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ABSTRj\CT

P o s t- la rv a l  development in  the  two su b -c la sse s  

o f the B iv a lv ia , the P ro tobranch ia  and the  L am ellib ranch ia , d i f f e r s  

so markedly th a t  i t  was necessary  to  deal w ith each s e p a ra te ly . A 

d e sc r ip tio n  i s  given of p o s t- la rv a e  o f th re e  sp ec ies  o f N ucula. 

belonging to  the protobranch Family N uculidae, ranging  in  len g th  from 

160 p , w ith t e s t  newly shed, to  650 p , w ith both c te n id ia  and pa lps 

w ell developed, Tiiis p o s t- la rv a l  phase p e r s i s t s  a t  l e a s t  a year and 

c o n tra s ts  w ith the sh o rt la r v a l  phase of 60 hours recorded  by Drew 

(1899 b and 1901) fo r  Nucula proxima. The p o s t- la rv a l  feed ing  

mechanisms are of p a r t ic u la r  in te r e s t  since  they d i f f e r  r a d ic a l ly  

from th a t  of the a d u lt .

Feeding a c t iv i t i e s  begin in  p o s t- la rv a e  

approxim ately 170 p  long and are executed by the fo o t which, extended 

beyond the s h e l l ,  waves to  and f ro ,  the c i l i a  e n c irc lin g  i t s  so le  

w afting  p a r t ic le s  in to  the  m antle c a v ity  and onto the pedal w a lls ,

A curious fe a tu re , lo ca te d  on the in n e r m antle su rfa ce , i s  an arc o f 

c i l i a  whose b ea t may help  to  draw in  p a r t i c le s  and c e r ta in ly  throws 

them onto the proxim al w all o f the fo o t where adora i c i l i a r y  t r a c t s  

c a rry  them to  the mouth. In  p o s t- la rv a e  exceeding 200 p the  a c t iv i ty  

of the p a l l i a i  c i l i a t e d  arc wanes as the c te n id ia  and pa lp s develop,

I 'i th  two filam en ts  in  each in n e r demibranch the 

c i l i a r y  feeding mechanism begins to  resem ble th a t  o f la m e llib ra n c h s , 

P a r t ic le s  e n te r  the m antle c av ity  in  the r e s p ira to ry  w ater c u rre n t 

produced by the c te n id ia ,  c o l le c t  on i t s  su rfa ce , and proceed to  the 

filam en t t ip s  and along the underly ing  adorai pedal t r a c t .  Below th is
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ado ra i tr f ic t  the fo o t develops an a n ta g o n is tic  c i l i a r y  t r a c t  carry ing  

re je c te d  p a r t i c l e s  ou t of the mantle c a v ity . The palp  lam ellae  o f 

p o s t- la rv a e  $00 ji long  e s ta b l is h  a fu n c tio n a l co n tac t w ith  the f i r s t  

f ilam en t of the in n e r demibranch and p a r t i c l e s  t r a v e l  d i r e c t ly  from 

one to the other* This type o f feeding con tinues u n t i l  the p o s t- la rv a  

i s  650 p long when the  palp  proboscides probably  become fu n c tio n a l.

The p o sib le  phylogen tic  s ig n ific an c e  of the  p o s t - la rv a l  feed ing  

mechanisms i s  d iscu ssed ,

Inongst the  L am ellib ranch ia  p o s t- la rv a e  belonging 

to  f iv e  fam iles of the  Anisomyaria and twelve fa m ilie s  o f the 

E u lam ellib ronch ia  were examined. In  each of the anisom yarian 

fa m ilie s  (Anomiidae, P e c tin id ae , Limidae, O stre idae  and M ytilide.e) 

the  p o s t- la rv a l  feed ing  mechanism is  d is t in c t iv e  and in  the f i r s t  

fo u r fa m ilie s  tends to show a c e r ta in  com plexity . In  th ese  fou r 

fa m ilie s  the monomyarian cond ition  han considerab le  e f f e c t  on c te n id ia l  

development and hence on the p o s t- la rv a l  feed ing  mechanism. While 

in  the /inomiidae and P ec tin id ae  these  e f f e c ts  appear somewhat 

d isadvantageous, in  the  Limidae and O stre idae  they  are m odified by 

p ro g ressiv e  changes in  the p a tte rn  of c te n id ia l  development. 

C onsideration  of the  d iffe re n c e s  in  r a te  and sequence o f development 

rev e a ls  a common p a tte rn  o f development in  the fou r fa m ilie s . One 

c h a r a c te r is t ic  o f th i s  developmental p a t te rn  i s  the d isp o s it io n  and 

pe rio d  of a c t iv i ty  o f c e r ta in  lo c a liz e d  growth zones, the  ’embryonic 

zones’ , which provide fo r  the e longation  and r e f le c t io n  of the 

f ila m e n ts .

In  the M ytilidae the p o s t- la .rv a l feed ing  mechanism 

e x h ib its  a s im p lic ity  no t found in  o th er Anisomyaria, The basic
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p a tte rn  of c te n id ia l  development i s  a lso  d is t in c t iv e  p a r t i c u la r i ty  in  

regard  to  the lo c a tio n s  and tim es o f a c t iv i ty  of the embryonic zones.

In  c o n tra s t  to  the  Anisomyaria l i t t l e  v sT iety  was 

encountered amongst the twelve eu lam ellib ranch  fa m ilie s . The p o s t-  

la r v a l  feeding  mechanism c lo se ly  resem bled th a t  of the M ytilidae  

bu t the basic  p a tte rn  o f c te n id ia l  development was d i s t in c t  from th a t  

o f the l a t t e r .  Siphon development was examined in  the E u lam ellib ranch ia  

and found to  embody tvro p r in c ip le s  : growth from a lo c a lis e d  proxim al

zone and p ro g ress iv e  fusion  of the  m antle fo ld s .  The method o f siphon 

ex tension  and withdrawal i s  described .
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PART I

SUB-CLASS PROTOBRANCHIA



INTRODUCTION

The Nuculidae are the  most p rim itiv e  l iv in g  b iv a lv es ; 

end a nuculoid  type has long been considered to  be the an cesto r from 

which the B iva lv ia  arose (P e lseneer, 1888, 1911; S tom pell, 1698a, 1898b; 

and Odhner, 1912), In  an attem pt to  e lu c id a te  the  ev o lu tio n ary  p rocess 

which produced th is  very su ccessfu l molluscan c la s s ,  much in te r e s t  has 

cen tred  around the  study  o f protobranch morphology and b io logy  (Heath, 

1937; H irasaka , 1927; and Yonge, 1939).

Although the  f i r s t  d e sc r ip tio n  of a protobranch 

la rv a  was given in  1898 by Bernard when he fig u red  the  la rv a  o f Nucula 

nucleus (L inne), Drew (1899a, 1899b, and 1901) provided the  f i r s t  f u l l  

d e sc r ip tiv e  account o f development in  the p ro to b ran ch ia te  molluscs*

His s tu d ie s  were conducted m ainly on Y oldia lim a tu la  Say and Nucula 

delphinodonta (M ighels) but included b r ie f  comparisons o f the  yqpg 

s tag es  of both species w ith those of Nucula proxima Say, D espite the  

i n t e r e s t  stim u la ted  in  th is  fa sc in a tin g  group o f b iv a lv es hy the  work 

o f Drew and o th e rs  (S tem pell, 1898a, 1898b, 1899; and Morse, 1913>

1919), th e re  were no fu r th e r  s tu d ie s  of the developm ental stages u n t i l  

1938 when Labour repo rted  f e r t i l i z a t io n s  o f Nucula tu rq u id a  Leckenby 

and M arshall and Nucula n u c leu s . and was able to  r e a r  embryos to  f r e e -  

swimming la rv a e  of the type described  by Drew, S u lliv an  (1948) showed 

a photomicrograph o f a p o s t- la rv a l  sh e ll  o f Y oldia l im a tu la  bu t she d id  

no t encounter the la rv a e . J /rg en sen  (1946) and Rees (1952) described
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the b ivalve larvae found In the plankton tows taken in the Sound 

between the B a ltic  and K attegat, and in the North Sea resp ectively ;  

neither encountered any protobranch larvae or post-larvae in th e ir  

c o lle c t io n s , the only other information to be gleaned from the l i t 

erature co n sists  of data on the egg s iz e  and breeding seasons of  

various protobranchs reported by Thorson (1936) and Allen (1953, 1954).

Drew's work (1899a, 1899b, 1901) remains today as 

the only d eta iled  d escrip tive  account o f the embryology and p ost-larva l 

development of the protobranchs; since i t  provides the background for  

the present in v estig a tio n , a b r ief summary of h is findings w ill  help  

to c la r ify  the observations to be described below*

The three species which Drew described belong to 

two d ifferen t fam ilies o f the Protobranchia, namely: Nucula delphinodonta 

and ^  proxima of the Nuculidae, and Yoldia lim atula o f the Nuculanidae. 

The early  stages of development in delphinodonta take place while 

the larva is  retained in the parental brood-sac whereas development 

in  the other two species is  fre e . N evertheless, the process i s  r^arkably  

sim ilar in a l l  three sp ec ies . The f e r t i l iz e d  egg develops into a 

'barrel-shaped' larva con sistin g  of a tiny  embryo enclosed in an envelope 

of c il ia te d  c e l l s .  These c e l ls  co n stitu te  the t e s t  —  a structure 

homologous to the velum of other lam ellibranchs. At the c lo se  o f a 

short planktonic l i f e  the larva sheds i t s  t e s t  and drops to the bottom.

At metamorphosis the organization o f the larva i s  very simple; i t  

comprises a short d ig estiv e  tr a c t , an anterior adductor muscle, a ventral 

mass o f c e l l s  destined to become the fo o t, and the m a n tle /sh e ll.

After casting the t e s t ,  the foot slowly assumes the shape and structure  

of the adult foot by the formation o f a 'heel* p o ster io r ly , thus
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leaving an anterior portion or 'sole* which la ter  becomes bilobed. 

Ventrally the whole foot acquires c i l i a  which are long and a c t iv e .

The g i l l  anlagen do not appear immediately follow ing metamorphosis 

and th e ir  subsequent development i s  slow. The anlagen f i r s t  appear 

as posterior thickenings o f the mantle on each side; they grow to form 

blunt c il ia te d  projections and eventually each divides into two f i l a 

ments, the ventral of which continues to form new filam ents. Soon 

a fter  the foimation o f the fourth pair of inner filam ents, the outer  

filam ents develop opposite them. When the second inner filam ent i s  

present the palps begin to form as c i l ia te d  areas on the w alls o f the 

foot and body, la tera l to the mouth. The lam ellae o f the upper, then of 

the lower, palp form at about the same time as the fourth and f i f t h  

g i l l  filam ents resp ec tiv e ly . Their growth is  slow and only when the 

six th  inner filam ent has formed do the palp appendages commence to 

develop; by the time nine or ten inner filam ents are present the 

proboscides have attained th e ir  ch a ra cter istic  form.

Drew's remarks concerning the liv in g  post-larvae are 

mainly confined to the foot which develops slowly in Nucula. in contrast 

to Yoldia where burrowing begins almost immediately a fter  ca stin g . He 

postulated that the prolonged in a c tiv ity  o f delphinodonta follow ing  

metamorphosis was a ttr ib u tab le  to an a ltered  development resu ltant upon 

having been reared in a protected brood-sac; but N. proxima was found 

to be equally slu gg ish . He a lso  suggested that since the d ig estiv e  

d iverticu la  are ruptured by the sudden closure of the sh e ll  valves 

follow ing castin g , feeding i s  interrupted for a few days.

Drew emphasized the slow rate o f development 

noting that the la te  larval stages o f NA delphinodonta removed from
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the brood-sac had reached only the second g i l l  filam ent stage in a 

month* Admittedly, growth may not be optimum under laboratory condi

t io n s , but even making allowance for th is ,  i t  would be several months 

before the palp proboscides were su ff ic ie n t ly  well formed to  permit 

the post-larva to feed in the manner of the adu lt. At the same time, 

i t  i s  inconceivable that the post-larvae fa s t  for several months and 

yet grow from a length o f approximately lOOy to 400p —  an e ig h t-fo ld  

increase in volume. The question then a r ise s , "How does the young 

post-larva feed during the several months follow ing metamorphosis and 

prior to the formation o f functional palp proboscides?".

Despite the prim itive ancestral ch a ra cter istics  

attrib uted  to the protobranchs the im plications of Drew's work on 

th e ir  p osition  in the phylogenetic tree of bivalves have been largely  

overlooked. Moreover, recent work on the stomach and d ig estiv e  

d iv er ticu la  o f the Nuculidae (Owen, 1956) has suggested that these  

organs also  show ind ications of sp e c ia liz a tio n . I t  was therefore  

considered that further developmental stud ies might add more infoim ation  

to c la r ify  th is  p o s itio n .

The examination of l iv in g  specimens ranging from 

the newly metamorphosed post-larvae to the stage at which the palp 

proboscides could begin to function has demonstrated that there is  

a feeding mechanism in these young sta g es.
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MATERIALS AND METHODS 

C ollection  of Living Material

Protobranch larvae were never present in plankton 

tows; although infrequently one or two newly metamorphosed Nucula, in  

which the t e s t  had been recently shed, appeared in the surface tows, 

they were more abundant in  the deep tows taken regularly o f f  Garroch 

Head (F ig . 1, Station  l ) .  Subsequently, deep tows were made over 

areas where Nucula was known to occur (Station  2 in the Cumbrae-Bute 

Deep o f f  Kilchattan Bay, and in Loch Fyne a t  Station 4 o f f  Skat Mhor, 

Station  5 in the Tarbert Deep, and Station 6 south o f the Otter Spit 

and Loch G ilp); these yielded  up to 50 post-larvae in a 20-minute 

tow.

Despite the occurrence o f such large numbers of 

post-larvae in these tows, i t  was obvious that they were not planktonic 

stages but bottom -living forms. There was the p o s s ib i l ity  that 

some individuals might have shed th e ir  te s t s  between the time of  

capture and examination; but since older stages bec&me more abundant 

in la te r  months, the presence of the post-larvae could not be accounted 

for in th is  way. When young stages of Nucula were kept in the 

laboratory the reason for th e ir  presence in the tows soon became 

apparent. The post-larvae have a remarkably low sp e c if ic  gravity —  

being only s lig h t ly  greater than that of sea water —  and the lea s t  

disturbance of the water in the breff i t  was s u f f ic ie n t  to sw irl them 

o ff  the bottom. S im ilarly any currant passing over the bottom on 

which they had se tt le d  would l i f t  them from the surface o f the mud.



FIGURE 1

Map of the Clyde sea area showing d istr ib u tion  

of Nucula sulcata (S ), ^  tenuis C le), ^  turgida 

(Tu), and Nĵ  nucleus (N) in re la tion  to the 

sta tion s (1 to 6) at which tows or trawl hauls 

were made.
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The tows in which they were most abundant always contained a small 

quantity o f fine mud p a r tic le s , indicating that the net had passed 

c lose  enough to the bottom to disturb the su p erfic ia l layer of mud.

The extremely low density o f Nucula post-larvae  

and the ease with which they could be swirled o f f  the bottom suggested 

another method of c o lle c t io n , by which s t i l l  la ter  developmental 

stages were obtained. A sledge trawl was f it te d  with two small 

nets o f fine bolting s i lk  (6 inches in diameter at the mouth and 15 

inches long) lashed to the top o f the framework insid e the mouth.^

The traw l, lowered into the water u n til i t  was ju s t  o f f  the bottom, 

was towed at a minimum speed for 20 minutes. Soft mud f i l l e d  the 

coarse net o f the trawl but only small quantities of fine mud entered  

the small n ets. Large numbers of Nucula post-larvae were obtained in 

th is  way from hauls taken at Stations 2, 3, 4, and 6 (F ig . 1 ) .

Culture Methods

Several attempts to carry out f e r t i l iz a t io n s  of 

Nucula sulcata in the laboratory in November 1955 were unsuccessfu l. 

Since the young post-larvae o f th is  species were la te r  found to be 

most p le n tifu l in February i t  i s  unlikely that the gametes were ripe 

in November. The young stages in the tows at th is  time were id en tified  

la te r  as the post-larvae of Nĵ  turgida and te n u is .

Attempts made to rear post-larvae by feeding

^ The author is  indebted to Dr. J . Mauchline for suggesting and 

designing th is  apparatus.
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them jj-f la g e lla te s  and organic d etr itu s were un su ccessfu l. N evertheless, 

a l l  stages could be reared very e a s ily  in about 1 inch o f mud in the 

bottom o f a breff i t ,  providing the mud contained no large organisms 

which might die and foul the water. These cu ltures could be maintained 

for as long as three to four months by changing the water about 

once a month. P ost-larval stages co llec ted  in fin e  townettings could 

be kept for approximately one month in the breff i t  o f plankton. They 

appeared to feed on the d etritu s formed as the planktonic organisms 

died and sank to the bottom.

Examination of Living Material

While the transparency of the majority of 

lamellibranch larval and p ost-larva l sh e lls  greatly  fa c i l i t a t e s  

d irect observation o f liv in g  specimens, th is  was almost impossible 

with the protobranchs. Not only were observations on liv in g  m aterial 

hindered by the opacity o f the sh e ll but also by the extremely small 

s iz e  o f the younger spat. Thus, whenever p ossib le  the sh e ll valves 

were removed, with a minimum of injury to the so ft  parts, to enable 

a more accurate observation o f the in tr ica te  c il ia r y  mechanisms.

The use o f d issec tio n s means that the animals were not observed feed

ing in the noimal manner; the c il ia r y  currents o f the organs o f the 

mantle cavity have been described from d issec tio n s , and the method 

o f feeding inferred from them. This technique has been applied by 

many workers to the study of c il ia r y  currents and feeding in adult 

lam ellibranchs, and as w ill  be indicated below, can be re lied  upon 

to g ive a true in terpretation  of the feeding mechanism. Feeding
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experiments such as those employed by Owen (1955b, 1956) would be 

valuable to verify  the findings reported here, but were beyond the 

scope of th is  in v estig a tio n .

The d i f f ic u l t ie s  encountered in detecting  the 

minute d e ta ils  of the c il ia r y  tracts made i t  imperative to  examine 

large numbers of specimens. Consequently, the developmental sequence 

described here i s ,  o f n ecess ity , a composite picture emerging from 

the d e ta ils  observed in many specimens. The d irection  and d istr ib u tion  

o f c il ia r y  currents was determined by the use of a c o llo id a l carbon 

preparation, *Aquadag*. Since the d issec tio n s did not lend themselves 

to  photomicrography, drawings, on which the c il ia r y  currents could 

be marked, were prepared using squared paper in conjunction with a 

graticuled ocular.

Study of Preserved Material

A se r ie s  of representative stages of Nucula 

post-larvae were narcotized wtih propylene phenoxetol (Owen, 1955a) 

and fixed in Bouin's and Bouin-Duboscq*s flu id s  (Atkins, 1937). 

Specimens were embedded in 60 -  62Q C. Fisher Tissuemat and se r ia l  

section s cut at thicknesses o f 2 to 5 p; the th innest section s  

showed the c i l i a  to best advantage. Sections were cut in a l l  p lanes, 

but transverse and s l ig h t ly  oblique sa g it ta l section s were the most 

sa tis fa c to ry . Heidenhain's iron haematoxylin, a lcian  blue 8GSS 

(Steedman, 1950), and or§nge G in clove o i l  were used in combination 

in sta in in g .



IDENTIFICATION OF SPECIES

As methods were devised to capture more p ost

larvae i t  soon became apparent that they were not a l l  o f one type.

Two d is t in c t ly  d ifferen t forms were noted among the sm allest stages  

in which the prodissoconch alone is  present. Older post-larvae  

showed that one of these types a lso  included two sp ec ies , d istinguished  

by the character of the early dissoconch. The ch a ra cter istic  

features o f the prodissoconch and dissoconch of these three sp ec ies , 

Nucula su lcata . N. turqjda. and N  ̂ ten u is , are given in Appendix I .

