  anim als a re  in  such an abnormal 

environment*

K elson (1921) found th a t  ▼ lrglnloe con tinued  

t o  fe ed  under co n d itio n s  o f h ig h  tu r b id i t y ,  when th e  s o l id  

m a tte r  in  the  w ater reached 0*h grams p e r  l i t r e *  As 

s ta te d  above, th e  maximum c o n c e n tra tio n  of s o l id  in  th e  

suspensions used in  th e se  experim ents was on ly  0*1 grams 

p e r l i t r e *  Ho check was made on th e  p o ss ib le  changes In  

jf i ,  oxygen c o n c e n tra tio n , o r  carbon d iox ide te n s io n  which 

In flu e n ce  c i l i a r y  a c t i v i t y  (Gray 1928)* In  th e  r e l a t i v e l y  

sma l l  volume o f  w a te r, any one or a com bination o f th e se  may/
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/may have caused  an  a l t e r a t i o n  i n  th e  f i l t r a t i o n  ra te *

The r a t e s  found f o r  £* o u l^ a a tra  g iven  in  T ab le  

f  t v ary  between a minimum of 0*11*5 l i t r e s  t o  a maximum o f
i

0*992 l i t r e s  p e r  h o u r, w ith  a mean o f  approxim ately  0*5 

l i t r e s  a t  tem p era tu res  between 15 and 16°  C*

I n  T ab le  10 a re  g iv en  th e  measurements o f th e  

experim ental anim als w ith  th e  average weight of 22*1 grama 

th e  f i l t r a t i o n  r a t e  le  found to  be 0*0226 l i t r e s  p e r  gram 

p e r  hour* I n  com parison w ith  Jorgensen* e f ig u re  f o r  J$* 

JBflaUS J *  A® a lthough

to o  much em phasis cannot be p laced  on com parisons o f  t h i s  

s o r t ;  f i r s t  because of th e  d if fe re n c e  in  g i l l  s tru c tu re *  

and second because o f th e  te n ^ e r s tu re  d if fe re n c e s  a t  which 

th e  experim ents were conducted* As p o in te d  out by G alt s o f f  

(1926* 1928} and Hopkins (1933) > th e  r a te  a t  which g i l l s  

pump w ater depends on th e  tem peratu re  which* in  tu rn*  a f f e c t s  

o th e r  mechanisms such as th e  adducto r m uscles which c o n tro l  

th e  e ls e  o f  th e  a p e r tu re s  and so  in flu e n c e  th e  amount o f 

w ater th a t  can be moved* re g a rd le s s  o f  c i l i a r y  ac tion*

I n  Table 11 a re  g iven  th e  f i l t r a t i o n  r a te s  

o b ta in ed  by a number o f  in v e s t ig a to r s  f o r  v a r io u s  species*  

F a r t  o f  T ab le  11 i s  ta k en  from  Fox* Sverdrup and Cunningham 

(1937)* w ith  th e  a d d itio n  o f  th e  r e s u l t s ' o f  more re c e n t work*

The reduced f i l t r a t i o n  r a t e  a f t e r  th e  f i r s t  90 

m inutes in  some of th e  experim ents was thought p o s s ib le  due/
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TABLE 1 1 .

F ilt r a t io n  of' Water “by Plankton Feeders

Average ra te
In v e s t­
ig a to r

Animal Method o f  f i l t r .  
p e r  hour 

n e r animal

Grave
(1905)

O yster P lank ton  counts in  
w ater and stomach

0*167

Moore
(1913)

O yster P lan k to n  counts in  
w ater and stomach

1 .25

A llen
(1914)

F reshw ater
Mussel

Rubber tube in  
exhalen t chamber

1.1*

W ells
(1916)

O yster P lan k to n  counts in  
w ater and stomach

7 .5

Heeht
(1916)

A soid ian Tube in  
a t r ia ls ip h o n

7 .2

Nelson
(1921)

Oy s t  e r Rubber apron over 
exhalen t area

5 .7  A 26

G a lts o ff
(1928)

O yster Rubber tube in  
exhalen t charriber

2 .5 -2 .9  
24-26.9  0 .

Dodgson
(1928)

Mussel
(M vtilus)

C learin g  of 
suspensions

2 .0  -  17° C

P arker
(1914)

Sponge Tube in  osculum 3*2

Samas
(1935)

Cardium C learin g  mud 
suspensions

0.1

Fox e t a l  
(1937) H,

Mussel
ca lifo rn ian u B

C learin g  CaCOj 
suspension  
Chemical a n a ly s is

1 .4 —6*4
18-20° C.

J  orgensen 
(191*3)

Mussel 
M. e d u lis

C learing  a lg a l  suspension  
E1 ec t r  ophot oraet r  ic  
a n a ly s is

0 .15  „ 
11-22° 0 .

Loosanof A 
Nomejko

O yster Rtibber apron over 
exhalen t area

25-27 . 
19-26° C.

Coe clam  
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t t *

/d u e  t o  ex h au s tio n  of su p p lie s  of mucus from  th e  g i l l s .

To t e s t  t h i s ,  s e v e ra l experim ents ware arranged  in  which 

th e  anim als had been p is se d  in  a co n cen tra ted  suspension  

o f  i r o n  oxide f o r  p e rio d s  o f from two to  th re e  hours 

p rev io u s  to  th e  experim ent. D uring t h i s  tim e th ey  had 

a l l  pumped a c t iv e ly ,  a s  in d ic a te d  by th e  c le a r in g  o f  th e  

suspension . Experiment No. 34 i s  one o f th e se  in  which 

two anim als were used in  th e  s in g le  experim ent, th e  

c o n tro ls  were Nos. 32 and 33 . By exam ination  o f th e  graph 

on P I .  29, i t  I s  seen  th e re  i s  no s ig n if ic a n t  d if fe re n c e  

in  th e  r a t e s  between experim ents 33 and 34. I n  e x p e ri­

ment 32 , one o f  th e  two anim als was in a c t iv e .

The anim al in  experim ent 35 had p rev io u s ly  been  

in  pure w a te r. The an im als in  experim ents 36 and 37 were 

to g e th e r  i n  2 .5  l i t r e s  o f  a co n cen tra ted  suspension  f o r  

th re e  h o u rs  b e fo re  th e  experim ents end had n e a rly  c le a re d  

t h i s .  There i s  no ap p rec iab le  d if fe re n c e  in  th e  f i l t r a ­

t io n  r a t e s  o f  th e  th re e  an im als. I n  experim ents 28, 29* 

3 0 , 31 * ( P I .  29A), where th e  suspension  was Agnadag "8%  

th e  anim als in  the l a s t  two had been p laced  in  a concen­

t r a t e d  suspension  of rouge f o r  th r e e  ho u rs  p re v io u s ly .

The c o n tro ls  (2 8 , 29) show a  s l i g h t ly  h ig h e r  f i l t r a t i o n  

r a t e .  Ho s e t t l i n g  c o n tro l was used f o r  t h i s  group, b u t 

p rev ious t e s t s  had shown th a t  th e  i n i t i a l  s e t t l i n g  r a te  

o f  Aguadag *8* i s  n e g l ig ib le .  The sharp  drop in  th e  

cu rves a f t e r  th e  90 m inute p e rio d  i s  d o u b tle ss  due to  t h e /



/ t h e  f lo c c u la t io n  of th e  g ra p h ite  p a r t i c l e s .  I n  g e n e ra l ,  

i t  would appear from  th e  experim ent a d esc rib ed  above, 

and from  o th e r  b e e ts ,  th a t  V. ^ u l la a t r a  i s  ab le  to  e e c re te  

mucus s te a d i ly  f o r  p e rio d s  up to  s ix  hours w hile f i l t e r i n g  

w ater c o n ta in in g  la rg e  amounts of suspended m a te r ia l .

I n  Table 12 i s  g iven th e  r a te s  ob ta ined  from 

th r e e  anim als which were used in  f iv e  groups o f th r e e  

experim en ts. The mean r a t e s  o f  0 .5 1 , 0 .5 9 , and 0.51 

l i t r e s  p e r  hour ©how l i t t l e  d i f f e re n c e ,  a lthough  over th e  

f iv e  experim ents th e re  i s  a co n s id e rab le  range of r a t e s  f o r  

any one an im al.

a i u i m *
I t  i s  d i f f i c u l t  to  o b ta in  a c cu ra te  measuremente 

of g i l l  a rea  owing to  th e  e x te n t to  which th e  la m e llae  

d is te n d  and c o n t r a c t ,  and from th e  d i f f i c u l t y  o f  removing 

a l l  th e  g i l l  t i s s u e  from th e  body mass. The experim en ta l 

an im als were a n a e s th e tis e d  and th e  g i l l s  d is s e c te d  out w ith  

a l l  p o s s ib le  c a re .  They were th e n  p laced  on a s l id e  and 

th e  o u tl in e  p ro je c te d  and en larged  on squared p ap e r. Attempts 

were made to  measure th e  a re a s  w ith  a  p lan !m e te r , b u t th e  

method was d isca rd ed  owing to  wide v a r i a b i l i t y  in  r e s u l t s .  

C ounting sq u ares gave reaso n ab le  accuracy  and th e  average 

g i l l  a re a  o f  th e  experim ental anim als was approxim ately  

40 square c e n tim e tre s . With a f i l t r a t i o n  r a t e  o f 500 e e . 

p e r  h o w , one square cen tim e tre  o f  g i l l  i s  capab le  o f  

f i l t e r i n g  12 .5  e e .  p e r  h o u r. I t  would be in te r e s t in g  t o /



A nlaal 1 . 2 . 3*

B ates  l a  L i t r e s  0*93 0*99 0 .93
p er hour

0 .3 5  0 .1 9  0 .4 5

0 .36  0 .78  0 .16

0.66 0.62  0.96
0.21 0 .38  0 .1 9

0 .3 4

i v « f i |*  B ate 0.51 0 .59  0.51



/ t o  know w hether a l l  p a r t s  o f  the g i l l s  a re  e q u a lly  

concerned l a  f i l t e r i n g  o r  w hether th e  "ascend ing” lam e lla  

o f  th e  o u te r  demit*ranch b e e rs  th e  b r u n t ,  f o r  in  observ ing  

th e  g i l l s  th rough  a window, th e  dem ibranchs seem to  

approxim ate very  c lo s e ly  to  each o th e r  and to  th e  v is c e r a l  

mass* C a re fu l com parison of th e  h is to lo g ic a l  s t ru c tu re  

o f  th e  v a r io u s  a re a s  of th e  g i l l s  m y  re v e a l a d i f f e r e n t i a l  

developm ent,  f o r  Hldevrood (1903) h as  p o in ted  out v a r ia t io n s  

im p lic a tio n  in  d if fe re n t  a re a s  of th e  g i l l s ,  f o r  exam ple, 

l a  th e  number of f ila m e n ts  in  the p licae*  Ho m ention i s  

made o f  fu n c tio n  in  r e l a t io n  to  th e se  v a r ia tio n s*

C urren t Booed.

C onsidering  th e  siphons as  td b e s , th e  moan 

v e lo c i ty ,  3m, of th e  whole s e c tio n a l a re a  of th e  siphon  

i s  h a l f  th s  v e lo c i ty  a t  th e  a x is  and the r a t e  of d isc h a rg e , 

? # i  in  ee* p e r  second i s  :

th s  experim ental anim al i s  0*3 cm, and s u b s t i tu t in g  in  

th e  above fo rm ula, th e  v e lo c i ty  o f  the  stream  a t  th s  a x i s ,  

u s in g  th e  d isch arg e  r a t e  o f  1,000 ee* p e r  hou r ( th e  maxlmon 

v a lu e ) ,  i s  found to  b e  approxim ately  8 cm* p e r  second*

The mean ln h a le n t ap e rtu re  I s  0*5 cm* when pumping, and 

s u b s t i tu t in g  ag a in  th e  a x is  trap ren t speed i s  found to  b e  

approxim ately  3*0 cm* p e r second , which i s  on ly  J  th e  speed 

o f  th s  ex h a len t cu rren t*  T h is  re p re s e n ts  an  a d a p ta t io n  f o r /

(C ibson , 1925, page 63; 
a f t e r  O a l te o f f ,  1928),

The mean d iam eter o f  th e  exha len t siphon o f



/ f o r  d isch arg in g  th e  e x c re ta  and de-oxygenated w ate r ee 

f a r  a s  p o ss ib le  away from th e  inha le n t  ap e rtu re*  Coupled 

w ith  t h i s ,  i s  th e  pronounced d iv a r ic a t io n  of th e  sip h o n e l 

t i p s ,  th e  minimum an g le  between them when a c t iv e  l e  90° * 

The in h a la n t siphon  i s  u s u a lly  d ir e c te d  v e r t i c a l l y ,  w hile 

th e  ex h a len t i s  d ir e c te d  backwards in  th e  d ir e c t io n  o f  th e  

anim al i t s e l f  and approxim ately  p a r a l l e l  t o  th e  su rface  o f 

th e  substratum * T h is  b i fu rc a t io n  must be a g re a t a id  in  

s e p a ra tin g  th e  in h a la n t and th e  exhalen t c u r r e n ts .

Difteuqa^oiu

The r e s u l t s  o f t h i s  s e c tio n  of th e  work a re  in  

ra se  ways p re lim in a ry , f o r  w hile  c le a r  in fo rm atio n  about 

th e  r a te s  of f i l t r a t i o n  of a d u lt anim als has been o b ta in ed , 

t h i s  a p p lie s  on ly  w ith in  a l im ite d  range o f  tem p era tu res  

and o f  e lse*  F u rth e r  experim ents en la rg in g  th e se  ran g es 

would be o f v e lu e  end would c o n tr ib u te  much t o  an a s se s s ­

ment o f  th e  r e l i a b i l i t y  o f  th e  r e s u l ts *  An exam ination 

o f  T able 11 ehows th e  wide rang© in  f i l t r a t i o n  r a t e s  th a t  

have been ob ta ined  by v a rio u s  in v e s tig a to rs*  The range 

i s  so  g re a t th a t  one l a  a t  a lo s e  to  decide even w ith in  

b ro ad  l im i t s  what v a lu es  may c o n s l lu te  reaso n ab le  es tim a tes*  

C o ^ a r ls o n s  ere  made d i f f i c u l t  because o f  d if fe re n c e s  in  

s ix e s  o f th e  an im als u sed , a s  w e ll a s  in  th e  v a r ie ty  o f 

s p e c ie s , and in  th e  wide range o f  tem perature* G a l ts o f f  

(1928) used two methods f o r  com parison, b u t th e  b a s is  

p r in c ip le  underly ing  b o th  methods i s  open to  c r i t ic is m *
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The re su lt©  of Fox, Sverdrup and Cunningham (1937) ap p ear 

t o  b e  sound on a com parative b a s is*  The mala c r i t i c i s m  

o f t h e i r  c&thod i s  th e  h ig h  c o n c e n tra tio n  o f  th e  su sp en sio n , 

abetct 3 grams o f ca lc ium  eertronat*  p e r  l i t r e ,  which i s  

much ©bora normal* K elson s t a t e s  th a t  v e ry  tu ib id  w a te r , 

n a tu ra l  in  B arnegat Bay, c o n ta in s  only 0*U grams o f  d ry  

m a te ria l*  E stim a te s  of normal w ater a t  La J o l l a ,  

C a l i f o rn ia ,  p lace  tho d ry  m a te r ia l  a t  0*05 grams p e r  l i t r e *  

Jorgensen* s  use of th e  e le c tro p h o t ometer i s  an 

advance, b u t th e  use of a lg ae  has i t s  d isadvantages* The 

c u l tu re s  must be f r e s h  and s in c e  la rg e  q u a n t i t ie s  a re  

n e c e ssa ry , a p roper supply  would be  d i f f i c u l t  to  m aintain*

I t  i s  a ls o  p o s s ib le  th a t  numbers, end th e re fo re  th e  c o lo u r , 

may very  during th e  course o f  an experiment*

Tho work o f  L oosaneff and Hotnejfco (19M») appear* 

t o  be  sound, b u t mean v a lu es  o f  25 to  2? l i t r e s  p e r  hour 

seem extrem ely  high* Goe (i9Ul),  on what ev idence he 

does no t s t a t e ,  estim ated t h a t  a Piemo d am  (g iv e  11a 

m tvU tom m ) ,  70 ora* lo n g , f i l t e r e d  2*5 l i t r e s  p e r  hour a t 

La J e l l s *  At t h i s  r a te  i t  i s  capab le  o f o b ta in in g  about 

about 0*3 grams o f suspended m a te r ie l p e r  day , though only  

a sm all p a rt o f t h i s  may be swallowed end d igested*  On 

th e  o th e r  hand Coe b e l ie v e s  th a t  th e  d a i ly  requ irem en ts o f 

th e  clam are v ery  small except during  garnetogenesle, 

because th e  dry  o rgan ic  m a tte r  in  a clam  70 na* lo n g , end 

©bout th re e  y ea rs  o ld , i s  only  1*5 to  2*9 grans* On t h i s  

b a s i s ,  b specimen o f  Pe t r e s  v i r g in ic a * fo u r  inches h ig h , lw /



97.
/ I s  claim ed to  f i l t e r  a t  l e a s t  25 l i t r e s  p e r  hour 

(Loosanoff m d  Home jk o , 19^6) and shou ld  he a b le  t o  

o b ta in  3 grams of p o te n t ia l  nu trim ent d a i ly ,  which i s  

roughly  e q u iv a le n t to  i t s  own dry  body w eigh t, Xf 

p rev io u s e s tim a te s  o f  th e  f i l t e r i n g  e f f ic ie n c y  in  m arine 

In v e r te b ra te s  have been to o  low , t h i s  would e x p la in  th e  

d is p a r i ty  between th e  n u t r i t i o n a l  needs in d ic a te d  by 

oxygen consum ption and th e  supply of food  based  m  e s t i ­

m ates o f  f i l t r a t i o n #

Comparative f i l t r a t i o n  r a te s  p e r  u n it  o f w eight 

o f  o th e r  ep eo leo , such ae  M ytllue o a l l fo ra la n u a . in d ic a te  

th a t  th e  r a te  found f o r  2# o u l la s t r a  i s  somewhat low#

The r a t e  i s  comparable to  th a t  g iven  by Coe (19U7) f o r  

th e  r e la te d  Flsmo clam# A lso th e  tem p era tu res  of th e  

experim ents h e re  d escribed  were r a th e r  low er th a n  most o f  

th o se  quoted# What i s  needed i s  a com parative study  o f  

a m nfrer o f sp e c ie s  and i t  i s  b e lie v e d  th a t  th e  method 

developed here  p rov ides a r e l a t iv e ly  r a p id  and a c c u ra te  

means o f  determ in ing  f i l t r a t i o n  ra te s#  But owing to  th e  

l im i ta t io n s  o f t h i s  ty p e  o f experim ent, th e  r e s u l t s  w i l l  

no t b e  more th a n  good e s tim a te s  o f  th e  t r u e  values#

The p re s su re s  s e t  up in  2# n u l l s s t r a  by  th e  

w ate r c u r re n ts  a re  d i f f i c u l t  t o  a s se s s  because o f th e  

co m plex ro u te  tak en  from th e  in h a la n t siphon in to  th s  

p e l l ia l  c a v i ty ,  th rough  th e  g i l l s  in to  th e  supr& branohial 

c a v ity  and out th rough  th s  ex h a len t siphon# However, 

because o f  th e  low f i l t r a t i o n  r a t e ,  i t  may be  assumed t h a t /
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/ t h a t  the pressures are low and i t  i s  doubtful i f  they  

play any part in  the spawning act#

The speed of 8 cm# per second agrees quite  

w ell w ith d irect observations on the speed of p a r t ic le s  

such as clumps of eggs leav ing  the exhalent siphon#

The gametes are carried  as much as 15 cm# from the siphon 

in  undisturbed w ater, although t h is  d istance v a r ies  a 

good deal and spawning animals have been observed in  

which the ova merely tr ic k le d  out of the siphon, end 

sank immediately to  the bottom# T his i s  another p o ssib le  

in d ica tio n  th at the ra te  of water propulsion i s  not 

constant even under id e n t ic a l p hysica l end chemical 

conditions#
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Shell Movements.

A considerable anount of data on the s h e l l  

movement© and th e ir  s ig n if ica n ce  in  the p h y sio lo g ica l  

a c t iv i t i e s  o f  various specie© of oyster© now e x is t#

See G a ltso ff  (1 9 2 8 ), Kelson (1921, 192i*, 1938), and 

Loosanoff and Nomejko (19*|6) on Octree v ir g ln lc a *

Hopkins (1931) on £ •  lu r ld a : and Webb (1930) on £ •

e d u l l s * On other lam elllbronchs th e  research of 

Loosanoff (1939 , 19U2) on M ytllus ed u lls  and on Venus 

mercenaria are the only papers known*

The primary purpose of t h is  b r ie f  examination  

o f  the ©hell movement© of D ullestre was to  determine

th ese  for  eomparison with movements oecurring during 

spawning* However, when the spawning season arrived , 

i t  was soon observed that s h e l l  movements played no 

s ig n if ic a n t  part in  the spawning act o f  e ith er  sex , as  

i s  th s  case with the female of severa l sp ecies o f oysters#  

n e v e r th e le ss , one or two points o f in te r e st  have a r isen  

from a n -a ly s is  of the kymograph recordings o f the s h e l l  

movements*

To make the condition© ee natural as p ossib le  

the recording apparatus was se t  up so  that the animal 

was buried in  the sand in  a natural position* The 

apparatus i s  shown in  PI*31 • A block o f sea lin g  wax 

fBf i s  attached by two metal pin© to  a lead  weight *Af *

The clam f Cf Is  attached to  the sea lin g  wax by one of 

the va lves and a perforated perspex p in  i s  connected t o /
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/ t o  the p o ster io r  end of the other v a lv e . T his part 

o f  the apparatus i s  buried in  the sand o f  the aquarium, 

with the p osterior  end o f the clara ju st below the surface  

of the sand. A ©olid perspex le v e r  w ith no whip in  i t  

i s  swung from a hinge at point #Ff • The hinge arrange­

ment i s  attached to  a heavy adjustable weight fGf * A 

len gth  o f s t i f f  brass wire *Df connects the bottom of 

the v e r t ic a l lev er  at 1 1 to  the clam through the  

p e r t  oration  in  the perspex p in . The recording pen , JKf 

i s  connected so lid ly  w ith the v e r t ic a l le v e r  *1 J f , and 

the whole hinged at point fJ f .  11 K* i s  a lig h t  

connecting rod Joined to  *IJ* and f ^llf by hinge connections. 

When the clam opens i t s  v a lv e s , i t  w i l l  be seen by fo llow in g  

the le v e r  system, that, the recording pen r i s e s .  The tem­

perature in  th e  aquarium was th erm osta tica lly  co n tro lled .

A s e r ie s  of experiments at low t emperatures would have been  

d esirab le  to  round out the in v estig a tio n , but no equipment 

was ava ilab le  to  maintain them fo r  an extended period.

A c r it ic is m  that may be le v e lle d  at th is  experi­

mental procedure i s  the fa c t  that the animal i s  in  an 

aquarium and subject to  the com position and v a r ia tio n s  of 

stored sea water. On the other hand the animal was in  

a p erfec tly  normal posit ion . Loosanoff (191^2) was able  

t o  keep h is  specimens o f  Venus riercenaria in  large tanks 

which were connected with outside sea water and in  which 

the natural t id a l  f lu c tu a tio n s occurred. However, h is  

clams were cemented to  a b lock  by one valve and were/



/w ere consequently ly in g  cm th e ir  ©ides; an unnatural 

p o s it io n . I t  i s  d i f f  icu lt  to  estim ate how much a 

la t e r a l  p o s it io n  may in te r fer e  w ith  the d isp o s it io n  of  

m aterial accumulated in  the mantle ohonher. A contoina- 

t lc u  o f  Loosanoff* e method and the one used fo r  J .  

o u jla stra  would have been id e a l.

R esu lts .

Approximately 300 hours o f recordings were 
mode over the temperature range whose lower lim it  was 

governed by the temperature of the laboratory c ir c u la t io n  

system and the upper lim it  at what was considered the  

maximum the animals may b© subject t o  in  nature. Photo­

graphs o f eome of the reccrd ings are given in  P la te s  3 2 ,  

33 and 3h* In  Table 13 i s  given the a n a ly sis  o f each 

recording and below i s  given a summary of that a n a ly s is , 

8nmETO nf »*■"»•« t r m  the A nalysis of Recordings.

1 . The s h e l ls  of jr. n u lla stra  remain open 

n early  100 % o f th e time at temperature between 15 .0  

a n . 2 2 .0 °  C.

2 . S h all movements are frequent; end they  

have e mean amplitude e q u a l  to  h a lf  the maximum distance  

to  which the va lves are opened.

3 . The c lo r in g  movement i s  rapid end the  

fo llow in g  opening movement i s  almost instantaneous, 

although In the f in a l  phases o f opening the movement 

slows down.



Qwamvy o f A nalysis o f  Kymograph Recordings of_3he.il Movement*

~ S a te

Ho.
o f
a n i
tael

HO.
o f
ex
post

Temp. Range 
degrees C.