SEASONAL OCCURRENCE AND FREQUENCY OF POST-LARVAE

Newly metamorphosed post-larvae of Ng_ turqjda 

and tenuis were common in the deep townettings as early as mid- 

November, but by January th e ir  numbers had dwindled considerably.

The early post-larvae were most numerous in January and February.

N. sulcata appeared f ir s t  in January, reached a peak abundance in 

February, and the early post-larva l stages were common from March to  

May.

While tows were taken regularly throughout the 

year, trawl c o llec tio n s  were made only in the months from October 

to May; post-larvae were always present in these samples.

P ost-larvae kept in the laboratory grew slow ly.

A mud sample from the North Tarbert Deep, co llec ted  on February 15 

when the sulcata were a l l  newly metamorphosed (length approximately 

165p), was examined on June 28. Thirty-one N. su lcata showed a
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mode between 240 and 250p while twenty-two ^  turqjda and tenuis 

were fa ir ly  equally d istribu ted  over the range from 185 to 41Cja.
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CILIARY CURRENTS IN THE MANTLE CAVITY 

OF THE POST-LARVA

P ost-larval development was found to be id en tica l 

in each of the three species of Nucula described in the preceding 

section* Since the rate of development in Nj, su lcata d iffered  s lig h t ly  

from that in ^  turqjda and ten u is , measurements of each p ost-  

larval stage are given separately for the former species* In every 

other respect the follow ing descrip tion  applies to each o f the three 

sp ec ies .

Synopsis of Oeveloomental Stages

The ’barrel-shaped’ larvae described so 

v iv id ly  by Drew (1899a, 1901) and reared from the fe r t i l iz e d  eggs 

of Nj, turqida and nucleus by Lebour (1938) were never encountered 

in th is  in v estig a tio n . Representative se r ie s  of sta g es, from newly 

metamorphosed post-larvae of 165p to nearly mature stages of approxi

mately 60C^, were co llec ted  and examined with particu lar regard to 

the c il ia r y  currents.

It  i s  convenient to subdivide the post-larva l 

period, between metamorphosis and m aturity, into four a rb itra r ily  

defined stages according to the feeding mechanism involved. The 

four stages are characterized by the follow ing morphological 

features t

Post-metamorohic Stage (F ig . 2)

With the exception of the complete d ig estiv e  tract there 

is  l i t t l e  structural d iffe re n tia tio n  in the newly metamorphosed



FIGURE 2

Nucula su lca ta . Post-metamorphic stage. 

Size -  0.16 X 0.11 mm.

ÜD -  d igestive  d iverticu la , F - foot, MC - mantle cavity, 
MM - mantle margin, P - prodissoconch, U - umbone.
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post-larva . Although, during the day or two passed in th is  

stage, l i t t l e  or no growth occurs, the pedal anlage becomes 

d ifferen tia ted  into a recognizable foot. Both ctenidia  

and palps are absent,

N, turqida and ^  tenuis -  The length of the prodissoconch 

averages 162p but varies between 155 and 185p.

N, sulcata - The length of the prodissoconch averages 

164jj but varies from 160 to 169jJ,

P re-cten id ia l Stage (Fig, 3)

The ctenidium i s  represented so le ly  by i t s  anlage; the 

palps by the c i l ia te d  oral area or presumptive palpal 

region. In addition to the marginal c i l i a  the mantle 

bears a c i l ia te d  arc, the p a l l ia i  arc, which extends 

from the region of the g i l l  anlage to the mouth, u is ta l ly  

the foot i s  d ifferen tia ted  into a posterior 'heel' and an 

anterior 'so le '  which la ter  becomes bilobed, the long pedal 

c i l i a  circumscribing the disc so formed. Short c i l i a  

cover the la tera l walls of the foot proximally. Although 

longer than the preceding one, th is  period i s  r e la t iv e ly  

short and growth i s  lim ited ,

N, turqjda and ^  tenuis -  The length increases from 178 

to 185ju,

N, sulcata -  The length increases from 169 to 194^,

Proto-palpal Stage

A, Upper Palpal Stage (Fig. 4 & 5)

The palps are represented by a small upper lamella and



FIGURE 3 

Nucula t e n u i s Pre-ctenidial stage.

Broken arrow indicates direction  of the metachronal wave of 

p a l l ia i  c i l ia te d  a rc . Solid arrows indicate d irection  of 

c i l ia r y  currents.

Size -  0.18 X 0,14 mm.

AA - anterior adductor muscle, DD - d igestive  d iverticu la ,
GA - g i l l  anlage, H -  heel of foot, MC -  marginal c i l i a  of  
mantle, MO -  position  of mouth, PA -  posterior adductor muscle, 
PG -  pedal ganglion, PGA - p a l l ia i  c i l ia te d  arc, S - sole  of 
foot, ST -  s ta to cy st .
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FIGURE 4

Nucula turqida. Proto-palpal stage (upper palpal) with 

p a l l ia i  c i l ia te d  arc s t i l l  present.

Long arrows indicate position  of inhalant current; short 

arrows show the d irection  of the c i l ia r y  current along the 

adorai pedal t r a c t .

Size -  0.21 X 0.16 mm.

APT -  adorai pedal tra c t ,  C - ctenidium, COR -  circum- 
oral region, PCA -  p a l l ia i  c i l ia te d  arc.
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FIGURE 5

Nucula turqida. ^roto-palpal stage (upper palpai) with 

p a l l ia i  c i l ia te d  arc no longer present*

Single so lid  arrows indicate d irection  of c i l ia r y  Currents; 

double-line arrows indicate position  and direction of 

c il ia ry  current along the pedal rejection  tra c t .

Size -  0.28 x 0.23 mm.

APT -  adorai pedal tra c t ,  P - prodissoconch, PRI -  pedal 
rejection tra c t ,  UPL * upper palp lamella.
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an underlying c i l ia te d  area, the precursor of the lower 

palp. Although the p a l l ia i  c i l ia te d  arc p e r s is ts  in the 

early stages with two g i l l  filaments i t  i s  not evident in 

la ter  stages. The ctenidia have been d ifferen tia ted  and 

exhib it from two to six inner, and up to f ive  outer 

filaments; they are functional and bear the fu l l  complement 

of c i l i a .  Adjacent antagonistic c i l ia r y  currents traverse  

the foot diagonally from the posterior d is ta l  portion 

to the mouth and palps. During th is  period the post-larva  

feeds ac tiv e ly  and exhib its  a marked growth.

N. turqida and ^  tenuis -  The length increases from 185 

to SOOji.

N. sulcata -  The length increases from 194 to 50C)j .

B. Lower Palpal Stage (Fig. 6}

The c i l ia te d  area underlying the upper palp becomes 

d ifferen tia ted  into the lower palp and d irec t  contact i s  

established between the palps and the f i r s t  c ten id ia l  

filament. This filament is  proportionately longer than 

the others and i t s  t ip  l i e s  between the two palps; In 

other respects th is  stage is  similar to A.

N» turqida and ^  tenuis -  The length increases from 

approximately 500 to 600p.

Proboscidean Stage (Fig. 8)

The palp proboscides, developing from the outer t ip  of the 

upper palp lame-11 a , elongate rapidly. When they are of 

su f f ic ie n t  length to be functional the post-larva may be



FIGURE 6

Nucula te n u is# Proto-palpal stage (lower palpai)# Arrows 

as before#

Size -  0 ,56 x 0#49 mm»

AAC - axia l adorai current, APT -  adorai pedal tra c t ,  
rC -  frontal current of cten id ia l filaments, LPL -  lower 
palp lam ella, MO -  position  of mouth, PRT -  pedal rejection  
tract, IC -  position  and direction of current of terminal 
c i l ia  of c ten id ia l  filaments, UPL -  upper palp lamella, 'Y*G 
'Y^-shaped groove of upper palp lamella.



sO

CL
=)



-  14 -

said to be fu l ly  developed; only further growth of the 

organs now formed i s  necessary for maturity.

N. turqida and tenuis -  The length increases from 

approximately 600 to 650|j.

Ciliary Currents of the Mantle Cavity

The development of c i l ia r y  tracts in the mantle 

cavity w i l l  be considered separately for each organ with reference 

to the four developmental stages.

The post-metamorphic stages were remarkably 

lacking in any v is ib le  structure. At f i r s t  they appeared opaque, 

the cavity between the sh e ll  valves being f i l l e d  by a loose mass of 

apparently unorganized c e l l s .  Not un til  they had disappeared was 

any internal structure perceived. Unfortunately, post-larvae with 

such dispersed c e l l s  were not fixed and consequently neither the 

origin  nor fate o f these c e l l s  was determined.

A. The Foot

I n i t ia l ly  the only apparent structure in the 

postmetamorphic stage i s  a small outgrowth protruding ventr&lly 

into the mantle cavity from the dorsal body mass. As th is  protuberance 

enlarges and becomes recognizable as the foot, i t  acquires a sparse 

covering of c i l i a .  These c i l i a  become more concentrated in the 

ventral and anterior regions and were seen beating weakly within the 

shell (Fig. 2, F).

In the pre-ctenidial stage, the foot continues

to elongate and long c i l i a  (8 - 10p)'^make th e ir  appearance on
* Lengths o f  c i l i a  were a l l  measured from s e r ia l  s e c t io n s  and are  th u s  

o n ly  approxim ate.
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the b o le ' ,  e sp ec ia lly  anteriorly^ the beat of these c i l i a  i s  strong 

and directed preximally# On i t s  la ter a l  walls the foot i s  clothed  

with short f ine c i l i a  (F ig . 4 , APT), which create an adorai current; 

the l im its  of the adorai pedal tract were exceedingly d i f f i c u l t  to 

define, both in l iv in g  material and in section s. The trac t  appears 

to be dorsal to the p a l l ia i  c i l ia te d  arc (Fig. 3 & 4 , PCA) which is  

located on the mantle overlying the foot. In a few specimens a 

dorsal current was noted along the posterior margin of the foot.

The la tera l c i l i a  of the foot assume a greater  

prominence in the proto-palpal stage, two separate tracts  now being 

readily distinguishable (F ig. 5 ) .  The f i r s t ,  already present in the 

pre-cten id ia l stage, i s  the adorai pedal tract (Fig. 5, APT). These 

short c i l i a  are now restr icted  to a more d e f in i te ,  somewhat triangular  

area on the proximal portion of the foot. The dorsal margin of th is  

area l i e s  along the l in e  of junction between the foot and mantle; 

the posterior l im it  extends almost to the posterior margin of the 

foot. The third side of the triangle  forms a diagonal l in e  across 

the foot, beginning at a point a l i t t l e  dorsal to the heel and 

terminating near the mouth. Anteriorly where the foot jo in s  the 

body wall, the tract broadens to form the ventral portion of the 

circum-oral region (Fig. 4, C«OR). The tract is  covered posteriorly  

by the developing ctenidium; the ends of the filaments over lie  most 

of the triangular area, but leave a band of c i l i a  uncovered at th e ir  

free ends. This band runs along the diagonal margin of the adorai 

c i l ia te d  area.

A second tract o f moderately coarse c i l i a  (6 -  8p)
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l i e s  adjacent te the diagonal margin of the adorai pedal tract;  i t  

traverses the foot from a position ju st  ventral to the meuth to a 

point dorsal t^ the h ee l.  This tra c t ,  which w il l  be referred to as 

the pedal rejection  tract (Fig. 5, PRT), exhibits an aboral current. 

Thus the la tera l walls of the foot bear two adjacent, antagonistic  

c i l ia r y  currents* the pedal rejection tract —  current aboral 

and the adorai pedal tra c t .

B. The mantle

Early in the post-metamorphic stage, probably 

shortly a fter  the t e s t  i s  shed, the mantle acquires c i l i a  along i t s  

inner margin (Fig. 3, MC). These c i l i a  were prominent in a l l  sectioned  

material, even in the smallest stages of approximately 18Cy. They 

appear to be evenly d istributed along the entire  margin of the mantle, 

are long (8 -  lOp), and beat out of the mantle cavtiliy,

In the pre-cten id ia l stage a second tract of  

c i l i a ,  the p a l l ia i  c i l ia te d  arc, makes i t s  appearance (F ig . 3 & 4,

PCA). This peculiar structure occurs on e ith er  side of the mantle, 

overlying the ventral l im it  of the adorai pedal tract;  i t  or ig inates  

posteriorly  at the g i l l  anlage and curving antero-dorsally over the 

foot terminates near the mouth. The c i l i a  comprising the p a l l ia i  

arc are long (8 - 10^) and th e ir  beat i s  dorsal, or

centripetal along the radii of the arc. The extreme delicacy of th is  

structure i s  demonstrated in sectioned material where i t  i s  seen 

that the arc consists  o f a single  row of c i l ia te d  c e l l s  ( ft^. u, - pca); 

i t  i s  doubtful whether i t s  presence would have been detected were 

i t  not for i t s  most d is t in c t iv e  character ist ic  —  the strong
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la ec p lec t ic  metachronal wave. The p a l l ia i  c i l ia te d  arc was observed 

in l iv in g  specimens up to 21 long; in older individuals the opacity  

of the sh e l l  occluded i t  from view, but i t  was noted in sections of  

specimens up to 250|i.

In d issec tion s of larger specimens, where the 

sh e l l  was removed to f a c i l i t a t e  observations, the mantle was almost 

invariably destroyed. However, in one specimen of ^  tenuis at the 

proto-palpal stage, 555^ x 487]j the mantle adhered

c lose ly  to one sh e ll  valve, having been torn neatly across i t s  

junction with the body wall (Fig. 7 ) .  The margin of the mantle 

lay in i t s  normal position  s t i l l  attached by the p a l l ia i  muscles to 

the s h e l l .  In the in tact animal the mantle i s  stretched t ig h t ly  

between the sh ell  margin and i t s  l in e  of coalescence with the body 

wall; removal of the sh e l l  inevitably destroys th is  relationsh ip .

Hence the portion of the mantle between the two adductors was strongly  

contracted ven tra lly . Small iso lated  groups of c i l i a  with a weak 

beat were distributed over the contracted area of the mantle ( f i g .  7, 

IGC). Their arrangement was such that i f  the mantle were stretched  

to occupy i t s  normal p os itio n , the c i l i a  would l i e  in the region of  

the p a l l ia i  arc of younger specimens. In addition to these iso la ted  

patches of c i l i a ,  other groups of c i l i a  with a very strong beat 

directed out of the mantle cavity were located below the adductor 

muscles (Fig. 7, PRC & ARC). While those ventral to the posterior  

adductor were more prominent, both groups of c i l i a  could be seen 

beating even in the in tact animal; they were readily demonstrated in 

sectioned m aterial.



FIGURE 7

Nucula te n u is . Internal view of l e f t  valve of specimen in 

Fig. 6 with l e f t  mantle adhering to s h e l l .

Arrows indicate d irection  of c i l ia r y  current.

Size -  0 .56 x 0.49 mm.

AAS -  anterior adductor muscle scar, ARC -  anterior rejection  
c i l i a ,  IGC - iso la ted  groups of c i l i a ,  possibly representing 
remnants of the p a l l ia i  c i l ia t e d  arc, MJB - position  of mantle 
junction with body, MIvl -  mantle margin, PAS -  posterior  
adductor muscle scar, PRC -  posterior  rejection  c i l i a .
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Cf The Ctenidia

I n i t ia l ly  in the proto-palpal stage the f i r s t  two 

filaments are short and stubby, the upper one barely extending 

forward over the foot (Fig. 4, C);the so le  representatives o f  the g i l l  

c i l i a  are the la ter a l  c i l i a .  Due to their  restricted  numbers and 

lim ited d istr ibu tion  these c i l i a  produce a weak and rather in e ffec tu a l  

inhalent current.

During the upper palpal stage the two primary 

filaments increase in length and diverge from one another d i s ta l ly  

to form a the f i r s t ,  projecting s l ig h t ly  dorsally , the second a

l i t t l e  ven tra lly . As the filaments of both ctenidia nmw extend over 

the sides of the foot, the ir  free ends project la te r a l ly ,  so that 

the two ctenidia also diverge from one another d i s t a l l y .  Meanwhile, 

the filaments have acquired their  fu l l  complement of c i l i a  —  

both eu -la tero-fronta ls  and frontals are present —  while the 

la tera l c i l i a  are now su ff ic ien t ly  numerous to create a moderately 

strong current.

Throughout the proto-palpal stage the development 

of the ctenidium proceeds by the addition of more filaments by the 

cleavage of the posterior one. When three inner filaments are 

present, the formation of the outer demibranch begins with the 

appearance of two short prejections along the c ten id ia l  axis exactly  

opposite the second and third filaments; there i s  never an outer  

filament formed opposite the f i r s t .  Subsequently, new filaments are 

added to both demibranchs simultaneously. The filaments o f the outer  

dwibrench extend jaost e xo-di>rsally from the a x is ,  at the same time
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projecting a l i t t l e  la te r a l ly  into the mantle cavity to form an

obtuse angle with the filaments of the inner demibranch.

The frontal currents on a l l  filaments are

directed towards the ventral surface or the ends of the inner

filam ents, where a current across the t ip s  of the inner filaments

carries p artic les  from the t ip  of one filament to that o f the adjacent

anterior one. Along the c ten id ia l axis there i s  a weak adorai current
alorvsdb

but that on the frontal surfaces of the filaments is^continuous 

across the axis from the outer to the inner demibranch and th is

current i s  much stronger than the axia l one ( f i g ,  6 ) .

D. The Labial Palos

Formation of the palps does not commence u n t i l  

the proto-palpal stage of post-larval development, but prior to th is  

the presumptive palpal regions, comprising the portions of the foot 

and body wall adjacent to the mouth, have become c i l i a t e d .  The

d istr ib u tion  of these circum-oral c i l i a  (F ig . 4 ,  C#OR) i s  continuous
adorai

with the^pedal c i l ia r y  tra cts;  the beat over the entire  area is  

adorai. Despite the continuity of these areas, th e ir  c i l i a  are 

e a s i ly  distinguishable in sections; those of the circum-oral area 

are decidedly longer (5 -  6ji) and hence more conspicuous. The c i l i a

of the adorai pedal tract are sparsely d istributed and short (2 -  3p)
4  T,

(Fig. a ,  AP@).

Development of the palps is  slow; th e ir  various 

parts ar is ing  su ccessive ly , not simultaneously. The f i r s t  palpal 

component to appear i s  the upper lamella which ar ises  as a *U*-shaped 

ridge projecting ventra lly , as a small hood, to enclose the mouth
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anteriorly  and la te r a lly  (F ig .5, UPL). The c i l ia t e d  epithelium,

now restr ic ted  to the inner surface of the ridge, l i e s  in apposition

to the underlying c i l ia te d  area of the foot; both are derivatives of

the circum-oral region.

As the palp lamellae enlarge they assume a

triangular shape, two edges of which are free , while the third is

broadly attached to the body wall dorsally  (F ig . 6, UPL). One of

these free edges forms the posterior l im it  of the lamella, while the

antero-ventral edge i s  continuous anteriorly  with i t s  counterpart of

the opposite palp lam ella . From a point midway along the posterior

edge, a depression or groove traverses the inner surface of the

lamella to meet a sim ilar depression, ar is ing  near the midpoint of

the antero-ventral edge, to form the *V  o f a 'Y*-shaped groove;

the stem of the leads anteriorly  and medially to the mouth 
9

(F ig . A ) . Along the posterior arm and stem of the *Y* the c i l ia r y

stroke i s  adorai, but in the ventral arm i t  i s  toward the free

antero-ventral edge and hence aboral. Likewise, the beat ) f  the c i l i a  

on the remainder of the lamella i s  directed aborally , or across the 

current in the adorai groove, and i s  such that p a r t ic le s  tend to

converge in the ventral arm of the *Ŷ  groove whence they travel
antero-

rapidly to the free^ventral edge. The margin of the la t te r  exh ib its  

a strong posterior current leading to the apex of the palp lam ella, 

except for a short region anteriorly  where the current i s  reversed.

The *Y*-shaped groove was shallow in sectioned  

material and not nearly as prominent as in l iv in g  specimens. The 

c i l i a  over the inner surface of the upper palp lamella were evenly



FIGURE 8

N. tenuis

Proboscidean Stage. Ventral view of right palps showing 

c i l ia r y  currents of upper and lower palp lamellae, 

palp pouch, and palp proboscis*

From specimen 0.66 mm. in length.

AG -  adorai tract along groove of lower lamella#
AP -  adorai current along groove of proboscis;
GU -  groove of upper palp exhibiting adorai current; 
LL -  lower lamella; 0 -  oesophagus; PC -  palp pouch; 
PP -  palp proboscis; RL -  ridges of lower lamella;
HI - rejection  tract along margin of upper lamella; 
RÜ -  ridge of upper lamella bearing rejection  tr a c t .

FIGURE 9

N. tenuis

Proto-palpal stage (lower palpal). Detail of oral area 

showing c i l ia r y  tracts  of l e f t  upper palp lam ella. Note 

intimate relationship  between palps and f i r s t  filament 

of ctenidium.

From specimen 0.53 mm. in length.

AA -  anterior adductor muscle; ARC - anterior rejection  
current of mantle; FC - frontal current of f i r s t  
c ten id ia l  filament; LP -  lower palp lamella; MO -  mouth;
R -  ridge of upper palp; R'Y* -  rejection  arm of *Y*- 
shaped groove; RI -  rejection  tract along antero-ventral 
edge of palp leading to pedal rejection  tract; UP -  Upper 
palp lamella; *Y*A and 'Y'S - adorai currents along arm 
and stem of ’Y*-shaped groove of upper palp.
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distributed and from 8 to 9y in length; while those on the underlying 

surface of the foot were short, 5 to In each instance they

merged with the longer c i l i a  of the oesophagus, 12p in the antero-  

dorsal, and 6 to Sjj in the postero-ventral region.

As the post-larva approaches a length of 50(^ 

slower palpal stage) the presumptive lower palp, the pedal circum-oral 

region, commences i t s  d ifferen tia t io n  into a palp lamella; the 

c i l ia te d  epithelium is  incorporated into the outer surface of the 

lamella. The lower palp is  of the same shape as the upper but i s  

l i t t l e  smaller, except where i t  extends beyond the posterior l im it  

of the la t t e r .  P irect contact i s  now established between the 

ctenidia and the palps as the t ip  of the f i r s t  filament comes to l i e  

between the posterior edges of the palp lamellae (Fig. tjj.

At th is  stage of post-larval development the 

11 iTt 11': LI f.TO ~g f~ c i l ia r y  currents of the palp lamellae are id en tica l

to those on the palps of eulamellibranch pnst-Iarvae. aFfe=a eomparablo 

Stage. The protobranch palp lamellae c lo se ly  resemble in shape, 

structure, and function those of a typical eulamellibranch. &  

fllibrmuh,- nunh w;; inlyL11 i s ..
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FEEDING MECHANISMS IN THE POST-LARVA

From the description of the c i l ia r y  currents, 

and th e ir  development and d istr ibution  on the organs within the 

mantle cav ity , the integration of these currents can now be considered.

Post-nnetamorphic Stage

The newly metamorphosed post-larva i s  in active .

Only when i t  has reached the stage represented in Figure 3 are the 

f i r s t  sluggish movements of the foot observed; these could not be 

construed as related to feeding.

Pre-ctenjdial Stage

The f i r s t  movements of the spat are executed 

by the foot; in term ittently , i t  i s  protruded beyond the sh e l l  valves 

and waved gently back and forth before being withdrawn. Although 

such movements might be interpreted as indicative  of locomotion, the 

young post-larva l i e s  on i t s  side and was never observed to make 

any attempt to right i t s e l f  and burrow into the substratum.

While the foot i s  extended the long c i l i a  on i t s  

sole are continually active; th e ir  beat is  strong and directed  

proximally. As the foot waves back and forth small p a r t ic le s  are 

caught by the long pedal c i l i a  and thrown up onto the sides of the 

foot. Frequently, when the sh e ll  valves gape but the foot remains 

withdrawn in the mantle cav ity , the a c t iv ity  of the long pedal 

c i l i a  creates a moderately strong inhalant current. At such times
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p artic les  may be drawn into the mantle cavity even without the extrusion  

of the foot.

Once the sole of the foot has become bilobed, 

i t  acts even more e f f i c ie n t ly  in food c o lle c t io n .  The la tera l lobes 

are continually extended and then approximated as the foot is  waved 

back and forth; th is  action , in conjunction with the beating of the 

long pedal c i l i a ,  i s  very e f fe c t iv e  in transferring p a r t ic le s  to 

the walls of the foot.

P a rtic les  thrown onto the sides of the foot,  

or wafted into the mantle cav ity , by the action of the long pedal 

c i l i a  are directed onto the adorai pedal tract  by the c i l i a  of the 

p a l l ia i  arc. The dorsal beat of these c i l i a  serves in two capacities:  

f i r s t ,  to draw p artic les  further dorsally , and second, to prevent 

p a rtic les  from leaving the adorai pedal tract while in tra n s it  to the 

mouth.

Occasionally, p a r tic le s  may be carried dorsally  

along the posterior wall of the foot, then posteriorly  below the 

posterior adductor muscle, and ventrally  along the margin of the foot 

or carried out o f the mantle cav ity . This posterior pedal current 

could serve as a rejection  tra c t ,  some p a r t ic le s  being diverted  

posteriorly  while the remainder travel across the base of the foot 

toward the mouth. Certainly, th is  i s  the only indication  of a 

sorting mechanism, there being none in the oral region. The pedal 

rejection  tra c t ,  adjacent and antagonistic to the adorai tra c t ,  i s  

not present at th is  stage. Nevertheless, the small s iz e  o f  the post

larva means that the c i l i a  of the mantle are probably adequate to
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remove excess p artic les  from the mantle cav ity .

Proto-palpal Stage

A. Upper Palpal Stage

At an early stage in the development of the 

ctenidium, the la tera l  c i l i a  of the two short g i l l  filaments contribute  

to the inhalant current produced by the pedal c i l i a ;  but as these  

filaments elongate and the la tera l c i l i a  increase in number, they 

-gradually take over the production of the inhalant current. When 

the f i r s t  two filaments are well developed, the long pedal c i l i a  

become l e s s  active  in food co llec t io n  and the movements o f the foot 

are largely  restr ic ted  to locomotion. I n i t ia l l y ,  the main portion 

of the inhalant current enters the mantle cavity antero-ventrally , 

but as the ctenid ia  develop the current is  sh ifted  posteriorly  since  

the large foo t ,  when withdrawn, now blocks the anterior entrance.

P artic les  entering the inhalant stream are drawn 

to the posterior region of the mantle cavity by the la tera l c i l i a .

The foot and ctenidioa combine to partition  the mantle cavity; the 

ctenid ia  are s t i l l  attached to the mantle along the axis while the 

t ip s  of the filaments touch the la tera l walls of the foo t. Thus, 

p a rtic les  e ith er  f a l l  onto the surface of the foot or ctenid ia» .  

P artic les  impinging on the frontal surface of the filam ents, or 

caught by the eu -la tero-fronta l c i l i a  and thrown onto the frontal 

surface, trave l to the t ip s  of the filaments where terminal c i l i a  

direct them antero-dorsally (Fig. 6, TC)• Due to the contact 

maintained between the free ends of the filaments and the foot,
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p artic les  carried by the terminal c i l i a  are also  influenced by the 

c i l i a  o f  the adorai pedal tract and travel anteriorly along th is  

tract together with the p artic les  which f a l l  d irec t ly  onto the 

surface of the foo t. In the oral region the p a rtic les  pass between 

the inner surface o f  the upper lamella of the palps and the pedal 

circum-oral c i l i a ;  sorting on the lamella causes rejection  of the 

larger p artic les  and only the smaller ones enter the mouth. Rejected 

p artic les  are quickly removed by the longer c i l i a  of the pedal 

rejection  tract to a point ju st  dorsal to the heel of the foot, where 

they are transferred to the mantle to be ejected from the mantle 

cavity by the marginal p a l l ia i  c i l i a .

As the complexity of the ctenidia increases from the 

simple two filament stage, they assume a more important rôle in food 

c o lle c t io n .  Their area is  greatly increased by the addition of more 

filaments to the inner demibranchs and la ter  by the formation of the 

outer demibranchs; more p artic les  now impinge on the surface of the 

ctenidia  and fewer on the foot. Over the whole ctenidium the frontal 

currents are directed to the free ends of the inner filaments IFig,

6 ) .  Despite the weak adorai axial current, p ar t ic les  are carried 

across the axis by the much stronger frontal current which is  

continuous except for a short interruption in the ax ia l region, from 

the filaments of the outer demibranch to those of the inner. Due 

to the angle between the outer and inner demibranchs the axis l i e s  

in a groove; small p ar tic les  probably f a l l  into th is  groove and are 

carried adorally by the axia l current. Along the ventral margin o f  

the inner demibranch, where the filaments now l i e  c lose  to one
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another, p a rtic les  are frequently passed by the terminal c i l i a  from 

the t ip  of one filament to that of the adjacent anterior filament. 

Thus, p ar tic les  may be carried anteriorly without resorting to the 

adorai pedal tr a c t .  Nevertheless, the la t te r  i s  retained and 

continues to function, although in a more lim ited capacity, u n t i l  

the palp proboscides are well developed.

Simultaneously, both the complexity and s ize  of 

the upper palp lamella has increased; the 'Y' groove i s  present and 

the posterior margin of the lamella l i e s  in c lose  proximity to the 

t ip  of the f i r s t  filament, i f  not in contact with i t .  Transference 

of p artic les  i s  now made d irectly  from the end of the f i r s t  filament 

to the posterior edge of the palp lamella where sorting occurs. 

Smaller p artic les  pass along the groove d irec t ly  to the mouth, while 

the larger ones are carried across the lamella into the ventral
aniero-

groove where they are directed to the^ventral edge of the lamella and 

f a l l  onto the pedal rejection  tr a c t .  A few p a r tic le s  reach the 

anterior end of the ventral edge of the palp lamella and travel 

anteriorly onto the mantle below the anterior adductor muscle; here 

they are ejected to the exterior  by the strong p a l l ia i  c i l i a  (Fig.

7, arc) .

B. Lower Palpal Stage

The f i r s t  g i l l  filament now l i e s  with i t s  t ip  

inserted between the lamellae of the palps and p a r t ic le s  are carried 

d irec t ly  from the ctenidium to the palps. In other respects the 

c i l ia r y  currents and feeding mechanism remain unchanged.
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Proboscidean Stage

Observations of the funct ioning of the palp 

proboscides during t h e i r  development were impossible since they 

could only be made when the sh e l l  valves were removed and under 

these  condit ions do not funct ion in food c o l l e c t io n .  I t  was only 

poss ib le  to note the c i l i a r y  cu rren ts  (Fig. 8 ) which are  id e n t i c a l  

to those in the a d u l t .  Throughout the development of the palp 

proboscides the pedal t r a c t s  remained; t h e i r  c i l i a  were a c t iv e  in  

t r an sp o r t in g  p a r t i c l e s  to and from the palps in excised specimens, 

even when the proboscides had reached f u l l  development.
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discussion

Growth Rate

The peaks observed in the  abundance of newly 

metamorphosed post- larvae,  in November and December fo r  ^  tu rq ida  

and ^  tenu is  and in February for su lc a ta ,  coincide with the  breed

ing seasons l i s t e d  by Lebour (1938) for  Plymouth and Allen (1954) for  

Mil lport  (Table l ) .  These well-defined peaks ind ica te  a f a i r l y  

l imited  spawning period for  each species;  the only species of Nucula 

believed to have e i t h e r  an extended spawning period ,  o r  to spawn 

twice year ly ,  i s  ^  nucleus (Lebour, 1938; Allen,  1954).

Since newly metamorphosed p os t - l a rv a e  f i r s t  

appear in November, the presence of p o s t - la rv ae  in October trawl 

co l lec t io n s  i s  in d ic a t iv e  of a slow ra te  of development. Measurements 

of spat from a mud sample co l lec ted  in the North Tarbert  Deep in
end.

February and kept in the laboratory  u n t i l  the m - i of  June showed

th a t  ^  su lca ta  had grown from approximately 165p to an average

length of 245yi in four and one-half  months. While growth in the
not

laboratory may not have been optimum, they had merely doubled t h e i r  

length during th a t  oe r iod .  Drew (1901) emphasized the slow ra te  of 

development in N. delphinodonta.

The p o s t - l a rv a l  period,  during which the young 

Nucula grow from a length of approximately 165 -  bOOfj ,  occupies the 

major port ion of development, p a r t i c u l a r ly  in c o n t ra s t  to the  short  

la rva l  period as recorded by Drew (1899a, 1901): 60 hours from f e r t i 

l i z a t i o n  to metamorphosis in proxima and 90 -  120 hours in Yoldja 

l imatula  (Table I ) .  Thus, both with regard to the dura t ion  of  the
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TABLE I

Summary of the pata Recorded in the L i t e r a tu re  Concerning 

the Breeding Seasons and Development of the Protobranchia

NUCULIDAE

Nucula delohinodonta

Drew 1899b
&

1901

Egg diameter 21Op.
Development non-pelagic .
Embryos reared in pa ren ta l  brood-sac.

Nucula proxima

Drew 1899b
&

1901

Egg diameter 90p.
Development pe lag ic .
Larval period from f e r t i l i z a t i o n  to 

metamorphosis i s  60 hours.

Nucula nucleus

Bernard 1898 Prodissoconch 180p (as measured from 
F ig u re ) .

Lebour 1938 Egg diameter lOOp.
Breeds from spring to ear ly  autumn. 
F e r t i l i z a t i o n s  c a r r ied  out in Ju ly ,  Septemoer, 

October and November.
No r ipe  spawn from December to March.
Reared to 'b a r re l - shaped '  la rvae  in Ju ly .
Short free-swimming stage.

j / rgensen 194c (From data of Thorson)
Egg diameter in Kattegat approximately IBCjj.

Allen 1954 Population s tudies  ind ica ted  two maxima 
occur during the breeding season given 
by Lebour (1938).

Nucula hanleVi

Lebour 1938 Same breeding season as N. nucleus.

Nucula tenuis

Thorson 1936 Egg diameter 120 -  l4Cju.
Development non-pelagic or very short  pe lag ic .
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TABLE I (Continued)

Nucula turqida 

Lebour

Allen

1938 Egg diameter 9Op.
Development pe lag ic .
Spawns in winter  a t  Plymouth.
F e r t i l i z e d  eggs reared to  free-swimming 

larvae in February.
Short free-swimming stage*

1954 Ripe spawn from October to  February.
F e r t i l i z a t i o n s  unsuccessfu l .

Nucula sulcata

Allen 1954 Ripe spawn in January and February. 
F e r t i l i z a t i o n s  unsuccessfu l .

NUCULANIDAE 

Yoldia l imatula  

Drew

Leda pernula

Thorson

1899a
&

1899b

1936

Egg diameter 15Cju.
Larval period from f e r t i l i z a t io n  to 

metamorphosis i s  90 -  120 hours.
Size at metamorphosis is  approximately

200p.

Egg diameter 120 - l4CJu.
Development non-pelagic or very short 

pelagic .
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p o s t - la rv a l  period and the growth accomplished during i t ,  t h i s  stage 

i s  a major one in the l i f e  h is to ry  of Nucula.

Habits and Feeding during Development

A. Larval Period

Although no conclusive evidence is  a v a i la b le ,  i t  

i s  not unreasonable to assume th a t  the young larva  feeds a c t iv e ly  

during i t s  short  planktonic l i f e .  S t ru c tu ra l ly  i t  i s  well adapted 

to feed e f f i c i e n t l y ;  rhe mechanism is  probably very s im i la r  to th a t  

employed by the v e l ig e r  larva of lamel l ibranchs .  Growth during 

th i s  period is  s l i g h t ,  in Yoldia l imatula  (Drew, 1899a) there  i s  an 

increase of bCy in length over the egg diameter of IbCjj (Table 1) .  

Lebour (1938) gives the diameter of the egg of ^  turq ida  as 9Cy, 

and Thorson (1936) of tenu is  as 120 - 14Cy; there  are  no records 

of the egg diameter of su lc a ta .  Prodissoconchs of these  th ree  

species a t  Mil lport  averaged approximately lobju, which would suggest 

a la rva l  growth corresponding to th a t  of Yoldia l im a tu la .

B. Post-metamorphic Period

I t  i s  doubtful  t h a t  any food in take occurs 

during the short  period following metamorphosis. Drew (1901) s t a t e s  

t h a t  the sudden con trac t ion  of the aaductor  muscle upon cas t ing  

causes the d iv e r t i c u l a  to rupture  and the dorsal  wall of the stomach 

to d i s i n t e g r a t e .  He concludes th a t  no nutriment is  taken in by the 

pos t - la rva  u n t i l  the c e l l s  of the d iv e r t i c u l a  have been reorganized 

in to  pouches. In Yoldia l imatula  the reassemblage of the d iv e r t i c u l a  

requires  but a few hours, while in delphinodonta the process i s
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much sl#wer, probably taking one to two days* While Drew's observations 

of the d is in tegration  of the l iv e r  pouches could not be v e r if ie d ,  

the youngest spat of the three species dealt with here did give every 

appearance of containing iso la ted  l iv e r  c e l l s  dispersed throughout 

the in ter ior  of the s h e l l .

Thus, as far as can be determined, these early  

Inactive stages do not feed; the only movements noted were s l ig h t  

twitches of the foot but never was i t  observed to be protruded.

C. Pre^ctenldial Period

It has already been noted that the young post

larva has an extremely low density, the adaptive value o f  which i s  

obvious since i t  prevents the animal from being buried in the so ft  

mud. It  i s  therefore l ik e ly  th a t, under natural conditions, as in 

the laboratory, the young Nucula l i e  on the surface of the mud and 

do not burrow. At th is  vulnerable point in development, i t  would 

undoubtedly be fa ta l for the animal to be buried.

Since the duration of th is  stage i s  short, growth 

i s  s l ig h t ,  involving an increase in length of l&|j in ^  turqida and 

N. tenuis and approximately 3ijj in ^  su lcata .

The movements of the foot were observed to be 

concerned so le ly  with feeding and were sim ilar to those described 

by Drew ( l 9 f l )  for N., delphinodonta. I t  i s  noteworthy that a l l  the 

c i l ia r y  currents, with the exception of the exhalant one produced 

by the marginal p a l l ia i  c i l i a ,  are focused around the foo t .  The 

a c tiv ity  of the long pedal c i l i a ,  in conjunction with the character

i s t i c  movements of the foot, serve to c o l le c t  particu late  food;
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the currents on the pedal walls lead to the mouth; the mantle overlying  

the foot bears the p a l l ia i  c i l ia te d  arc which d irects  p artic les  onto 

the adorai pedal tra c t .  While the foot cannot be considered a 

particularly e ffe c t iv e  c o llec to r ,  i t  does show certain rather unique 

adaptations to the performance of th is  function. The most remarkable 

component of th is  pre-cten idial feeding mechanism is  the transitory  

p a l l ia i  c i l ia te d  arc. Whereas shortly a fter  the formation of the 

second g i l l  filament i t  degenerates or becomes v e s t ig ia l ,  the adorai 

pedal tract i s  incorporated into the c i l ia r y  feeding mechanism of the 

next stage and the long pedal c i l i a  are u t i l iz e d  in burrowing.

D. Proto-palpal  Period

Throughout th is  stage the post-larva u t i l i z e s  a 

c i l ia r y  feeding mechanism. The e ff ic ien cy  of the mechanism is  

indicated by the fact that the young Nucula increases in length 

from 190p to 600p during th is  period, which extends over the greatest  

portion of post-larval development. As these stages comprised the 

majority of the specimens co llected  in the October trawl samples 

i t  i s  estimated that the duration of the proto-palpal period is  

almost one year.