Sura
t io n
(Hrs)

% .ot
tim e
open

AT.

ef
d n U  
ex pen 
e la n

Htyttai

Day
and

- - *UMiC
effect

Temp.
«®jot

30.6.1i£ A 1 15*0 19 190 Ffc* n i l

B 1 5 ,0  _ 19 199 M l  _ n i l M l__

<? 3 16.3 .... .T 0 199 30 Fee n i l n i l

. 2#7#ii6 P k n...1 6 .3  1.... - ,3 19® «9 Fee. _ M l M l

2.7.U6 ..33 - 3 - .1.6*5......... 199 89 n i l  _ n i l  i

U .7.li6 F i% 21 ftp — .22*5 k 100 99 700 M l

lu7.itfi 0 H P 19*0 ». 21*0 ,_k_ . 199 95 n i l

ii/5.7.W 5 F h a 1 9 .0 - 2 0 * 0 9 199 95 n i l n i l n i l

Ii/5.7.1t6 9 11P 19.0  -  22 .0 9 109 75 7«0 n i l

5*7.U6 F 12A ia * 7  ~ m * z # 109 90 n i l n i l M l
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km The degree of s e p a ra tio n  of th e  v a lv e s  

over th e  perio d  i s  n e a r ly  maximal.

5* There appears to  he no c o r r e la t io n  between 

type  and amount o f s h e l l  a c t iv i ty  and tem pera tu re  over 

th e  range in v e s tig a te d .

6m Changes in  tenv>erature, p o s i t iv e  o r  

n e g a tiv e , over th e  range in v e s t ig a te d , had no apparen t 

e f f e c t  on s h e l l  movements.

7 . P resence o r absence of l ig h t  heve no 

e f f e c t  on tho  p e rio d  o r degree o f  se p a ra tio n  of th e  

v a lv e s  o r  on g en e ra l a c t i v i t y .

8 .  S h e ll  movements may be d ee s lf ied  a s  b e in g  

a s so c ia te d  w ith  d ig g in g , c le a n s in g  o r random a c t i v i t i e s ,  

b u t none o f th e se  i s  a s so c ia te d  w ith  any c h a r a c te r i s t ic  

Kymograph t r a c in g .

9 . Some an im -le show a d e f in i t e  rhythm in  

t h e i r  s h e l l  movements a t  one tim e and not a t  o th e rs .  

In d iv id u a l anim als may have a rhythm p e c u l ia r  t o  them selves.

10 . There may be co n s id erab le  sip h o n a l a c t iv i ty ;  

opening, c lo s in g , ex ten sio n  o r  r e t r a c t io n ,  w ithou t any 

c o r r e la te d  s h e l l  movements.

D lseusaloa .

In  P l .3 2 ,  f i g .1 ,  i s  ehm n  a t r a c in g  o f  th e  s h e l l  

movement o of J .  o u l la s t r a  a t  a tem peratu re  range of 16 t o  

18° 0* On th e  bottom  o f  th e  t r e e in g  may be  seen  th e  base  

l in e  which marks th e  p o s i t io n  o f  the  re co rd in g  pen when/
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/when  th e  v a lv es  a re  c lo se d . Over the p e rio d  o f  k  hours 

and 50 m inutes covered by th e  photograph, th e  s h e l l  i s  

never more th an  h a l f  c lo sed . Opening movement s a re  

v ery  ra p id . Approxim ately every  h a l f  hour th e re  i s  a 

p e rio d  o f no s h e ll  a c t iv i ty  ( in d ic a te d  by th e  h o r iz o n ta l 

unbroken l in e )  w ith  in te rv e n in g  h a lf -h o u r ly  p e r io d s  of 

a c t i v i t y .  A c e r ta in  rhythm o f s h e l l  movements i s  

ev id en t a lthough  I t  i s  d i f f i c u l t  to  determ ine th e  b o rd e r­

l i n e  between rhythm ic and non-rhythm ic movements. While 

th e  c lo su re  b a s e lin e  i s  no t shown in  every  c a s e , most of 

th e  t r a c in g s  in d ic a te  th a t  the  v a lv es  a re  open p r a c t i c a l ly  

a l l  the  time# An ex cep tio n  to  t h i s  may be seen  in  P I . 32, 

f i g . 3 .  w here, fo r  a p e r io d , th e  t r a c in g  touches th e  

c lo su re  b a s e l in e .  L oosanoff (1939) found th a t  Venus 

rem ained open 69 to  90 f  of th e  tim e over e 

tw enty  fo u r-h o u r p e rio d  a t  a tem peratu re  range o f 11 t o  

2 7 .9 °  C, w hile  between 21 and 22° C th ey  rem ained open 

90 % o f  th e  tim e. N elson (1921) found Q etrea V irg in ia*  

t o  be a c tiv e  20 hours out of 21*.# w hile G s l ts o f f  ( 1928) 

found th e  same sp ec ies  was a c tiv e  f o r  only s l ig h t ly  over 

17 hours out o f  th e  21*. Hopkins (1931) found a d iu rn a l 

v a r ia t io n  in  th e  amount of t i m  £ •  lu r id a  remained open, 

b u t th a t  t h i s  could  be d i r e c t ly  c o r re la te d  w ith  th e  

f lu c tu a t io n  in  tem p era tu re , even though th e  mean v a r ia t io n  

was only  2 .1 °  C. He found th e  anim als opened f o r  50 $  o f /
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/ o f  th e  Item  a t  the low er end o f  t h i s  te m p era tu re  ran g e , 

end f o r  95 f  a t  the upper and* Loosanoff and Homejteo 

( 19246) ,  working w ith  £ .  v im la ic a  found th a t  I t  rem ained 

©£ea f o r  9km3 £ o f a 2h h u r oeriod  w ith in  a tem peratu re  

range of 17 t o  26° C* Thus i t  api e a rs  th a t  over s  

tem peratu re  range of 15*0 t o  22* 5° c . , I .  jM &J&ES 

rem ains open longer th a n  e i th e r  j M m  YJUrfftelfi& <* YSWB. 

raareenarlp t a ls o  com parison of th e  t r a c in g s  fo r  t h i s  

sp e c ie s  w ith  those  p u b lish ed  by th e  a u th o rs  c i te d  above 

in d io a t ee th a t  J> p u H a s tra  i s  co n s id erab ly  more a c tiv e  

on th e  b a s is  of frequency  o f S h e ll movements*

There appeared to  be no c o r r e la t io n  between 

tem perature and the  amount o r type o f s h e l l  a c t i v i t y  in  

X* ©©,11* e t r a * nor d id  changes In  tem peratu re  have any 

e f fe c t*  Hopkins (1931) b e liev e d  th a t  i t  i s  the  r o te  o f 

change of tem peratu re  r a th e r  than  th e  amount o f change 

th a t  i s  s ig n i f ic a n t  in  cau sin g  v a r ia t io n  in  th e  amount 

o f s h e l l  opening l a  O atrea lu r id a * G a its  o f f  ( 1928) 

b e lie v e d  th a t  £ •  y lr f t ln fe a  tended  to  keep i t s  s h e i la  open 

ae  lo n g  as  p o ss ib le  and could  f in d  no c o r r e la t io n  between 

tem pera tu re  and opening and c lo s in g  w ith in  th e  tem peratu re  

range of 13 t o  22°  c*

K elson (1921) concluded th a t  £* v lg g ln le a  tended  

to  b e  l e s s  a c t iv e  during th e  n ig h t th a n  d u rin g  th e  day* 

and th a t  t h i s  sp ec ie s  fe e d s  Xesr^act iv e ly  du ring  th e  ebb 

tid e *  Both L oosanaff and Nome^ko (192)6) end G a lte o f f  

( 1928) f o r  0 .  v i rg tn ie a  appear to  have d isp roved  b o th  o f /
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/ o f  th e s e  co n ten tio n s  and, in  a d d i t io n ,  Webb (1930) found 

th a t  th e re  was no d if fe re n c e  in  the  a c t iv i ty  of the 

adductor u sc le  of £ •  edu llo  between day and n igh t*

Loos an o f f  (1939) found th a t  Venus m ercenarla was c lo sed  

f o r  somewhat lo n g e r period© in  daytime than  a t  n ig h t*

Ho such e f f e c t  was found fo r  2* n u l la s t r a  which showed 

a tendency to  s ta y  open a s  much a s  p o s s ib le ,  re g a rd le s s  

of th e  tim e of day o r n igh t o r of tem perature* G a l t s a f f  

(1928) po in ted  out th a t  p a r t i a l  c lo su re s  of the  s h e l l s

SI* v lr ;  in^ca may occur w ithout r e je c t io n ;  a ls o  p e r io d ic  

c o n tra c tio n s  of th e  adductor muscle* T h is  a ls o  occurs 

in  J*  o u l la s t r a * The p e r io d ic  n a tu re  o f some o f  th e  

c o n tra c tio n s  has been in d ic a te d  on th e  photographs o f th e  

tra c in g s*  Repeated o b se rv a tio n s  showed th a t  on ly  a t  

in fre q u en t in te r v a ls  d id  s h e l l  c lo su re s  or p a r t i a l  s h e l l  

c lo su re  co in c id e  w ith  re je c tio n *

Hopkins (1936) was ab le  to  ana lyse  in to  th re e  

groups th e  movements shown on kymograph reco rd in g s  o f  

th e  s h e l l  a c t iv i ty  o f  £ .  sclaae: th o se  invo lv ing  d isch arg e

from  th e  b ra n c h ia l chanber, o th e rs  concerned e n t i r e ly  w ith  

th e  o lo a ca l chamber, u su a lly  r e s u l t in g  in  th e  d isch arg e  

o f f a e c e s ,  and a th i r d  type  which he term s n o n -s p e c if ic ,  

which may be due to  a v a r ie ty  o f causes* I n  J*  p u l la s t r a  

th e  adducto r a c t i v i t i e s  have been c l a s s i f i e d  as b e in g  

a s so c ia te d  w ith  d igg ing  movements, c le a n s in g , o r random 

movements* A com parison between P l*3h , f ig * 3 showing a /



/ a  t r a c in g  o f d igg ing  movement** ( t h i s  should  be viewed 

upside  down f o r  com parison) end o f any s h e l l  c lo su re  

t r a c in g ,  ©hows l i t t l e  fundam ental d iffe ren ce*  I t  h as 

been  p o in ted  out th a t  th e  t r a c in g s  r e s u l t in g  from  th e  

r e j e c t io n  o f ©olid o ia te r ia l  a re  id e n t ic a l  w ith  th o se  

in  which no d isch arg e  occurs* Ho doubt many o f  th e  

p a r t i a l  c lo su re s  are  th e  re su lt©  o f  a ttem p ts  t o  c a rry  

out d igg ing  movements* Hopkins (1936) in  an a ly s in g  th e  

random c o n tra c tio n s  in  £* n ig a s  f in d s  no c o r r e la t io n  

between t h e i r  frequency  and tem peratu re  over a range of 

between 2 to  30° C. and b e lie v e s  th ey  may be tr a c e a b le  

t o  some e x te rn a l s tim u la tio n  such as l i g h t ,  v ib r a t io n ,  

suspended m a te ria l in  th e  w a te r , or to  an accum ulation 

o f se c re te d  mucus* I t  would appear th a t  t h i s  exp lana­

t io n  i s  h a rd ly  s a t i s f a c to r y ,  e s p e c ia lly  f o r  2* n u l la s ty a . 

when so  many o f  th e se  movements a re  p e rio d ic*



m .

The o b je c t of t h i s  se c t ion  o f  th e  work was t o  

determ ine w hether th e re  e x i s t s  in  2* c s l la w tr s  & s ti& u lu s  

which in i t ia te ©  spawning, a s  th e re  i s  In  o th e r  m arine 

Invertebrates#

G a lts o f f  (1938a, 1938b, 19V>) in  e x ten s iv e  woartc 

on th e  physiology o f spawning of Q etrea  V irg in ia*  and on 

0 . fgjgss found th a t  th e re  m y  be sev e ra l " c r i t i c a l *  

t o ^ e r e t u r e s  f o r  spawning, d i f f e r e n t  f o r  male end female* 

These tem p era tu res  a re  p a r t ly  determ ined by th e  p h y s io lo g ic a l 

c a d d itio n s  o f th e  animal* O e lts o f f  a ls o  showed th e  im port­

ance o f  chem ical s t im u la tio n  in  th e  i n i t i a t i o n  o f  th e
!

spawning ac t and th a t  t h i s  low ered the  " c r i t i c a l "  tem pera­

tu re*  Grave (1927) mads th e  s ta te m e n t, "Spawning i s  

caused a t  p a r t i c u la r  tim es in  n a tu re  by v a r io u s  s p e c i f ic  

s t im u li  and I s  suit determ ined by tem pera tu re  alone*" He 

b e lie v e d  th a t  shock o r  th e  mere removal o f  Cnmingis 

t d l i n e id f tg  in to  th e  la b o ra to ry  was s u f f i c ie n t  t o  s tim u la te  

spawnin g  and th a t  sp em ato so a  d id  n o t s tim u la te  th e  fem ale 

t o  spawn* Morgan (19111) b e lie v e d  th a t  th e  p resence o f 

sperm in  the  w ater in c i t e s  fem ale £« t o  spawn

mare re a d ily *  Chemical s tim u la tio n  has been d e sc rib e d  

f o r  s e v e ra l sp e c ie s  o f  c h ito n s  (H eath  1905) » f o r  Here i s  

M ifcittt ( U U i e  sa«  J u a t  1 ^ 3 )  m a  f o r  a tro n g r lo o e n tro ta o  

nwtoam  { r a t  192*)* BXoasr (1936) w o  otae t o  taring about 

a r t i f i c i a l  s tim u la tio n  o f  spawning o f Q strea  g jg ss  on a 

l a r g e r  sc a le  in  Ladysm ith Hazfeour*
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Methods*

D u rin g  p a r t  o f th e  tim e  no th e rm o s ta t  c o n t r o l  

wee r e l i a b l e  s o  t h e  te m p e ra tu re  w as r e g u la te d  m anually*  

T h ese  e x p e r im e n ts  s e r e  c a r r i e d  ou t m  b r e f f i t  j a r s  and  

th e  te m p e ra tu re s  w ere a d ju s te d  b y  th e  a d d i t i o n  o f  w a te r*  

When a  th e rm o s ta t  becam e a v a i l a b l e  b a t t e r y  j a r s  w ere 

used* T he lo w e s t te m p e ra tu re  t h a t  c o u ld  b e  c o n t r o l l e d  

was g o v ern ed  b y  th e  te m p e ra tu re  o f  t h e  e t ored se a  w a te r  

u se d  i n  t h e  c i r c u l a t i o n  sy s tem  o f  th e  M arine  s t a t i o n ;  

t h e r e f o r e  m ost o f  th e  e x p e rim e n ts  w ere  c a r r i e d  o u t a t  

te m p e ra tu re s  c o n s id e ra b ly  h ig h e r  th a n  t h e  a n im a ls  w ould 

e x p e r ie n c e  i n  n a tu re *  H ow ever, t h e  te m p e ra tu re s  a p p ea re d  

t o  have  no  h a rm fu l e f f e c t s *

The aquarium  w a te r  u se d  i n  t h e  e x p e r im e n ts  

v a r i e d  b e tw ee n  12*0 and  16*0 °  0* and  wae f i l t e r e d  t o  

a v o id  c o n ta m in a tio n  b y  s e x u a l  p ro d u c ts  w hich  may have  

b e e n  p r e s e n t  i n  th e  norm al supply*  Egg and sperm  

s u s p e n s io n s  o f  a p p ro x im ate  c o n c e n tr a t io n  1 *0£ , fro m  th e  

gonads o f  2* m O le s tr a *  w ere used*

A nim als w ere p re p a re d  f o r  c o n n e c tio n  t o  th e  

kym ograph b y  s e c u r in g  one v a lv e  t o  a g l a s s  s l i d e  w i th  a  

m ix tu re  o f  b itu m e n  and  p i tc h *  W ith  t h e  same m a te r i a l  

a  w ire  hook  was a t t a c h e d  t o  t h e  o th e r  v a lv e *  The 

g l a s s  s l i d e  was h e ld  t o  th e  b o tto m  o f  th e  ta n k  b y  a  

w e ig h t ,  end  t h e  hook  was a t t a c h e d  t o  a  v e t  l e a l  l e v e r ,  

w hich  i n  t u r n  moved t h e  h in g e d  w r i t in g  pen* O pening 

o f  t h e  v a lv e s ,  c a u se d  a  downward t r a c in g *
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The an im als were s tim u la te d  in  th e  fo llo w in g

way* «

1* A g rad u a l r i s e  in  tem pera tu re  w ith  and 

w ithou t chem ical s t im u la tio n  (eg g  and sperm suspensions)*

2* An i n i t i a l l y  h ig h  tem pera tu re  w ith  and 

w ithou t ehem ieal s tim u la tio n *

3* norm al w ate r te iapera tu rea  w ith  and w ithou t 

ehem ieal s tim u la tio n , th e  l a t t e r  © erring a s  a e o n tro l  i n  

ewery experiment*

S n a n ln g  o f tha Mala.

Xn spawning a f in e  stream  o f sperm, not more 

th a n  1*0 ian* in  d iam eter is s u e s  from  th e  c e n tre  o f  th e  

exha le n t  siphon* The stream  m ain ta ins i t s  id e n t i ty  f o r  

a  d is ta n c e  of about 3 or k  cm* and th e n  b eg in s  t o  spread* 

The sperm may reach  a maximum v e r t i c a l  d is ta n c e  o f  15*0 

cm* from th e  siphon* Spawning i s  no t n e c e s s a r i ly  

con tinuous, th e  lo n g est tim e a male was observed t o  spawn 

was th r e e  hours* A sm all nmtoer a t  o b se rv a tio n s  in d ic a te d  

a r e f r a c to r y  p e rio d  o f betw een two and th re e  days*

C a l ts o f f  (19U0) found no r e f r a c to ry  p e rio d  in  male O atrea  

viiMiwiftB.  which cou ld  be s tim u la ted  re p e a te d ly  u n t i l  th e  

anim al became spen t o r  fa tig u ed *  The adductor m uscles 

p ie r  p a s t in  th e  spawning ac t o f th e  male X* n a l l a s t r a . 

b u t d u rin g  th e  perio d  of spawning th e  adduc to r m uscles 

appear t o  b e  le s s  a c t iv e  th a n  normal*



110.

Qnmtox 9f fwntiit
The spawning o f th e  fem ale i s  no t u n lik e  th a t  

o f  th e  male and a s tead y  s tream  o f eggs is s u e s  from  th e  

c e n tre  o f th e  ©xhalent siphon* The stream  does n o t 

extend a s  f a r  a s  th a t  o f  th e  male due t o  th e  d if fe re n c e  

in  d e n s i ty  between sperm and eggs* One fem ale was 

dbserved t o  spasm th e  eggs in  clumps o f  approxim ately  

1*000 each* These t r ic k le d  out o f th e  siphon  and sank 

im m ediately to  th e  bottom* Sampling and coun ting  

d isc lo se d  th a t  t h i s  fem ale spawned a m illio n  eggs i n  30 

minutes* Smear exam ination o f th e  gonad im m ediately 

a f t e r  showed no ev idence th a t  th e  anim al had spawned 

and t h i s  in d ic a te s  th e  e a rs  th a t  must b e  ta k en  in  u sin g  

th e  c o n d itio n  o f th e  gonad, o th e r  th a n  by exam ination  of 

p repared  s l i d e s ,  a s  evidence of th e  b reed in g  cond ition*

As w ith  th e  male th e re  ap p ears to  b e  a r e f r a c to r y  p e rio d  

o f two t o  th re e  days a f t e r  spawning, during which th e  

fem ale ea m o t b e  stim ula ted*  © e lts o f f  (134©) found 

th e  r e f r a c to r y  p e rio d  o f th e  fem ale Oat r e s  v lrw in lea  t o  

l a s t  from two to  f iv e  days*

Rmmmwr o f K xrerltaenf w ith  PQGltlYe B eoo lta .

Zn tlie  ounaor o f  b o th  19W> end 191*7 a s e r i e s  

o f experim ents were c a r r ie d  out u s in g  tem peratu re and 

egg mad sperm su sp en sio n s, in d iv id u a lly  and confcined*

Zn n o t more th a n  2© % o f  th e  experim ents were p o s i t iv e  

r e s u l t s  ob tained* A ttem pts have been  made t o  sun tnarlse /
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/sum m arise th e m  i n  ta b le  f o r a ,  b u t no s a t i s f a c to r y  

method could  b e  d ev ised , eo some o f  th e  p e r t in e n t  d a ta  

l a  l i s t e d  below*

May fS ths At a tem pera tu re  of 10*5* C*»

SO m inutes a f t e r  th e  a d d i t io n  o f  a sperm suspension , 

a male spawned* The tem p era tu re  bad been  r a is e d  from  

13*3® 0» during  the  perio d  o f 1 hour*

June 1$th : At a tem pera tu re  o f 20*5° C*,

290 m inutes a f t e r  th e  a d d i t io n  o f an egg suspension , 

a  male spawned f o r  1§0 m inutes* The tem peratu re  had 

been  r a i s e d  from  15*1° C* d u rin g  th e  p e rio d  o f 7 h o u rs .

JUne 19th* At a  tem peratu re  o f  16*0° C . ,  

a  male and a fem ale spawned w ith  no s tim u la tio n  o th e r  

th a n  a r i s e  in  tem p era tu re  from  15*0° 0* during  th e  

p e r io d  of 1 hour*

June 19th: At a tem perature o f  20*0* C« ,

a  fem ale spawned 05 m inutes a f t e r  th e  a d d i t io n  o f  a 

spasm suspension* The tee^perature had b een  m ain tained  

a t  20*0° 0 . during  th e  period*

June 19th* At a  tem pera tu re  o f  20*0° C *, 

a  male spawned 115 m inutes a f t e r  th e  a d d it io n  o f a sperm 

suspension  and 30 m inutes a f t e r  a fem ale had spawned in  

th e  seam v esse l*  The te n p e re tu re  had  been m ain ta ined  

a t  20*0° 0* d arin g  th e  period*

JUne f9th* At a  tem pera tu re  o f  20*0° 0 * , 

a  fem ale spawned h  hours a f t e r  th e  a d d itio n  o f a sperm 

suspension  sad  150 m inutes a f t e r  a male to d  spawned i n /
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/ i n  th e  asm© contain©?* The tem p era tu re  had h e m  

m ain ta ined  a t  20*0° C. d a rin g  th e  period*

June 19th* A male and a  fem ale spawned 

€  ho u rs e f t e r  b e in g  p laced  in  w ate r m ain ta ined  a t  a  

tem peratu re  of 20*0° c*
June 20th: Two fem ale mad a  male spawned

40 m inutes a f t e r  th e  a d d i t io n  o f a sperm suspension#

W ith in  a ftow m inutes of th ese*  approx im ately  15 anim als 

o f  b o th  sexes began to  spawn* The tem pera tu re  was 

m ain ta ined  a t  20*0° C# from  th e  beginning*

June 22nd: At a  tem peratu re  o f  23*0° C#»

a  male spawned 20 m inutes a f t e r  a mixed suspension  of

egg and sperm had been added* 10 m inutes l a t e r  2 m ales , 

and 2 fem ales spawned* The tem pera tu re  had beam m ain ta ined  

a t  23*0° c* from  th e  beginning*

June 25rds 5 m ales spawned 4  h o w s  a f t e r  th e  

a d d i t io n  o f  a sperm suspension* The tem peratu re  over 

th e  p e r io d  was 20*0° c*
June 25 th t At a tem perature o f  20*0° C**

a  male spawned 47 m inutes a f t e r  th e  a d d itio n  o f  an  egg

suspension* The tm qperature had been  m ain ta ined  a t  

20*0° 0* d u rin g  th e  period*

Jt& y le t s  At a tem pera tu re  Of 2 2 .0 °  C.»