The c i l ia r y  mechanism operative throughout th is

phase of post-larval development exhibits  the following basic
eu

characteristics of the feeding mechanism of the^lamellibranchs;

1. The ctenidia are r e la t iv e ly  large in comparison to other

organs of the mantle cavity and to the ctenidia of the

adult Nucula. although not re la tive  to the s ize  of the 
eu

Ctenidia in adult.lamellibranchs.
A
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2. The frontal currents on both demibranchs carry a l l  

partic les  impinging on the g i l l  surface to the free 

edge of the inner demibranch*

3. The terminal c i l i a  at the t ip s  of the filaments transport 

such p artic les  anteriorly along the edge of the inner 

demibranch.

4. The t ip  of the f i r s t  filament of the inner aemibranch is  

inserted between the edges of the palp lamellae ana 

p artic les  are transferred d irectly  to the surface of the 

la t t e r .

5 . P artic les  are sorted on the palp lam ellae, some proceeding 

to the mouth while others are rejected.

o. A pedal*rejection tract removes p artic les  not accepted 

for ingestion from the mantle cav ity .

The primitive nature of the feeding mechanism i s  shown by the limited  

surface area of the ctenidia in comparison to that of adult lamellibranchs; 

the posterior position of the ctenidia; the incomplete partitioning of  

the mantle cavity into inhalant and exhalant chambers; and the anterior  

inhalant current. Nevertheless, while the post-larval mechanism i s  

e sse n t ia l ly  simple in comparison with that ch aracter ist ic  of the 

lamellibranchs; i t  does show certain com plexities, particularly  in 

the presence of adjacent antagonistic c i l ia r y  tracts  on the foot, and 

in the co-ordination of c i l ia ry  tracts on the c ten id ia , foot, and 

palps.

*  P ed al r e j e c t io n  t r a c t  o f  Nucula p o s t - la r v a e  i s  analogous to  the  
recu rren t path  o f  th e  m antle in  eu la m ellib ra n ch  p o s t-la rv a e *
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Post-larval Metamorphosis

The organization of the post-larva may be con

sidered under three headings; those structures which are exclusive  

to the post-larva and are absent in the adult; those which are 

present in both the post-larva and the adult, but which undergo a 

functional metamorphosis during the tran sit ion  between the two stages;  

and those which are characteristic  of the adult only,

A, Structures which are exclusive to the post-larva include;

1. The adorai pedal c i l ia te d  area.

2. The p a l l ia i  c i l ia te d  arc.

3 . The long d is ta l  c i l i a  circumscribing the

bilobed sole of the foot.

These structures make th e ir  appearance in the 

èarly post-larva and degenerate la te  in post-larval or early in 

adult l i f e .

B. Structures which are common to both post-larva and adult, but 

which show a functional metamorphosis, includes

1. The aboral rejection  tract in the post-larva

carries p artic les  rejected by the palps, whereas

in the adult i t  carries p artic les  removed from the 

g i l l s  to the ex ter ior . The position  of th is  tract  

i s  altered so that in the adult i t  occupies the 

posterior margin of the foot (Yonge, 1939).

2. The c ten id ia , which in the post-larva function as
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feeding organs, are used so le ly  fo r  r e s p i r a t io n  

in the a d u l t .  The metamorphosis of these  organs 

involves th ree  changes, two func t iona l  and one 

s t r u c t u r a l .

i .  The f ro n ta l  and terminal  c i l i a r y  t r a c t s  are  

converted from temporary feeding to t h e i r  

pr im i t ive  cleansing funct ion .  The f ro n ta l  

t r a c t s  remain unmodified and carry a l l  p a r t i c l e s  

to the free ven tra l  edge of the inner  demi

branch; while the adorai  t r a c t  of terminal  

c i l i a  i s  re ta ined  only in the por t ions  of the 

c ten id ia  p o s te r io r  to the foo t .  P a r t i c l e s ,  

accumulating a t  the v en tra l  edge of the  inner  

demibranch adjacent  to the p o s t e r io r  margin 

of the foot ,  may e i t h e r  f a l l  on the mantle, 

be removed by the palp proboscides (Atkins,  

1936), or  be t r a n s fe r re d  to the pedal r e j e c t io n  

t r a c t  (Yonge, 1939).

i i .  The functional  contact  between the c ten id ia  

and palps is  l o s t  in the  a d u l t .

i i i .  The g i l l  fi laments of the  p o s t - l a rv a  are

long and narrow resembling those  of l a m e l l i -  

branch pos t - la rvae ;  in the  a d u l t  they are 

f l a t  and l e a f - l i k e  resembling those of the 

zygobranchiate gastropods.

3. Whereas in the pos t - la rva  the  palp lamellae maintain
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funct ional  contact  with the c t e n id i a ,  in  the a d u l t

they are assoc ia ted  with the palp proboscides.  The

lamellae r e ta in  t h e i r  so r t ing  funct ion throughout 

development and are always a ssoc ia ted  with feeding 

whether i t  be of the suspension or  deposi t  type.

C. The only s t ru c tu re s  both morphologically and fun c t io na l ly  p ecu l ia r  

to the  adult  are the palp proboscides,  they appear l a t e  in p o s t -  

l a r v a l  development.

The p o s t - l a rv a l  period thus rep resen ts  a d i s t i n c t

phase in the development of Nuculas i t  i s  terminated by the degeneration

of exclus ively  p o s t - l a rv a l  s t r u c tu r e s ,  the funct ional  metamorphosis 

of s t ru c tu re s  common to both po s t - la rv a  and a d u l t ,  and the u t i l i z a t i o n  

of the proboscides for food c o l l e c t io n .

Phylogenetic Pos i t ion  of the Protobranchia

Since P e lsen ee r ' s  time i t  has been genera l ly

recognized th a t  the Protobranchia exh ib i t  a number of p r im i t ive

charac te rs  (Pelseneer ,  1891; Stempell,  1898a & 1898b; Drew, 1899a,
1899b, 1901; Yonge, 1939, 1959), while within t h i s  Subclass the Family

Nuculidae represent  the most pr imit ive  group, the Nuculanidae and

Solenomyidae being more spec ia l ized  (Yonge, 1939, 1959). Consequently 

in attempting to e luc ida te  the phylogenetic  r e l a t io n sh ip s  of the

bivalves most authors are  unanimous in considering a nuculoid form

as broadly ances t ra l  to the Class Bivalvia .

Many phylogenetic  t r e e s  have been e r rec ted  on the

bas is  of she l l  c h a rac te rs .  Jackson (l890) pos tu la ted  the o r ig in  of the

'Aviculidae and t h e i r  a l l i e s '  in the nuculids  as follows:  " I t  i s

extremely probable th a t  Nucula or a Nuculoid form i s  the type we are
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seeking as the early ancestral radical represented by the complete 

prodissoconch in the development of Avicula. Perna, Ostrea. Pecten. 

Anemia and th e ir  a l l i e s ."  Another pa laeonto log itst , Douvillé (Davies, 

1933), considered the lamellibranchs to have evolved along three  

separate l in es:  a 'normal', a 'sedentary', and a 'burrowing' branch.

The Nuculidae were ancestral to the ' normal' branch and the Solenomyidae 

to the 'burrowing' branch.

Other investigators have corroborated these con

clusions by tracing phylogenetic relationships on the basis of anatomical 

characters, from such evidence Pelseneer (1888, 1911) derived his  

c la s s i f ic a t io n ,  which has been c r it ic iz e d  for showing 'horizontal'  

as opposed to 'v e r t ic a l '  or phylogenetic re la tion sh ip s. However, h is  

evolutionary scheme does i l lu s tr a te  these vert ica l  relationsh ips; the 

Nuculidae appear as the ancestral forms while the Solenomyidae are 

an offshoot from which no higher types have arisen . Based on the 

configuration of the kidney, Odhner (1912) constructed a bifurcating  

tree in which the Nuculidae, including the Nuculanidae, were ancestral 

to the Mytilacea, Ostreidae, Limidae, Pectinidae, Anomiidae, and 

Aviculidae; while the Solenomyidae gave r ise  to the remaining 

filibranchs and a l l  the eulamellibranchs.

Theile (1935), combining sh e l l  and anatomical 

features, derived the Nuculacea and the Arcacea from a common ancestor, 

the la t t e r  giving r ise  to the remaining lamellibranchs.

Yonge (1939) points out that the investigation  

of the protobranch kidney by Burne (1903) refutes Odhner*s conclusions. 

Yonge also elucidated the a f f in i t i e s  between the Nuculidae and
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Solenomyidae and showed conclusively th a t  the  l a t t e r  could have given 

r i s e  to no higher forms5 t h i s  in v a l id a te s  Odhner*s and D o u v i i le ' s  

deduction t h a t  the Solenomyidae represen t  an a n ces t ra l  type.

Atkins (1938) has divided the lamell ibranchs in to  

two major groups on the basis  of the charac te r  of the l a t e r o - f r o n t a l  

c i l i a  of the c te n id ia .  The JViicrociliobranchia are  a monophyletic 

group and i t  i s  doubtful  th a t  they could have a r i s en  from the 

protobranchs,  which share with the  remaining lamell ibranchs the 

possession of eu- l a t e r o - f r o n t a l  c i l i a .  She s t r e s s e s  the  improbabil i ty  

of s t ru c tu re s  so valuable in c i l i a r y  feeding —  e sp e c ia l ly  since an

attempt to regain them i s  found in the  Ostreidae ----  being l o s t  in

the  course of the evolut ion of the Microci l iobranchia .  Yonge (1939), 

however, is  unwil l ing to assess the value of the eu- l a t e r o - f r o n t a l  

c i l i a  in  c i l i a r y  feeding u n t i l  more information i s  av a i la b le  concerning 

the p a r t  played by muscles and blood pressure  in c o n t ro l l in g  the 

r a te  of f i l t r a t i o n  of water by the ctenidium. Moreover, he d isagrees  

with Atkins '  view th a t  the  e u - l a t e r o - f r o n t a l s  arose in connection with 

c i l i a r y  feeding, and s t a t e s  t h a t  they evolved with the  need to prevent 

fouling of the supra-branchia l  c av i ty .

Phylogenetic Implica t ions of P o s t - l a rv a l  Development in Nucula

The bivalve Mollu sea are  charac te r ized  by the 

possession of a g rea t ly  extended m an t le / sh e l l  which completely encloses 

the body. In these  animals the mouth has l o s t  contact  with the 

substratum, and as pointed out by Yonge (1939, 1947, 1953), t h i s  has 

involved a complete change in feeding ha b i t s  s ince ,  compared with the



- 40 -

un iva lv ie  ances tor ,  the animal can no longer rasp o f f  p a r t i c l e s  from 

a hard substratum by means of a radula .  Yonge has suggested t h a t  as 

a consequence of t h i s ,  the Bivalvia must have passed through an 

evolut ionary stage corresponding to the condit ion exhib i ted  by the 

modern Nuculidae in which the palp proboscides extend beyond the 

valve margins and funct ion as feeding organs.  The r e s u l t s  obtained 

from t h i s  present  study on the development of Nucula are of i n t e r e s t  

the re fo re  in considering the possible  role  played by a "nucula stage" 

in the evolut ion of the Bivalvia ,  although i t  must be emphasized 

th a t  the phylogenetic implications of such a study are not necessa r i ly  

conclusive.

Speculation as to the poss ib le  s ign i f icance  of 

the c te n id ia l  feeding mechanism in the pos t - la rva  of Nucula to the 

phylogeny of the bivalves has led to the formulation of th ree  

hypotheses.

A. The C ten id ia l  Feeding Mechanism Represents a P o s t - l a rv a l  Innovation 

Which Appeared Subsequent to the Evolution of the Lamell ibranchia

I f  the appearance of palp proboscides preceded 

the use of c ten id ia  as feeding organs in the b iva lves ,  then i t  must 

be assumed.- th a t  the c te n id ia l  feeding mechanism of the oo s t - la rv a  

represen ts  an innovation which was incorporated in to  the l i f e  h i s to ry  

of the Nuculidae a f t e r  the lamell ibranchs had evolved from th i s  

a n ce s t ra l  s tock.  Apparently, the c t e n id ia l  feeding mechanism arose 

independently in the pos t - la rva  of Nucula. and while not as highly 

evolved as in the lamell ibranchs ,  does show convergence with the l a t t e r .
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B. C ten id ia l  Feeding Mechanism Represents a P o s t - l a rv a l  Innovation 

Which Appeared P r io r  to the Evolution of the Lamell ibranchia

I f ,  on the  o ther  hand, the p o s t - l a r v a l  innovation 

occurred before the evolut ion of the lamel l ibranchs ,  the l a t t e r  may 

have a r i s e n  paedogenetically  from the ances t ra l  nuculoid type possess

ing a p o s t - l a rv a l  aevelopment of the type in modern Nucula. Thus, 

the lamell ibranchs may have evolved through suppression of the a d u l t  

deposi t  feeding stage followed by e labora t ion  of the c t e n id i a l  feeding

mechanism of the p os t - la rva  of the  ance s t ra l  form.

For e i t h e r  of these hypotheses to be acceptable  

one condit ion must be s a t i s f i e d .  I f  the c te n id i a l  feeding mechanism 

reparesen ts  an innovation, i t  must have conferred some advantage on 

the p o s t - l a rv a .  I t  i s  d i f f i c u l t  to assess the conceivable advantages 

of such a feeding mechanism in the p o s t - l a rv a l  s tages of modern 

Nucula. However, th ree  p o s s i b i l i t i e s  are  worthy of d iscuss ion .

1. The c te n id i a l  feeding mechanism might be adapt ive ,  

permitt ing survival  of the young p o s t - la rv a  in a 

h a b i t a t  o ther  than th a t  occupied by the adult*

The newly metamorphosed larva i s  inac t iv e  and 

probably does not feed for  a l e a s t  severa l  days.

During t h i s  period i t s  dens i ty  approximates t h a t  of

sea water so th a t  the s l i g h t e s t  cu r ren t  i s  s u f f i c i e n t  

to l i f t  i t  from the bottom. Such i s  the  environment 

in which both p o s t - l a rv a l  and a d u l t  s tages a re  found

  in deeper regions where the s o f t  f loccu len t  mud

ind ica te s  l i t t l e  water d is tu rbance .  The method used
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fo r  c o l le c t io n  of p o s t - l a rv a l  s tages i s  a d d i t ion a l  

proof of the e f f e c t  of water cu r ren ts  in the  passive  

t r an sp o r t  of the  young. Since the p o s t - la rv a  i s  r e l a t i v e ly  

c e r t a in  to reach the h a b i t a t  of  the  a d u l t ,  i t  requ ires  

no adaptive fea tu res  for  surv ival  in any o ther  h a b i t a t .  

Indeed, although the mechanism i s  a passive one, the 

young pos t - la rv ae  of the th ree  species s tudied here 

(N. su lc a ta .  N. tu rq id a .  and N. t en u is )  may be b e t t e r  

adapted to se lec t io n  of a permanently favourable sub

stratum than are  many lamell ibranch larvae r t  t tj .

However, o ther  species of Nucula such as N. 

nucleus occur in  coarse muddy gravel  (Allen, 1954) 

in areas where there  is  a considerable  c u r re n t .  The 

r e la t io n sh ip  of the pos t - la rvae  to  the environment in 

such species remains to be in v es t ig a te d .

2. The palp proboscides are  poss ibly le s s  e f f i c i e n t  

feeding organs for  a small organism than are  the 

c te n id ia .

Palp proboscides a t t a i n  a maximum e f f i c ie n c y  in 

large  animals, whereas c i l i a r y  feeding mechanisms, 

which depend for  t h e i r  e f f i c ie n cy  on a la rge  r a t i o  of 

surface area to volume, are more advantageous in 

small organisms. The lamell ibranchs have overcome 

t h i s  d i f f i c u l t y  by an increase  in surface area provided 

by the g re a te r  number and length of  the g i l l  f i lam ents .

I t  i s  d i f f i c u l t  to assess  the  r e l a t i v e  advantages of
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the c ten id ia  and palp proboscides as organs of food 

c o l le c t io n  in the po s t - la rv a  of Nucula. p a r t i c u l a r l y  

as the former cannot be considered e f f i c i e n t*  The 

complexity of the c i l i a r y  feeding mechanism is  puzzling,  

since any s l i g h t  advantage which i t  may afford  must 

be considered in r e l a t i o n  to the s im p l ic i ty  of the 

deposi t  feeding method. In the  l a t t e r ,  commencement 

of feeding would be dependent so le ly  on the development 

of palp proboscides, and would seem to be b e n e f ic ia l  

to an organism with such a slow ra te  of development. 

Moreover, the  methods employed for  rear ing  young in 

the laboratory  demonstrate t h a t  with the exception of 

p a r t i c l e  s i z e ,  the food of adu lts  and p o s t - la rvae  is  

i d e n t i c a l .

3. The use of  palp proboscides may be co r re la ted  with the  

a b i l i t y  of the p os t - la rva  to  burrow.

Yonge (personal  communication) has pointed out 

th a t  the development of a temporary feeding mechanism 

may be assoc ia ted  with the ear ly  inadequacy of the 

foot for  burrowing a c t i v i t i e s .  C e r ta in ly ,  the ea r ly  

p o s t - la rv ae  do not burrow and palp proboscides developed 

a t  t h i s  time might be incapable of food c o l l e c t io n .  

Moreover, the  a b i l i t y  to burrow would a lso  seem to be 

dependent on the development of e f f e c t iv e  re s p i ra to ry  

and cleansing mechanisms, thus n e c e s s i t a t in g  an i n i t i a l  

hypertrophy of the c te n id ia .  I f  then ,  the palp
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proboscides are only fu n c tio n a l when the animal i s  

embedded in  the muddy substratum , the development of 

ado ra i c i l i a r y  t r a c t s ,  adapting  the  c te n id ia  to  temporary 

food c o lle c t io n , may re p re se n t a conserva tion  o f e a r ly  

developm ental p ro cesses .

C, A ncestra l Form w ith U n d iffe re n tia te d  Palos which Gave R ise 

Independently  to  the  L am ellib ranchia  and the P ro tob ranch ia

A th ird  hypo thesis i s  th a t  the c te n id ia l  feed ing  

mechanism of the p o s t- la rv a  i s  no t an in n o v atio n , but r a th e r  re p re se n ts  

the  p e rs is te n c e  of a s im ila r  stage in  the  l i f e  h is to ry  o f the a n c e s tra l  

form. Since i t  i s  necessary  to p o s tu la te  a t r a n s i t io n a l  s tage  

between rad u la  and c te n id ia l  feeding  in  the  phylogeny of the B iv a lv ia , 

i t  has been suggested by Yonge (1959 b) th a t  the ancestral, type might 

have possessed "u n d if fe re n tia te d  pa lps or l i p s  on e i th e r  side  o f the 

mouth" such as are found in  N eopilina (Lemche, 1957) and th a t  p o ss ib ly  

the  c te n id ia  served as accessory feed ing  organs, p a r t ic u la r ly  in  the 

young s ta g es .

One of the f i r s t  s tep s  in  the evo lu tio n  o f the 

b iv a lv es  must have been the  ex tension  and l a t e r a l  compression o f the 

m a n tle /sh e ll so th a t  the body became com pletely enclosed w ith in  the 

l a t t e r  (Yonge, 1939 and 1953). The p o s te r io r  m antle c a v ity  would

then have considerab le  l a t e r a l  ex tensions  on e i th e r  side  o f the

f o o t  reaching  forward to  the  mouth. P r im itiv e ly  the  in h a la n t

w ater cu rre n t o f the b ivalves e n te rs  a n te r io r ly  (Yonge, 1939 and 1947) 

and th e re fo re  must pass to e i th e r  side of the mouth as i t  i s  drawn in to  

the m antle c av ity  by the p o s te r io r  c te n id ia .  Thus the u n d if fe re n t ia te d  

pa lps of the a n c e s tra l  form, bathed by th is  w ater c u rre n t , would be
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in  a p o s it io n  to  c o l le c t ,  and hence u t i l i z e  fo r  food, some o f the 

suspended m atte r c a rr ie d  in  the in h a la n t stream . I t  i s  p o ss ib le  

th a t  i n i t i a l l y  co -opera tion  between c te n id ia  and pa lps in  feeding  

was the removal by the pa lps of suspended m a te ria l from the 

re s p ira to ry  water c u rre n t produced by the c te n id ia .  A daptation to 

th i s  tjape of feed ing  probably involved l a t e r a l  ex tension  of the pa lps 

to g e th e r  with some d i f f e r e n t ia t io n  o f th e i r  apposed su rfaces fo r  

so r t in g  the p a r t i c le s  c o lle c te d , A roughly analogous feed ing  mechanism 

i s  seen in  the p o s t- la rv a e  o f the lam ellib ran ch  T e llin a c e a , Here the 

pa lps undergo a rem arkable hypertrophy sh o r tly  a f te r  metamorphosis,

so th a t  in  the young spa t they are as la rg e  as ----  o r even somewhat

la rg e r  than ----  the c te n id ia . The r e la t iv e  p o s itio n s  o f the pa lps

and c te n id ia  are s tro n g ly  rem inescent o f those in  Hucula and ----

th e re  being as y e t no siphons —  the in h a la n t c u rre n t e n te rs  a n te r io r ly . 

I t  has freq u e n tly  been observed th a t  a la rg e  number o f the p a r t i c le s  

c a r r ie d  by the in h a la n t stream  impinge d i r e c t ly  on the  la rg e  p a lp s .

Such p a r t i c le s  are  so rted  on the pa lps and e i th e r  make th e i r  way to 

the mouth or are re je c te d .

E arly  in  the ev o lu tion  of th i s  a n c e s tra l  type 

s p e c ia liz a t io n  appears to have occurred along two se p a ra te  l in e s .

In  one l in e ,  the pa lps en larged  considerab ly  and then abandoned th e i r  

u t i l i z a t i o n  of the re s p ira to ry  w ater c u rre n t as a food source when 

they extended, by means of the newly developed p robosc ides, beyond 

the l im i ts  of the sh e ll  and were thus able to  c o l le c t  food d i r e c t ly  

from the substratum . In  a second l in e ,  lead in g  to  the lam e llib ra n ch s , 

co -o p era tio n  between the c te n id ia  find pa lp s  in creased  as the c te n id ia  

extended forward in  the m antle c av ity  to  e s ta b l is h  a d i r e c t  conta.ct
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w ith  the p a lp s . Meanwhile, the  c i l i a r y  t r a c t s  o f the c te n id ia ,  

p r im itiv e ly  concerned with c lean s in g , were re c ru ite d  to  form a p a r t  

o f the feeding  mechanism while the palps became sp e c ia liz e d  as so r t in g  

organs.

In  support o f th is  hypo thesis i t  should be noted 

th a t  while the  Nuculidae are undoubtedly the most p rim itiv e  l iv in g  

b iv a lv es  (Yonge, 1939), they do show in d ic a tio n s  o f both s t r u c tu r a l  

and fu n c tio n a l s p e c ia l iz a t io n . Drew (1901) recognized the fo o t, 

once considered as being of p rim itiv e  s t ru c tu re , as an organ 

sp e c ia liz e d  fo r  l i f e  on a s o f t  muddy bottom . From a study o f the  

stomach and d ig e s tiv e  d iv e r t ic u la ,  Owen (1956) has concluded th a t  

" th e  s tru c tu re  and physiology of the gut p re se n t many sp e c ia liz e d  

fe a tu re s"  which are p o ss ib ly  "c o rre la te d  w ith the  re te n tio n  (o r 

development?) of the l a l i a l  pa lps as feed ing  organs and the in g e s tio n  

o f la rg e  q u a n ti t ie s  o f ino rgan ic  m a te ria l w ith the fo o d ." N ev erth e le ss , 

i t  must be adm itted th a t  much o f the evidence in  favour of th is  

h;^rpothesis l i e s  in  the d i f f i c u l ty  o f exp la in ing  the adap tive  value of 

the c ilia r j^  feed ing  mechanism o f Nucula p o s t- la rv a e  on which the two 

a l te rn a t iv e  hypotheses are dependent.
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SUlvUVlARY

1. The p o s t - l a rv a l  development of Nucula s u lc a ta .  N, tu rg jd a .  N.

ten u is  has been studied with p a r t i c u l a r  reference to the feeding

mechanisms; except for  s l i g h t  v a r i a t io n s  in s i z e ,  development 

in the three  species is  i d e n t i c a l .

2. On the basis  of the feeding mechanisms the p o s t - l a r v a l  period 

may be divided into four stages : the post-metamorphic, the p re -

c t e n id i a l ,  the p ro to -pa lpa l ,  and the proboscidean.

3. I t  i s  improbable th a t  feeding occurs during the shor t  p o s t -  

metamorphic s tage .  The organizat ion  of the spat  i s  extremely 

simple; the foo t ,  m a n t le / sh e l l ,  and v i s c e ra l  mass are  the only 

d iscernable  s t r u c tu r e s .

4 .  During the p re - c t e n id ia l  stage feeding is  accomplished mainly 

by the a c t i v i t i e s  of the foo t .  P a r t i c l e s  are  wafted into  the  

mantle cavi ty  by long pedal c i l i a ,  are drawn in to  the  dorsa l  

region of the mantle cavi ty  through the a c t i v i t y  of the  p à l i i â l  

c i l i a t e d  arc and t ransported  to the mouth by adorai  pedal t r a c t s .

5. Ctenidia and palps begin t h e i r  development during the p r e - c t e n id ia l

s tage ,  but are not s u f f i c i e n t l y  developed to take an a c t iv e  p a r t

in feeding.

6. During the p ro to -pa lpa l  stage food c o l l e c t io n  i s  performed by 

the c te n id ia .  P a r t i c l e s  ca r r ied  in the inhalan t  stream impinge 

on the g i l l  f i laments and are  t ranspor ted  by the f ro n ta l  t r a c t s
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to the ven tra l  edge of the inner  demibranch. Terminal c i l i a  

of the f i laments ,  act ing  in conjunction with the  adjacent  adorai 

pedal t r a c t ,  carry p a r t i c l e s  an te r io r ly*  Since the f i r s t  fi lament 

l i e s  with i t s  t i p  between the upper and lower palp lamel lae ,  

p a r t i c l e s  are t r a n s fe r re d  d i r e c t l y  to the palps .

7. Sorting occurs on the palp lamellae .  The upper palp bears on 

i t s  inner  surface a 'Y'-shaped groove; p a r t i c l e s  e n te r  a t  the 

base of the ‘Y’ and are  sor ted  a t  the point  of b i f u r c a t i o n ,  

p a r t i c l e s  dest ined for  inges t ion  proceeding along the  adorai

arm, while o thers  pass in to  the r e j e c t io n  aim to be c a r r ie d  to the 

f ree  edge of the palp.

8. The l a t e r a l  walls of the foot  bear re je c t io n  t r a c t s  ly ing p a r a l l e l  

and adjacent  to the adorai t r a c t s .  The r e j e c t i o n  t r a c t  commencing 

adjacent  to the r e j e c t io n  point  of the upper palp t r av e r se s  the 

l a t e r a l  wall of the foot d iagonally ,  and terminates  dorsa l  %o the 

heel of the foo t .  P a r t i c l e s  leaving the pedal r e j e c t i o n  t r a c t  

f a l l  onto the mantle where the marginal c i l i a  expel them from

the mantle cav i ty .

9.  During the proboscidean stage the palp proboscides develop from 

the p o s te r io r  apex of  the upper palp lamel lae .  Deposit feeding 

a f t e r  the manner of the adu l t  i s  not i n i t i a t e d  u n t i l  the  proboscides 

are  fu l ly  developed.

10. The termination of the p o s t - l a rv a l  period is  marked by degeneration 

of the p a l l i a i  c i l i a t e d  arc  and adorai pedal t r a c t ;  funct ional  

metamorphosis of the pedal r e je c t io n  t r a c t  and c te n id i a ;  lo ss  of
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functional contact between ctenidia and palps; and the foimation o f ,  

and commencement of food co llec t ion  by the palp proboscides.

11. The phylogenetic implications of the c ten id ia l feeding mechanism 

of the post-larva are discussed.
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APPENDIX I

Sub-Class Protobranchia - Family Nuculidae

Nucula su lca ta  Broun

The prodissoconch i s  markedly 'D* shaped, the 

s l i g h t l y  concave hinge l in e  breaking the curvature of the sh e l l  

out l ine*  The surface of the she l l  i s  shagreen-l ike  (Fig* 4 ) ,  bearing 

f ine  g ranu la t ions ,  but i t s  underlying tex tu re  i s  made up of concentr ic  

rec tangu lar  markings (F igs .  1 & 2).

The dissoconch continues to show the c h a r a c t e r i s t i c  

s t r a i g h t  or  s l i g h t l y  concave hinge l ine  u n t i l ,  with the development 

of the umbone, the  sh e l l  assumes a more rounded appearance dorsa l ly*

The sh e l l  i s  heavy and bears the c lo s e - se t  c re scen t ic  markings, 

r a d i a l l y  disposed, which ch a rac te r i se  the adu l t  (Fig* 2)* A ty p ic a l  

p o s t - l a r v a l  sh e l l  of ^  su lca ta  i s  shown in Figure 3 *

Nucula turp ida  Marshall and Leckenby

The prodissoconch i s  egg-shaped; t h a t  is  s l i g h t l y  

pointed a n te r io r ly  and somewhat blunt pos te r io r ly*  The hinge l in e  

i s  convex, r a th e r  than concave, and continuous with the  o u t l in e  of the 

r e s t  of the s h e l l ,  resembling N* delphinodonta (Drew, 1901). The 

su p e r f i c i a l  tex tu re  of the she l l  resembles t h a t  of Nĵ _ su lca ta  but lacks 

the underlying rec tangular  markings of the l a t t e r  (F igs .  4, 5 ) .

The dissoconch re ta in s  the  same general shape 

as the prodissoconch and rapidly develops r a d ia l  s t r i a t i o n s  which 

remain prominent throughout i t s  growth. At a length of approximately 

1 .2  mm. the inner margin of the sh e l l  becomes crenated .  The sh e l l



APPENDIX FIGURE 1

Nucula s u l c a t a . Surface t ex tu re  of prodissoconch showing 

yii^qippir»] iVi  ̂ tnrfm-na.-,1-nd ra d ia l ly  disposed rec tangular  

markings.

X 800

APPENDIX FIGURE 2

Nucula s u l c a t a . Surface tex tu re  of ear ly  dissoconch 

showing ra d ia l ly  disposed rec tangular  markings of p ro

dissoconch (P) and c rescen t ic  markings of dissoconch ( d) .

APPENDIX rlGURE 3

Nucula s u l c a t a . Typical p os t - l a rv a l  sh e l l  showing inner  

side of va lves .  The o u t l ine  of the prodissoconch can be 

seen but the tex tu re  of the prodissoconch and dissoconch 

is  not ev iden t .

Size -  0.38 x 0.30 mm. X 250
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appendix figure 4

Nucula turgjda. D etail of surface texture  of prodissoconch 

showing shagreen-like markings.

Size -  0.20 X 0 .16  mm. X 800

appendix FIGURE 5

Nucula turgjda. . Early post-larval s h e l l ,  right valve, to 

show surface texture of prodissoconch.

Size -  0.20 X 0 .16  mm. X 200

appendix figure 6

Nucula turgjda. Hinge of right valve showing four taxodont 

teeth and central ligament.

Size 0.21 X 0.17 mm. X 800

APPENDIX FIGURE 7

Nucula turgida. Right valve showing shape and texture of  

early dissoconch.

Size -  0 .20 X 0.17 mm.. X 200



a #
APPENDIX FIGURE 5

APPENDIX FIGURE 4

APPENDIX FIGURE 6 APPENDIX FIGURE 7



-  55 -

i s  intermediate in thickness between that of ^  sulcata and ^  turgida. 

Typical tu rgida sh e l ls  are shown in Figures 7, 8, 10, and 11.

Nucula ten u is (Montagu)

The prodissoconch of ^  tenuis was in d ist in gu ish 

able from that of ^  turgida (F igs. 4 , 5 ) .

I n i t ia l ly  the dissoconch resembles that of  

N. turgida (F ig . 7) but la ter  the pointed anterior and truncated 

posterior ends become more accentuated ( c f .  Figs. 8, 9 ) .  Radial 

s tr ia tio n s  sim ilar to those of ^  turgida are present but are la ter  

dominated by the concentric markings which become progressively more 

conspicuous while the radial s tr ia tio n s  are rather weakly marked.

The entire  margin was retained in the largest specimens examined 

(approximately 4 mm.) and the sh ell  i s  noticeably thinner and more 

d e lica te  than that of ^  turqjda» The periostracum is  glossy and 

olivaceous.

Allen (1954) found four of the five B ritish  

species of Nucula l i s t e d  by Winckworth (1932) in the Clyde Sea Area.

N. sulcata and ^  tu rgida are the most common (Part I, F ig . l ) ; 

while ^  nucleus i s  found only in a few restricted  areas, where the 

bottom is  a coarse muddy gravel, such as F a ir lie  Channel and the 

Minnard Narrows in Loch Fyne. Since no townettings or trawl samples 

were taken in e ith er  area i t - i s  unlikely that th is  species would have 

been encountered in the c o llec t io n s .  ^  tenuis, the lea s t  common 

of the B r it ish  sp ec ies , overlaps the d istr ibution  of ^  turgida 

and ^  sulcata so i t  i s  probable that i t  would be taken along with



APPENDIX FIGURE 8

Nucula turgida. Left valve showing typical shape of early  

dissoconch*

Size 0.21 X 0.17 mm. X 200

appendix FIGURE 9

Lenuis
Nucula t̂u3̂ gjdgr. Right valve showing typical shape of  

early dissoconch.

Size -  0.22 x 0.18 mm. X 200
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APPENDIX FIGURE 10

Nucula turgida. Left valve showing strong radial 

s tr ia t io n s .

Size - 0.52 x 0.43 mm. X 150

APPENDIX FIGURE 11

Nucula turgida. Left valve showing typical shape, texture  

and internal crenated margin of s h e l l .

(Black and white markings surrounding umbo ne and middle 

region of sh e l l  are a r t i fa c ts  due to preservation.)

Size - 1.4 x 11 mm. X 50
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the la t t e r .  In addition , the entire  margin and glossy periostracum 

clearly  d istinguish  ^  tenuis from ^  nucleus-.



PART I I

SUB-CLASS LMIELLIBRANCHIA



INTRODUCTION

The in v e s tig a tio n s  o f L acaze-D uthiers (1856) and 

Rice (1908) cn M ytilus e d n lis . and W asserloos (1911) and Herbers (1Ç13) 

on fre sh  water lam ellib ranchs have co n trib u ted  much to  an understanding  

o f the  p o s t- la rv a l  phases o f lam ellib ranch  development. However, since 

1913 few a d d itio n a l co n trib u tio n s  have been made, which i s  p a r t i c u la r i ly  

re g re t ta b le  in  view o f the fu n c tio n a l in te rp re ta t io n  o f b iva lve  anatomy 

p rev a len t since the appearance in  1915 o f K ellogg’s paper on the  

c i l i a r y  mechanisms o f b iv a lv e s . Moreover, in  rec en t y ears  advances in  

p h y sio lo g ica l and applied  f ie ld s  have ra p id ly  o u ts tr ip p ed  those  in  the 

d e sc r ip tiv e  aspec ts o f lam ellib ranch  development. B io lo g is ts  have 

made g rea t p rogress in  p e rfe c tin g  la b o ra to ry  methods of re a r in g  

lam ellib ranch  la rv a e  (Bruce, Knight and Parke, 1940; Loosanoff and Davis, 

1953; Loosanoff, Davis and Chanley, 1953 a & b; Loosanoff, 1954; Maine, 

1956) and much has been lea rned  of the  environm ental requirem ents o f 

la r v a l  and p o s t- la rv a l  s ta g e s . These methods are now being  app lied  in  

la rg e -s c a le  c u ltu re  techniques which w ill  g re a tly  in c rease  s h e l l f i s h  

p roduction . Yet d e sp ite  these  advances, which have made i t  p o ss ib le  to  

r e a r  a l l  developmental stages in  the la b o ra to ry , l i t t l e  a tte n t io n  has 

been d ire c te d  to  the biology o f the newly metamorphosed s p a t .  Many 

asp ec ts  of th is  problem u rg en tly  req u ire  in v e s tig a tio n  and w hile the  

p re sen t study i s  n o t o f immediate p ra c t ic a l  v a lu e , i t  i s  hoped th a t  i t  

w il l  in c rease  the b asic  knowledge o f p o s t- la rv a l  development.



-  2 -

In  the p re sen t in v e s tig a tio n  lam ellib ran ch  

development i s  t r e a te d  from the fu n c tio n a l a sp ec t, and i s  concerned 

so le ly  w ith  the feed ing  mechanisms during  the p o s t- la rv a l  p e rio d .

Hence w hile emphasis i s  placed on the development o f the c te n id ia , 

supplem entary observations on the  p a lp s , m antle and siphons are 

inc luded  to  give a more complete understanding  o f  th e  feed ing  mechanism. 

Moreover, in  view o f the d e ta ile d  d e sc r ip tio n s  o f p o s t- la rv a l  develop

ment p resen ted  by L acaze-D uthiers (1856), Rice (1908), W asserloos (1911) 

and Herbers (1Ç13), th i s  study i s  p resen ted  from a com parative a sp ec t, 

and p o s t- la rv a e  o f a wide v a r ie ty  o f species have been examined. No 

attem pt i s  made to  give a d e ta ile d  account o f development in  any one 

sp e c ie s , bu t r a th e r  the  s im i la r i t i e s  and d if fe re n c e s  in  p o s t- la rv a l  

feed ing  mechanisms are  s tre s s e d .

TERMINOLOGY

Since c u r re n t  term ino logy  p e r ta in in g  to  the  

m orphology and c i l i a r y  c u r re n ts  o f  th e  c te n id ia  i s  in c o n s is te n t  and

o fte n  confusing , i t  seemed adv isab le  to adopt new term s in  some 

in s ta n c e s  and to  r e s t r i c t  the use o f o th e rs . Moreover, since a c le a r  

d is t in c t io n  must be made between ontogeny and phylogeny, c e r ta in  

term s are  used ex c lu siv e ly  w ith re fe ren ce  to  the  form er.

Morphology

The lam ellib ranch  ctenidium  c o n s is ts  o f a 

lo n g itu d in a l, ax is bearing  on e i th e r  side  a s e r ie s  o f f ila m e n ts , those 

on one s id e  com prising the ou ter demibranch (F ig , 1, OD) while those



FIGURE 1

Diagrammatic c r o ss  s e c t io n  through a  t y p ic a l  la m e l l ib r ^ c h  to  show 

th e  p o s it io n  o f  proxim al and d i s t a l  la m e lla e  o f  the in n er  and o u ter  

demibranch8 . D orsa l and v e n tr a l f r o n t a l  c i l i a r y  cu rren ts  are  

i l lu s t r a t e d  by arrows on th e  r ig h t  ctenidium *

LEGEND ; CA -  c t e n id ia l  a x is ,  DFC -  d o r sa l f r o n t a l  c i l i a r y  cu rren t, 
DL -  d i s t a l  la m e lla e , F -  f o o t ,  ID -  in n er  dem ibranch, M -  m an tle ,
OD -  o u ter  dem ibranch, FL -  proxim al la m e lla e , VFC -  v e n tr a l fr o n ta l  
c i l i a r y  c u r r e n t.
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on the  o th er make up the in n er demibranch (ID ). Adjacent filam en ts  

are u n ited  by c i l i a r y  or t is s u e  ju n c tio n s ( f i l ib ra n c h  and 

eulam ellibranch c o n d itio n s ) . In  shape the filam en ts  are  e longate  

and bent to form a so th a t  each demibranch has two su rfaces  

which are named, w ith re fe ren ce  to  the c te n id ia l  a x is , the  *proximal*

(PL) and *d is ta l*  (DL) lam ellae .