2 m ales spawned a f t e r  p e rio d s  o f  16 and 35 m inutes 

r e s p e c t iv e ly .  The f i r s t  spawned f o r  m inutes sad  the  

second f o r  90 m inutes*
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J u ly  1 s t :  At a  tem p era tu re  o f 22*5° C**

two p re v io u s ly  spawned feraele ©pawned 40 m inutes a f t e r  

th e  a d d i t io n  o f  a sperm suspension*

J u ly  l e t :  A male spawned 90 m inutes a f t e r

th e  a d d itio n  o f  an  egg suspension* The te s p a ra tu re  

tied been rac ln ta laed  a t  22*00 0* f o r  5 hours*

J u ly  2nd: At l e a s t  h a l f  th e  anim als i n  a

group o f  100 kept in  an  aquarium  a t  a tem pera tu re  o f  

t€ * 0 °  C* spawned to g e th e r ,  w ithout any ap p lied  a t in u la -  

tiem * The sm a lle s t fem ale found spawning was in  i t s  

fo u r th  summer w ith  a le n g th  o f  2*3 cm* The sm ello st 

male found  epawnlng was in  i t s  t h i r d  summer w ith  a 

le n g th  o f 1*9 em»

On $& y 7th* a fem ale was induced to  spawn 

and a tta c h e d  to  th e  kymograph* W hile t h i s  was b e in g  

dens th e  anim al was out o f  w ater fo r  about 15 minutes* 

y e t i t  con tinued  t o  spawn a s  soon a s  i t  was replaced*

The kymogr aph t r e e in g  of th e  v alve  movements o f  t h i s  

spawning fem ale i s  shown in  Pl*35* flg*3* At f i r s t  

th e re  was ©onstdevdble pedal a c t i v i t y  which appeared t o  

be  q u ite  independent o f e i th e r  the  spawning s e t  o r  o f  

v a lv e  movements* At 14*44 h o ars  th e  s h e l l s  were caused  

to  c lo se  by s tim u la tin g  th e  siphons in  o rd e r t o  t e s t  th e  

working of th e  kymograph pen*

On J t t ly  9 th ,  a fem ale was found spawning in  th e  

aquarium a t  a teng jeratu re  o f 16*0° C«, and i t  wa%/
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/m m  tam e& lately  connected to  th e  kymograph* The 

re c o rd in g  i® shown in  PX*35, f ig * 5* At 18*58 hour®

th e  m*&m1 was opawning V igorously,,

On J u ly  1 1 th , a f t e r  a l a te n t  p e rio d  o f  3 hour®, 

a t  20*0° C*,  a male began t o  spawn# A f te r  a f u r th e r  

p e rio d  o f  15 minute® a fem ale  began spawning and t h i s  

anim al was connected t o  th e  kymograph, th e  reco rd in g  o f  

i a  shown in  P l*39 , flg*1*  AT 19*32 hour®, p o in t 

x ,  spawning was under way* At 21*10 th e  tem peratu re  was 

21*0© C* and spawning was co u p le ted  a t  21*30 hours*

On J u ly  1 2 th , th e  a c t i v i t i e s  o f ano ther 

spawning fem ale were recorded  and t h i s  i s  shewn in  PI*

55* fig*4*  The main spawning p eriod  occurred  between 

21*10 and 22*25 h o u rs , and t h i s  anim al shewed more 

a c t i v i t y  th a n  the average du ring  th e  spawning se t*

Prom th e se  few re c o rd in g s , however, i n  a d d it io n  

t o  numerous d i r e e t  o b se rv a tio n s  o f  spawning fem a le s , 

a c t i v i t y  o f th e  adductor muscle h as  been shown to  p lay  

no s ig n i f ic a n t  p a r t  in  th e  spawning act*

p i S C U B B i C H U

Ho d e f in i t e  q u a n t i ta t iv e  co n c lu sio n s may be 

d ra m  from  th e  above experim ental data# However, i t  

does appear th a t  £* tm l la s t r a  l a  su sc e p tib le  t o  b o th

ehem ieal end therm al s tim u la tio n , a lthough th e  l a t e n t
*

period le  often long. The twee spanning* In the 
aquarium  also Indicates the presence «f s owbmb spanning/
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/spaw ning  s tim u lu s , and p o in ts  t o  th e  sex p ro d u cts  a s  

b e in g  th e  most l i k e ly  cause# I t  h a s  been  suggested  by

Thorson (i94& t page 424)» b ased  on th e  f a c t  th a t  th e re  

appears t o  be a c o r r e la t io n  between th e  b reed in g  season  

o f  v a r io u s  in v e r te b ra te s  and th e  amount o f  phytoplankton  

p re s e n t ,  th a t  t h i s  may be th e  spawning stim ulus# He 

su p p o rts  t h i s  c o n je c tu re  by c i t in g  th e  works of M lyesaki 

(1936) on th e  use o f  a lg a l  e x t r a c ts ,  such as from P lv s # 

f o r  s tim u la tin g  spawning in  th e  m ales o f 0 e tn as  g lass#

Orton (1 9 3 6 , 1937) p o in ts  out th a t  g rav id  in d iv id u a ls  a re  

s e n s i t iv e  to  v a r ia t io n s  in  oxygen te n s io n  and th a t  t h i s  

may b e  a spawning stim ulus# d a l t s o f f ’ s (1936 , 1939,

1940) work, s tim u la tio n  by means o f sex  p ro d u cts  and 

e th e r  chem icals combined w ith  tem p era tu re , h as  a lre a d y  

been quoted# That some means i s  re q u ire d  t o  Induce 

sim ultaneous spawning in  lam ellib ran ch e  such a s  £ • 

otf lia f l tra  i s  unquestioned , and I t  rem ains to  f in d  th e  

ex ac t n a tu re  of th e  stim ulus# The above s ta p le  e x p e ri­

ments have in d ic a te d  th a t  chem ical s t im u l i ,  e s p e c ia lly  

in  com bination w ith  tenq>erature, a re  e f f e c t iv e  w ith in  

l im i t  s#

Compared w ith  th e  ease  and c e r ta in ty  w ith  which 

G a lts o f f  (194©) and o th e rs  were ab le  to  s tim u la te  spawning 

in  O ftg e i v l r g in le s # a s  w ell as th e  au tho r9 a own experience  

w ith  £ •  g jg a e # j ,  p u l la a t ra  i s  no t v ery  su scep tib le#

W hether t h i s  I s  a r e f l e c t io n  of th e  re a c t io n  o f  t h i s  sp e c ie s  

to  l i f e  in  a q u a ria , o r w hether i t  in d ic a te s  more e x a c tin g  

requ irem en t8 fo r  s tim u la tio n , I s  n o t known#
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Seasonal Gonad Changes.

Zn connection  w ith  th e  d e te rm in a tio n  o f the  

b reed in g  season and i t s  r e la t io n  to  tem peratu re  and o th e r  

p h y s ic a l f a c t  o re , i t  i s  o f in te r e s t  to  follow  the  develop­

ment o f  th e  gametes which invo lves the study  o f  th e  

seaso n a l changes in  th e  gonad. For o y s te rs  such as £ •  

g jg a s , a f t e r  spawning, a p e rio d  of f a t te n in g  ensues when 

th e  glycogen con ten t of th e  body mass g re a t ly  in c re a s e s . 

T h is  " f a t"  co n d itio n  e x i s t s  throughout the w in te r  u n t i l  

th e  l a t e  sp r in g , when the  in c re a s e , presumably o f tea$>era- 

tu r e ,  causes p r o l i f e r a t io n  o f th e  dormant gonad t i s s u e s  

and g radual replacem ent of th e  " fa t"  by th e  sex c e l l s ,  

u n t i l  th e  la rg e s t  p a r t o f i t s  mass i s  occupied by th e  

gonad. I f ,  f o r  some reaso n , spawning does not tak e  p lace 

o r  i s  incom plete , th e  r e s id u a l  sex c e l l s  are u su a lly  

reso rbed  and converted in to  glycogen.

T h is cyc le  i s  not fo llow ed by o th e r  sp e c ie s  so 

f a r  s tu d ie d ; such as Teredo n a v a lis  (Coe 1936), Venus 

m srcenaria  (Looeanof f  1937) * Mvc a re n a r ia  (Coe and T urner 

1938) and Pauhia s t  amine a ( Quayle 1943)* A comparison 

o f  th e  sexual co n d itio n s  in  2* u u l la s t r a  w ith  those  of 

o th e r  an im als which have been  s tu d ied  may be of i n t e r e s t .

Methods.

Samples of 50 a d u lts  from th e  same area  were 

tak en  each month throughout th e  y e a r . The s e r ie s  was 

s ta r te d  in  May 1946 and c a r r ie d  on u n t i l  O ctober 1947/
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/O c to b e r  1947, d u rin g  which a t o t a l  o f  923 animal® were 

examined# In  t h i s  way, a com plete annual c y c le , w ith  an 

a d d it io n a l  b reed in g  p e r io d , was followed# A sample o f 

50 an im als monthly i s  n o t many f o r  a study  of t h i s  n a tu re ,  

and re p re s e n ts  th e  minimum th a t  should  be u sed , bu t la rg e r  

samples could no t have been d e a lt  w ith  because of th e  tim e 

req u ired  in  th e  p re p a ra tio n  o f s l id e s .

A sample o f  gonad t i s s u e  approxim ately  0#5 cm# 

sq u a re , was removed from the  m id-region  of one o f  Hie 

s id e s  o f  th e  v is c e r a l  mass and f ix e d  in  Bouin f o r  24 h o u rs . 

The e s t e r  wax eobadding technique (Steadman 1945, 1947) 

was used ex c lu s iv e ly  and found to  be most s a t i s f a c to r y .

A ll  section© were a t  f i r s t  ribbon  s ta in e d  w ith  m ethylene 

b lu e  end mounted im m ediately w ithout co u n te r-s ta in in g #

The on ly  o p e ra tio n s  a f t e r  th e  se c t ion© had d r ie d  on th e  

s l i d e ,  was th e  removal of wax end mounting in  balsam .

T h is  gave a l l  th e  d e t a i l s  necessary  fo r  an accu ra te  d e te r ­

m ination  of th e  s ta te  o f m atu rity  o f the  gonad# As th e  

s l id e s  were being  a s se sse d , th o se  req u ire d  fo r  d e ta i le d  

s tu d y , drawing or photography, were noted# The e s t e r  

b lo c k s  having been num bered ,fu rther s e c tio n s  were cu t 

and s ta in e d  w ith o th e r  methods such a s  H eldenhain.

T h is  l a t t e r  s ta in  alone g iv es  a c le a r  p ic tu re  o f  the  

gonad t i s s u e  and even th e  th in  w a lls  o f  th e  f o l l i c l e  c e l lo  

show up c lea rly #

In  a description  of the  seasonal changes i n  

the gonad, the inmediate post-spaw ning period  i s  th e  m ost/
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/m oat s u i t a b le  s ta r tin g  point because then th e  fem ale 

b eg in s  to  develop* S ince most o f th e  spawning i s  

com pleted by th e  end o f  Septentoer, that month may be 

chosen as a  su ita b le  s ta r tin g  point*

f

I n  normal y ea rs  rao^t of th e  animal© a re  com pletely  

spawned out by th e  middle o f Septenfcer, though I s o la te d  

In d iv id u a ls  m y  show evidence o f  having on ly  p a r t ly  spawned 

a s  in d ic a te d  by th e  r e l a t iv e l y  la rg e  number o f re s id u a l  

m ature o v o cy tes , whereas th o se  anim als which may b e  

d escrib ed  a s  "spen t"  co n ta in  only  a few ovooytes in  th e  

o therw ise empty and co llap se d  f o l l i c l e s ,  (Pl#37» flg*1) •

By t h i s  tim e , however, an im als which have spawned e a r l i e r  

in  th e  summer hove t h e i r  a lv e o l i  f i l l e d  or p a r t ly  f i l l e d  

w ith  f o l l i c l e  c e l l s  (?1*37» f i g .  1) which e re  r e l a t iv e l y  

la rg e  c e l l s ,  most o f te n  w ith  a th in  la y e r  of p e r ip h e ra l 

cytoplasm  en c lo sin g  a vacuole* From th e  d e s c r ip tio n  o f 

Coe and T urner (1938), the  f o l l i c l e  c e l l s  o f ftyfB a re n a r ia  

and £ •  p u l la s t r a  a re  very  s im i la r ,  except th a t  th e  

in c lu s io n s  found by Coe and T urner in  J*  s r e n a r la  have n o t 

been  observed in  £* a u l la s t r a * They e s c r ib e  a n u t r i t i v e  

fu n c tio n  in  th e  f o l l i c l e  c e l l s  and t h i s  ex p lan a tio n  appears 

to  be l ik e ly  in  th e  ca se  o f  J[* o u l l a s t r a .  f o r  in  b o th  sexes 

th e  f i r s t  development a f t e r  spawning i s  th e  fo rm atio n  o f 

th e  f o l l i c l e  c e l l s ,  and t h e i r  l a t e r  d isappearance co in c id e s  

w ith  th e  development and r ip e n in g  o f th e  gametes* Thus 

th e  p eriod  o f f o l l i c l e  c e l l  fo rm ation  may be d escribed  a s /
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/ a s  a  r e c u p e ra tiv e  period* D uring  t h i s  p e r io d  th e re

ap p ears to  he  m m  development n r  avogonie and h r  th e

m iddle o f O ctober smgr o f them have become o fo e y tH

w ith  a d iam eter o f 35 xu (P l* 3 7 , f lg * h ) .  By th e  middle

o f  Hovenber# n ea rly  a l l  th e  a lv e o l i  a re  f i l l e d  w ith

f o U i e l e  s e l l s  and th e  ovocytes v ary  betw een 20 and 40 t»

In  diam eter*  R esidua l ova a re  s t i l l  p re se n t and do no t

appear t o  he undergoing e y to ly s ls  (Pl*37# flg*3)»

Development oon tinues slow ly  du rin g  th e  w inter# a s  shown

hy  th e  in s re e se d  e ls e  o f  th e  ovocytes which average

between 40 and 45 a* by th e  m iddle o f F ebruary  (Pl*3$»

fig #  2)* Development now seems to  be  a c c e le ra te d  fo r*

by  th e  m iddle o f A p ril most o f th e  an im als sampled a re

r ip e  o r  n e a r ly  so* a lth o u g h  a  ftw a re  s t U l  developing*

By Ju n e  p r a c t ic a l ly  a l l  a re  f u l l y  r ip e  w ith  th e  tu b u le s

extended w ith  ewooytes approxim ately  55 u* In  diam eter#

The f o l l i c l e  c e l l s  have disappeared# i n i t i a l l y  l a  th e

c e n tre  o f  th e  lumens# a s  th e  ovocytes in c reased  in  e ls e

and number* u n t i l  In  th e  r ip e  anim al th e re  a re  only  s in g le

p e r ip h e ra l la y e rs#  o r  In  some e a se s  on ly  s in g le  I s o la te d

f o l l i c l e  s e l l s *  The ovocytes* a t  f i r s t  f l a t  a g a in s t th e

germ inal ep ith e liu m  o f  th e  tu b u le s , assume a pear-shaped

form  w ith  th e  t h i n  s ta lk  attachm ent on th e  f o l l i c l e  w a ll

a s  th e y  grew and develop* On becoming r ip e  they  a r e

detached and occupy th e  M i t r e  of th e  lumen (Pl*36# f ig s*
%

3 , 1*.) • Bxt*rn»lljr* the rip e  ra lra ls  *pp*ar plump rad 
OTea*r «htte  in  Mtoor* A faXOjr rip*  ra lra l l* raa# *«/
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/ t o  id e n t i f y ,  but th e  In te rm ed ia te  e tag ee  a re  mere 

d i f f i c u l t ,  even w ith  smear exam ination , th e  s e e t i a m  e r e  

n ecessa ry  f a r  an  a c cu ra te  d e te rm in a tio n  o f th e  c o n d itio n  

o f  th e  gonad*

The June 19M> sample co n ta in ed  a nuriber o f  entasis 
d i l d i  were spawned o r p a r t ly  spawned* h u t no spen t animals 
were found in  th e  June 1947 sample* c o rro b o ra tin g  th e  

ev idence from th e  p lank ton  h a u ls  th a t  izftlal spawning i n  

th e  l a t t e r  y e a r  was about one month l a t e r  th a n  In 194&*

I n  t h i s  connection* i t  must be remoofeered th a t  p o p u la tio n s  

from d i f f e r e n t  a rea s  iaey spawn a t  d i f f e r e n t  tim es and I t  

I s  t h i s  p o in t which, no dotfbt* p a r t ly  acco u n ts f o r  th e  

lo n g  b reed in g  season* The J u ly  samples shewed th a t  th e  

b u lk  o f th e  p o p u la tio n  from th e  C ross Houses Beach had 

spawned end were in  th e  re c u p e ra tiv e  stage* V arying 

M ounts o f  r e s id u a l  ovocytes were found i n  most an im als , 

th e  amounts vary ing  even between d if f e r e n t  f o l l i c l e s  in  

th e  same animal*

B r ie f ly  th e n , th e  cy c le  f o r  th e  fem ale I s  cue 

o f  re c u p e ra tio n  follow ed by p r o l i f e r a t io n  o f  fe & lie le  

c e l l  t is s u e d  Im m ediately a f t e r  spawning* Almost 

sim ultaneous w ith  the p r o l i f e r a t io n  o f th e  f o l l i c l e  c e l l s  

i s  th e  development o f th e  owegcnla in to  ovocyte* and t h e i r  

slow growth during  th e  w in te r months* The h ig h e r sp rin g  

tem p era tu res  seem to  b r in g  on* o r  a r e  a t  l e a s t  c o in c id e n t 

w ith , an  a c c e le ra tio n  in  th e  development o f  th e  gonad, 

cu lm ina ting  in  m a tu rity  in  Hay o r  June* The spawning 

p rocess has been described  elsew here, b u t i t  may be n o te d /



/n o te d  h e re  th a t  in  eoatxm w ith  th e  f in d in g  o f h o ld in g  

( t f f f i )  and Coe end T u rn e r (1939) f o r  lira  a r c n a r l s * th e  

ova o f  2* JSU sgSSS cannot be  a r t i f i c i a l l y  insem inated  

« d 0 8 «  ©pawned n a tu r a l ly  th rough  th e  ov iducts*  The 

f a t e  o f the uaspawned o r r e s id u a l  ovocytes o f  J ,  p a l lu s t r a  

i s  u n ce rta in *  Ho evidence o f  e y to ly e ls  h as  been observed 

acco rd ing  to  Coe and T urner (1959) * i s  sh a t happens 

i n  lira  arsiuarla* L oosanoff (1937) i s  in c lin e d  t o  th in k  

th a t  th e  r e s id u a l  ova in  Venus gaercenarla a re  a ls o  spawned 

ou t by th e  and o f November* such spawning b e in g  c a r r ie d  

cm a t  in te rv a l©  a f t e r  th e  main oojmaei? spawning has been 

f in ish e d *  Orton (1935) found a s im ila r  prooesa i n  

O otrea s d a l i a * S ince i n  £ •  o u l la a t r s  no evidence of 

c y to ly e ie  o r  re so x b tio n  ha© been observed, rad  from th e  

f a c t  t h a t  m orphologically  mature ova m y  b e  found in  sons 

gonads th roughout th e  w in te r  up to  th e  tim e when th e  new 

orop becomes mature* i t  may w ell be th a t  th e se  r e l l e t  ova 

w e  spawned a long  w ith  th e  new ones* though whether o r 

not th e y  may bo f e r t i l i s e d  i s  p rob lem atica l*  A nother 

argument* to o ,  la  th a t  th e se  mature appearing  ovs|u©ually 

form  only  a sm sll percen tage o f th e  ovocytes p re se n t 

u n t i l  March o r  A pril*  However* w ith  the p re sen t evidence* 

th e  f a t e  o f th e  unspawned ova rem ains in  doubt*

Males*

The male cy c le  i s  no t u n lik e  th a t  o f the  ffem le* 

The b u lk  o f th e  m ales a re  a l s o  spawned o r  p a r t ly  spawned/
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/spawned m l  by  th e  m iddle o f  Septea& er and e r a s  a r e  ha 

th e  re c u p e ra tiv e  s ta g e  l a  which th e  f o l l i c l e  c e l l s  

p r o l i f e r a t e  ra p id ly *  Zn only  a sm all p e rcen tag e  o f  th e  

laalee i s  spawning com plete w ith  th e  lam ina l e f t  devoid  

o f  sperms (P l* 3 9 , f i g s .  3 and 4)* T here l e  much v a r ia ­

t i o n ,  b u t on th e  av erag e , about 10 to  20 $  o f th e  operas 

a re  r e ta in e d  (?1*39, fig « 2 )*  When th e  p re ssu re  exerted  

by  a  f u l l  complement o f a perms io  reduced by spawning, 

th e  rem aining c e l l s  in  th e  f o l l i c l e s  a re  arranged  in  

colum nar and c i r c u la r  p a t te r n s ,  as  shown in  P I*3 8 , 

flg*2*

Development o f  th e  male sex c e l l s  a f t e r  spawning 

l a  a p p a re n tly  ra p id  and by Noveeiber moot o f th e  s e c tio n s  

show th e  t e s t i s  to  c o n ta in  a co n s id erab le  nunber of sperm s, 

arran g ed  in  th e  c h a r a c te r i s t i c  eolusmay nsuaner (Pl*3& , 

f ig * 1 )*  By t h i s  tim e , th e  f o l l i c l e  c e l l s  have d isappeared  

from  th e  c e n tre  of th e  lu a in a  v h id i  a re  now f i l l e d  w ith  

sperms (P l* 3 8 , f ig * 3)* A few sperm atogonia and sperm ato­

c y te s  a rc  p resen t in  th e  p e r ip h e ra l reg io n  of th e  f  d H o l e s ,  

b u t th e  bu lk  ef th e  c e l l s  a re  spermaiosoQ* There i s  l i t t l e  

change u n t i l  A p r i l ,  when p r o l i f e r a t io n  b eg in s a g a in , and 

by th e  m iddle o f May, th e  lamina a re  f u l l  o f  c e l l s ,  th e  

c e n t r a l  ones being  ep e ra s , and from  th e re  t o  th e  germ inal 

e p ith e liu m  th e re  e x i s ts  a p ro g re ss io n  o f sp e rm atid s , 

sperm atocytes and spermatogonia o f  b o th  o rd e rs  (?1«38 , 

f ig *  3 ) .  There i s  now no d e f in i te  p a t te rn  except in  th e  

arrangement n o ted  above* During June m ales a re  s t i l l /



1*0#
/ s t i l l  r ip e n in g , a lthough  some may have spawned i n  l e t s  

Hey# As w ith  th e  ova, th e  fat©  o f th e  r e ta in e d  sperms 

i s  d o u b tfu l, h u t th e  occurrence o f  many o f  th e se  a t  a l l  

tim es o f th e  y e a r , in  a d d i t io n  to  th e  f a c t  t h a t  on ly  a 

sm all percen tage o f  th e  males spawn out co m p le te ly , 

su g g ests  th a t  th e y , to o , a re  d isch arg ed  norm ally  du rin g  

th e  nex t spawning season* F o l l i c l e  c e l l s  a re  no t a s  

apparen t in  th e  males as th ey  a re  in  th e  fem ales* T h is  

may h e  because th ey  a re  no t as  e a s i ly  observed owing t o  

th e  presence o f  r e s id u a l  sperms in  ouch a h igh  p ro p o rtio n  

o f  spawned animals* However, in  th e  anim als which a re  

eoGg>letely spawned out le av in g  th e  c e n tre s  o f th e  lumlna 

wqpty, th e  a lv e o l i  become f i l l e d  w ith  f o l l i c l e  c e l l s  a s  

i n  th e  ovary (? l# 3 9 t f lg # 0 *  Sperm atogenesis ap p ears to  

b e  norm al, th e  d e ta i l s  o f  which need not be  repeated*

The male breeding season th en , c o n s is ts  o f a 

period  o f  recuperation  during which there i s  p r o life r a tio n  

o f f o l l i c l e  c e lls *  Zn conjunction w ith * th is , th ere i s  

a cer ta in  amount o f sem nat ogen esls b et worn Septesbcr and 

H a v en er , id ea  lower tem peratures apparently curbs a c tiv ity *  

The m is s i s  go throu#i th e w inter w ith  th e t e s t i s  con ta in in g  

roughly s  quarter o f the p o ssib le  sper® content* Spermato­

g en es is  I s  renewed w ith the advent o f h it t e r  temperatu res  

in  A p r il, and by th e  middle o f June most gonads are 

extsnaed w ith  r ip e  gametes*

jjggJUUA*
Of the 925 animals sectioned* 103 were fconic* '



sa*».

/ f e a s l f t i  rad  467 were m ales! th e  sex  o f th e  r r a i A h g  

f 9 »  was n o t determ ined* Thus th e  eex r a t i o  i a  

approxim ately  equal* Only one herm aphrodite wee found 

(F 1*36, f l g * f ) ,  com prising  0*f£  o f  th e  p o p u la tio n  sam pled, 

in d ic a t in g  th a t  th e  sp e c ie s  i s  norm ally  un isexual*  

A pproxim ately 1# o f  th e  p o p u la tio n  was 

p a r a s i t i s e d  by  a  treroatode o f  an u n id e n tif ie d  species*

D iscu ssio n .

A study  o f th e  seasonal gonad changes in  

p u l^ a s tra  shows th a t  a f t e r  spawning th e re  i s  a p e r io d  o f 

re c u p e ra tio n  fo llow ed by a sh o rt p e r io d  o f garnetogenesis* 

Development during most o f th e  w in te r i s  a t  a s t a n d s t i l l  

o r  proceeds v ery  slowly* The advent cxP h ig h e r tem pera tu re

in  e a r ly  sp rin g  i n i t i a t e s ,  o r a c c e le r a te s ,  p roduction  o f 

gam etes, and most an im als a re  f u l ly  r ip e  by  Hay o r June* 

Spawning occur© between th e  middle of Hay and th e  m iddle

o f  September* spawning may not be  com pleted a t  one
\

o p e ra tio n , b u t i t  appears d o ub tfu l i f  a second crop  o f 

gam etes a r e  formed and re le a se d  during  th e  one spawning 

season* Completely spen t an im als, e s p e c ia l ly  m ales, a re  

seldom found , as  r e s id u a l  ova and sperms in  v ary in g  

q u a n t i t ie s  a re  u su a lly  p resen t*  T h is cy c le  i s  s im ila r  

t o  th a t  found by L oosaaoff (1937) f o r  T.eaus m ereenarla o f 

th e  A tla n t ic  co ast o f America, a l th o u ^ i th e  gonad type  o f 

X* t tu i ia a tr a  re se n b le s  th a t  o f Msm a r m a r ia  (Coe and 

T u rn e r, 1938) a w e  th an  i t  does X* m t t m r t t *  

s t ru c tu re  o f  th e  gom>d and th e  seasonal gonad c h a n g e s ,/



t s s .
/ota& am t oX oraly reaeufcle th a t of the P acific  Coast

Z a d ti*  gft»«HW» U w rf t* .  m 3 ) .