The n o ta tio n  used by W asserloos (1911) i s  fo llo w ed  

here- fila m en ts  are numbered from a n ter io r  to  p o s te r io r  and d esig n a ted  

as Fq to  (F ig . 2 & 3 ) .  F ilam ent F^ p o s se s se s  on ly  one la t e r a l  

su r fa c e , th e  o th er  b e in g  fu sed  w ith  th e body w a l l .  The in t  e r f  i l  ament ary  

spaces are a lso  numbered in  a s im ila r  fa sh io n ; thus 0  ̂ r ep re sen ts  th e  

f i r s t  ostium  or in te r f ila m e n ta r y  space between fila m en ts  F^ and F̂

(F ig . 2 & 3 ) .

C ilia ry  Currents

The f ro n ta l  cu rren ts  are described  w ith re sp e c t to  

the o r ie n ta t io n  of the  ctenidium  in  the heterom yarian Anisomyaria and 

in  the  E u lam ellib ranch ia , where the c te n id ia l  ax is  i s  d o rsa l and the 

demibranchs suspended from the ax is in  the d o rso -v en tra l p lan e . Thus 

on the proximal lam ella  f ro n ta l  cu rren ts  d ire c te d  towards the  a x is  are  

designated  as * d o rsa l* , those towards the f re e  v e n tra l  margin as 

'v e n tra l* ;  on the d i s t a l  lam e lla  cu rren ts  t r a v e l l in g  to  the f re e  d o rsa l 

margin are  ’d o rsa l* , those to  the  v e n tra l margin ’ven tra l*  (F ig . 1, DFC 

& VFC). While these  terms are no t s t r i c t l y  ap p licab le  to  th e  monomyarian 

Anisomyaria, they  have been re ta in e d  fo r  the sake of s im p lic ity . A ll 

c i l i a r y  cu rre n ts  t r a v e l l in g  towards the mouth Eire ’adora i* , those
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d ire c te d  away from the  mouth are re fe rre d  to  as ’re jec tio n *  on the 

c te n id ia  and p a lp s , bu t ’re c u r re n t’ on the m antle.

Development

’Prim ary’ and ’ secondary* r e f e r  to the  sequence in  

which the lam ellae  or o ther s tru c tu re s  appear in  ontogeny. The 

p rocesses o f ’r e f l e c t io n ’ and ’p e rfo ra tio n ’ are  ap p licab le  only to 

ontogeny and have no phylogenetic im p lica tio n s ,

I.ICiPJNCLATlJRS AMD CLASSIFICATION

The nomenclature used i s  th a t  of Winckworth (1932, 

1951). The c la s s i f ic a t io n  followed is  th a t proposed by ïonge (1959) 

in  which the Class B ivalv ia  i s  divided in to  two Sub-C lasses, 

P ro tobranchia  and L am ellibranch!a ,

REVIEW OF SALIENT FEATURES OF POST-LARVAL 
DEVEL.OPMENT

Ctenidial Development

W asserloos ( I 9I I )  gives a c r i t i c a l  review of the 

work on c te n id ia l  development in  b ivalves up to  1911, while the genesis 

o f the m ollusc an g i l l  i s  o u tlin ed  by Raven (1958). I t  i s  s u f f ic ie n t  

th e re fo re  to  emphasize those fea tu res  of c te n id ia l  development which 

are  p a r t i c u la r i ty  re le v a n t to  th is  study.

The c te n id ia l  anlage c o n s is ts  o f a lo n g itu d in a l 

r id g e , a ttached  along the l in e  of union between the m antle and body 

w a ll, which i s  d i f f e re n t ia te d  from an te rio r to  p o s te r io r  to  form the 

proximal lam ella  o f the in n e r demibranch. In  1 sm ellib ranchs w ith
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v e lig e r  la rv a e  th is  process i s  in i t i a t e d  during the  la r v a l  p e rio d , 

b u t the major p o rtio n  of ctenidial development takes p lace  during  p o s t-  

la r v a l  l i f e .  The in n e r demibranch appears f i r s t  and i t s  d i s t a l  lam ella  

i s  d i f f e r e n t ia te d  when development of the proximal lam ella  i s  f a i r l y  

w ell advanced.

Proximal Lamella o f the Inner Demibranch

D iffe re n tia tio n  of the anlage may be accomplished 

by one of two methods « the ’p a p i l la ’ method or the  ’f o ld ’ method. In  

th e  former case , as described  fo r  M vtilus e d u lis  by L acaze-D uthiers 

(IB56), the  anlage i s  divided v e n tra lly  in to  a row of p a p il la e  a ttached  

d o rsa lly  to  the c te n id ia l  axis (F ig . p ) . As they e longate  th e i r  

d i s t a l  ends en large (F ig . 2 ,  CP) and are secondarily  fused  vdth one 

ano ther to  form a m arginal bridge (MB). In  the  fo ld  method, described  

by W asserloos (1911) fo r  Cvclas cornea, the o r ig in a l  rid g e  grows out 

in to  a fo ld  which becomes p e rfo ra ted  to  form o s t ia  (F ig . 3 , 0 ) ; the  

in te rv en in g  filam en ts  are never free  from one another d i s t a l l y ,  the 

m arginal b ridge  being here a prim ary and not a secondary s t ru c tu re .  

Whatever i t s  o r ig in , the  m arginal bridge grows m ed ia lly , then 

d o rs a l ly .  I t s  attachm ents to the l a t e r a l  w alls o f the fo o t a n te r io r ly ,  

and to  i t s  co u n te rp art from the  opposite in n er demibranch p o s te r io r ly , 

serve to  p a r t i t i o n  the mantle cav ity  in to  supra and in f ra -b ra n c h ia l  

chambers.

Between IC56 and 1911 numerous d e sc r ip tio n s  o f  the

e a r ly  phases o f c te n id ia l  development appeared, some supporting  th e  fo ld

method and o th ers  confirm ing Lacaze-D uthiers’ (18$6) o b se rv a tio n s . As

some workers in a d v e rte n tly  described  stages somewhat l a t e r  than the 

a n la g e , much co n fu sio n  ensued, and i t  was not u n t i l  I 9I I  th a t  th e



FIGURE 2

P a p illa  method of c te n id ia l  d i f f e r e n t ia t io n  as described  by Lacaze- 

D uthiers (lo$6) fo r  M ytilus e d u l is . Since the ctenidium  i s  

d i f f e r e n t ia te d  from a n te r io r  to  p o s te r io r ,  the  sequence of events 

may be seen by read ing  the diagram from l e f t  to r ig h t ,

FIGURE 3

Fold method o f c te n id ia l  d i f f e r e n t ia t io n  as described  by W asserloos 

(1911) fo r  Cvclas co rnea . As in  F igure 2 the sequence o f events 

may be seen by read ing  the diagram from l e f t  to  r ig h t .

LEGEND : A -  anlage of ctenidium , CA -  c te n id ia l  a x is , CP -  capitulum
of fila m e n t, F^ to  F. -  f ila m e n ts , G -  groove re p re se n tin g  i n i  tied, 
s tage  in  form ation or ostium , I  -  in v ag in a tio n  formed as p e rfo ra tio n  
of ostium  begins, MB -  m arginal b rid g e , 0  ̂ to  0, -  o s t ia  or i n t e r 
filam en ta ry  spaces, P -  p a p il la .
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controversy  was reso lved  when W asserloos showed co n c lu siv e ly  th a t  both 

methods were v a lid .

D is ta l  Lamella of the  Inner Demibranch

Both Lacaze-D uthiers (1856), fo r  M y tilu s . and 

W asserloos (1911), fo r  C vclas. described the development o f the  d i s t a l  

lam e lla  o f the in n e r demibranch as occurring  by p e rfo ra tio n  o f the 

m arginal bridge (F ig . Type I 4 & 5, Type II  4- a & 5 a ) . However, 

while W asserloos agreed w ith Harms (1909) th a t  in  the  Unionidae the 

filam en ts  of the proximal lam ella  remain f re e  d i s t a l l y  (F ig , 4 , Type I I I ) ,  

he was sk e p tic a l of the l a t t e r ’s a sse r tio n  th a t  the  f ilam en ts  are  

r e f le c te d  in  the form ation o f the  d i s t a l  lam ella  (F ig , 4 , Type I I I  4 ) . 

B erbers (1913) d isag reed  w ith both e a r l ie r  workers in  m ain ta in ing  th a t  

a m arginal bridge i s  formed, but confirmed Harms’ observations o f the 

r e f le c t io n  of the proximal lam ella  to form the d i s t a l  (F ig . 4 , Type I I  4-b), 

B erbers s ta te d  th a t  r e f le c t io n  o f the proximal lam ella  to  form the d i s t a l  

b rin g s  the  m arginal bridge to  the fre e  d o rsa l margin of the d i s t a l  lam ella  

F ig . 4, Type I I  4 b ) .

Outer Demibranch

While Rice (1908) agreed w ith L acaze-D uthiers (1856) 

th a t  in  M ytilus the  f i r s t  filam en ts  of the o u te r demibranch are  

d i f f e r e n t ia te d  midway along the c te n id ia l  a x is , he d is c re d ite d  the  

l a t t e r ’ s observations th a t  new filam en ts are added both a n te r io r ly  and 

p o s te r io r ly  from the m iddle. Rice m aintained th a t  a d d itio n  of filam en ts  

a n te r io r ly ,  i f  i t  occurs a t  a l l ,  i s  confined to  the  i n i t i a l  s tag es of 

development of the o u te r demibranch. In  o th e r  re sp e c ts  B erbers (1913),



FIGURE 4

Diagram to  show the successive  s tep s  in  th ree  types o f c te n id ia l

d i f f e r e n t ia t io n ,

lype I  -  the  fo ld  method described  by W asserloos (1911) fo r  
Cvclas cornea.

Type I I  a -  the  p a p i l la  method described  by Lacaze-D uthiers (1856) 
fo r  M vtilus e d u l i s .

Type l i b  -  the p a p i l la  method described  by Herbers (1913) fo r  the 
Unionidae,

Type I I I  -  the  p a p i l la  method described  by Jackson ( I 89O) fo r  
Anomia,

In  each case the ctenidium  i s  rep resen ted  as seen in  c ro ss  se c tio n .

C te n id ia l ax is  i s  shown as s o l id  b lack  a re a .

Regions o f c o n tin u ity  between ad jacen t f ilam en ts  a re  shown stip p led *



TYPE I

i
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FIGURE 4
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Lacaze-D uthiers and Rice found development o f  the  o u te r demibranch to  

be s im ila r  to th a t  o f the  in n e r .

In  C 'yclas, C alyculina and Pisidium  W asserloos (1911) 

observed a d i f f e r e n t  method o f form ation of the  o u te r  demibranch.

I n i t i a l  d i f f e r e n t ia t io n  i s  by the  fo ld  method, bu t when f i r s t  formed 

the  filam en ts are d ire c te d  d o rsa lly , in s tea d  o f v e n tr a l ly ,  and c o n s is t  

o f the  d i s t a l ,  r a th e r  than the  proxim al, lam ella  (F ig , lype I 6 & 7 ) .  

The proximal lam ella  i s  formed secondarily  by outward, and l a t e r  

doT-mward, growth o f the p o rtio n s  of the  filam en ts ad jacen t to  the 

c te n id ia l  ax is (F ig , 4» I f  ).

L a te r  D if fe re n tia tio n  from the Anlage

Rice (1908) observed th a t  l a t e r  d i f f e r e n t ia t io n  of 

filam en ts  from the anlage in  M ytilus occurs sim ultaneously  in  the  

in n e r  and ou ter demibranchs and departs  from th e  i n i t i a l  p a t te rn .  

T ransverse ridges appear in  the c te n id ia l  a x is ;  these  become d iv ided  

in to  two lobes rep re se n tin g  in n er end ou ter demibranchs (F ig . 5 B ), 

Subsequently , each lobe "becomes p erfo ra ted  a t  i t s  proximal end, thus 

becoming reso lved  in to  the two branches o f a U-shaped f ila m e n t, 

id e n t ic a l  in  form with those f i r s t  developed" (R ice, 1905) (F ig . 5 C).

A ll in te rm ed ia te  stages between the two methods o f d i f f e r e n t ia t io n  are  

found to occur in  a sequence from a n te r io r  to  p o s te r io r ,  so th a t  the  

change from the f i r s t  to  the second method o f d i f f e r e n t ia t io n  i s  g rad u a l. 

L a te r  stages of c te n id ia l  d i f f e r e n t ia t io n  in  Anomia. A rea. U odiola and 

My a show the same condensed development, and Rice was le d  to  the  

conclusion  th a t  th is  process i s  probably ty p ic a l  o f a l l  lam e llib ra n ch s .



FIGURE 5

Diagram to  show th re e  successive  s te p s  in  condensed type o f c te n id ia l  

d i f f e r e n t ia t io n  d escrib ed  by Rice (1905 and 1908) fo r  the  l a t e  p o s t-  

l a r v a l  development o f  many lam e llib ra n ch s , Ctenidium i s  rep resen ted  

as seen in  c ro ss  section*  (Diagram i s  m odified from R ice, 1908.)

A. C ten id ia l anlage*

B. Anlage has d iv ided  in to  two lobes rep re se n tin g  the  in n er 
and o u te r demibranchs*

C. A groove on e i th e r  side  o f the c te n id ia l  ax is has d iv ided  
each demibranch in to  proxim al and d i s t a l  la m e lla e .

LEGEND; CA -  c te n id ia l  a x is , DL -  d i s t a l  la m e lla , ID -  in n e r  
demibranch, OD -  o u te r  demibranch, PL -  proximal lam e lla .
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FIGURE 5



Types o f C tenidial Development

Thus, a review of the l i t e r a t u r e  up to  1913 shows 

stro n g  evidence in  favour o f th ree  d i s t in c t  methods of c te n id ia l  

form ation, d e sp ite  the disagreem ent as to  the method o f form ation  of 

the  d i s t a l  lam ella  in  Type I I .  These may be summarized as fo llo w s.

Type I The c te n id ia l  anlage i s  d i f f e r e n t ia te d  by the fo ld

method in  C yclas, C alyculina, P isidium  (W asserloos, 1911)> 

Jousseaum iella  (Bourne, 1906), S c io b e re tia  (Bernard, 1895)

  fre sh  w ater forms which incubate  th e i r  embryos in  a

p a re n ta l brood pouch ----  and in  Teredo (Hatschek, 1880;

S ig e rfo o s, 1896) ----  a marine genus w ith v e lig e r  la rv a e .

In  the f i r s t  th re e  genera d i f f e r e n t ia t io n  o f the  d i s t a l  

lam ella  o f the  in n er demibranch i s  by p e rfo ra tio n  o f the 

m arginal b rid g e ; the o u ter demibranch i s  rep re sen ted  

i n i t i a l l y  by the filam en ts of the  d i s t a l  lam e lla  which are 

d ire c te d  d o rsa lly  (F ig . 4, Type l ) .  Only the form ation 

of the proxim al lam ella  o f the in n e r demibranch has been 

described  fo r  Jousseaum iell.a. S c io b e re tia  and Teredo.

Type I I  The c te n id ia l  anlage i s  d i f f e r e n t ia te d  by th e  p a p i l la

method in  D re issen sia  (W asserloos, 1911), M vtilus (Lacaze-

D u th iers , 1856; R ice, 1908), Mya (R ice, 1908) ----  a l l

having f re e  swimming v e l i g e r s  and in  the Unionidae

(Harms, 1909; W asserloos, 19111 H erbers, 1 9 1 3 )  a fre sh

w ater fam ily  in  which the la rv a e  are  p a r a s i t ic  g lo ch id ia . 

While W asserloos and Harms held  th a t  the f ilam en ts  remain 

f re e  in  the  Unionidae, Herbers s ta te d  th a t  th e i r  c a p itu la s
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u n ite  to  form the m arginal b ridge as described  fo r  the  

o th e r th ree  genera. Whereas Lacaze-D uthiers and 

W asserloos recorded p e rfo ra tio n  of the m arginal bridge 

to  form the d i s t a l  lam ella  in  M ytilus and D re issen sia  

re s p e c tiv e ly  (F ig , 4, Type I I  a ) , Herbers m aintained th a t  

in  Anodonta the  filam en ts  o f the proximal lam ella  are 

re f le c te d  to  form the d i s t a l  lam ella  (F ig , 4, Type I I  b ) . 

Formation of the o u ter demibranch has boon described  

by Lacaze-D uthiers and Herbers only , and i s  s i id  to be 

id e n t ic a l  to  the form ation of the in n er in  each case 

(F ig , 4, Type I I ,  c f .  6 to  8 a w ith 6 to  9 b ) .

Type III  The c ten id ia l anlage i s  d ifferen tia ted  by the p a p illa

method and the ends of the filam ents remain free ven tra lly  

in  Nucula and Yoldia (Drew, 1890,3.^1899 bo”̂901 ) —  

protobranchs in which there i s  no d iffe re n tia tio n  of the

demibranchs in to  proximal and d i s t a l  l a m e l l a e  and

also  in  Anomia (Jackson, 1890). Jackson in d ic a te d  th a t  

the  f re e  filam en ts  of Anomia are r e f le c te d  to  form the 

d i s t a l  lam ella  of the in n e r demibranch (F ig . 4, Type I I I ) .  

Harms* (1909) d e sc r ip tio n  of the Unionidae would a lso  

p lace them in  th is  group, were h is  evidence not 

co n trad ic ted  by the  l a t e r  work o f H erbers (1913).

P a lpal Development

Aside from c ten id ia l development few aspects 

of organogenesis are recorded for the post-larva .
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In  the  trochophore la rv a  of C vclas. W asserloos 

( 1911) described  the palps as a r is in g  from a c i l i a t e d  a rea  surrounding 

the  mouth ; since th e re  i s  no v e lig e r  stage  they develop d i r e c t ly .  The 

upper pa lps o r ig in a te  f i r s t  as tr ia n g u la r  lobes p ro je c tin g  over the  

mouth on each side of the  body; l a t e r  the  lower palps a r is e  in  a s im ila r*  

m argin o f the ctenidium , so th a t  the l a t t e r  i s  in  d ir e c t  co n tac t w ith 

the  apposed c i l i a te d  faces of both p a lp s .

J u s t as the  mode o f d i f f e r e n t ia t io n  of the c te n id ia  

aroused much controversy  amongst e a rly  w orkers, much debate has cen tred  

around the  o rig in  o f the palps in  lam ellib ran ch s possessing  v e lig e r  

la rv a e .  The b e l ie f  of Loven (1843) and F ie ld  (1922) th a t  the  pa lps a r is e  

from the velum has been confirmed by the more re c e n t work o f Cole (1933) 

on O strea  e d u lis  in  which the  upper pa lps are formed from the ap ica l 

p la te  o f the velum, Quayle (1952) affirm ed the same o r ig in  in  V enerunis.