Zn m m n  w ith  X* “ IfFffTMTtf - Pe r t  ®f th e  gonad 

development ta k e s  p la c e , a s  p o in te d  out by L oosanoff 

(1957) du ring  period*  o f r a th e r  low tem perature** I n  

o th e r  a p e e ie e , n o ta b ly  th e  o y s te r* , th e  tim e o f  gamete 

p ro d u c tio n  i e  confined  t o  p e r io d s  o f h ig h er w ater tem pera­

tu r e * ,  a s  in  l a t e  a i r in g  and sunaer* Ho gamete fo rm atio n  

ta k e s  p la c e  in  O strea  o lgaa  w i l l  th e  fo llo w in g  spring*HRMPMIW —— ——
Amsmtya (1929) and Coe (1932) found th a t  in  £ •  lu r iq a  

a l s o ,  th e  main, p e rio d  o f  garnetogenesls a f t e r  th e  l a s t  

summer spawning, i s  i n  th e  fo llo w in g  sp rin g  when w ater 

tem p era tu res  beg in  to  r i s e ,  and th e  sane i s  t r u e  f o r  £ •  

fy jyw M i^ l i*  (Houghley, 1935)* However, in  J i  p m ia a t r a .  

to o ,  th e  in c rease  o f tem peratu re  in  sp rin g  b r in g s  on th e  

f i n a l  r ip e n in g  o f  th e  gametes* U n fo rtu n a te ly , th e  

sam pling d id  no t go bade in to  th e  e a r ly  sp ring  of 1948, 

so th e  c o n d itio n  o f th e  gonads th e n  cannot be compared 

w ith  t h e i r  co n d itio n  a t  th e  same tim e in  th e  sp r in g  o f  

1947, S e n  th e  w ater tem p era tu res  lagged a f u l l  month 

b However ,  th e  e f f e c t  was o p e ra tiv e  i n  th a t  

epg n tw g  in  1947 occurred  a month l a t e r  th a n  i t  d id  in  

1946, and no doi& t, p a r t  o f t h i s  may b e  a t t r ib u te d  t o  

re ta rd e d  gonad development a* w all a s  t o  th e  l a t e  inc idence 

o f  th e  s o -c a l le d  " c r i t i c a l*  spawning tem perature*

On th e  q u es tio n  o f  the  f a t e  o f  re s id u a l  gam etes, 

L oossnoff (1957) ag rees  w ith  Orton (1953)# th a t  th e y  a r e /



126,
/ a r e  f i n a l l y  d ischarged  b e fo re  th e  w inter* I t  l a  

c e r t a in  th a t  t h i s  l a  n e t th e  e s se  w ith  J#  m ^ la a t r s  

and i t  i s  t e n ta t iv e ly  suggested  th a t  th e y  may b e  

r e ta in e d  and spawned In  th e  nex t season* U s s y  (1953) 

s t a t e s  th a t  th e  sexual p ro d u e ts  o f  £« g la s s  nay b e  s e r r i e d  

t o t s  o r  throughout th e  w in te r  and n a tu re  eggs h a re  been 

found t o  A pril*  norm ally  th e  unspanned sex u al p roduets  

a r e  r e s o r te d  during  th e  f a i l  and e a r ly  w in ter*

5. £ . C.i-' *' . f ;  ij* . ' ^

4. " ' * '
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Crawth*

A la rg e  p a r t  o f  th e  in fo rm ation  on growth In  

lamsXltbr&nohs e th e r  th a n  o y s te r s ,  i e  based  on o b se rv a tio n s  

« f  H o rth  American sp e c ie s  such as* T iv a l la  a ta lto m a i 

(w©ys»uth 1923); S l l lq u a  u a tu ls  (M oSllllin 1923; Weymouth* 

W l l U n  end Holmes 1925) I  Yanas m ercenurls (K ellog  1900) I 

B o s ln ls  d isc u s  (C ro s ie r  1914); j ty t l la e  e d u i la  (tlossop 1921* 

1922) nod Hye a re n s r la  (Heweofifi* 1935s*ht e ;  1956s *b)«
T or B r i t i s h  sp ec ies  th e re  a re  th e  o b se rv a tio n s  o f O rton 

(1926) on Cardium ed u le i Stephen (1928* 1929* 1931* 1932) 

on T e l l in a  tm n ia  and s e v e ra l  o th e r  ep e c le s ; F ord  (1925) 

on a masher o f  s U b li t to re l  sp e c ie s ; and D avis (1923) on 

S o isa la  stifttruncata and H ec trs  s tu lto ru m  from th e  Dogger 

Bank. There I s  need fo r  fu r th e r  growth s tu d ie s  on 

lsm sX llb ranehs* e s p e c ia l ly  o f  a com parative nature*

Growth in  Xasnollibrancha m y  b e  s tu d ied  by any 

one of* o r  e com bination of* th re e  main methods*

1* Keesureawnts o f in d iv id u a ls  from  random sam ples o f  a 

popu la tion*  2* aueees& e raeeeurfraonte o f marked in d i­

v idua ls*  3* Keasurement o f enxracl growth r in g s*  i f  

t h e i r  v a l id i ty  a s  in d ic a tio n s  o f  seaso n a l growth has been 

e s ta b lish e d *

Adequate d a ta  can  b e  O btained from randan  

sang&ee only  when th e  b reed in g  season  i s  sho rt*  so th a t  

each new brood e n te r s  to e  p o p u la tio n  a s  a w e ll d e fin ed  

group w ith  a  l im ite d  else ran g e . I f  th e  sp e o le s  has 

t h i s  e h a r a s te r is t ic *  each y ea r c la s s  w i l l  appear a s  an  

is o la te d  o r n e a r ly  Iso la te d  mode in  a e ls e  freq u en cy /



/frogm eney d is tr ib u tio n *  T h is  i s  w e ll i l l u s t r a t e d  by

Wtaekwcrth (1931) was ab le  t o  s e p a ra te  two w a ll 

d e fin e d  groups in  gm diis u n d u le ta * and determ ine t h e i r  

age and r a t e  o f growth* I f ,  however* th e  b reed in g  

season  id  extended* th e re  w i l l  be a la rg e  range in  a lso*  

and th e  la rg e  animal© of one y ear else® may be  confused 

w ith  th e  sm a lle r anim als of th e  succeeding y e a r  c l a s s .

This* combined w ith  in d iv id u a l d if fe re n c e s  in  r a t e  of 

growth and d i f f e r e n t i a l  m o r ta l i t ie s *  l im i t s  th e  u se fu l­

n ess  o f  t h i s  method.

The su ccessiv e  measurements of narked in d iv id u a ls  

I s  th e  most d i r e c t  method o f measuring growth* and marking 

la m e llib ra a e h s  ie  not d i f f i c u l t*  One d isadvan tage l a  

t h a t  eech tiraq  th e  anim als e re  removed from t h e i r  h a b ita t*  

growth s to p s  end a d is tu rb an ce  r in g  i s  forced* O rton  

(1926) d isc u sse s  th e  fo rm ation  o f d is tu rb a n ce  r in g s  in  

Qardlnm e d a le , a s  does Weymouth {1923) f o r  T lw alia  

etn^taamnu and a s  th e re  i s  no e s s e n t ia l  d if fe re n c e  in  ]£• 

m l l a a t r s  f u r th e r  d isc u ss io n  i s  unnecessary* The amount 

o f  grow th lo s t  by d is tu rb a n ces  may be c a lc u la te d  and 

ad justm en ts made, b u t freq u en t d is tu rb a n ces  may have a 

s ig n i f ic a n t  e f fe c t*

The measurement o f  annual growth r in g s  p ro v id es 

an a c c u ra te  method o f e s tim a tin g  r a t e s  o f  growth* I n  

t h i s  case th e  anim al i s  unm olested, o th e r  th a n  by  n a tu ra l  

d istu rbances*  The method h in g es on w hether th e  r in g s  

which appear a s  su rfa c e  s c u lp tu re  on th e  s h e l l s  o f  m ost/



/m ost lem sX lihrsachs a m  annual o r  seaso n a l i n  natu re*  

Weymouth (1923) lias reviewed th e  l i t e r a t u r e  an  annual 

r in g s  of mollusc® and ho su m  up in  thane  words: "Of

fo u r te e n  paper* by th i r te e n  d i f f e r e n t  au thors*  on© 

f l a t l y  den ies th a t  age can he to ld  from th e  sh e ll*  two 

a re  u n w illin g  to  conrnit them selves* f iv e  f e e l  th a t  th e re  

i s  some s o r t  of connection  between age and th e  lin e s*  

h u t th a t  th ey  are o f no p r a c t ic a l  use even i f  t h e i r  

annual occurrence could be e s tab lish ed *  and s ix  go on 

reco rd  a s  b e l ie v in g  th a t  th e  r in g s  a re  an n u a l, though 

only one o f  th e se  a c tu a l ly  makes use o f  th e  method in  

c o n s tru c tin g  a growth cu rve . In  on ly  two can th e  oaee 

be  co nsidered  as firsflLy e s ta b lis h e d  on adequate data*" 

Weymouth h im self goes on to  e s ta b l i s h  beyond doubt th a t  

th e  ring© in  T iv e lla  a tn lto ram  a re  am u o l and can be 

used  a© a means of measuring age and r a t e  o f growth*

He consider©  in  d e t a i l  how th e  s h e ll  i s  l a i d  down and 

how th e  r in g s  a re  formed* S ince then  a nuisber o f 

an th e rs  have proved th e  v a l id i ty  o f th e  r in g s  a s  measures 

o f annual growth fo r  a aunber of species*  Among th e se  

a re  M C il l ln  (1923)* Orton (1923)* Ford (1925)* F ra s e r  

end Sm ith (1923) and IfewcoEtoe (1936)* I t  has been

shown* however* th a t  in  c e r ta in  specie© such a s  ftoain ia/
dlacu* (C ro s ie r  1*1U)» th e  annual r in g  nethod l a  no t 

a p p l ic a b le , and I t s  v a l id i ty  most be prove* f o r  every  

ep ee lee . W it* £ .  n n i ia e t r a -  e l l  th r e e  o f th e  above 

mentioned Method* have been need, one se rv in g  aa  a ciuscV



m *
/ch o ck  a g a in s t th e  o th e r ,

A la rg e  B u sier o f  an im als v e r s  sexed a s  th e  

s h a ll*  w ars opened p r io r  t o  f ix a t io n  o f  th e  gonad f o r  

th e  work on seasona l gonad change* h u t no s t r ik in g  

d if fe re n c e s  between th e  e ls e s  o f m ales and fem ales was 

Observed, Such d if fe re n c e *  would have boon e m  mere 

apparen t when Observing spawning anim als* F ra s e r  and 

Sm ith (1928) in v e s tig a te d  t h i s  p o in t w ith  Panhia 

sfrsataBa and g isa n te n s  h u t found no d lf fe re n e s

between th e  s is e a  o f  th e  males and fem ales o f  s io d la r  

ages* n o r d id  Weymouth, fS eB tllia  and S l ih  (1931) w ith  

th e  s a s e r  d a m  B ilio u s  n a tu la , though th e y  r e f e r  to  

G b n b a d f i ia  (192?) ae having  e s ta b lish e d  th a t*  "Zn seas  

n o lltteee  th e re  i s  s u f f ic ie n t  sexual dlraarphicm to  perm it 

to e  re c o g n itio n  o f th e  mxfef m  in d iv id u a l by  to e  to e l l* "

I t  i s  p o ss ib le  th e re  may be a d if fe re n c e  in  th e  growth 

r a t e  o f  th e  sexes o f  Jf, p u l l a s t r a . but i t  would be d e te s te d  

on ly  by  c a re fu l  s t a t i s t  l e a l  study* a»d f o r  toe p re se n t work 

th e  e q u a l sex  r a t i o  g lvee  equal weight t o  any p o ss ib le  

d if fe re n c e s  and no d is to r t io n  should ensue*

Zn th lo  study* le n g th  i s  th e  measure o f  growth 

t h a t  w i l l  be  used moot ex tensive ly*  f o r  t h l e  f a c to r  

appears t o  b e  a s  good o r b e t t e r  th a n  any o th e r  such a s  

weight* h e ig h t o r th ickness*  H eight (d o rs e -v e n tra l  

measurement) <ea& th ic k n ess  (g re a te s t  l a t e r a l  measurement) 

a re  need only  t o  e a td b lle ti t h e i r  r e la t io n s h ip s  t o  length* 

Weight i s  n o t used because i t  i s  to o  v a ria b le *  t i a g ^
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/B in g  nm toer and no t age i a  used th roughout in  th e  

d iscussion*  t a b le  and graphs* Age m y  b e  determ ined 

approxim ately  by s u b tra c tin g  one h a l f  from  th e  r in g  

m e t e f i  i*e* an animal w ith  two r in g s  i e  roughly  one 

and a  h a l f  y ea rs  o ld , th e  f i r s t  r in g  being  formed between 

fo u r  and seven months# and th e  second r in g  one y ea r  a f t e r  

th e  f i r s t *  o n ly  a b so lu te  growth w i l l  be tr e a te d *

Samples were measured w ith  a d ia l  o a l ip e r  

read in g  to  0*1 mm* T h is  instrum ent i s  accurate#  

s e n s i t iv e  * easy  to  handle# rap id#  and so id e a l f o r  

m easuring sh e lls*  The le n g th  o f 2* p u ll  a a t  r e  i s  tak en  

to  be th e  g re a te s t  d is ta n c e  between th e  a n te r io r  and 

p o s te r io r  ends o f  th e  s h e l l s ;  th e  r in g  le n g th  i s  th e  

g r e a te s t  d is ta n c e  along  i t s  lo n g itu d in a l a x is ;  th e  

h e ig h t i s  th e  d is ta n c e  between a l i n e  a long  th e  h inge 

m argin o f  th e  s h e l l  and a l in e  p a r a l l e l  t o  i t  which i s  

ta n g en t t o  th e  most v e n tra l  p a r t  o f th e  s h e ll#  b r i e f ly  

th e  d o rs e -v e n tra l measurement; th e  th ic k n e ss  i s  ta k e n  

t o  be  th e  g re a te s t  l a t e r a l  d istance*  The sp a t up t o  

fO«0 mm* long  were measured e i th e r  w ith  a m icrom eter eye- 

p ie c e  o r by p ro je c tin g  th e  o u tl in e  on a s e a ls  by means 

o f  a  35 mm* photographic en larger*

Growth in  th e . Young*

The normal b reed in g  season  o f  2* mtnmrnmp 1<R 

from  May-Jtme to  September# so a co n sid er ab le  v a r ia t io n  

in  s iz e  w i l l  e x i s t  between th e  anim als s p a tte d  e a r ly  in  

th e  season and those sp a tte d  toward th e  end* T h is  h a g /
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/h a s  been  p o in te d  ou t by O rton (1926) f o r  O arditm  e d a le .  

to d  I t  i s  p a r t ly  f o r  t h i s  rea so n  th a t  s i s s y  (1936) advo­

c a te s  th e  a r t i f i c i a l  s tim u la tio n  of spawning in  P a tra s  

idggy* By Inducing spawning e a r ly  in  th e  summer* 

advantage i s  ta k en  o f th e  lo n g e r growing season* and 

a s  a r e s u l t  th e  o y s te r  sp a t a r e  2 t o  3 em» g r e a te r  in  

d iam eter th a n  th ey  would be  i f  spawned l a t e  in  th e  

suaraer*

In  connection  w ith  th e  in v e s t ig a t io n  o f th e  

m o r ta l i ty  o f  th e  1946 © p a tfa ll in  B a llo o h  Bay* th e  

September s e r ie s  of sam ples were measured and th e se  d a ta  

a re  g iv en  in  Table 8* and p lo t te d  in  th e  graphs* P la te s  

2$ and 26* The h ig h e s t mean v a lu es fo r  le n g th  occur 

a t  th e  s ta t io n s  a t  the  h ig h e r t id e  le v e ls*  Stephen 

(1928) found th e  r a te  o f  growth o f  T e l l in e  ta e n ia  t o  be 

g r e a te r  a t  h ig h e r  le v e ls  on th e  beach th a n  a t  low er le v e ls*  

The means o f  le n g th s  o f  th e  spa t o f  £ •  m l l a e t r a  a t  th e  

4*0# 4*5 and 5*0 f e e t  t i d e  le v e ls  d i f f e r  from eaoh o th e r  

and from  th e  means a t  th e  1*0 and 3*0 f e e t  le v e ls  a t  th e  

%  le v e l  o f  s ig n ific an ce*  Beans a t  th e  1*0 and 3*0 f e e t  

l e v e ls  do no t d i f f e r  s ig n i f ic a n t ly .  Whether th o se  

d if fe re n c e s  a re  th e  r e s u l t  o f  s in g le  brood s e t t l i n g  a t  

d i f f e r e n t  le v e ls  on th e  beach and toe  Observed d if fe re n c e s  

a re  a r e f l e c t io n  o f v a r ia b le  growth ra te s *  o r th e y  a re  

th e  r e s u l t  o f  se v e ra l b roods s e t t l i n g  a t  d if f e re n t  tim es  

and a t  d i f f e r e n t  le v e ls*  cannot b e  determ ined* Z t i s  

u n lik e ly  th a t  fora* su ccess iv e  q p a tfa l ls  i n  one s a n e r  

should  be d is t r ib u te d  in  the  l a t t e r  m y*
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An exam ination o f T ab le  8 , page63pshaw s th a t  

th e se  sp a t v ary  betw een 0*375 and 6*53 «n* There Is  

th e  p o s s i b i l i t y  th a t  some growth occurred a f t e r  t h i s  

sam pling was done. However* measurement of th e  w in te r  

r in g  in  th e  fo llo w in g  sp rin g  and sumner* w hile  showing 

a h ig h e r  mean th an  th e  September samples, have no g r e a te r  

ran g es and th e  in c re a se s  in  th e  mean a re  probably  due 

t o  d i f f e r e n t i a l  m o r ta l i ty . T h is  appears to  be so from 

th e  h ig h e r  v a lu e  f o r  th e  low er end of th e  range in  th e  

sp r in g  and summer samples* Zn P la te s  40 and 41 e re  

shown photographs o f sp a t o f  n e a rly  comparable s isc*

I n  P la te  40 th e  l e f t  hand s e r ie s  i s  from September 1946 

samples* and show no marked ring* The r ig h t hand s e r ie s  

i s  from  June 1947 samples* and th e  w in te r r in g s  (B1) a re  

evident*  I n  P la te  41 th e  l e f t  hand a e r ie s  i s  from June 

1947 e&R&les* and show th e  w in te r r in g  (H i)* B2 i s  th e  

o u ts id e  edge o f th e  s h e l l  and i s  th e  approxim ate lo e s t lc n  

o f  th e  fu tu re  r in g  2* The r ig h t  hand e e r le s  i s  from 

Septem ber 1946 s a b le s *  end no w in te r ring has ye t been 

form ed. 21 shows th e  p o s it io n  of th e  w in te r r in g  when 

i t  i s  formed#

Zn T ab le  14 a re  Shown the  mesa le n g th s  of new 

growth put on in  th e  p erio d  from  th e  beginning  o f new 

growth e a r ly  in  A p ril end th e  tim e  o f  sampling in  l a t e  

A p ril end in  e a r ly  June# The mean increm ent f o r  th e  

f i r s t  month o f  growth i s  0 * 8 9  m b . and th a t  f o r  th e  f i r s t  

two months 1*98 «&»# w ith  a mean monthly increm ent o f /



TABLE 14 .
i

fflh 111 f i f c j f t o t a l
m m w m jtik  flU M ftlM ft M i„SM & wl& .M m SL& t

tofiUL

Ring Sample
e ls e

Range Kean V ariance S tandard
D ev ia tio n

S tandard
R rro r

IT! __ 1*10 -  5*09 3*91 0*92k J ) ^ M  >
r o t  64. 
Lftmrth lliS 1 .10  -  6 .89 i M - « & & £ _

f

ffffn? ?rd« 19k7»

KiBg S e t t l e
s i r e

Range le a Varlance S ta n d a rd
D e v ia t io n

S ta n d a rd
E r r o r

201 0*70 -  > M P *2 lp o.on
P o t« l
EtllldSIl , . ia t ..... lel2 .--.7jA ifctSl.- J l . .

i



/ o t  1*0 anu The increm ent between th e  f i r s t  end th e

second r in g s  in  la rg e  sam ples o f  a d u lt e from  th e  C ross 

House 8 Beach in  H ilX p ert, i s  7*7 mm. ,  w ith  a on an m onthly 

increm ent o f 1*3 mm* f o r  a growing season  o f  s ix  {souths* 

Bore in fo rm ation  would have been  d e s ira b le  from f u r th e r  

samplee o f an im als in  t h e i r  second sumraar# bu t th e  mean 

monthly increm ents d eriv ed  in  th e  two ways in d lo a te d  

above* a r e  o lo se  enough to  p rov ide  a reasonab le  cheek*

Xn T able 15 a re  g iven  th e  leng th -increm en t 

frequences f o r  th e  v a rio u s  le n g th  groups of sp a t ( le n g th  

o f r in g  1) and it"  i s  iogtortant to  no te th a t  over t h i s  

p a r t ic u la r  e ls e  ran g e , th e  la r g e r  increm ents a re  gained  

by th e  l a r g e r  animals* Xn com parison, T ab le  1 8 i shows 

th a t  f o r  th e  a d u lt  s i s e  groups th e  converse i s  t ru e f  

th e  l a r g e r  in c re c e n ts  a re  gained  by th e  sm alle r anim als* 

Whether t h i s  i s  tru e  f o r  o th e r sp e c ie s  i s  no t known, fo r  

t h i s  e a r ly  p eriod  o f growth has been l i t t l e  s tu d ied  in  

t h i s  way* Xn T able 16 a re  g iven  th e  a b so lu te  increm ents 

in  le n g th  fo r  th e  v a r io u s  s ls e  groups of spat* and th e  

percen tage in c rease  in  le n g th ,  which a lso  in c re a se s  

d ire c tly *  F o r complete a n a ly s is  more d ata  i s  needed on 

anim als rang ing  from 0*6 to  2*0 cm* I n  th e  marking e x p e ri­

m ents, d iscu ssed  la te r #  th e  h ig h e s t m o r ta l i ty  occu rred  among 

th e  sm a lle r  an im als, and only a s in g le  anim al w ith  le s s  

th a n  th re e  r in g s  survived*
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m j m i a m  . f l a t*  U ff lf tf t  l §  m ,  f . a « t t i S  
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tu g tk - ln c re n w o t TaMl«. I m t w w  a t  V arlopa L a n g th a o f  
S3B *-fr«a th a  Form ation o f  th e  W la tw  Ring t o  Jim* 3gd.19U?.

Length a t 
W inter King

Ouwjla
81»«

tfean
Increm ent

#  Increase  
In  Length*

•9  .• 1*69 ...... .... 1 0 ..... .5 5 ______ t e . o

... 1B____

15. 1*31 -  k 5 .o

3*3 k*£8 . 35____ 1.76

36 2*19 _ 1*8.0

. J i .90... * 5«i59..... 35-.-. _______ 51 .0

5 . 7 0 - 6 . 8 9 23 3 .16 5 2 .0

------ M .0
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X oalh li samples*

A eerie®  of monthly random sam ples v a ry in g  la  

e ls e  fro®  100 t o  200 anim als* were tak en  from  a  l im ite d  

a re a  on th e  Gross Houses Beech* T h is  beach  has been 

d esc rib ed  in  an o th e r  s e c t io n  and a s 'f a r  a s  could be 

a sc e rta in ed *  c a r r ie d  a la rg e r  p o p u la tio n  o f 2* tm l la s t r c  

th an  any o th e r  on th e  is land*  Even th en  i t  req u ired  a t  

l e a s t  an hour to  c o l le c t  a ©ample o f 100 animal** The 

sam pling tech n iq u e  c o n s is te d  imvely  o f  tu rn in g  over th e  

f l a t  ro c k s« ta k in g  th e  specimens showing above the  su rfa c e  

o f  th e  sand* and th e n  digging  over th e  a re a  w ith  a sm all 

trow el* A more e f f i c i e n t  method o f  sam pling would have 

been  d e s ira b le *  because of th e  d i f f i c u l t y  in  f in d in g  th e  

w ell camouflaged sm a lle r  specimens th e  mangle* are  somewhat 

b ia se d  toward th e  la rg e r  e ls e  groups* Owing to  th e  rocky 

n a tu re  o f th e  h a b ita t*  and th e  com paratively  sm all amount 

o f  loose  sand* s ie v in g  was im possible*

The in fo rm ation  from  t h i s  © cries o f  ©ample© l e  

©umrnarlsed in  Table© 1?A, B and C* A ty p ic a l  le n g th -  

frequency  d is t r ib u t io n  i s  shown in  Pl*h2* where th e  

dominance o f th e  la rg e r  anim als may be noted* a© w ell a© 

th e  absence o f  a d e f in i te  eerie©  o f mode© in d ic a t in g  th e  

v a r io u s  s iz e  and age groups* T his la  no doubt a r e f le c t io n  

o f  th e  co n s id erab le  range in  le n g th  o f each y e a r  eXass 

r e s u l t in g  from  th e  com paratively  long  b reed ing  season  and 

th e  overlapp ing  o f s iz e s  in  th e  o ld e r  y ea r  d a s  see* /



iiejtgtk -  Frequency D istr ib u tion s of 
Venerupis from Cross Houses Beac&i 1
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TABLE 17 B . j
LEjGTH -  FREQUENCY Table of mid-monthly sam ples o f  j
V eaeriipia to  show le ra rth frecm encleB  a-j v a rio u s  a c s s  j

( r in g  numbe r s ) .  Length in  nw. !
j ,

a ia . p t . ! •  I t 2f 5 t ^ t-r 6 . 7t 8, 9* .
_  6 ,95 2

__ 8-95 k
10.95 SI k_ - »

12.95 SI to

n 36 3 *

16.95 „ 1£ ... 2 6

18.95 9jl $7 9 1

20.95. 7? 16 2 -

36 HP H f

2U.9S 36. 75 , 10 1 1

26.95 17 86
4.

19 ?
.

28.95 £ ,60 59 % 1
.10*95 62 20 >f ’ *

32*95 21 7* ,.H1 k
i

3km 95_ - 9 58 9H 30 1
16.95 1 29 7H HP 7

' I,
it

58.95 7 H5 H5 11
60.95 17 57 Iff a 1
42.95 6 18 15,

j
. 5 J

y u 9 5 ....1 „ ? 9 5 1
66.95.... 3 ?

1
..U

66.95 1
i

4 *
T o ta l I0! -221 362 JH2 30^ 1 7 1 22 I



TABLE 17 C .

| i

S t a t i s t i c *  QfJMa.Moat.iiiT ffunmies g fT o n ew ip la  from  th e
Cross Homes Beach. The Measurement i s  t o ta l  length  In bml

Date 3arapl©
s iz e

Range lean Variance S tandard
D ev ia tio n

S tandard
e r r o r

K a jtM 121 6*0 «a»45*9 28.27 1 .837 8.586 0 .780

JtattehS 120 9*0 mm 45*9 28.1*1 2 .027 8.988 0.822

JnneU6 f i t 8 .0 45*9 51*39 1.742 7.980 0.732

J oI t  1*6 101 8 ,0 45*9 ?9t76 1.496 7.680 0.768 ...

Aug. 46. 103 _ 1*9.9 24.11 10.056 0.966

8ept.i*6 tSfO mm 1*5.9 29.01 1.55SL 7.878 0 .600

112 10,0 -I. 35*9 2?»i?5 1.053 6.452 0 .6 1 2

O et^ k& 157 10,0 47*3 50, 6? _
1 ,7 1 3 .. . 8 .088 0 .648

O et. yf, 119 10,$ 45 .9 28.76 1.550 7.860 0 .7 ^4

G et. IsS 179 «» 47*3 28.90 1.784 8.320 0 .6 2 4

Worv* hB 128 fo*0 4 9 .? 27.89 1.989 8.802

ilfi 15h 10,0 43*9 29*07 1.803 8.202 0 .664  _

P et*  h ? 95 16*0 «* 47*? 31*66 2.242 ...2*M 2..... 0 .974

Mar. h7 132 1o ,o MS4?*? ff7*3& .-1.S& L.. 8.083 0 .706

A m  47 ..8 2 — 1 ,-0 - 41*3 28,81 1.762 8.278
■

0.836



O rton (t» $ 6 ) d e sc rib e s  th e  growth o f young C ard lua  s d u ls  

a s  o v e rta k in g  th a t  o f  o ld e r  anim als* Weymouth, M eM illin 

and Holmes (1925) found d i f f i c u l t y  i n  Id e n tify  log  ego 

0 W *  t o  t h e i r  length^frequeacar d is t r ib u t io n *  o f  g l l lo n a

A s t r ik in g  fe a tu re  o f t h i s  s e r ie s  o f  sam ples I s  

th e  extreme v a r i a b i l i t y ,  a s  may he seen h r  com paring 1a  

Tab le  17C th e  means o f samples tak en  in  consecu tive  sm ith s , 

a s  s e l l  as in  d if fe re n t  sam ples tak en  on th e  same day 

( th o s e  f o r  O ctober)* The adequacy o f  th e  samples cou ld  

n o t hare  been Improved w ithout d if f ic u l ty *  Bach time 

a sample was tak en  a new s e c tio n  o f  ground was used* so  

th e  f a c t  th a t  samples were no t re tu rn e d , should not haws 

in flu en ced  f u r th e r  sampling* The whole beach i s  a 

eosg>arativ tly  sm all one and a l l  th e  £« p s l l a s t r a  ground 

l e  w ith in  th e  t i d a l  range o f  one fo o t o r l e s s ,  so th a t  

th e  grow th r a te s  from  one p a r t t o  an o th er should no t wavy 

s ig n if ic a n tly *  I n  a d d i t io n , th e re  I s  no r e a l  evidence 

o f th e  presence of dominant y ea r c la sse s*  T h e re fo re , 

o th e r  th a n  p ro v id in g  anim als f o r  th e  measurement o f  

grow th r in g s ,  a s e r ie s  o f random samples I s  o f  l i t t l e  use 

i n  determ in ing  th e  r a te  o f  growth In  2* p u l la s t r a  l a  th in  

a r e a .

The mala o b jec t o f th e  nark ing  experim ents was 

to  provide a cheek on th e  in form ation  d eriv ed  from  th e  

measurement o f  in d iv id u a l w in te r r in g s ,  and to  t e s t  t h e /



137*
/ t h e  v a l id i ty  o f  th e  r in g s  as m easures o f  annual growth* 

The anim als were marked t a  se v e ra l ways; th e  

a»« t s a t i s f a c to r y  one was to  su sb e r them w ith  In d ia  Ink  

m d  oovoi* t h i s  w ith  a la y e r  o f d is trez ie  d isso lv e d  l a  

X ylol* T h is  method gave th e  c le a r e s t  mark, was e a s i ly  

ap p lied  end caused l i t t l e  d is tu rb an ce  to  th e  animal*

I t s  use la  l im ite d  to  anim als hav ing  com paratively  smooth 

s h e l l s .  h a rk in g  nunhers on th e  S h e lls  by m a n s  o f a 

d e n t i s t 's  d r i l l  was a ls o  u sed , end no tch ing  th e  s h e l l  

edges w ith  a f i l e  gave a permanent re fe re n c e  mark*

A fte r  be in g  marked* measured end th e  age 

estim a ted  by th e  annual r in g  method, th e  specimens were 

re p la n ted  in  h a l f  inch  me ah g a lv an ised  w ire eages*

These were b u rle d  in  th e  beach tint 11 th e  f l a t  to p  was 

f lu s h  w ith  th e  su rface  o f  th e  eand* a f t e r  which th e y  were 

f i l l e d  w ith  sand and gravel*  The anim als were p la n te d  

J e s t  below th e  su rfa c e  o f th e  sand and th e  to p  o f  th e  eagc 

Closed up* The eages were deep enough to  allow  burrow ing 

t o  th e  maximum dep th  o f which t h i s  sp e c ie s  i s  capable*

The beach m  which th e  cages were p la n te d  was a g e n tly  

s lo p in g  one composed o f  sand and g ra v e l , and c a r r ie d  a 

m i l  p o p u la tio n  o f £ .  p u l la s t r a * I t  was lo c a te d  on th e  

n o rth e rn  s id e  o f th e  Is la n d  and chosen because o f  i t s  

com parative i s o la t io n  and th e  s u i t a b i l i t y  o f th e  substra tum  

f o r  t h i s  ty p e  o f  experiment*

The main experim ental group o f anim als were 

p la n te d  on S ep teaber 1 7 th , 191*6 and f i r s t  examined « ✓



13a*
/o n  A p r i l  2 6 th , 1$»?« The m ortality  over t h i s  p e r io d  

wa® about 2*$* Only a few young animals showed a f in e  

s i l v e r  o f  new growth on th e  v e n tra l  s h e l l  margin, and 

measurement in d ic a te d  no change in  length*  This showed 

c l e a r ly  th e  w in te r  © sanation o f  growth as f a r  as th e  

e x te rn a l  dito&mjlone of th e  s h e l l  a re  concerned, and th a t  

new growth was Ju s t beglnaic^#  The temperature at t h is  

tim e was 6*0® 0* as measured at th e  su rface at Keppel Pier*  

The m&ml&  v e re  nex t examined on J u ly  16th  and 

f i n a l l y  tak en  up oUt October 15^7# uioita 1 ity^

had in c reased  by t h i s  tim e to  6O5C and was c e n tre d , as  

m entioned in  an o th er s e c t io n ,  on th e  younger animals*

Sow growth had occurred in  p r a c t ic a l ly  a l l  and was e a s i ly  

d is t in g u ish e d  by th e  s h i t e  new s h e l l .  In  c o n tra s t t o  the  

d sn  co lo u r  o f  th e  old* At th e  m argin of th e  s h e l l  where 

th e  new growth began, a groove had been formed, separating  

th e  new growth frees th e  old* In  a d d it io n , th e  f i l e  mash 

on what was fo rm erly  th e  edge o f  th e  e h e ll  co incided  w ith  

th e  p o s i t io n  of th e  groove* The £ieen increm ents fo r  th e  

summer p erio d  o f growth a re  shown In  Table IS and graphed 

on P la te  k5* These d a te  a re  tak en  from 109 an im als, th e  

s&yvivor® o f a t o t a l  vf 2fS o r ig in a l ly  marked, and gave 

an  annual m o rta lity  o f 62$* The h igh  w r t a l i t y  i s  a 

decided  weakness in  t h i s  ty p e  o f e x p o r to n t ,  e s p e c ia l ly  

^hen th e  m o r ta l i ty  in  s e le c t iv e ,

I n  T ab le t<H 1® shown th e  rl&g~lncyemen& 

frequency , deamnsfa’s t in g  in  ano ther way how th e  larger  

increm ents a re  gained t y  th e  sm aller aairaels in  t h is  w ide/
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/w id e  rang* oaf lengths*  Ring 1 i s ,  u n fo r tu n a te ly , n o t 

in c lu d e d ,fo r  anim als o f  t h i s  e lse  e r e  d i f f i c u l t  t o  mark 

s a t i s f a c t o r i l y ,  and ©ran th e n  th e re  a r is e n  th e  problem  

o f  keeping them in  a n a tu ra l  envlronrrent* I t  wee hoped 

t o  g a in  th in  in form ation  in d i r e c t ly  by th e  measurement of 

s p a t ,  hu t th e  m o r ta l ity  wee no g re a t ,  an d eaerlh ed  in  

an o th er s e c t io n ,  th a t  a re p re se n t a t  i r e  sample co u ld  n o t 

he  o b ta in ed  a f t e r  Ju n e , 19b7* However, much o f th e  

re o u ire d  in fo rm ation  hen been ob ta in ed  from th e  measure­

ment o f th e  a p p ro p ria te  r in g s  in  a d u lt a ,  an w i l l  he 

deso rlh ed  in  th e  nex t s e c tio n .

MecBurement at Am  from AtmoaX Growth R in g ..

Based on th e  above conclusions th a t  th e  r in g  

m arkings (P l*hb)»or At l e a s t  non* of them , re p re se n t 

annual growth r in g s , o r more a c c u ra te ly , w in te r  cheeks; 

th e se  were assessed  and measured* A fte r  some experience  

and b as in g  judgement on the  natu re  o f  th e  v a rio u s  r in g s  

and t h e i r  p o s it io n  r e la t iv e  to  one a n o th e r , reaso n ab le  

e s tim a tio n s  were made in  th e  m a jo rity  o f  ea ses  a s  t o  

which were t r u e  cheeks* Many anim als showing numerous 

o r  i l l - d e f in e d  checks were d isca rd ed ; o th e rs  were 

m easured, b u t when in sp ec tio n  showed they  d id  n o t conform 

to  th e  sigmoid curve of grow th, they  were put aside* A 

lim ber o f  anim als were no t used because th e  r in g  m arkings 

were worn away by abrasion* A ty p ic a l  example and one o f  

d is to r t io n ,  o re  shown in  ?1*1|5* Whether th e  ab ra s io n s  a r e /



/ a r e  th e  r e s u l t  o f movementb o f  th e  anim al a g a in s t th e  

ro ck  on which i t  wee ly in g ; o r  o f  th e  movement o f  th e  

rock  a g a in s t th e  an im al, i s  n o t knowxn p o ss ib ly  i t  i s  a 

eoufeination o f  both*

From a s e r ie s  o f  12 random s a b l e s  from  th s  

C ross Houses Beach, about 8*000 r in g  measurements were 

made, o f  w hich63OO were used in  th e  co m p ila tio n  o f  

len g th -freq u en o y  d is t r ib u t io n s  from th e  in d iv id u a l rings*  

D uring th e  growing season th e  measurements of new growth 

were seg reg a ted  from  th e  o th e r  m easurem ents, so th a t  

on ly  r in g s  formed during  th s  f h iberna tion*  p e rio d  were 

used* A ll th e  measurements o f each r in g  number were 

grouped to g e th e r  t o  o b ta in  a mean le n g th  f o r  th a t  ring* 

T h is  com pila tion  i s  fhown f o r  each sanqple in  Appendix 2* 

The in fo rm ation  was f u r th e r  condensed by averag ing  and 

th e  f i n a l  r e s u l t  i s  g iven  in  T ab le 19 and t h i s  form s th e  

b a s i s  f o r  th e  growth curve in  P1*J#« I n  a d d it io n  t o  th s  

a r i th m e tic  means, th e  median v a lu es  were c a lc u la te d  and 

th ey  a re  a ls o  l i s t e d  In  T able 19 fo r  comparison* I t  

w i l l  b e  noted th a t  w ith  each r in g  th e  two measures o f  

c e n tr a l  tendency a re  n e a r ly  id e n t ic a l  and in d ic a te s  th a t  

th e  d is t r ib u t io n s  conform very  c lo s e ly  to  th s  normal 

curve*
Exam ination o f th e  ta b le s  shows th e  la rg e  

v a r ia t io n  i n  th e  len g th s  o f any g iven  r in g ,  b u t t h i s  i s  

to  b e  expected , f o r  in  th e se  measurements a re  inc luded  

n o t only le n g th s  o f coopera tive  r in g s  of an im als o f t h s /
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1h1*
/ t h e  m m  y e a r  c la s s  but a ls o  th o se  o f a nanbar o f y e a r  

c laaees*  F o r example, r in g  8 o f  th e  t938 y ea r  e la s e  

was formed In  th e  w in te r o f  19i$*4|£, w h ile  r in g  8 o f  

th e  1939 y ea r  c la s s  was farmed In  th e  w in te r  o f  19h6-47« 

Thus th e  f i n a l  mean le n g th  o f any r in g  i s  derived  from  

th e  growth r a t e s  o f anim als o f  l i k e  ages In  a number o f  

d i f f e r e n t  years* Growth r a te s  a re  known t o  wary from  

y ea r  to  y ea r ( O rton, 1926) depending on te m p era tu re , 

food supply  j and p o ss ib ly  t o  f a c to r s  not y e t understood*

Coe and Fox (19Ml) found th a t  th e  average monthly growth 

Increm ent in  th e  C a lifo rn ia  sea mussel ( Bfytilua 

c a l ifo m ia n u g ) showed an annual v a r ia t io n  o f  more th a n  

98 fg* Thus th e  growth r a te  of X* P u H a e tr* determ ined 

In  th e  above manner, p o ss ib ly  g iv es  a b e t t e r  g en e ra l 

m m  v a lu e  th a n  th e  in form ation  deriv ed  from  one o r  more 

y e a rs  by marking experiments* There i s  th e  l im i ta t io n  

th a t  th e  h ig h e r r in g  nunfcers e re  not so w e ll rep resen ted  

a s  th e  sm alle r ones because of th e  normal in c re a se  o f 

m o r ta l i ty  w ith  age*

I n  Table 20 a r e  dhown th e  anonal growth Increm ents 

between th e  formation o f th e  v a r io u s  r in g s  deriv ed  in  

se v e ra l ways*-
A* The mean le n g th  o f  r in g s  from a la rg e  

pompi* o f  anim als (6300 measurements) o f v a rio u s  

ages from th e  C ross Houses Beach*

B« The mean amount o f npw growth du rin g  

th s  19b7 growing season a t  the  C ross Houma Beach, 

c a lc u la te d  p a r t ly  by em anation o f monthly g row th /



gagm an a o n o f  m ount ( annaal) o f  growth b

A* Average len g th s  of r in g s  from la rg e  sample (6300
measurements) of anim als o f v a rio u s  ages from
C ross Houses Beach*

B# Average amount o f new growth du ring  th e  191*7 growth 
season  from  Cross Houses sam ples (UU3 an im als;*

C# Average amount o f  growth during the 191*7 growth
season  from marked anim als on a  Beach -  th s  n o r th  
s id e  o f C roat Conferee {109 anim als)*

Annual increment, in  mm.

Between A B C

0 -  1 3 .65

1 - 2  7 ,6 7 ___________________________

% ..1. —  8*58 2*^8-  6 .6 0
1

H
-l

* - «  ~ --------J * M
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/g ro w th  in c re m e n ts  (T eble 2 1 ) , and  p a r t l y  By th e  

measurement o f  th e  t o t a l  r a s a e r 's  growth (T ab le 21 , 

20*10*1*7) fro m  hi»5 an im als*

0* Ih e  mean amount o f  growth during  th e  19B7 

growing season  o b ta in ed  from 109 marked In d iv id u a ls  

(T ab le  Id) grown on th e  n o rth  s id e  o f  th e  Islan d *

Increm ents in  A and B a re  a u i tc  c lo se  and 

in d ic a te  th a t  from the po in t o f  view o f growth* 19*4? 

approached what might be co n sid ered  th e  norm o f  re c e n t 

y e a rs , in  s p i t e  o f th e  delayed  r i s e  l a  tem pera tu re  a f t e r  

th e  sev e r w in te r  and e a r ly  spring* In  0* th e  increm ents 

a re  low er and t h i s  may be accounted fo r  by  th e  f a c t  th a t  

th ey  were r e p la n ts  in  a no t e n t i r e ly  ty p ie a l  environment* 

But i n  th e  main# th e  increm ents a s  d e riv ed  in  th e  th re e  

ways, t a l l y  c lo s e ly  and in d ic a te  i n  ano ther manner th a t  

th e  annual r in g  method i s  v a l id  f o r  e s tim a tin g  th e  r a t e  

o f  growth in  £♦ u a i l f t s t r a *

In  a d d it io n , a t o t a l  o f 1300 r in g  measurements 

from  th e  C ross Bouses Beach samples o f O ctober 1 5 th  and 

16th *  19M> were p lo t te d  t o  show th e  le n g th  frequency 

d is t r ib u t io n  (Pl#i*7) • T h e o re tic a l ly  t h i s  d is t r ib u t io n  

should  g ive a  m ulti-m odal cu rv e , w ith  th e  nodes re p re s e n t­

in g  th e  le n g th s  o f th e  v a r io u s  rings*  However, on ly  th e  

f i r s t  two modes a re  d e f in i t e ly  s ig n i f ic a n t  o f th e  f i r s t  

and th e  second ring*  The modes th e r e a f te r  a re  not 

d i s t in c t  enough, th a t  l a ,  th e re  i s  l i t t l e  d if fe re n c e  in  

frequency  between th e  minimum v a lu es  o c c u rrin g  between tw o /
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/**© pe«** and tbe  peeks them selves, T h is  obscuring  l a

♦

110 doubt due t o  th e  overlapp ing  e ls e e  in  th e  o ld e r  / t a r  

a le t te s *  However, th e  f i r s t  sod second r in g s  a re  d e f in i t e  

enough, and th e  modal le n g th s  t o r  respond w ell w ith  th e  mean 

v a lu es  in  Table 19*

B oring th e  growing season th e  new growth on th e  

an im als of v a rio u s  ages was noted In th e  monthly random 

sam ples and t h i s  in form ation  has a lread y  been u t i l i s e d  

(T ab le  20) ♦ I t  i s  a ls o  arranged  se p a ra te ly  in  Table 21 

fro s t which th e  mean monthly inurement, i s  o b ta in ed , end th i s  

i s  p lo t te d  on th e  g raph , Fl*l*8f along  w ith  th e  mean weekly 

tem peratu re  f o r  th e  period* The growth increm ent curve 

fe llo w s  th e  tem perature curve very  c lo se ly  u n t i l  th e  tim e 

o f  th e  f i r s t  spawning ( sp«) when th e  increm ent curve drops* 

T h is  would be more pronounced i f  th e  m a t u r e  anim als had 

n o t been included* A s im ila r  co n d itio n  e x i s t s  in  th e  

Please d a m  (Coe 19h7) where th e re  i s  an  In c rease  in  th e  

r a t e  o f  growth w ith  th e  sp rin g  in c rease  in  tem peratu re 

up to  an  optimum when growth f e l l a  o f f  t o  a min i  mom in  

A ugust, a lthough th e  w ater tem peratures a re  th en  h ighest#  

Coe c o n s id e rs  th e  dec line  in  th e  growth r a t e  ae due to  

» th e  requirem ents of th e  rep ro d u c tiv e  system  and the 

successes a c t s  o f  spew ing** The seam tre n d  in  growth 

ta k e s  p lace  in  bo th  sp e c ie s  o f Mvt 11ns found in  C a lifo rn ia  

and in  o th e r  in v e r te b ra te s  th e re  (Coe and Fox 19M*)«

They co n s id e r th a t  food supply  has more in f lu en c e  on r a t e s /



/v o te s  « f  growth th en  have sm all in c re a se s  i n  tea$ievsture« 

on (1998) h as  9 m  th e re  i s  a  sp r in g  end an  autumn 

p e r io d  o f  s h e l l  growth in  Q atea e d u l is  w ith  l i t t l e  o r  nans 

du ring  th e  b reed ing  p e r io d  when th e  tem p era tu res  are 

h ighest#  fie concl udes  th a t  s h e l l  growth I s  a fu n c tio n  

o f  tem pera tu re  and feed in g  and su g g ests  a p h y s io lo g le a l 

antagonism  between s h a l l  growth and breeding#

W ith ]g> m l  l a s t  r s « a t  l e a s t  in  191*7» th e  su an er 

d e c lin e  in  growth r a te  co incided  c lo s e ly  w ith  th e  o n se t 

o f  spawning and th e  decrease p e r s i s t s  f o r  some H ue# 

A ccording t o  M arshall and Grr (1927) th e re  i s  th e  u s u a l  

s p r in g  in c re a se  in  diatom s in  the  M illp o rt re g io n , b u t 

th e  autumn in c rease  does no t appear u n t i l  growth has 

alm ost ceased , a lthough  th s  tem pera tu res a t  t h i s  tim e 

a re  s t i l l  high* I t  would seem th a t  th e re  must be s  

sou rce  o f food in  a d d itio n  t o  diatom s to  perm it growth 

du ring  th e  p erio d  when, the diatom  p o p u la tio n  i s  low*

A sm all mla^msmer bloom o f diatoms i s  norm al and in  19h7 

i t  appeared to  be g re a te r  than  usual* The M illp o rt 

p lank ton  i s  r ic h  in  la r v a l  forms and o th e r  sm all organism s 

throughout most of th e  stumer* Coe and Fox (i9M t) 

co n s id e r  M s b u lk  o f the  food o f  f t r t l lu a  a a llfo m la n u a  t o  

b e  d e tr i tu s *  Coe (l9 h 7 ) b e lie v e s  th a t  th e  eggs and 

sperms o f  a lgae  and in v e r te b ra te s  f o r a  th e  food o f th e  

P isao  clam a s  w ell a s  d e t r i t u s  and l iv in g  phy tep lank tcn  

and sooplanktosw Mo e t tc a p t  was made t o  in v e s t ig a te  th e  

food o f mniiaefera.  f o r  th e re  i s  a s  reaso n  t o  doubt t h a t /



1U5*
/ t h a t  i t  i s  u n lik e  say  o th e r  suspension  fe e d in g  l a a e l l l -  

branch* A c o r r e la t io n  between th e  amount o f  food  

a v a ila b le  throughout th e  growing season and the r a t s  o f 

growth in  v a rio u s  anim als would be o f In te re s t*

l a  T able 22 I s  shown th e  h e ig h t-len g th  r e l a t  io n ­

a l  pa f o r  sp a t between th e  le n g th s  o f  0*5 and 5*0 mm. 9 and 

in  T ab le 23 l a  g iven th e  h :? lgh t-leng th  and th e  th ic k n e s s -  

le n g th  r a t i o s  f o r  anim als between 10*0 and 1*5*0 mm, l a  

th e  e a r ly  p a r t of th e  range in  th e  s p a t,  h e ig h t te n d s  t o  

approxim ate to  le n g th , bu t very soon, a t  a le n g th  of 

2*0 mm* th s  r a t i o  changes to  th a t  found in  th e  adult*

The h e lg h t- le n g th  r a t i o  in  th e  s e t t in g  la rv a  I s  0*92, 

and th e re  i s  a g r a te a l  change from a n e a rly  s p h e r ia a l  

shape in  th e  la rv a  to  an  oval shape in  th e  o ld e r  spat*

Ths oval shape adopted qu ick ly  by th e  sp a t has i t s  

advantages fo r  burrowing* Xt w il l  be observed from th s  

ta b le s  how r e la t iv e ly  co n stan t th e  h e ig h t- le n g th  r a t i o  i s  

m ain tained  in  comparison to  th e  more v a r ia b le  th ic k n e s s -  

le n g th  r a t io *  T his v a r i a b i l i t y  may w ell be  a r e f le c t io n  

o f th e  v a r ia b le  co n sisten cy  o f th s  substratum * I f  t h i s  

l a  h ard  and u n y ie ld in g , I t  may prevent th e  s h e l l  from 

assuming i t s  normal shape* C e rta in ly  some o f  th s  burrow s 

have had w a lls  o f  n ea rly  ro c k - lik e  co n s is ten cy . Ths 

th lc k a e se - le n g th  r a t i o s  f o r  T iv e lla  s ta lte ra m  (Weymouth 

1923), a  pure sand dw elling  form , appear t o  be  mors 

c o n s is te n t th an  those  of X* uullaetaes* These r a t i o s  f o r /
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i k f i .