Giphonal Development

In  Cvclas (W asserloos, 1911) the  siphons a r is e  by 

p o s te r io r  fu sion  of the m antle lo b es ; the f i r s t  ju n c tio n  i s  formed 

d o rsa l to  the c te n id ia l  axes and rep re se n ts  the siphonal septum. A 

sh o rt d is tan c e  d o rsa l to th i s  septum the m antle lobes fu se , d e lim itin g  

an exhalan t a p e r tu re . Small p a p illa e  appear on the  m antle edge v e n tra l  

to  the  septum and th e i r  fu s io n  forms the in h a la n t a p e r tu re . The m antle 

surrounding  the two ap ertu res  elongates p o s te r io r ly  to  form the two 

siphons which subsequently  fuse along th e i r  ad jacen t su rfa c e s ,

Quayle (1952) has given the most complete d e sc r ip tio n

of siphon development. In  Venerupis p u ll as t r  a " the  prim ary exhalan t 

*manner, A row o f  c i l i a  extend s p o s te r io r ly  from th e  p a lp s to  th e  v e n tr a l
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siphon develops from the in n e r lobes o f the  m antle edge as a th in -  

w alled membraneous s a c ,” Quayle a lso  observed a s im ila r  siphon in  l iv in g  

Mya spa t which was " rap id ly  extruded and r e t r a c te d , much l ik e  a 

proboscis,* ' V entral to  the siphonal septura two s e r ie s  of te n ta c le s  

develop by a grooving of the  in n e r fo ld s  o f the m antle; "the upper and 

lower ends o f the  two groups of te n ta c le s  fuse  to  form the margins of 

the  in h a la n t s ip h o n ,” The te n ta c le s  o f the middle m antle fo ld  appear 

l a t e r .



MATERIALS Aî 3D METHODS 

C o llec tio n  o f L iv ing  M ateria l

The m ajo rity  o f p o s t- la rv a e  used fo r  th i s  study 

were ob tained  by la b o ra to ry  re a r in g  of l a t e  la rv a e  c o lle c te d  in  f in e  

p lank ton  tows. Deep tows taken o ff  Garroch Head (P a rt I ,  F ig , 1,

S ta tio n  1) o ffe red  the g re a te s t  number and v a r ie ty  of v e l ig e r s .  Such 

tow nettings were u su a lly  taken tw ice weekly and continued throughout 

the  y e a r . O ccasionally , tows from F a i r l i e  Channel (S ta tio n  2) were 

a lso  examined.

L a te r  stages of development were provided by spat 

c o lle c te d  in  the f i e ld ,  Mya a re n a r ia , Venerupis p u l la s t r a  end sev era l 

sp ec ies  o f T e llin a  and Venus were taken in  the in t e r t i d a l  zones of 

Karnes and Balloch Bays (S ta tio n s  3 & 4) on the I s le  of Cmubrae,

P e c tin id ae  and Anomiidae were obtained from hydroids c o lle c te d  in  

F a i r l i e  Channel (S ta tio n  2 ), M ysella b id e n ta ta , Mya a re n a ria  and 

H ia te l la  a r c t ic a  were found amongst the  byssal th reads o f the  n e s ts  of 

Lima h i a n s , Mud samples from the Cumbrae-Bute Deep (S ta tio n  5) y ie lded  

p o s t- la rv a e  of Abra spp. and T hracia sp «. S p isu la so lid is s im a  were 

c o lle c te d  in  abundance in  the  i n t e r t i d a l  zone o f a sandy beach ne an 

C harlo tte tow n, Prince Edward Is la n d , Canada, Spat o f O strea e d u lis  

were examined a t  Conway, Wales end of C rasso s trea  v i r ig in ic a  a t  E l l e r s l i e ,  

P rince  Edward Is la n d , Canada,

C ulture  1-Iethods

Larvae were reared  in  p e t r i  d ishes (2" in  diam eter) 

covered by g lass  p la te s ,  or in  g lass sh e ll  v ia ls  (22" high by 1-y" in
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diam eter) provided with corks, and were kep t p a r t i a l l y  immersed in  

running sea w ater. To minimize b a c te r ia l  growth, p e n ic i l l in  and 

streptom ycin (50 mgrn, of each per l i t r e )  were added to  sea w ater, 

which had been passed through a B erk fie ld  F i l t e r ,  p - f la g e l la te s ,  

Iso c h ry s is  galbana or Pyramimonas g r o s s i i t  a t  a co n cen tra tio n  o f 50
3

c e l ls  per mm, were used as food. The p o s t- la ry a e  were tra n s fe r re d  

to  c lean  d ishes with f re sh  sea w ater and food every th re e  to  fou r days. 

Although spat c o lle c te d  in  the f i e ld  req u ired  le s s  freq u en t a t te n t io n , 

they  were m aintained in  the same way. Sand, s t e r i l i z e d  by b o ilin g  in  

d i s t i l l e d  w ater, was added to  c u ltu re  d ishes con ta in in g  Lima h ians and 

burrowing sp ec ie s ; mudstone^^^ was used fo r  c u ltu re s  o f Z irfa e a  c r i s p a te .

A fungus growth which accumulated on the  sh e lls  

o f the p o s t- la rv a e  posed a considerab le  problem. When the  mycelium 

e n ti r e ly  surrounded the young sp a t, reducing w ater c ir c u la t io n ,  i t  

caused considerab le  m o r ta li ty , Manual removal o f the  mycelium was 

lab o rio u s  and in e v ita b ly  l e f t  small tra c e s  o f the  fungus to  begin a new 

growth. E ven tually , the contam ination was trac ed  to the f l a g e l la te  

c u ltu re s  where i t  a.ppeared to  p e r s i s t  in  the  form of spores ; m ycelial 

growth never appeared in  such c u ltu re s  u n less  they  were sev era l months 

o ld .

No attem pt was made to  re a r  embryos from a r t i f i c i a l l y  

f e r t i l i z e d  eggs. Although th is  would have g re a tly  f a c i l i t a t e d  

id e n t i f ic a t io n ,  i t  was im p rac tica l to  re a r  a la rg e  number o f species 

through the  la rv a l  phases to metamorphosis.

* These c u ltu re s  were k ind ly  supplied  by Dr, Mary Parke, Marine 
B io log ica l L aboratory , Plymouth,
The mudstone was procured through the kindness o f Dr, J . J .  Dodd, 
S t ,  Andrews.
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Examination of L iv ing  M ateria l

L iving p o s t- la rv a e  were examined in  w elled s l id e s  

under a compound m icroscope. Sketches o f the  organs o f the m antle 

c a v ity , p a r t ic u la r ly  the  c te n id ia , and of the  siphons were made a t  

various stages of development. C ilia ry  c u rre n ts  were dem onstrated by 

use of the  c o llo id a l  carbon suspension *Aquadag*.

In  most newly metamorphosed spa t the  sh e ll  i s  

s u f f ic ie n t ly  tra n sp a re n t to  perm it observation  of the whole anim al, 

but in  l a t e r  s tag es the s h e ll  of many species becomes opaque and 

d is se c tio n s  were necessary  to  e lu c id a te  f u r th e r  d e ta i l s  of the c i l i a r y  

c u rre n ts  in  the  m antle c a v ity .

Whenever the s h e l ls  of the p o s t- la rv a e  were 

s u f f ic ie n t ly  tra n sp a re n t to  revea l anatom ical d e ta i l s ,  drawings were 

supplemented by photographs. Speed was e s s e n t ia l  in  photography as 

the microscope l ig h t  seemed to  in te n s ify  the a c t iv i ty  o f the specimens. 

Thus, Kodak Super XX was found p re fe ra b le  to  Kodak Panatomic X, and 

the  s l ig h t  lo s s  of d e ta i l  was more than  compensated by the sh o rte r  

exposure req u ired , Panatomic X was employed in  photographing the 

siphons where i t  showed d e ta i l s  not apparent in  photomicrographs made 

w ith Super XX, A ll photographs were taken using  a microscope 

m agn ifica tion  o f 150 un less  o therw ise no ted .

Study of Preserved M ateria l

Specimens were re laxed  w ith propylene phenoxetol 

(Owen, 1955) before  f ix a t io n .  P o s t-la rv a e  were very s e n s it iv e  to  any 

d is tu rb an ce  and the n a rc o tiz in g  so lu tio n  (0 ,8  to  1.3 per cent in  sea 

w ater) had to  be in troduced  in to  the v ia l  con ta in ing  the  specimens by
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means of a wick o f f i l t e r  paper. The time req u ire d  fo r  n a rc o tiz a tio n

va ried  from 30 to 90 m inutes and although the  r e s u l ts  were no t

c o n s is te n t no b e t te r  method was found. A m odified Bouin-Duboscc F lu id  
c

(A tkins, 1937}^)gave the most s a t is f a c to ry  f ix a t io n .

Whole mounts of specimens s ta in e d  in  borax carmine 

were prepared fo r  gross m orphological s tu d ie s .  Other specimens s ta in ed  

in  borax carmine were embedded in  ester-w ax (Steedman, 1947) and 

sectioned  by hand under a ste reoscop ic  m icroscope. Such se c tio n s , 

mounted in  p ic c o ly te , freq u en tly  revealed  d e ta i l s  of c te n id ia l  s tru c tu re  

to  b e t te r  advantage than th in n e r s e r ia l  se c tio n s . However, some 

specimens embedded in  60 to  62° C. F isch e r Tissuemat were s e r i a l ly  

sectioned  a t  th ick n esses  o f 2 to  5 p and s ta in e d  in  Heidenhain* s iro n  

haem atoxylin, a lc ia n  blue 8GN (Steedman, 1950) and orange G in  clove 

o i l .  These were used only fo r  f in e  d e ta i l s  not shown by o th e r methods.

Id e n t i f ic a t io n

V eliger la rv a e  were id e n t i f ie d  by the  method devised 

by Rees (1950), and e x c e lle n t photomicrographs o f the  la r v a l  s h e l ls  o f 

a l l  B r i t is h  species stud ied  h ere , w ith th e  exception  of O strea  e d u l is . 

a re  to  be found in  h is  paper. Larvae of the two North American sp e c ie s , 

C rasso strea  v i rg in ie a and S p isu la  so lid is s im a . have been described  by 

S u lliv an  (1948). However,in c e r ta in  in s ta n c e s  where subsequent p o s t-  

la rv a l  development showed R ees’ id e n t i f ic a t io n  to  be f a l s e ,  no tab ly  

Monia squama, K e llia  su b o rb ic u la r is . Mya a re n a r ia  and o th e rs , re fe ren ce  

i s  made to  the  c o rre c t photomicrograph in  R ees’ paper. In  cases where 

p o s it iv e  id e n t i f ic a t io n  could not be made the sp e c if ic  name i s  given in  

p a ren th eses , e .g . Chlamys (v a r ia ) . w hile no s p e c if ic  name i s  given fo r
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types which could only be assigned with c e r ta in ty  to a given genus, 

e .g .  Venus so . and T e llin a  sp .
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POST-LARVAL DSVELOFMENT 

Anomlidae

Two species o f anomid p o s t- la rv a e , I-Ionia squama 

(Gmelin) and He t e r  anomia s au omul a (L inné), were examined. Monia 

squama ( ’P e c tin id  B ’ , Rees, 1950)'" v e lig e rs  occurred in  the p lankton  

tows in  October and November but were never abundant. Only 12 o f the 

32 v e lig e rs  c o lle c te d  metamorphosed in  la b o ra to iy  c u l tu re s .  The la te  

la rv a e  are eyed and have a conspicuous red  pigment spo t over the 

c te n id ia l  ax is on the r ig h t  s id e ; metamorphosis occurs a t  a len g th  of 

240 j i  (F ig , 6 ) . Heteranomia sauamulo. (Rees, 1950)^" was common in  

p lank ton  tows from June to  November. Metamorphosis occurs a t  a leng th  

of 270 p ; the l a t e  v e lig e rs  are  eyed but have no red  pigment sp o t.

The v e la r  c i l i a  of n e ith e r  species e x h ib ited  a m etachronal wave,

C te n id ia l Development

Due to the s c a rc i ty  of Monia la rv a e , c te n id ia l  

development i s  described  fo r  Heteranom ia. However, as f a r  as could 

be determ ined development of the c te n id ia  i s  i n i t i a l l y  s im ila r  in  the 

two sp ec ies  ( c f .  F ig , 7 & 8 ), bu t in  Heteranomia the demibranchs are 

never d i f f e r e n t ia te d  in to  proximal and d i s t a l  lam e llae , Tlie development 

o f th ese  lam ellae  in  Monia i s  probably s im ila r  to  th a t  o f the p e c tin id s  

described  in  the next se c tio n .

Quayle (personal communication), w hile working a t  M illp o r t, came 
independently  to  the same conclusion  regard ing  the id e n t i f ic a t io n  of 
th e  v e lig e rs  o f Heteranomia, squamula and Monia squama, and the author i s  
indeb ted  to him fo r  confirm ing the id e n t i f ic a t io n  of these two sp e c ie s .



FIGURE 6

Monia squcina.» Mature v o lig o r Icxva viewed from r ig h t  s id e .

This IcTva i s  d esc rib ed  by Rees (1950) as ’P e c tin id  The

c h m a c te r i s t ic  red  pigment spot i s  not v is ib le  hero but i s  clecjrly  

shown in  F igures 14 rnd 15.

Length -  240 p .

FIGURE 7
Hotcrrjiomia squrmula. E arly  p o st-lsT v a  viewed from l e f t  s ide  end 

showing r l tc r n a t io n  o f the c te n id ia l  f ilrm e n ts  in  the m id-vontrad 

l in e .

Length -  340 p .

FIGURE 8

Monia squama. Ea.rly p o s t- la rv a  viewed from l e f t  side and showing 

a l te rn a t io n  o f c te n id ia l  f ilam en ts  in  the m id -ven tra l l in o .

Length -  280 p .

A ll X 130
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At met amorphe ç i s Heteranomia has 3 c i l i a t e d

c te n id ia l  filam en ts in  the in n e r demibranch (F ig , 9, CT); th ese  and

subsequent filam en ts are formed by the p a p il la  method# L a te ra l  c i l i a ,  

appearing soon a f te r  the form ation of the f i r s t  f i la m e n ts , a re  a c tiv e  

p r io r  to  metamorphosis; m icro-1 a te ro - f ro n ta l  and probably  f r o n ta l  

c i l i a ,  w hile developing a f te r  the  l a t e r a l s ,  are  a lso  p re se n t in  the 

l a t e  v e l ig e r .  The c te n id ia l  anlagen are se p a ra te .

Forward ro ta t io n  of the body, fo llow ing  lo s s  o f 

the  velum, leaves the c te n id ia  free  in  the p o s te r io r  m antle c a v ity .

The sh o rt filam en ts of each demibranch e x e  then seen to  be connected

a t  th e i r  v e n tra l t ip s  by long in te r lo c k in g  c i l i a ,  the in te r f ila m e n ta ry  

ju n c tio n s  (F ig , 11 & 12, IF J ) ,  bu t never become u n ite d  by a m arginal 

b rid g e . The demibranchs remain separa te  in  the newly metamorphosed 

sp a t;  bu t as the filam en ts elongate they a lso  curve m ed ia lly , and the 

t ip s  o f the  filam en ts o f each demibranch come to  l i e  in  th e  m idline  

where they  a lte rn a te  w ith those of the opposite  demibranch (F ig , 10, 11 

& 12 ), In te rc te n id ia l  ju n c tio n s  (F ig , 11 & 12, ICJ) are  formed by the 

in te r lo c k in g  of c i l i a  on the  a n te r io r  and p o s te r io r  faces  o f the  t ip  

o f each fila m e n t, with c i l i a  of filam en ts o f the  opposite  demibranch 

im m ediately a n te r io r  and p o s te r io r  to i t .  The c i l i a  o f these  

in te r c te n id ia l  ju n c tio n s d i f f e r  from those of the  in te r f ila m e n ta ry  

ju n c tio n s  in  being much sh o rte r  (F ig . 12). The r ig h t  demibranch i s  

s l ig h t ly  d is to r te d  a n te r io r ly  by the displacem ent o f the  f i r s t  f ilam en t 

by the  fo o t and byssal muscle which l i e  between i t  and the p a lp s . The 

t ip s  o f the  filam en ts are  never connected to  the  fo o t ,  but the  

in te rf ila m e n ta ry  and in te r c te n id ia l  ju n c tio n s  u n ite  the  f ila m e n ts  o f both 

demibranchs in to  a s in g le  u n i t  ly ing  p o s te r io r  to  the fo o t (F ig , 10),



FIGURE 9

Heterwaomia ggumiLLa# Mature v e lig e r  la rv a  viewed from r ig h t  s id e  

to  show p osition  of ctenidium  overly ing  the fo o t  p r io r  to  

metamorphosis.

Length -  250 p.

LEGEND; AA -  a n te rio r  adductor m uscle, CT -  ctenidium , DD -  d ig e s tiv e  
d iv e r t ic u la ,  F -  fo o t, MO -  mouth, PA -  p o s te r io r  adductor m uscle,
PS -  pedal sinus of l e f t  va lve , RE -  rectum , V -  velum.
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FIGURE 10

HeterEinomia sauamuls.. Hid p o s t- la rv a  showing s l te rn a t io n  o f c te n id ia l  

f ila m e n ts  in  m id line  as seen in  v e n tra l view.

Length -  530 p , x 130

FIGURE .11

Heteranom ia sguamula, C te n id ia l filam en ts  of p o s t- la rv a  in  F igure 10

bu t photographed w ith m icroscope m agn ifica tion  of 450 to  show

i n t e r f i l amentary and in te r c te n id ia l  c i l i a r y  ju n c tio n s as seen in  

v e n tra l  view. x 600

FIGURE 12

Heteranomia squamula. Diagrammatic re p re se n ta tio n  of Figui*e 11 to 

show i n t e r f  i l  amentary (IF J )  and in te rc  te n i  d ia l  (IC J) c i l i a r y  ju n c tio n s .
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The f ro n t8% c i l i a r y  c u rre n ts  on a l l  f ilam en ts  are  

d o rsa l (F ig . 13). An adorai c i l i a r y  c u rren t (F ig , 13, AAT) extends 

along a d is t in c t  groove in  the c te n id ia l  a x is ;  a n te r io r ly  th is  a x ia l 

ad o ra i t r a c t  curves v e n tra lly  to  meet the  proxim al ado ra i t r a c t  (F ig , 13, 

pat) lead in g  to the p a lp s . This proximal t r a c t  l i e s  on the  body w all 

a n te r io r  to fila iaen t Fq , I n i t i a l l y ,  the c te n id ia l  ax is  remains 

s t r a ig h t  and n early  p a ra l le l  to  the a n te ro p o s te r io r  ax is  o f the  body 

(F ig , 13 & 14), but l a t e r  in  development i t  becomes curved, e sp e c ia lly  

on the  r ig h t  side  (F ig , 18). The a l te rn a t io n  of filam en ts  in  the 

m id line  in creases the  width of the  i n t e r f i l  amentary spaces v e n tra lly  

so th a t  the filam en ts  ra d ia te  s l ig h t ly  from th e  axes.

Medial to  the  a x ia l adora i groove i s  a lo n g itu d in a l 

muscle whose c o n tra c tio n  causes approxim ation of the g i l l  f ilam en ts  

(F ig , 16, AR), The filam en ts a lso  appear to have m uscles, running 

along th e i r  a n te r io r  fa c e s , which u su a lly  c o n tra c t sim ultaneously  with 

th e  a x ia l r e t r a c to r  to  bend the filam en ts s l ig h t ly  in  th e  m id-region 

(F ig , 15) .  Extension of the  a x is , and the ctenidium  as a whole, i s  

produced by re la x a tio n  of these  muscles accompanied by the  d i la t io n  of 

a lo n g itu d in a l blood v esse l ly in g  d o rsa l to the  a x ia l groove (F ig , 16,

AB), Movement of plasma c e l ls  in  th is  reg ion  was c le a r ly  v is ib le  in  

l iv in g  specimens.

A n tagon istic  f ro n ta l  c i l i a r y  c u rre n ts  were f i r s t  

d e tec ted  in  specimens approxim ately 900 ji in  len g th  w ith 9 or 10 

filam en ts  in  each ctenidium  (F ig , 17), At th i s  stage  a t r a c t  o f co a rse r 

f ro n ta l  c i l i a  was apparent along the  p o s te r io r  margin of each f ila m e n t. 