2* JB& leaiga e re  p lo t te d  In  Pl.l*9 and th e  g raphs 

re p re se n t th e  average r e la t io n s h ip  vhioh I s  s ta p le  and 

d i r e s t  w ith  no r a d le a l  change in  shape w ith  age*

C ro s ie r  (1914) in  h is  study  o f D oelnia d ls c a r s  a ls o  

found a sim ple ta n g e n tia l  re la tionsh ip !*  The r a t i o s  f o r  

th e  s i s e  groups above 2*0*0 nmu in  Table 23 In d ic a te s  th a t  

growth in  le n g th  may he slow ing down s l i g h t ly  in  r e la t io n  

t o  growth In  height* T h is  p o in t has been Observed 

d i r e c t ly  in  o ld e r  anim als whore no new s h e l l  growth I s  

ev iden t on th e  ends of th e  sh e lls*  a lthough  th e re  may be 

a sm all amount o f new growth on th e  v e n t r a l  edge* I t  

may a ls o  b e  no ted  th a t  new growth in  young an lm tls  f i r s t  

o ccu rs on th e  v e n tra l  margin of the she ll*

Plaptt s s io n *

The mean monthly growth r a te  o f  J#  tmi 

h as  a lre ad y  been ©©Beared w ith th a t  of o th e r  la m s l l l -  

branchs* D ire c t comparison o f growth i s  d i f f i c u l t  when 

d ea lin g  w ith  d if fe re n t  sp ec ie s  from se v e ra l lo c a l i t ie s *  

from  exam ination o f th e  modes of h is  length-freQ ueney 

cu rves f o r  ^ s H ln a  te n u is . S tephen (1929) f d h l  th a t  th e  

«nr*u*1 increm ent o f  any one y ea r c la s s  decreases a t  a  

r a t e  o f an n u a lly , whleh la  in  agreement w ith  th e  data 
gftgdium ed u le  ( Orton 1926)* Stephen p o in ts  out th a t  

i f  t h i s  r u le  ho lds good f o r  a l l  la m e lllb ran ch s , a means 

I s  a t  hand f o r  es tim a tin g  th e  age o f numerous sm all b u t 

economical sp e c ie s , when only th e  f i r s t  f u l l  year*s 

increm ent i s  known. B ut, a s  po in ted  out by Blegvad (1 9 3 0 )/



ih%
/ B l a r e d  (1930) th e  m a tte r  i s  n o t q u ite  eo sim ple , f o r  

th e  growth r a t e s  o f  s v e ra l Deni eh sp ec ie s  do n o t conform 

to  t h i s  r u l e ,  nor does the growth r a t e  o f 2* tra ilss t^a*  

f t  i s  in te r e s t in g  to  n o te , however, a s  shown in  th e  l a s t  

column of T able 19, th e  r e g u la r i ty  in  th e  decrease  of 

th e  percen tage increm ent from  y ea r t o  year*

W elford (192*6) in  an in te re s t in g  paper 

d e sc r ib e s  a method f o r  transfo rm ing  ab so lu te  growth 

cu rv es in to  s t r a ig h t  l in e s  by p lo t t in g  th e  le n g th s  a t  

age IT y e a rs  a g a in s t th e  le n g th  a t  age H ♦ 1 years* 8ueh 

l i n e s  may be used f o r  studying  growth v a r ia t io n  w ith in  

and between p o p u la tio n s , and th e  l im it in g  le n g th  o f  th e  

sp ec ie s  estim ated* When th e  two s e t s  o f  d a ta  fo r  

Cardlum ed u le  from O rton (1926) (R iv e r  Yealra), and from  

Stephen (1931) (Hunt e r s t  on S ands), a re  p lo t te d  acco rd ing  

t o  W elford*s method, th e  two s tr a ig h t  l i n e s  so produced, 

a lthough  th e re  a re  few p o in ts ,  have th e  same slope of 

0«82t* T h is  in d ic a te s  th a t  th e  y ea rly  growth increm ents 

decrease  a t  th e  same r a t e ,  a l th o u ^ i th e  ab so lu te  va lues 

a r e  d if fe re n t*  The d ata  f o r  2* raHl&atys  p lo t te d  in  

t h i s  way, a ls o  g ive  a a t i f i^ i t  l i n e  w ith  th e  sane d o p e ,  

b u t u n t i l  more in fo rm ation  i s  a v a ila b le  on growth r a t e s  

from  o th e r  l o c a l i t i e s  th e  f u l l  s ig n if ic a n c e  of t h i s  

s lo p e  cannot be  determined*



1W*

1* The prcfclea and methods of id e n tify in g  la m l l ib r e n o h  

v e l lg e r s  a re  d iscussed* a s  s e l l  a s  th e  c h a ra c te rs  

most u se fu l in  ide n t i  f  i  c a t i  on.

2* The v e l ig e r  la rv a  i s  d escrib ed  and figured*

5* The f lu c tu a t io n s  in  abundance of la rv a e  throughout 

th e  summer o f 1947 have been determ ined by q u a n tita ­

t i v e  p lankton  isthods which have been  described*

From t h i s  inform ation* an es tim a te  o f th e  le n g th  o f 

la r v a l  l i f e  has been made*

4* The ex ac t l im i t s  o f the beginning and enqjbf th e  

b reed in g  season in  1947 have been  determined*

9* P re lim in ary  in form ation  on th e  v e r t i c a l  d i s t r ib u t io n  

o f la rv a e  in  P e i r l i c  Channel has been  Obtained*

6* A d iu rn a l movement o f la rvae*  being  most abundant a t  

th e  su rface  in  hours o f  darkness* has been observed 

f o r  th e  area  n ea r the M illp o rt Marine s ta tio n *

?•  The organs o f th e  f u l l y  developed la rv a  have been  

described*

&* The organs and t h e i r  development in  newly s e t t l e d  

sp a t ^7 to  a le n g th  of 1*0 mn* have been described*

9* The changes th a t  occur during metamorphosis a re

d iscu ssed  and th e  th re e  most Im portant changes a re  

considered  to  b e  t 

A* The lo s s  o f the  velum*

B* Hie a c tiv e  fu n c tio n in g  o f th e  byasal gland*

6* The form ation  o f  th e  spat s h e l l  o r  d lssoeonoh*/



f*9»
The fu n c tio n a l s ig n if ic a n c e  o f  th e se  ev en ts  e re  

considered*

TO* X» s c l l a a t r a  i s  found to  s e t t l e  alm ost e n t i r e ly  on 

th e  upper en rfaee  o f  sp a t c o lle c to rs *

11* T here i s  a r e la t io n s h ip  between th e  ang le  a t th e

su rfa ce  of th e  c o l le c to r s  r e l a t i v e  to  th e  h o r ls o n ta l  

and th e  nunber o f sp a t caught p e r  u n it of area*

12# On th e  b a s is  o f p ro je c te d  areas*  th e  e f f ic ie n c y  o f  

th e  c o l le c to r s  in c re a se s  w ith  th e  in c rease  in  angle* 

From t h i s  i t  i s  concluded* th a t  s p a tt in g  i s  no t a 

p u re ly  g ra v i ta t io n a l  e f fe c t*

13* The d is t r ib u t io n  of the 1946 and 1947 spa t f a l l s  in  

th e  l i t t o r a l  sone of b a llo c h  Bay* i s l e  o f  Cumbree* 

has been  s tu d ied  by sampling a t  v a rio u s  t i d a l  le v e ls  

on th e  beach* The d is t r ib u t io n  and th e  nunfcers in  

th e  two y ea rs  has been found t o  be alm ost id e n tic a l*

14# The f a c to r s  cau sin g  th e  type o f  d is t r ib u t io n  found 

have been  dlacussed*

15* The r a te  o f m o r ta l i ty  o f th e  spat; o f  th e  1946 brood y e a r  

was found t o  be n e a rly  100$ w ith in  one year* The poss­

ib le  f a c to r s  co n tr ib u tin g  t  o t h i s  h igh  m o r ta l i ty  have 

been discussed*

16* The problem of s p a tt in g  and th e  s e le c t io n  o f a s u i ta b le  

substra tum  by the  la rv a  have been discussed* I t  has 

been  shown th a t  the needs a t th e  spa t and o f th e  a d u lt  

a re  d if fe re n t*  and whatever power o f s e le c t io n  th e  sp a t 

may have i s  ex e rted  in  th e  s e le c t io n  o f  an  environm ent/



/environm ent s u i ta b le  fo r  I t s  immediate needs* I f  

th a t  eiivlrannwnt i s  n o t s u i ta b le  f o r  th e  ad u lt*  then 
m o r ta l i ty  occurs*

17# T he r a t e  o f  w a te r  p ro p u ls io n  b y  a d u l ta  4 * 5  cm* lo a g  

waa fo u n d  t o  ra n g e  be tw een  0*14 and  0*99 w ith  a  naan 

o f  0* 9  l i t r e s  p e r  h o u r i n  a  te n ^ e r a tu r e  ra n g e  o f  

15*0® t o  16, 0 °  c .

18* H ie anim al f i l t e r s  approxim ately  100 tim es i t s  own 
volume in  one hour*

19* I f  a l l  p a r t s  o f  th e  g i l l  a r e  e q u a lly  eaao ev n ed  i n  

f i l t e r i n g *  1 sq u a re  c e n tim e tre  o f  g i l l  f i l t e r s  

12*9 c c . o f  w a te r p e r  h o u r*

20* The c u r re n t speeds of w ater th rough  th e  two alphas* 

a re  d if fe re n t  and t h i s  p rev en ts  mixing of the tv s

cu rren ts*
\

21* The g i l l s  a re  tSiown to  be e f f i c ie n t  i n  f i l t e r i n g  

p a r t i c l e s  down to  th e  s is e  o f  1 u#

22* The s e c re t io n  o f  mucus by th e  g i l l s  does no t appear 

t o  be a l im it in g  f a c to r  in  i t s  a b i l i t y  to  f i l t e r  

suspended m a te r ia l i n  co n s id e rab le  concent r a t io n  f o r  

p e rio d s  up t o  6 hours*

25* Kym ograph reco rd in g s  o f  S e l l  m ovem ents h av e  beam  

a n a ly s e d  mod 1t e  r e s u l t s  com pared w ith  th o s e  fo u n d  

b y  e th e r  in v e s t ig a to r s  f o r  e th e r  sp e c ie s*

24* S h e l l  (A d d u c to r m uscle) m ovem ents h av e  b e e n  found  t o  

p la y  a s  p a r t  i n  th e  spaw ning s e t*

29* The method o f  spaw ning  in  b o th  s e x e s  i s  d e s c r ib e d * /
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X* p u l la a t r a  h as  bean  s tim u la ted  t o  spawn b o th  by 
tem pera tu re  s tim u lu s and by a chem ical s tim u lu s  in  

th e  farm  a£ a  suspension  o f eggs o r  o f  sperms o f  tb s  

species*

27# A long  l a t e n t  p e r io d  and a r e f r a c to r y  p e rio d  d u rin g  

which spawning carnet be induced* have been  observed*

28* | «  rail la  s i r  a i s  no t a s  su sc e p tib le  to  s tim u la tio n  a s  

tb s  " oviparous* oysters*

29* Seasonal changes in  th e  goneds o f b o th  sexes was 

fo llow ed b y  exam ination and study of se c tio n s  o f  

over 900 mature animals*

38* The sex  r a t i o  was found to  be approxim ately  equal*

31* Only 0*1$ o f th e  popu la tion  s tu d ied  were herm aphrodites* 

32* A pproxim ately 0*1$ of th e  p o p u la tio n  s tu d ied  were

p a r a s i t i s e d  by  an  u n id e n tif ie d  sp ec ie s  o f  trem atods*

53* H ie le n g th  o f sp a t a t  th e  form ation  o f th e  f i r s t

w in te r r in g  v a r ie s  between 0*4 and 7*0 am* s

34* The mean le n g th s  o f  samples o f  sp a t tram  B a llo ch  Bay 

appear to  in d ic a te  th a t  a s l i g h t ly  h ig h e r r a t e  o f 

growth may occur a t  the h igher t i d a l  le v e ls  on t h i s  

beach*

55* Xn th e  e a r ly  sp a t up to  th e  fo rm a tio n  o f B lag  2 th e  

l a r g e s t  growth increm ents a re  gained by  th e  l a r g e r  

spot* b u t th e r e a f te r  th e  growth ln e rem ssts  decrease  

w ith  in c re a se  in  s is e  and age*

36* The method o f  medal groups from  leng th -freq u en cy

d is t r ib u t io n s  o f  random sam ples i s  shown t o  b e  n e t /
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/ a c t  a p p lic a b le  t o  £» r m lla s tr a  a s  a means o f  

determ in ing  age g ro w s*

37* Harking experim ents h ere  In d ic a te d  th a t  c e r t a in  o f 

th e  r in g s  appearing  as su rfa ce  sc u lp tu re  on th e  

d& ells a t 2* .m l ln s t r s  a re  v a l id  ae measures of annual 

growth*

3S# From th e  marking experim ents th e  annual growth in c re ­

ment o f  anim als o f v a rio u s  ages was determ ined and 

cheeked a g a in s t s im ila r  measurements determ ined in  

o th e r  ways*

39* F ro a  $yQO measurements of th e  le n g th  o f growth r in g s  

on anim als from a confined  a re a , a leng th -on -age  curve 

has been drawn* T h is  curve fo llo w s th e  ty p ic a l  sigm oid 

fern*

49* The moan monthly increm ent o f growth f o r  th e  1947 

growing season a re  shown to  fo llow  the  tem peratu re  

cu rve u n t i l  th e  onset o f  spawning, when th e re  i s  a 

deorease i n  th e  growth ra te *  L a te r  in  th e  summer 

th e re  i s  an  ino rease  which cannot be d e f in i t e ly  

c o r r e la te d  w ith  a p a r t ic u la r  f a c to r  on th e  b a s is  o f 

a v a ila b le  in fo rm ation  on fo o d , etc*

41* The h e lg i t - le n g th  and th e  th ie k n e ss -le n g th  r a t io s  f o r  

v a rio u s  s ix e s  have been c a lc u la te d  and they  have b een  

found to  fo llow  a sim ple and d ire c t tangen t re la tio n sh ip *





The abbreviations are according to  the World L is t  o f 

S c ie n t if ic  P eriod ica ls*

The arrangement i s  according to  the in stru c tio n s fo r  

p u b lica tion  given  by the Z oological S o c ie ty  o f  London*

m R efers to  those papers not seen in  the orig in a l,



*53*
A lle n , w*R*(i9lh)* The food end feed in g  h a b i ts  o f

fre sh w a te r  mussels* B iol* B ull*  Wood*® Hols*

32# ( 3 ) ,  * 2 7 - l¥ *

Ataemiya, I *(1928) * E co lo g ica l s tu d ie s  o f  th e  Japanese 

o y s te r ,  With s p e c ia l  re fe ren ce  to  th e  salinity o f 

their habitat© * J* Coll* Agric* Tokyo, J ,  ( 5 ) ,  

333-382*

Amemiys, I . (1929) * On th e  sex-chongo in  th e  Japanese

o y s te r ,  Q strea a lg ae  Thuriborg. Proo* imp* Acad* 
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320 t is Ĵ SSUl- T.«ti5h J l i .

m . mS£L« 3.1x582 021_ 5.7557 m JHBL la307/



Tin®
~ J 2 IDrum

imrA 1a M
-V -

EwO*
k u L ifi.

1a £2
___ I f

J se ssDm*
lead-
in**

Lm d 1.7
1B P2

u j t oDm*
Head"1lM . la £2 

FT
__ SL flft® ___ 0 r 211 0 2M 0 203 1

0

....XL ..'jm. 7*9027 327 T*8kl0 383 7.7979 315 T.8k92
-M L 1*7731 513 1*3.137 357 T.il£73

M3 _?»6226 _6k0 7.215k 6ii5 T.2k50 527 T.k77k '
. fill,ft T.kkSI 175 7.1133 695 . . .  Ta0936 619 7*2805 ‘

iSO j &p» 793 5.8706 730 666 7*1301
r.r. 63$.. 7.2178 ...787 ■5.6507 750 J5*q9k,S 720.

1ST 660 5*3410 765 7ft
e*a ^

210 .  JUL . 8k2 5.3913 780 5.7656 759
QUQ 6 9 0 ?-05ll5 at o 5.2713 793. 785
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ffc* l i t w e t o r *  on d igg ing  mavamvta  o f  l a m lU «  

branch* i s  no t extonaivw end o th e r  th a n  th e  work o f  Srow 

C<906) oa Snala directive and Jordan ( 1915) on Mactr^

I n f la te  a th a w  la  l i t t l e  o f s ig n ifica n ce  u n t il the  

ex ten siv e  in v e stig a tio n s  o f Froenkel (1927) on the  

Solcnldco# L ater, S to ll ( 193®)» gave b r ie f  d escrip tion *  

o f  methods o f locom otion in  various species* Drew ( t  » 8 ) t 

Horse (1913)» V ies (1901*) and S to ll  (193®) here described  

locom otion in  various protob ranch*• Of a l l  lam elllb ran eh s,

the Solenldae lend them selves b est to  a study o f locom otion  

because they are probably the most a c tiv e  and rap id ly  

burrowing, and i t  le  p o ssib le  to  induce movement o f the 

fo o t by stim u la tion  (F rcen k el, 1927)« T his i s  in ^ o eslb le  

In sp ec ie s  ouch as u o lla stra  in  which alm ost any type o f  

stim u lation  causes immediate con traction , gen era lly  accompan­

ied  by clo su re o f the sh e lls*  While th e nerve-m uscle 

physiology o f movement in  g a lls s tr a  was not studied* the

general p attern  o f d igging movements was observed and the  

r e s u lts  may be o f come in terest*

W h en  ou llagtra  i s  removed from i t s  burrow and 

i s  allowed to  stemeln undisturbed fo r  some tiraa on any 

su rfa ce , th e s h e lls  open and e ffo r ts  are made to  burrow*

I f  the ssfc stratum i s  too  hard fen* th e fo o t or the s h e ll to  

p en etrate, h orizontal movements r e su lt; but i f  the  

substratum i s  so ft enough fo r  p en etration , then th e  s e a s /



8»
/mm  sequence « f movement® a l l  am th em iaa l t o  ^ w c t*  

Bale** the aa iael 1* ®eve<I fro*  It*  burrow* I t  appear* 
that tli* mmmI o f nao*«*»gt in  nature 1* re le t lv e ly  l it t l* *  

The ty p ica l habitat is  under rather f la t t ie h  angular stones 

(so* P i *  23, covering shallow poekets of sand and
(pwral# Nearly a l l  animals ara attached to  some eo lld  

object,  * stone or a s h e ll, by a byssus* This thread 

i*  single proximally where i t  leaves the fo o t! d ia ta lly  

share i t  la  attached to  the holdfast * i t  i*  dirided in to  

several strands* Thera 1* an a ffin ity  fo r  crevices, or 
against overhanging roots whose has* i*  buried deeply 

enough* Moot animals are burled an inch or two below the 

surfaee* bat a imTiber may be found with at lea st part of 
tb* ttomiag «aA turn m ? hav* Poaatoaero* tr lo u a tw

growing oo xmq»
l a  n a tu re  th e  o r ie n ta t io n  1* v ariab le*  The 

an im als l i e  w ith  th e  tran ev er* *  a n d lo sg itttd ln a l axes in  

Tsriea* planes# when th ey  a re  allow ed t o  bo rr ow in to  

p a re  wand th ey  assume a p o s i t io n  w ith  th e  d o rsa l m argin 

o f  th e  s h e l l  n e a rly  p a r a l l e l  w ith  th e  surface*

The d igging aovwsen&s h are  been observed many 

tim e* in  a l l  e lse*  o f animal* from  th e  youngest sp a t t o  

th e  la rg e s t  a d u lt  i n  sand* rand, g ra v e l ,  powdered g la s s  

and on f l a t  surface** Zn every e a s e , re g a rd le s s  o f  th e  

p o s i t io n  and th e  environment* th e re  was an in e v ita b le  

sequence o f  nwvewents*
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B eing th e  medium o f  send , in  which th e  movements 

e re  h ee t ex ecu ted , aeauraing th e  anim al to  be iofcedded Ju s t 

deep ly  enough to  p reven t I t  m i i i «  e v e r , sad  n t h  th e  

long  a x i s  p a r a l le l  to  th e  su rface  o f th e  eand; the  

sequence o f movements la  a s  fo llo w s:

1* The v a lv e s  a re  opened#

2# The fo o t i s  p ro tru d ed , po in ted  w ith  a probing

motion* T h is  baeic and f o r th  search in g  m otion i s

con tinued  u n t i l  th e  fo o t la  f u l ly  extended* The t i p  o f

th e  fo o t may extend to  a le n g th  equal to  th a t  o f  th e  

animal# The degree of v e r t i c a l  p e n e tra tio n  in  t h i s  phase 

any vaxy co n sid erab ly  and ia  p a r t ly  dependent on th e  type  

o f  substratum * (P l# 5 0 , fig # a)«

3# The h e e l o f th e  fo o t i s  p ro truded  v a n tra lly #  

(PU S® , flg#b)#

Um The h e e l expands b o th  l a t e r a l l y  and p o s te r io r ly ,  

so  t h a t ,  eooyled w ith  th e  a n te r io r  ex ten sio n  o f  th e  f o o t ,  

m  anchor i s  formed# I f  th e  tn f ts tre tu a  i s  f irm  enough, 

th e  f  oot m ain ta in s t h i s  p o s it io n  and th e  s h e l l  moves*

9# The v a lv es  open s l ig h t ly .

6* The two siphons! a p e rtu re s  c lo s e ,  and th e  

adducto r muscles c o n tra s t reducing  tho  volume o f  th e  mantle 

c a v i ty  fo re& tt out th e  excess w ater i n  a stream  from  th e  

a n te r io r  end J e s t  below th e  adductor mosaic# Presumably 

th e  c u r ta in  m ain tains a s e a l  around th e  fo o t and

th e  rem ainder o f  th e  m antle edge during  t h i s  o p e ra tio n * /



k .

Almost im m ediately th e  a a l t r i o r  pedal w t m t o w  c o n tra c t  

and th e  p o s te r io r  r e t r a c to r s  r e la x ,  c au s in g  th e  a n te r io r  

end o f  th e  s h e l l  t o  d ip  down and the  p o s te r io r  t o  r i s e  

upward* I t  i s  prctoable, and t h i s  d e e e r lp tio n  o f  th e  p lay  

o f th e  m ueeles i s  on ly  c o n je c tu ra l ,  t h a t  c o n tra c tio n  o f  

th e  a n te r io r  r e t r a c to r s  l a  confined  to  th a t  p a r t  n e a r  I t s  

I n s e r t io n  in to  th e  s h e l l .  ( P l .9 0 ,  f l g . o ) .

7* The f i n a l  movement now ta k es  p lace  a s  th e  s h e l l  

moves forw ard and down* The fo o t rem ains in  I t s  p o s i t io n  

o f  anchorage and th e  more d i s t a l  p o r tio n  o f  th e  a n te r io r  

r e t r a c to r s  now oomes In to  a c tio n  end the hody I s  drawn 

fo rw ard . At th e  same tim e elem ents o f the  p o s te r io r  

r e t r a c to r s  runn ing  downward and forw ard to  th e  baas o f  th e  

fo o t  c o n t r a c t , so  a s s i s t i n g  in  th e  movenmixt* (P 1 .5 0 , f i g .d ) .

I n  P la te  90 th e  l in e s  'XX* and VT7V a re  v e r t i c a l  

sad  h o r ls o n ta l  re fe re n c e  l in e s  r e s p e c tiv e ly .  In  f i g s .  b ,

C and 0» th e  fo o t i s  In  r e l a t iv e ly  th e  same p o s i t io n  and 

th e  s h e l l  and body have moved in  r e la t io n  t o  t h i s .  The 

f ig u re s  a re  diagrammatic*

T h is  sequence o f  movements i s  rep ea ted  u n t i l  

th e  anim al reaches th e  re q u ire d  depth* Kymograph reco rd ­

in g s , an  example o f  which I s  shewn in  Pl»3b f lg .5 »  

s u b s ta n t ia te  th e  a n a ly s is  g iven  above# The reco rd in g  

re a d s  from  l e f t  t o  r ig h t  end th e  kymograph arrangem ent was 

snob th a t  a  downwar d  movement o f th e  anim al i s  Chown i n  an  /



/ a n  upward n o rm »xxt o f  th e  t r a c in g  pen* The a ttachm ent 

o f  th e  d o l l  was on i t s  a n te r io r  l a t e r a l  a r e a ,  so th e  

flnx inm  downward movement l a  recorded* I t  l a  d i f f i c u l t  

t o  compare th e  kymograph t r a c in g s  o f  d ig g in g  noremande In  

X* p u lla w tra  and In  S o len  (P rea n k e l, 1927) • fo p  the l a t t e r  

wae h e ld  In  a clamp and w o rtle a l movements o f th e  fo o t  

ro o a rd e d *

- I n  th e  t r e e in g  Pl»3t|> f ig *  3# w i l l  be not lead  

a  a l ig h t  d ip  o f  th e  pen lo o t p r io r  t o  th e  long upstroke* 

T h is l a  In te rp re te d  aa  a a l ig h t  r e la x a t io n  o f th e  adducto r 

m uscles, a llow ing  th e  v a lv e s  t o  gape s l ig h t ly  and in  th la  

dagr lo o sen in g  th e  aand around th e  sh e lls*  Then fo llow s 

th e  sharp  upsweep o f  th e  pen showing th e  downward movement 

o f  th e  "nose* o f th e  anim al {Moweaaent d ) f (P l* 3 0 , f ig .a ) *

The "nose" Tory ra p id ly  t i p s  up age In  a llow ing  th e  pen t o  

drop* T hla upward movement slows down in  i t s  l a t e r  stages*  

and th e  beg inning  o f th e  nex t sequence may he under way 

b e fo re  th e  anim al has come to  peat* ae shown by th e  h o riso n -  

t a l  l i n e s  In  th e  f i r s t  few sequences o f  P I*3k* f ig * 3* One

w e r t lc a l  sweep o f th e  pen up and down* p lu s  th e  fo llow ing  

h & rlso n ta l l in e *  c o n s t i tu te s  a sequence* T h is  t e r n  l a  

analogous t o  th e  "G rabetufe" of F rsen k e l (1927)* T h e  

I n i t i a l  p robing  o f  th e  fo o t he te rra s , "G ra b e e h rlt t" , and 

a  nusber o f « G rab eeh rittw form  a "OrSbatufe*" I n  tu rn*  

a  nunhar o f  T orabstu fe9 form a "Grdbperiode* * which 

presumably ends when th e  animal reaches th e  re q u ire d  d e p th



«*

In  th e  d o n e r ip tio n  o f  IfovesM ixt €  is  m e n tio n e d  

th e  s tre a m  o f  v o te r  t lio t  is  fo rc e d  o u t o f  a n  a n te r io r  

s e p a ra tio n  o f th e  p c H ia l c u r ta in s *  The v a lv e  c lo s u re  

re s p o n s ib le  f o r  t h la  la  n o t re p re s e n te d  cm th e  tr e e in g  

b ecau se  i t  a p p e a rs  to  be o o in e ld e n t w ith  th e  downw ard  move­

ment* o f  th e  *n o s e w,  en d  ae  c lo s u re  o f  th e  v a lv e s  w o u ld  

r e s u lt  in  a n  upw ard m ovem ent o f th e  p e n * th e  tw o  m ovem ents 

a re  no  doubt in c o rp o ra te d * The p u rp o se  o f t h la  c u rre n t  

h a s  b e e n  in te r p r e te d , f i r s t  b y  B rew  (1906) f o r  K u a la  

q ir a e tu a « and  la t e r  h r  J o rd a n  (1915) f o r  M a e tra  in f la t e -  

P ra e n fc e l (1927) f o r  th e  s o le x x id a e , and  S t o ll  ( 1937, 1930) 

f o r  s a v o rs ! la m e llib ra n e h s ,  as  e a r r in g  to  lo o s e n  th e  sand  

in  f r o n t  o f th e  a n im a l to  a llo w  e a s ie r  p e n e tra tio n *  

C e r ta in ly  in  X *  r a lla n t r e  th e  je t  la  p o w e r fu l,fo r  a  

c o n s id e ra b le  d is tu rb a n c e  ie  c re a te d  in  th e  oaad  eve n  w hen  

th e  a n im a l is  a t  some d e p th * T h e re  a p p e a rs  to  be no good  

re a s o n  to  do u b t th e  in te r p r e ta t io n  o f th e  above a u th o rs *

An a n a ly s is  o f  s i r  Kymograph reco rd in g s o f  d igg ing
I.

m ovem ents, g iv e n  in  T a b le  shows th a t  once d ig g in g  h as  

b e g u n , th e  a v e ra g e  tim e  fear each  sequence is  2 *4 2  m in u te s * 

T h e  a v e rs e * xswxher o f  e o n s e o u liv s  seq uences is  17# and th e  

n aa n  e x te n t o f  th e  i n i t i a l  downward m ovem ent is  1 *8  a n *

T h e e f fe c t iv e  dow nw ard m ovement is  a p p re c ia b ly  le a e th s a  t h is  

due to  th e  l i f t  o f th e  a n te r io r  en d  in  th e  second phase o f  

th e  B equenoe, b u t th e  e x te n t is  v a r ia b le  d ep en d in g  on th e  

type o f s u b e tre tu rn *

H o rizo n ta l More-ant./
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7*

When 7* p o l la s t r a  l a  f i r s t  p laced  in  an  

aquarium to a h  w ith  s u i ta b le  substratum # tb s  f i r s t  r e s e t  I s a  

I s  t o  burrow  which i t  does rap id ly *  D uring th e  f i r s t  

p e r io d  o f  darkness* however# many o f th e  sm a lle r  a a in s ls  

r e tu r n  to  th e  su rfa ce  and move about considerab ly*  a s  

shown by th e  long  furrow s out on th e  s u r f  see  o f  th e  sand* 

Whether th e re  i s  aa  a c tu a l  * darkness1 o f fo o t i s  deb a tab le  

f o r  th e  anim als m y  h e re  re tu rn e d  to  th e  su rfa c e  l a  any 

t n a t f  b u t t h i s  p o in t was no t in v e s tig a ted *  The t r a v e l  

nsvemaot i s  seeoiapllslKed by th e  sane sequence used l a  

digging# except th a t  th e  I n i t i a l  d ip  o f th e  a n te r io r  e a t  

i s  a o t  s c  ex tensive*  I f  the  san d  i s  very lo o se  ©any o f  

th e  la r g e r  anim als have d i f f i c u l t y  in  o b ta in in g  th e  i n i t i a l  

anshorage f o r  the a n te r io r  end o f  th e  sh e ll*  That la* 

once th e  *aose* o f th e  clam  i s  buried*  th e  r a th e r  f la t t e n e d  

Im o le  re g io n  forme a p re ssu re  p la te#  and the  w eight o f  th e  

sand on i t  h o ld s  I t  s te e d ?  a s  th e  p o s te r io r  end i s  p o lle d  

deem* I f  th e  i n i t i a l  anchorage i s  no t ob ta ined  th e  animal 
w il l  p lough along th e  su rfa c e  f o r  some d is ta n c e  b efo re  th e  

”aoee” g a t s  a g rip*

I t  h£* been shown th a t  th e  d igging movements 

c o n s is t  o f s t r i c t  and u n d e rle tin g  sequence o f  movements* 

which involve f in e  ^rodhrcm isat ion  o f  th e  adducto r muscles* 

th e  r e t r a c to r  s a is d e s  end th e  m uscles o f  th e  foo t*  The 

r o le  o f  th e  b lood system  in  c o n tr ib u tin g  t o  th e  p e d a l/



§»

/p e d a l  a c t i v i t i m  has 1101 been  in v es tig a ted #  Drew (*»90d) 

««& 9 V N 8 M  (?927) have shewn th a t  th e  b lood  a s s i s t s  l a  

pedal movements, b a t  th a  l a t t e r  au th o r has shown th a t  

b lood  p re ssu re  p lay s  only  a minor r o le  in  <tong>aris«a to  

th e  o& soulatare in  inducing changes i n  the f o r a  o f the 

fo o t#  S u m te r ,  in  £» m l l a s t r a * th e re  l a  not th e  ra p id  

had ex te n s iv e  changes anoh as  occurs In  S o len . and the 

ex ten s io n  o f  th e  t i p  and h e e l o f th e  fo o t forma an anchor, 

r a th e r  th a n  th e  ex c lu siv e  s m i l in g  o f  th e  t i p  a s  In  a o len .

fh e  s tim u la tio n  which oaueee burrowing has no t 

bean  determ ined , o th e r  th a n  th a t  i t  occurs whenever th e  

anim al i s  burled#  \ A lso , s h a t i s  the  s tim u lu s which 

se n ses  th e  anim al t o  s to p  burrowing? F raenkel b e lie v e s  

i t  l a  n e t necessary  to  assume a nervous in h ib i t io n ,  b u t 

th a t  th e  c e s s a tio n  o f d ig g in g  movements occurs a s  a r e s u l t  

o f f a t ig u e ,  bu t t h i s  i s  h a rd ly  l ik e ly  w ith  p o l la s t r a . 

which w i l l  burrow re p e a te d ly , though th e  p e rio d  o f  s h e ll  

c lo su re  m used  by the removal from the sand may serve  f o r  

recupera tion*  However, th e  amount o f  m uscular a c t iv i ty  

in  th e  two sp e c ie s  I s  h a rd ly  com parable, no r i s  th e  tim e 

re q u ire d  f o r  burrowing# P raenkel (1927) found th a t  Solan 

o r ie n ta te s  I t s e l f  in  a d ir e c t io n  which corresponds approx­

im ate ly  t o  th e  d ire c tio n  o f th e  r e s u l ta n t  o f  th e  c e n tr i fu g a l  

fo rc e  and th e  fo rce  o f g rav ity *  X* raftl& etra may be found 

o r ie n ta te d  in  n a tu re  in  n e a rly  every conceivable manner#/



f*

f ile  same a p p l ie s  t  e  t h e i r  o r ie n ta t io n  in  an  aquarium  w ith  

a  homogeneous substra tum  such a s  sand* Uo experim ents 

w ith  c e n t r i f u g a l  f t n t  war© tr ia d *

S tic x a s t io n s  o f  th e  siphons and auntie  i n j *  

ra illa a trf t in v a ria b ly  cause s h e l l  c losu re*  S im ila r  a t i a a l a -  

ttc m  I n  B olen . accord ing  to  Ifreankel (1927) » n early  always 

I n i t i a t e s  d igg ing  movements* and he do t ©mined h y  s l ln ia a ~  

t l s n  experiment® th a t  th e  v is c e r a l  ganglion  p lay s  an  

la g ttr ta n t r a l e  in  th e  re le a se  of d igg ing  movements* h a t  

th e  o s r s h ra l  gang lion  was a s c e r ta in e d  to  ho th e  a c tu a l 

nerve  c e n tre  f o r  th e  movements* with th e  d i f f e r e n t  o f f s e t  

o f  m antle an&i sip h o n s! s t lm o la t ie n , i t  so m a  ho in te r e s t in g  

t s  la w e s tlg r t*  nervous c o n tro l o f th e  movements i n  2*

aa l la a tg a .
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F ig u re  -f*

F ig u re  2*

F igu re  3*

F ig u re

F ig u re  5

F ig u re  6

ZI&JlA*
of

Larva ju s t  out, the  s t r a ig h t  hinge stage* 
168 u* x ti*h w*

Larva* E a r ly  un&o* 20k u» x  180 u*

Larva ju s t  b e fo re  m etam orphosis 260 u* x  22(0

In te r n a l  view  of r ig h t  v a lv e  o f a  v e l ig e r  
Showing th e  h inge a rea  and te e th *
250 u* x 238 u*

Hinge aresjaf r ig h t  v a lv e  o f  la rv a*  227 
x 209 u* I n te r n a l  view*

Hinge a re a  o f l e f t  v a lv e  of la rv a*  227 a* 
x  20F m* I n te r n a l  view*



PLATE I



SifaifeSSL.is*

F igure 7* Photomicrograph o f com plete v e l ig e r  from  
the l e f t  s id e . Length 2i*0 u .

F igure 8* Photomicr ograph of th e  ex tern a l view  o f
hoth  v a lv e s  o f  a v e l ig e r ,  225 u . in  
len g th . Prod* 1 i s  the l ig h t  wnrlnged 
area in s id e  the h inge and usfco.

Figure 9 . Photomicrograph of th e in tern a l view  o f
hinge area of the r ig h t va lve o f  a v e lig e r *  
showing th e  hinge t e e th  and ligam en t, x i|0u«

Figure 10. Photomicrograph of the ex tern a l view  o f  th e  
l e f t  va lve o f a spat 0.% ms. long  by 0*35 
high*

Figure 11. Photomicrograph o f th e  ex te rn a l view  o f the 
rl^fct va lve of a spat 0*3 am. in  len g th . 
Vote th e  d iffe ren ce  In  d en sity  between 
Prod. 11 and th e  dlseoconeh*
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F I G . 7 FIG.  8

FIG.  9

F I G . IO FIG.  II



P la te  3 .

Map showing L it t le  Cunibrae Island  and G reat CuBlbrae 
I s i  and, with some of th e landmarks and Stations  
mentioned in  the te x t . The 10 and 20 fathom depth 
contours are shown.

i s m s *

A -  Location of spat sampling stations*
B -  Keppel P ier.
C -  Shore pumping Station  on Keppel Point* 
T> -  Plankton Station  o ff  Keppel P ier , 

August 2 6 th -2 8 th , 19h7.
£ -  Approximate location  o f the Lion Bock* 
P -  Sampling Station  for V ertical S er ie s , 

August 22nd, 19U7*
Or -  Hunt erst on Perch.
8  -  Location of Cross Houses Beach*
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m s u U b
Graph shot/lng th e  season a l v a r ia t io n  in  th e m nhe? a t 
larvae a s shown by prop easgiles from Keppel P ie r  an t  
Keppel P o in t during the breeding season  a t 1W?*
The mean wea&ly tem peratures a t the surface a t  Keppel 
P ie r , ana th e  t id a l  s e r ie s  Tor th e  p er io d , are  shown# 
The tem perature data was su p p lied  by the «*
and th e  T id a l data i s  from  th e  Adm iralty T ide T a llie s , 
I9h7*
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Graph showing th e  number of la rv a e  in  jraarp sam ples o f 
2 cu b ic  m e tre s , tak en  a t  v a rio u s  dep th s down t o  kO 
m e tre s , from  a S ta t io n  in  F a i r l i e  C hannel, August 22a&* 
19^7* D ata from  T able 2*.
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P la te  6»

Graph showing th e  number o f  la rv a e  p e r  2 cu b ic  m etre#  
o f  pumped w a te r  from  th e  K eppel P o in t Shore S ta t i o n ,  
lL th -1 6 th  A u g u st, 19^?. The period®  of d a rk n ess  and 
th e  r i s e  and f a l l  o f th e  t i d e  a re  shown* B a ta  from  
T ab le  3 .
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Graph showing th e nurrfoer o f la r v a e  from 2 cUbic m etres 
o f pumped w ater from a S ta t io n  o f f  Keppel P ie r  in  
F a ir l i e  C hannel, August 26th~28th , 19h7* In  a d d itio n  
are shown th e  r i s e  and f a l l  o f th e  t id e  and th e  p eriods  
o f darkness* The broken l in e  rep resen ts  th e  12  metre 
sam ples, and th e s o l id  l in e  the su rface samples* Bata 
from Table k*
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Eiau udk .

Graph showing th e nuriber o f la rv a e  per 2 cub ic metre* 
o f  pumped w ater from the Keppel P oint S ta t io n ,
August 29th  to  Septeidber 6 th , 19^7» $he period* « t  
darkness, and th e  r i s e  and f a l l  o f th e  t i d e ,  are  
shown. Bata from Table 5#
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to,.I,?.
a . a . -  a n ter io r  adductor muscle# 
a . p. -  a p ica l p la te*  
b*g* -  fcyssal gland*
1>.gr# -  b y ssa l groove.
c .g*  •  cerebral ganglion*
d.d* -  d ig e s t iv e  d iv e r t ie u la .
f  • •  fo o t  •
g . s .  ~ g a s tr ic  sh ield*
i.g *  -  inner g i l l .
i . l .  -  in t e s t in a l  loop*
k .s*  -  c r y s ta ll in e  s t y le  sao*
mo* -  month*
oes* -  oesophagus*
o*f* -  oral f la p .
p .a* -  p o ster io r  adductor muscle*
p*g* -  pedal ganglion .
r .  -  rectum*
a* -  stomach*
s t .  -  s ta to c y s t .
U . -  URfcO.
v.g*  -  V iscera l ganglion , 
v .l*  -  lobe o f  velum*

Figure 1h* Semi^diagraranatic recon stru ction  o f  a 
f u l l  grown larva from sectio n s#  whole 
mounts and from th e  l iv in g  anim als, x  hOO*
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P l a t e  1 0 .

. &<ar t o  l e t t e r i n g .

a .a .  -  a n ter io r  adductor muscle*
a*g* -  a p ic a l groove*
a*p* -  a p ic a l p la te ,
e .g .  -  cereb ra l gan g lion .
e .p .  -  mantle epithelium *
f .  -  f o o t .
i . g .  -  inner g i l l .
m .1. -  muscular lobe o f th e mantle*
o e s . -  oesophagus.
p. e .  * periostracum .
p .g . -  pedal gan g lion .
p . l .  -  secre to ry  lobe of the mantle*
p .r .  -  p o ste r io r  re tra c to r  muscles*
r .  * rectum.
s t .  -  s ta to c y s t .
s t . l .  -  s ta to l ith *
v .e*  -  v e la r  c i l i a .
v .g*  -  v is c e r a l  ganglion .
v . l .  -  v e la r  lo b e .
v .r .m . -  v e la r  re tr a c to r  muscles*

Figure 15* Frontal s e c t io n  of a larva  to  show the  
re la t io n sh ip  between th e  various organs 
x I4OO.

F igure 16. S l ig h t ly  oblique cr o ss  s e c t io n  of s  la rv a  
t o  show the r e la t io n sh ip  o f  the variou s  
organs x  300.
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Figure

Figure

Figure

Figure

Figure

Pla&LOl*

Key to  l e t t e r in g *

a .a*  - a n ter io r  adductor m uscle.
a .p . a p ic a l p la te  area .
a * r . a n ter io r  re tr a c to r  m uscle.
c .p .  g . - cereh ro -p leu ra l g a n g lio n .
e .g . cereb ra l gan g lion .
d .d . d ig e s t iv e  d iv e r t ic u la .
e • p. mantle ep ith eliu m .
g . 1^* - la r v a l g i l l  f ila m e n ts .
i .g * inner g i l l *
J.nup. - mouth -  palp  Junction area
l .p *  * lower p a lp .
m*e. mantle edge.
rao. mouth*
o e s . oesophagus*
oes* ep*- oesophagea e p i the lim a.
p .a . p o ster io r  adductor m uscle•
u*p. upper p a lp .

17. S a g it ta l  s e c t io n  through the r ig h t s id e  of
a larva showing the g i l l  fila m en ts  x  tyf5+

18* S a g it ta l  se c t io n  through an 0*35 Hsn* spat*
to  show th e  deeply s ta in in g  m ultin ueleate  
t is s u e  of th e  a p ica l p la te  area in  r e la t io n  
t o  the cerebra l ga n g lio n , month and a n ter io r  
adductor muscle* x 1000*

19. S a g it ta l  s e c t io n  through the mouth reg ion  
of a 1 .0  ma. sp a t, to  show th e  low er palp  
and i t s  r e la t io n sh ip  to  the mouth region  
x 600 .

20* S a g it ta l  sect i  on through th e  month reg io n  o f
a 1*0 b i z i* sp a t, t o  show the d iv is io n ,a n d  
the attachment between, th e  lower palp and 
the l i p  o f  the mouth* x 600.

21 . S a g itta l s e c t io n  throu^i th e  month reg ion  
of a 1 .0  am* spat t  o show the upper palp  
and month and the proxim ity of the g i l l s  
x 500.
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F igure

Figure

Figure

Figure

P i s t e  12 .

t o  l a t t e r ^ n i r .

a .r . — a n ter io r  r e tr a c to r  m useles.
c .p .g . • cereh ro -p leu ra l g a n g lio n .
c . t r . — c i l ia t e d  t r a c t .
d .d . • d ig e s t iv e  d iv e r t ic u la .
e*p . - mantle ep ith e liu m .
i»S* — inner g i l l .
l .p * • low er palp .
m .c. — mucus c e l l s .
m .e. am m antle edge.
mo. - mouth.
o e s . - oesophagus.
u .p . - upper p a lp .
v.m . v is c e r a l  mass.

22 . F rontal s e c t io n  through the mouth re g io n  
o f  an 0 .3 5  sm* sp a t, showing the mouth 
and th e  upper p a lp s, x 320.

23 . Cross s e c t io n  throu$* th e  mouth reg io n  o f  
an O.U mm. sp a t, t o  show the lower palps  
x 300.

2!t. Cross s e c t io n  through the mouth reg ion  o f  
an O.h s b u  s p a t , to  show the upper palps  
x 300.

25* Brewing o f a whole mount o f  the upper and 
lower p a lp s o f  a 1 .0  mm. sp a t. The view  
given  i s  f r o n ta l ,  look in g  d ir e c t ly  in to  
the mouth, x  UOO.
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P la t e  1 3 .

l e y  t o  le t t e r in g .

c . - c i l ia *
e«p* mm mantle ep ithelium .
m»l* m . muscular lobe of mantle*
m .s. - muscle strand*
n. - nerve*
p .e . • periostracum .
P*-l* - secretory  lobe o f  mantle*
p » l.su • p a l l ia l  l in e  rmiscl es .
p .r,nu p a l l i a l  r e tr a c to r  m uscles
She - sh e ll*
B .l . mm sensory lob e o f mantle*

Figure 26. Cross s e c t io n  of th e  mantle edge o f  a 
larva to  show th e  two m antle lob es  
present a t  t h i s  times x 1500*

Figure 27* Cross se c t io n  o f  the mantle edge o f a 
1*2 ran* sp a t, to  show th e th ree  mantle 

lob e8 and the siphone1 re tra c to r  
m uscles, z  4t50«
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Figure

Figure

Figure

Figure

Key to  the l e t t e r in g *

i . g . — inner g i l l .
m. - m antle.
®» e * - mantle edge.
m.f . mantle fu s io n .
m*l. muscular lohe o f m antle.
m.8. — muscle strand .
p .a . - p o ster io r  adductor m uscle.
P*e. • periostracum .
p*l* - secretory  loh e o f m antle.
p.r*m. - p a l l i a l  re tra cto r  m uscles.
s . s . mm siphonal septum.
s i . t . - siphonal t e n ta c le s .

28. Frontal s e c t io n  of an O.J* mm. lon g  spat*  
to  show the form ation of th e siphons 1 
t e n ta c le s .  S e c tio n  i s  through the mid- 
l in e .  x  700.

29. Drawing of a whole mount o f  the r ig h t  
p o ster io r  v en tra l mantle reg io n , t o  
show the form ation o f  the siphonal 
te n ta c le s  and the g i l l s ,  from a spat
0 .3 0  mm. x  1*00.

30. In tern a l view  o f a whole mount o f  the  
r ig h t p o ster io r  mantle edge of a spat
0 .7 5  nm. in  le n g th , to  show th e  siphonal 
t e n ta c le s .  S tained  w ith  methylene 
h lu e . x  250.

31* F ron ta l se c t io n  a t an 0 .3  sp a t, to  
show th e  fu s io n  o f  th e mantle x 350*
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Figure

Figure

Figure

Elals-15‘
tor.,ta i t f te r tM r

a* *. anus.
e*P* m antle ep ith e liu m . .
e . s i* — exh alen t siphon*
f* foot*
i . g . * inner g i l l .
sue* - m antle  edge«
m»s* — m uscle stran d s.
m% t  • - m antle  th ick en in g .
p»a, p o ste r io r  adductor m uscle
p*e* «• periostracum .
p .l.n u — p a l l ia l  l in e  m uscles.
r* * rectum.
B .l* 9 secre to ry  lohe o f  m antle.
a s . - sip h on a l septum*
8*t« <* sensory t e n ta c le s .
s i .  t . — siphonal t e n ta c le s .
v .g . v is c e r a l  gan glion .

32. F ron ta l s e c t io n  of an 0*35 sp et a t  
the approximate le v e l  o f the anus, to  
show th e  siphonal ten ta c le s*  the  
exhalent siphon and the siphonal 
re tra cto r  m uscles x  hOO.

33* Frontal s e c t io n  of an 0 .^ 5 *an*. sp a t , cut 
at th e  approximate le v e l  of the mouth, t o  
show the exhalent siphon x 300.

3k* Braving o f a whole momt o f the p o ste r io r  
region  o f  a 1*0 o b i .  lon g  sp a t, to  show th e  
ftiihonal septum and the siphonal t e n ta c le s .  
Stained w ith methylene t i n s  x  170.
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P la te  16 *

Key t o  l e t t e r in g .

c . - c i l i a .
d« d. d ig e s t iv e  d iv e r t ic u la .
a .  d . d . — duct o f  d ig e s t iv e  d iv e r t ic u la
e .p . — m antle ep ith e liu m .
f . — f o o t .
i . g . - inner g i l l .
i . g . o . o r ig in  of inner g i l l .
k . kidney*
k . s . mm c r y s t a l l in e  s t y le  sac*
m. - mantle*
m .e. - mantle edge.
s u l . — muscular lobe*
m. t  * - th ick en in g  o f m antle.
0 3 . - osphradium.
o e s . oesophagus.
p .e . - periostraeum .
P*l* secre to ry  lo b e .
P * r. — p o ste r io r  re tr a c to r  m uscles.
r . - rectum.
s . - s t cmach.
V .g . - v is c e r a l  ganglion .

F igure 35* F rontal s e c t io n  through the p o ster io r  re g io n  
of an  O.l* swu sp a t, showing the g i l l  o r ig in  
z  UOOe

F igure 3 6 • Frontal s e e t io n  through the p o ster io r  dorsal
reg ion  of a 1 .0  nan. long sp a t , t o  show th e  
sp e c ia lis e d  ep itheliu m  which i s  described  
as the osphradium x  I4.5 0 .

F ig u re  37* Frontal s e c t io n  th ro u g h  a 1 .0  ora. long  s p a t ,  
t o  show th e  r e la t io n s h ip  between th e  g i l l s ,  
m antle and s ip h o n a l r e t r a c t o r  m uscles z  50 .

F ig u re  38* F ro n ta l  s e c tio n , th ro u g h  an 0 .3 5  »«• long  
s p a t ,  to  show th e  d u c ts  o f th e  d ig e s t  i r e  
d iv e r t i c u la  le a d in g  in to  th e  stomach z  200
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Figure

Figure

Figure

Figure

Figure

P la te  17.

Key to  the l e t t e r in g *

au. — a u r ic le .
a .v .o . - a tr io -v e n tr ic u la r  opening.
d .d . - d ig e s t iv e  d iv e r t ic u la .
d.p* — dorsal pericardium .
e .  p. — mantle eiifchelium.
h . — h ea rt.
h»m. — heart m uscle.
in t . — in te n s t in e .
ky. - kidney.
i . g . - inner g i l l .
m. — m antle.
P. - pericardium .
p. a . - p o ste r io r  adductor m uscle.
p .r . - p o s te r io r  r e tr a c to r  muscle
r . - rectum.
r .p . - ren o -p er ica rd ia l d uct.
V. — v e n tr ic a l .
F.g* - v is c e r a l  ganglion*
V.p* - v en tra l pericardium .

39. Diagrammatic recon stru ction  o f th e  kidney  
of an 0 .5  nuw long spat# The fig u re  on 
th e  l e f t  i s  in  fr o n ta l v iew , and the dotted
l in e  marks the o u tlin e  of th e  lumen.
Figure 39k* i s  a cro ss  se c tio n  at point A.
F igure 39B. i s  a cross se c tio n  at point
B. x 900.

UO. F rontal s e c t io n  o f the p o ster io r  dorsal 
region  o f an 0 .5  mm. spat showing the  
h e a r t , kidney and pericardium  x 1000.

L atera l view of a recon stru cted  h a lf  kidney  
o f  a 1 .0  Eta. long sp a t. D otted l in e  in d i­
c a te s  the ren o -p er ica rd ia l duct. Top of  
the diagram i s  d orsa l and th e  l e f t  i s  
a n ter io r  x IjOO.

42# Frontal v iew  of a reconstructed  r ig h t h a lf
o f a kidney in  a spat 1 .0  mm. in  length  xhOO.

k3 • S a g it ta l  se c tio n  through the p o ster io r  dorsal
region  o f a 1*0 mm. long sp a t, to  show the  
h ea rt, kidney and pericardium x 600.

Figure hit* Frontal se c t io n  through the p o ster io r  dorsal 
region  o f an 0 .3 5  mm. long  sp a t, t o  ^iow the 
heart x  350.
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Km l A q. . t l* v .lg fc tv g l iM fr  

a . -  anas.
a .a .  -  a n te r io r  adductor m uscle, 
c .p g .-  cereb ro -p leu ra l gan g lion ,
f .  -  f o o t ,
i . g .  -  inner g i l l .
1 . -  ligam en t.
m. -  m antle.
o e s . -  oesophagus.
p .a . -  p o ster io r  adductor m uscle.
p .r .  -  p o s te r io r  r e tr a c to r  m uscle.
r .  -  rectum.
u .p . -  upper p a lp .

F igure k5* Braving o f a whole amount o f  a  
1 .0  mm. spat from the r ig h t  
s id e  x  100*
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E M sJfi.
Key to  th e  l e t t e r i n g *

a .  a . a n ter io r  adductor m uscle.
a .h . - anal hush.
a . r . - a n te r io r  r e tr a c to r  m uscle.
fc .g . fcyssal g land .
fc .gr . - fcyssal groove.
e .g r . — c i l ia t e d  groove.
d .d . — d ig e s t iv e  d iv e r t ic u la .
f . - f o o t .
g . s . g a s tr ic  s h ie ld .
g . - gonad.
h . — h ea rt.
i . g . - inner g i l l .
in t . • in t e s t in e .
k . s . - c r y s t a l l in e  s t y le  sa c .
m. - m antle.
m .c. — mucous c e l l s .
QUO. - mouth*
o e s . - oesophagus.
p . a . — p o ster io r  adduetor m uscle.
p .g . — pedal gangl io n .
P*r. • p o ste r io r  r e tr a c to r  muscle*
p .c . pericardium .
8 . — stomach.
S t . mm s ta to c y s t .
v .g . — V isc e r a l ganglion .

F ig u re  46 . S a g i t t a l  s e c t io n  th ro u g h  th e  approxim ate 
m iddle o f a 1 .0  mm* s p a t ,  t o  sh o t th e  
r e la t io n s h ip  of th e  v a r io u s  organs a t  
t h i s  s ta g s  x tOO.
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P la te  20

Graph showing th e  e f f ic ie n c y  of th e  p la te s  h eld  at 
v ariou s an gles as c o l le c to r s  o f  sp a t. The broken 
l in e  rep resen ts  the ca tch  per square inch of 
t>rojected area , and th e  s o l id  l in e  rep resen ts  th e  
actu a l area exposed. The data are taken  frost 
Table 6a  and are th e  combined f ig u r e s  fo r  g la s s  and 
T ufnol.
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t m x i i -
Graph showing the nuniber o f spat on k  to sh  s q u a re  
ground g la s s  and Tufaol p i s t e s ,  hold at v a r io u s  
angles from th e perpendicadhr through 360 degrees* 
The s o lid  l in e  i s  T ufnol, and the broken se e  ground 
glass* Bata from Table 6 .
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P L A T E  22

FIG.  2



P la te  23

Figure 1* Photograjh o f th e  Cross Houses Beach,
M illp o rt, look ing  s o u th -e a s t  across th e  
month of Karnes Bay. Kote the numerous 
rocks and stones and th e  a ttac h ed  
l i t t o r ln e s .  The h ig h  r e e f  shown in  th e
upper r ig h t  a f fo rd s  considerable p ro te c t io n  
from  wave a c t io n  in  so u th e r ly  g a le s .

Figure 2 .  Photograph showing the p lank ton  pump ap p a ra tu s  
at the shore s t a t i o n  on Keppel P o in t .  The 
in ta k e  p ipe mamla g  up th e  ro ck s from th e  buoy 
nay be seem on the l e f t .  The two §  cubic
m etre m easuring ta n k s  a re  seen on th e  r i g h t ,  
w ith  th e  plankton n e t in  the o u te r  one.
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FIG. 2



m i& jik *
d raph  showing th e  d i s t r ib u t io n  of sp a t from, th e  
s p a t f a l l s  f o r  the  s o w e rs  o f  1fl*6 and 19h7* a t  
v a rio u s  t i d a l  le v e ls  in  B t l la e h  B a y * th e  s o l i d  
l in e  i s  th e  Septeniber t$M* d is t r ib u t i s m ,  and th e  
broken l in e  th a t  o f O ctober 19h7* B a ta  fro®  
T ab les 7A, IB , ?C.
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ZlS££~2Se
Graph showing th e  length~frequeacy d is tr ib u t io n s  of 
samples of spat from various t id a l  l e v e l s  in  B s llo e h  
Bay, Septeoiber The s ta t io n  numbers are merited
on e&eh curve, which has i t s  own hase l i n e ,  so the  
curves are comparative hut frequences must he 
ca lcu la ted  hy estim ation  and subtraction* Bata from  
Table 26a •
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Gr&pk growing sieaa im xgths o f  s a b l e s  o f  spat tr*m  
vt irioue 1 iclal le r o ls  at B al ioeh Bajr* Septe&fcer 19̂ *6*
Eats f rom TaBle &*
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EMS&JZ*
G raph shoeing th e  p a r c e l  age m o rta lity  o f  sp a t f r o a  
B a llo c h  Bay, a t ^aricAis lisaae , from  Septeu&er t9ty6 t© 
June 1947* Bata from Table® H ,  % , © ?D«
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Plate 28.
Graph showing th e  ra te  of removal o f  a coloured  
su sp en sion . The ord inate i s  on a s l id in g  s c a le ,  
in  order t o  accommodate s u f f ic ie n t  nu2s&er o f 
cu rv es , and rep resen ts  th e  n atu ra l logarithm  o f  
the r a t io  o f  the ” speaker*1 reading a t eny g iven  
t im e , to  th e  o r ig in a l wspeicker” read in g . Data 
are from Experiments 3 t o  ik . in c lu s iv e ,  Appendix 1*
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P la te  29.

Graph showing the pate of removal o f a coloured  
suspension# The ordinate I s  on a e l id in g  seal**  
In order to  accommodate s u f f ic ie n t  curves* and 
represents the natural logarithm  o f th e  x a t le  o f  
the *spekker,! reading at car g iven  t iia e f t o  th e  
o r ig in a l ” speaker” reading# The data are  taken  
from  Experiments 15 to  38 In c lu s iv e*  Appendix 2#
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P la ta  29k.

Graph showing th e  r a te s  o f  f i l t r a t i o n  in  Experiments 
2d to  3 1 , In which th e  suspension  medium was 
c o l lo id a l  graphite# The animal® in  Experiments 3$  
and 31 had heen fed  f o r  th ree  hour® previous t o  th e  
experiment w ith  a concentrated  rouge eo lation*
Be sc r ip t  io n  o f  the experim ent, page 9 2 .
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P la te  30*

Graph showing th e  ra te  o f f i l t r a t io n  a s  shown hy th e
r e la t iv e  changes in  concentration  ( m ^ | )  o f  a
coloured suspension w ith  time* The lower l in e  o f  
long dashes shows the p lo tted  logarithm ic ra tio s*  and 
the l in e  o f  short dashes shows a l in e  f i t t e d  hy th e  
method of Least Squares* The upper l in e  o f  long  
dashes i s  the p lo tted  logarithm ic r a t io s  o f  th e  co n tro l 
experiment which shows the ra te  o f s e t t l in g  of th e  
suspension. Late from Experiment Ho. 35* Appendix I*
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Diagram showing the apparatus used to  ob ta in  kymograph 
record in gs of the s h e l l  movements*

te g sM *
A -  Anchor block#
B -  S ea lin g  wax*
0 -  Animal.
D -  $ ir e  connecting animal to  v e r t ic a l  lever*  
EPS -  V e r t ic a l le v e r  swung at F .

0  -  B lock  supporting Hlng^F*
IJK -  U n it le v e r  com bination swung a t  g*
M -  sand*
H -  water l e v e l .
P -  w all o f aquarium .
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T rac in g  1* S h e ll  Movements !*.« 7- k&* k  h o u rs  and 50 mine* 
re c o rd in g  shown on th e  tra c in g *  Open 100$ o f 
th e  period*  Mean deg ree  o f  open-nees 73$*
A c e r t a in  rhythm  apparent*  Tem perature 
16.6  -  18 .0  degrees 0*

i
T rac in g  2* S h e ll  Movements k/5*  7. M>* 2 h o u rs  and 30 mine*

reco rd in g  shown on th e  tra c in g *  Open 100$ o f 
th e  period*  Ho d e f in i t e  rhythm  a p p a re n t. 
Tem perature 19 .0  -  20*8 deg rees 0*

i
iI
I T racing  3« S h e ll  Movements 12 /13 . 7* U&* k  ho u rs reco rd in g
| shown on th e  t r a c in g .  Open 90$ o f th e  period*

Mean degree of open-ness 90$* Rhythm no t 
; apparent* Tem perature 19*3 deg rees € •I
I -
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T ra c in g  1* S h e ll  Movements 5* 7* 4&* 3 h o u rs  re c o rd in g
shown on the tra c in g . Open 100$ o f th e period* 
Degree o f open-ness 90$* Closure a t 4-m ta*te  
in te r v a ls . Some evidence o f rhythm. 
Temperature 18*5 -  2 0 .4  degrees C.

JjfiSiSfiL2* S h e ll Movements 5* 7* 46* 3 hours recording
shown on the tr a c in g . Open 100$ o f the p eriod . 
Mean degree o f open-ness 75$. Mo d e f in ite  
rhythm. Temperature 1 6 .6  -  18 .0  degrees C.

Tracing 3* S h e ll Movements 12. 7* 46 . 2 hours and 25 m ins.
recording shown on the tr a c in g . Open 100$ ©f 
the period . Mean degree o f open-ness 80$. 
D e fin ite  rhythm* A lternate a c t iv i ty  as shown 
and in a c t iv ity  at hourly in te r v a ls .
Temperature 18.0  degrees C.

Tracing 4 . S h e ll Movements 4/5« 7 . 46. 2 hours and 30 mine.
recording shown on the tra c in g . C losed s h e l l s  
fo r  sev era l short in te r v a ls . Rhythm ev id en t. 
Temperature 19 .0  -  22 .0  degrees 6 .



PLATE 33



P la te  34

Tracing 1 . S h e ll Movements 10. 7* 46. 3 hours and 25 mine.
rebording shown on the tr a c in g . Open 100$ o f  
the period . Rhythm not d e f in i t e .
Temperature 19*5 -  2 1 .5  degrees C.

Tracing 2. S h e ll Movements 10. 7 . 46* 3 hours and 25 mine.
recording shown on the tr a c in g . Open 100$ o f  
the period . Mean degree of open-ness 85$* 
Some in d ica tio n  o f a rhythm. Temperature 
20.3 -  21.3 degrees C*

Tracing 3 .  D igging Movements, s o f t  sand. Muniber o f
^  b *  V*t£fc<CiV%consecutive sequences i s  1 8 , and th e  mean time 

between each sequence i s  2 .0  m inutes. The 
mean extent o f the downward movement (upward 
moveaient of the kymograph pen) in  the f i r s t  
phase i s  2 .3  mm. w ith a maximum o f 4*0  ran.
Mean e f f e c t iv e  ( f in a l  r e su lt)  downward movement 
fox each sequence i s  1 .3  mm. Mote the s l i ^ i t  
dip before the upstroke o f the pen. Movement 
from l e f t  to  r ig h t .



P L A T E  34



Tracing 1 .

T rac in g  2.

Tracing 3 .

T racing

T racing  5
wr

Spawning Movements 11. 7 . 47* Temperature 2f 
degrees C. Spawning by t h is  fem ale began at a 
point X at 19*32 hours and continued s te a d ily  
u n t il  21,33 hours. One hour o f  recording i s  
shown on the tracing*

Not s ig n if ic a n t  in  r e la t io n  to  spawning* 
Ordinary s h e l l  movements.

Spawning Movements 8 , 7* 47* began spawning 
14.20 hours. Harnessed to  th e  kymograph a f te r  
severa l d i f f i c u l t i e s  by 14*38 and resta r ted  
spawning at 14*40 hours. There was considerable  
pedal a c t iv i t y  but no a sso c ia ted  s h e l l  movement 
as can he seen from th e  tra c in g . S h e ll c losure  
by stim u la tion  was carried  out at 14*44 hours,
8 minutes of recording i s  shown on th e  tra c in g . 
Temperature 18 degrees C.

Spawning Movements 12. 7- 47* Female spawned 
between 2 2 .1 0  and 22.25 hour8 .  One hour and 
20 minutes i s  shown on th e  tr a c in g , 0 .1  n .  
0 .8  min. Temperature 16.1 degrees C,

Spawning Movement 9 . 7- 47* Female began 
spawning vigorously  at 18.52 hours. F ir s t  peak 
th ereafter  caused by a stim ulated s h e l l  c lo su re . 
One hour of recording i s  shown on the tra c in g . 
Temperature 16*0 degrees C,
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Figure 1*

Figure 2*

Figure 3*

Figure h*

P la te  56»

Phot omierograph of a gonad section  of a 
hermajjhrodite, October 21 s t ,  19kl*  
Residual ova are seen among the f o l l i c l e  
c e l l s  in  the female section  ( le f t )*  
Heidenhain* 7 a . x 5W*

Photomicrograph of developing female, 
August 20th, A considerable
number of residual ova are l e f t 2 The 
ovocytes and f o l l i c l e  c e l ls  ere seen 
against the a lveo li walls* Heidenhdiru 
7 u. x 5U0.

Photomicrograph of a gonad section  of a 
ripe female, June 23rd, 19M>* The 
large ova are seen, some free in the 
lumen and some s t i l l  attached to  the 
f o l l i c l e  wall* Heidenhain* ? u .  x  1200*

Photomicrograph of a gonad section o f a 
ripe female, June 23rd, 19M>* Young 
ovocytes are seen on the f o l l i c le  va ils*  
Heidenhain* 7 u. x 5h0*
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Figure 1*

Figure 2*

Figure 3*

Figure 4*

Photomicrograph of a gonad section  of a 
spawned out female, July 26th , 1947*
A few residual ova are seen, and some of 
the f o l l i c l e  w alls appear to  he broken 
down* Heidenhain. ? u ,  x 540*

Photomicrograph of a gonad section  of a 
spawned out female, July 26th, 1947*
A few residual ova may he seen. 
Heidenhain* 7 u* x 1200*

Photomicrograph of a recuperating female, 
September 21st, 1947* The f o l l i c le  e e lla  
and a few young ovocytes are seen* The 
residual ova are s t i l l  present*
Heidenhain* 7 u* x 1200*

'Photomicrograph of a gonad section  of a 
recuperating female, November 23rd, 1946* 
The lumens are f i l le d  with f o l l i c l e  c e l ls  
and numerous ovogonia are seen on the 
f o l l i c le  w alls. Several residual ova 
are seen* Heidenhain. 7 u* x  540*
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Figure 1.

Figure 2*

Figure 3*

Figure 4

P la te  38*

Photomicrograph of a gonad section  o f a 
male, Oct otoer 1947* Shows the columnar 
arrangement of the sex c e l l s ,  with the 
primary gonia along the f o l l i c l e  w a ll, 
and the sperms and spermatids in the lumen* 
Heidenhain* 7 u* x 540*

Photomicrograph of a gonad section  of 
recovering male showing a typ ica l 
"pattern” formation, October 2 1st, 1^47* 
The sex c e l ls  appear to  he arranged around 
the periphery of the f o l l i c l e  ce lls*  
Heidenhain. 7 u. x 300*

Photomicrograph of a gonad section  of a 
male, June 23rd, 1946* The lumina of 
the f o l l i c l e s  are nearly f u l l  of sperms. 
A few developing gonia may he seen along 
the outside edge of the f o l l i c l e .  
Heidenhain. 7 u. x 540.

Photomicrograph of a gonad section  of a 
male, May 25th, 1946* The spermatogonia 
and spermatocytes are scattered loosely  
throughout the lumina of the fo l l ic le s *
A small nucleus of spermatids and sperms 
may he seen in  the upper right. 
Heidenhain* 7 u. x 540*
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Figure 1*

Figure 2.

Figure 3.

Figure 4*

B l a t e 39.

Photomicrograph of gonad section of spawned 
out and recuperating male, September 18th,
1946. Note the f o l l i c l e  c e l l s  andthe th in  
walls of the tubules. Heidenhain. 7 u. 
thick x 1200.

Photomicrograph of gonad section  of a male 
almost completely spawned out, August l e t ,
1947. The few sperms are ly ing in the 
centre of the tubule. Heidenhain. 7 u. x 
2160.

Photon&crograph of a gonad section  of a 
spawned out male, August 1 s t , 1947* A few 
sperms s t i l l  l i e  along the w alls of the 
f o l l i c l e .  Heidenhain 7 u. x 1200.

Photomicrograph of a gonad section  of a 
spawned out male, August 1 s t ,  1947. Note 
the strands of muscle outside the f o l l i c l e  
wall on the righ t. Heidenhain. 7 w. x 1200.
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P l a t e  hO*

A ser ies of photographs of spat of various s iz e s  from 
Balloch Bay. The s iz e s  are given below in the same 
re la tiv e  positions* The le f t  hand ser ie s  do not show 
a winter rin g , as i t  has not yet heen formed, hut w ill  
he in  the position marked R1* These were taken 
September 3rd, 19U6* The right hand ser ie s  were taken 
June 2nd, t9U7> and the winter rings (Rt) are shown* 
Note the prodissoconch (Prod*) on the small spat in  the  
l e f t  hand com er.

S iz e s  o f spat in  mm.

1*63
3.18

1.36

1.75 
3.70

1.75
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P la te  h i .

Photographs of spat of the brood year 192*6 from Balloch  
Bay, the s izes  of which are given below in  the same 
re la tive  position  as they appear in  the p la te . The 
l e f t  hand pair, taken June 2nd 192+7, show the winter 
ring (R1). R2 shows the position  of the second ring 
which, of course, has not yet been formed. The right 
hand pair were taken September 3rd 19M>, and the 
winter ring (R1) is  S t i l l  in the process of being formed.

Sizes of spat in  am.

6.82

5.2*6

5*52

2+.35
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P la te  hZ.

Graph showing a length-frequen cy d is tr ib u tio n  «T a  
Jtm e, 19^6 random sample from th e  C row  Houses Beach 
Bata taken from Table 1TM*
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ZMiSwSkl#
Graph showing th e len g th  increscent gained by the ra r io u s  
age (R ing nuafcer) group*, marked and p lanted  an a beach  
on Horth Cuabrae, fo r  the period  Septeafcer 1 7 th , t e  
October 20th» 19h7* Bata taken from T able Id*
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Plato lik.

Photographo shoving the winter rings on adults.
There i s  an indication o f  a disturbance ring at 
the location  of the injury to  the lower photograph* 
otherwise the rings appear to  he true winter rings*
The upper animal Is in  i t s  seventh year, and the lover  
one in  i t s  f i f t h .
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P la te  lt5.

Photographs of adulte from the Cross Houses Beach. 
The upper photograph eh owe the mark of an abrasion 
caused by the fr ic t io n  against a rock* The 
abrasion has penetrated to the nacreous layer*

The lower photograph shows the d istortion  that may 
be, and quite often ie ,  caused by the cramped 
p osition , typical of the Cross Houses Beach habitat*
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P l a t g h f i .

Graph shoving th e  len gth -on -age (B ing naafeer) growth 
curve • Bata taken from Table 19.
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P la te  h i.

Graph showing th e  le n g th -f  re quency d is tr ib u tio n  o f a l l  
the rin g  len gth  measurements fo r  th e  O ctober random 
sample o f a d u lts  from the Cross Houses Beach* The 
data i s  taken from th e  i n i t i a l  r in g  measurements and 
t h is  inform ation i s  not g iven  as such in  any o f th e  
Tables*
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Graph shoving th e mean monthly increm ent o f  a l l  s ix e s  
fo r  the p eriod  A p ril t o  3eptss£»er» 1W7* The data  
ie  taken from Table 21* The broken l in e  i s  th e mean 
weekly tem perature over th e period*
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za&i&je*
Graph showing th e h e ik h t-len g th  ( unbroken lin e )  and 
the thickness*-!ength l in e )  r a t io s  o f warioaa
s iz e s  o f a d u lts from th e Cross B osses Beach 19M>+
The data i s  taken from T able 23* and th e  l in e s  are  
drawn as theybest f i t  by in sp ectio n  only* The d ote  
represent the p lo tted  data*
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P late SO.

Dlagranm etle rep resen ta t ion of the  digging Movements 
ae described In th e  tex t*  *XX# and TYTf are  
v e r t le a l  and h o rizon ta l l in e s  of reference*



P L A T E  5 0