The beat o f these  c i l i a  produced a v e n tra l c i l i a r y  c u rre n t which was



FIGURE 13

Heteranom ia squamula. Mid p o s t- la rv a  viewed from r ig h t  s id e  to  

show the c i l i a r y  and w ater c u rre n ts  of the m antle c a v ity . Note 

p a r t i c u la r ly  the c lo se  a s so c ia tio n  between the  re c u rre n t pa th  (Rp) 

o f the m antle and the v e n tra l  edge of the in n e r demibranch.

Length -  740 JJ.»

Large p la in  arrows -  in h a la n t and exhalan t w ater c u rre n ts .

Small p la in  atrows -  f ro n ta l  and adora i c i l i a r y  c u rre n ts
o f ctenidium .

F eathered  double arrows -  re c u rre n t path  of m antle.

LEGEED: AAT -  a x ia l adora i t r a c t ,  DD -  d ig e s tiv e  d iv e r t ic u la ,
F -  fo o t , F.L -  f i r s t  f ilam en t o f l e f t  c te n id iu m ,. F̂ R. -  f i r s t  f ila m e n t 
o f r ig h t  c ten id iu ia , LM -  l e f t  mantle m argin, LV -  l e f t  sh e ll  v a lve ,
ML -  p a l l i a i  lo b e , PA -  p o s te r io r  adductor m uscle, PAT -  proximal 
ado ra i t r a c t ,  PD -  prodissoconch, PTR -  p a l l i a i  te n ta c le  of r ig h t  
m an tle , RE -  rectum , RM -  r ig h t  mantle m argin, RP -  re c u rre n t pa th  
o f m antle, RV -  r ig h t  s h e l l  va lve , RX -  r e je c t io n  p o in t of re c u rre n t  
p a th , UP -  upper p a lp .
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FIGURE U

Monia squama. Mid p o s t- la rv a  w ith c te n id ia  f u l ly  extended as viewed 

from r ig h t  s id e . This cond ition  i s  ty p ic a l ly  adopted during  feeding  

and may be compared w ith th a t  shown in  F igure 15* Note a lso  the 

prom inent red  pigment spot j u s t  d o rsa l to  the  c te n id ia l  a x is .

Length -  620 p x 130

FIGURE 15

Monia squama. Same p o s t- la rv a  as F igure 14 w ith c te n id ia  c o n tra c te d . 

Length -  620 p x 130



FIGURE 14

figu re  15



FIGURE 16

Diagram to show tj^/piccR s tm c tu ro  o f th e  ctonidicIL ax is in  tho 

Anoniidao end P ec tin id an , Tho c to n id ia l  a x is , ad jo in in g  se c tio n  

oF m antle and d o rsa l p o rtio n  of a filam en t a re  viewed from the 

an tero-m edial a sp ec t. The sub a x ia l  t r a c t  (SAT), on the m edial 

su rface  of the m antle, and the  accompanying adora i w ater c u rre n t 

(d iscontinuous arrow s) ,  between the  sub a x ia l  t r a c t  and the a x ia l 

adora i t r a c t  (AAT), are  found on].y in  the  P e c tin id ae  and not in  the  

Anomiidae,

Lange p la in  arrows -  adorai c i l i a r y  c u rre n ts .

Small p la in  anrows -  d o rsa l f r o n ta l  c i l i a r y  c u rre n t of f ila m e n t.

D iscontinuous arrows -  w ater c u rre n t produced by combined ac tio n
o f c i l i a  o f the  a x ia l adora i and sub ax ia l 
t r a c t s .

LEGEND ; I  A T  -  a x ia l  adora i t r a c t ,  A3 -  a x ia l blood v e s se l , AR -  a x ia l 
r e t r a c to r  m uscle, CA -  c te n id ia l  a x is , DFC -  do rsa l f r o n ta l  c i l i a r y  
c u rre n t , %  -  d o rsa l p o r tio n  of a f ilam en t of the in n e r  demibranch,
M -  m antle, SAT -  sub a x ia l  t r a c t  of mantle*
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ev iden t only when excessive p a r t ic u la te  m atte r en tered  the  in h a le n t 

stream . Thus the c i l i a  appeened to be a c tiv e  only on s tim u la tio n  and 

in  experim ents using  d i lu te  ’Aquadag’ they were a c tiv e  only when a 

la rg e  p a r t i c le  impinged on the f ro n ta l su rface  of the  f ila m e n t. These 

coarse  c i l i a  were never observed on the d o rsa l p o rtio n s  o f the  f ila m e n ts . 

C oincident w ith the  appearance of the v e n tra l f ro n ta l  t r a c t s ,  a 

r e je c t io n  t r a c t  i s  developed along the t ip s  of the filam en ts  o f tho. in n er 

demibranchs (F ig . 17, MRT).

The o u ter demibranch begins to form a t  the same 

tim e. The sm allest specimen in  which i t  was observed measured 920 ji 

in  len g th  but a lready  had 6 sho rt filam en ts rep re se n tin g  the  o u te r 

demibranch (F ig . 17). These filam en ts grow v e n tra l ly  from the  c te n id ia l  

a x is  to  o v e rlie  the filam en ts o f the in n er demibranch (F ig , 17 & 18).

The most a n te r io r  filam en t of the ou ter demibranch forms a t  the  le v e l  o f 

the  5th filam en t of the  in n er demibranch and as the ctenidium  extends 

p o s te r io r ly  both demibranchs acquire new filam en ts sim ultaneously . The 

f r o n ta l  c i l i a r y  c u rre n ts  of the ou ter demibranch are  i n i t a l l y  d o rsa l.

A s ' only the e a rly  s tages in  the development of th is  demibranch were 

s tu d ie d ,th e  form ation of v e n tra l f ro n ta l  c i l i a r y  t r a c t s  was not observed; 

presumably they appear a t a l a t e r  s tag e .

P a l l i a i  Development

In  the young p o s t- la rv a  the m antle edge develops 

sm all p a p illa e  bearing  c i r r i  (F ig , 13, PTL & PTR) which l a t e r  become the  

p a l l i a i  te n ta c le s  (F ig , 17, PT). At a po in t opposite  the  p o s te r io r  end 

o f th e  c te n id ia l  ax is  the  mantle of each side forms a lo b e , the two 

lo b e s  p ro je c tin g  m ed ia lly  to separate  the in h a la n t and exhalan t stream s



FIGURE 17

Heteranom ia squamula, .L ate p o s t- la rv a  viewed from r ig h t  s id e  to  

show the c i l i a r y  and w ater c u rre n ts  o f the m antle c a v ity . Note, 

in  comparison to  F igure 13, the  a l te re d  p o s it io n  of the re c u rre n t  

pa th  (r p ) o f the  m antle and the presence o f v e n tra l f ro n ta l  c il ia .ry  

c u rre n ts  (d iscon tinuous arrows) and o f the m arginal re je c t io n  t r a c t  

(MRT) on the  ctenidium .

Length -  920 p.

Large p la in  arrows 

Small p la in  arrows

D iscontinuous arrows

Double arrows 

F eathered  arrows

-  in h a la n t and exhalan t w ater c u r re n ts ,

-  d o rsa l f ro n ta l  and adorai c i l i a r y  
c u rre n ts  of in n e r demibranch.*

-  v e n tra l  f ro n ta l  c i l i a r y  c u rre n ts ;  c i l i a  
a c tiv e  only on s tim u la tio n ,

-  c i l i a r y  c u rre n ts  lead in g  away from mouth,

-  c i l i a r y  c u rre n ts  o f m antle.

* (F ro n ta l c i l i a r y  c u rre n ts  on filam en ts  o f o u te r demibranch 
a re  d o rs a l ,  bu t are no t shown sin ce  they  are on the medial 
su rface  of the  f ila m e n ts , )

LEGEND : AAT -  a x ia l adora i t r a c t ,  B -  by ssa l a ttachm ent, FID -
fila m e n t o f in n e r  demibranch, LP -  low er p a lp , LV -  l e f t  s h e ll  
v a lv e , MRT -  m arginal r e je c t io n  t r a c t ,  OD -  o u te r demibranch,
PAT -  proxim al adorai t r a c t ,  PD -  prodissoconch, PT -  p a l l i a i  
t e n ta c le ,  RI4 -  r ig h t  m antle m argin, RP -  re c u rre n t  path  o f m antle, 
RV -  r ig h t  s h e ll  va lve , RX -  r e je c t io n  p o in t o f re c u rre n t p a th ,
U -  umbone, UP -  upper p a lp .
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(F ig , 13, ML). The mantle margin c o n tra c ts  s tro n g ly  on s tim u la tio n  

and i s  extended by the d i la t io n  of a m arginal blood v e sse l.

E arly  in  p o s t- la rv a l  l i f e ,  the in n e r su rface  of the 

m antle develops a thickened ridge  of t is s u e  bearing  a w e ll-d e fin ed  

t r a c t  of ra th e r  coarse c i l i a  which, by reason of th e i r  p o s te r io r ly  

d ire c te d  b e a t, form a re c u rre n t path  along the  m antle. These c i l i a  are  

e a s i ly  observed through the  tra n sp a ren t r ig h t  v a lve . The l e f t  valve 

being th ic k e r  and more opaque, obscures the ac tu a l t r a c t  o f c i l i a  on 

the  m antle, but i t s  presence i s  re a d ily  demonstrated by the movement 

o f p a r t ic le s  along a well-marked p a th . Beginning a n te r io r ly  near the 

p a lp s , th is  re c u rre n t t r a c t  extends along the  mantle p o s te r io r ly  and 

p a r a l le l  to  the margin of the  ctenidium  before passing  to  the  mantle 

edge ju s t  v e n tra l to  the p o s te r io r  end of the ctenidium  (F ig , 13, RP). 

On the r ig h t  side  the t r a c t  c ircum scribes the do rsa l and p o s te r io r  

edges of the pedal sinus before  tu rn ing  p o s te r io r ly .

Growth of the m antle i s  probably r e s t r i c te d  almost 

e n t i r e ly  to  the margin so th a t  while the  re c u rre n t path  m ain tains i t s  

o r ig in a l  p o s it io n , e longation  of the filam en ts  changes i t s  lo c a tio n  

r e la t iv e  to  the ctenidium . Thus, when the p o s t- la rv a  reaches a len g th  

of 920 u the re c u rre n t path passes over the middle o f the  a n te r io r  

filam en ts  (F ig . 17, RP), As the filam ents o f th e  o u te r demibranch 

in c rease  in  leng th  they extend v e n tra lly  toward the  re c u rre n t  p a th , 

which in  the a d u lt l i e s  along the v e n tra l margin of th i s  demibranch 

(A tk ins, 1936) .

P a lpal Development

The pa lps develop e a rly  in  p o s t- la rv a l  l i f e  and are



FIGURE 18

Heteranom ia souamulao L ate p o s t- la rv a  viewed from r ig h t  s ide  to  show 

curved c te n id ia l  ax is « Filam ents of the o u te r  demibranch are out of 

focus but can be seen overly ing  those of the  in n e r demibranch.

Length -  1 ,4  mm̂  x 60

FIGURE 19

Heteranom ia squamula. Upper p a lp s seen from p o s te r io r  aspec t to  show 

c i l i a r y  c u r r e n ts .

LEGEIJD ; AT -  ad or c l L ract, MO -  mouth, PAT -  proxim al ado ra i t r a c t ,  
RT -  r e je c t io n  t r a c t ,  RX -  p o in ts  o f r e je c t io n  from palps^
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rep resen ted  f i r s t  by the upper lam ellæ an d  l a t e r  by the  low er. The 

proxim al a.doral t r a c t  lead s  to the l a t e r a l  margin of the upper palp 

lam e lla  d o rsa lly  (F ig . 19, FAT), where i t  b ifu rc a te s  to  fo m  the  adorai 

t r a c t  (at) lead in g  to  the mouth, and th e  r e je c t io n  t r a c t  (RT) lead in g  

to  the v e n tra l edge of the la m e lla . P a r t ic le s  are re je c te d  from the 

upper lam .ella a t  *RX7 .

Feeding

During feed ing , the  c te n id ia  of the young p o s t-  

la rv a  are extended and the l a t e r a l  c i l i a  produce an in h a la n t w ater 

c u rre n t carry ing  p a r t i c le s  in to  the mantle c a v ity . Since the 

i n t e r f i l amentary spaces are  la rg e  and the  n ic r o - la te r o - f r o n ta l  c i l i a  

do not extend across th ese  spaces, many p a r t ic le s  pass between the  

filctm ents in to  the  su p ra -b ran ch ia l c av ity  and are not u t i l i z e d  in  

feed ing . Those which impinge on the  f ro n ta l  su rfaces of the filam en ts 

Sire c a rr ie d  d o rsa lly  in to  the a x ia l adorai groove, a n te r io r ly  along the  

groove to  the proxim al adora i t r a c t  and thence v e n tra lly  to  the  palps 

(F ig , 13). Some p a r t i c le s  are d iv e rted  in to  the  adora i t r a c t  of the 

upper palp and reach  the mouth, o thers fo llow  the r e je c t io n  t r a c t  

leav in g  the  upper palp  a t  ’RX* (F ig . 19), and f a l l  on the  m antle where 

they  tra v e l  p o s te r io r ly  along the  re c u rre n t pa th  (F ig , 13, RF).

As a lread y  noted the development of ad jacen t 

a n ta g o n is tic  f r o n t r a l  t r a c t s  has no e f fe c t  on the  feeding  mechanism as 

long as the co n cen tra tio n  of p a r t ic le s  c a rr ie d  by the  in h a la n t stream  

i s  low. However, when the  concen tra tion  of p a r t i c le s  becomes excessive , 

only the sm aller p a r t i c l e s  are  c a rr ie d  d o rsa lly  and thus u t i l i z e d  in  

feed ing . A ll o th e rs  proceed v e n tra lly  to  the t ip s  of the  filam en ts
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where they are tran sp o rted  p o s te r io r ly  by the  combined a c tio n  of the 

c i l i a  of the m arginal re je c t io n  t r a c t  (F ig . 17, MRT), and the  re c u rre n t 

pa th  (RP) on the m antle. As the l a t t e r  changes i t s  p o s it io n  r e la t iv e  

to  the  ctenidium , such p a r t ic le s  are c a rr ie d  by the m arginal r e je c t io n  

t r a c t  alone u n t i l  they come in  contact with the  re c u rre n t pa th  in  the 

p o s te r io r  reg ion  (F ig , 17).

With the  form ation of the  o u te r demibranch p a r t ic le s  

a lso  impinge on the  f ro n ta l  surfaces of these  filam en ts  whence they are  

c a r r ie d  d o rsa lly  to  the a x ia l groove and accompany p a r t i c le s  c o lle c te d  

by the  inner demibranch to the pa lps. At a l a t e r  stage in  development 

the  re c u rre n t path becomes assoc ia ted  with the  o u te r demibranch 

(A tkins, 1936) in  the same manner th a t  i t  was o r ig in a l ly  a sso c ia ted  

w ith the in n e r.

P ectin idae

Scallop la rv ae  were most abundant in  the  p lankton  

tows in  October and November, but were p re sen t in  small numbers as 

e a r ly  as June, With the exception of Chlamys o p e rc u la r is . the  la rv a e  

o f the  o th er seven species recorded in  the  Clyde Sea Area by A llen  

(1953) were no t abundant. Moreover, only 50 p er cen t of the  l a t e  

v e lig e rs  metamorphosed in  lab o ra to ry  c u ltu re s , development o f p o s t

la rv a e  was slow and m o rta lity  of both v e lig e rs  and p o s t- la rv a e  was h ig h . 

L a te r  stages o f development were found amongst sp a t a ttach ed  to  hydroids 

c o lle c te d  in  F a i r l i e  Channel, but here again th e re  were a v a r ie ty  of 

spec ies and the numbers of each were sm all.
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c t e n i d i a l  Development

Since the m ajo rity  of sp a t c o lle c te d  were Chlamys 

o p e rc u la ris  (Linné) and many of these showed c r i t i c a l  s tag es in  the 

development of the c te n id ia , the d e sc rip tio n  below a p p lie s  to  th is  

sp ec ie s . Development o f Chlamys (v a r ia ) (L inne) and Chlamys sp . was 

comp:arable to th a t  of C. o p e rcu la ris  although le s s  ra p id .

The form ation of the in n er demibranch in  Chiamys i s  

i n i t i a l l y  s im ila r to  th a t described  fo r Heteranomia ( c f .  F ig . 7 & 20) ; 

the c i l i a r y  cu rre n ts  of the c te n id ia , p r io r  to the  development o f the 

d i s t a l  lam ella  o f the inner demibranch, are also  id e n t ic a l  ( c f .  F ig . 13 

1 21). A weak adorai c ilia ry - cu rren t i s  p resen t along the  v e n tra l 

margin of the in n er demibranchs (F ig . 21, MAT).

At a leng th  of approxim ately 050 p when the p o s t-  

la rv a  has 18 filam en ts on e i th e r  s id e , r e f le c t io n  of the filam en ts  

gives r i s e  to the d i s ta l  lam ella  of the inner demibranch. By a process 

o f unequal growth the v e n tra l end of each filam en t becomes bent inwards 

and upwards (F ig . 22), carry ing  with i t  the i n t e r f  i l  amentary and 

in te r c te n id ia l  junctions which thereby become lo c a te d  a t  the f re e  

do rsa l edge of the d is ta l  la m e lla . At the p o in t o f f lex u re  a second 

i n t e r f i l amentary junction  develops (F ig . 22, IF J^ ) . The c i l i a  

comprising th is  ju n c tio n  are longer than those o f the prim ary ju n c tio n  

( IF J ^ ) and perm itted  p o s itiv e  id e n t i f ic a t io n  ofihe  two ju n c tio n s ; the 

width of the primary junction  in  l iv in g  specimens was 30 p , th a t  of 

the  secondary one 70 u. Measurements of the prim ary ju n c tio n s  were 

id e n tic a l  in  specimens with u n re flec ted  and with re f le c te d  f ila m e n ts . 

Since p o s t- la rv a e  were never observed w ith two in te rf ila m e n ta ry  

junctions and u n reflec ted  fila m e n ts , or w ith one i n t e r f  i l  amentary



FIGURE 20

Chlamys o p e rc u la r is . P o s t- la rv a  viewed from r ig h t  s ide  to  show 

a l te rn a t io n  o f filam en ts in  m id -ven tra l l i n e .  The general 

s im ila r i ty  between p e c tin id  and anomid p o s t- la rv a e  may be seen 

by a comparison of th i s  f ig u re  with F igure 7 of Heteranom ia. 

Length -  ^ 0  j i .  x 130



ÏTGUEE 20



FIGURE 21

Chlamys o p e rc u la r is . P o s t- la rv a  viewed from r ig h t  side  to  show 

the  c i l i a r y  and w ater c u rre n ts  of th e  m antle ,c a v ity  c h a r a c te r i s t ic  

o f the  p e c t in id s .  In  comparison w ith the  anomids (F igu res 13 &

17) th re e  main d if fe re n c e s  should be no ted ; the  p o s i t io n  of the  

re c u rre n t path  (RP) ad jacen t to the  m antle m argin, the  presence of 

a subax ial t r a c t  (SAT) on the  m antle and the m arginal ado ra i t r a c t  

(MAT) which rep la ce s  the  m arginal r e je c t io n  t r a c t  o f the anomids. 

Length -  696 ji.

Large p la in  arrows -  in h a la n t and exhalan t w ater c u rre n ts .

Small p la in  arrows -  ado ra i c i l i a r y  c u rre n ts  o f the
cten id ium .

D iscontinuous arrows -  v e n tra l  f r o n ta l  c i l i a r y  c u rre n t;  c i l i a
a c tiv e  only on s tim u la tio n .

Double arrows -  c i l i a t e d  t r a c t s  le a d in g  away from the
mouth.

F eathered  arrows -  c i l i a t e d  t r a c t s  on the m antle .

LEGEND ; AAT -  a x ia l  adorai t r a c t ,  F -  fo o t, FL & FR -  filam en ts  
o f l e f t  and r ig h t  c te n id ia  r e s p e c tiv e ly , LF -  low er p a lp , MAT -  
m arginal adora i t r a c t ,  PA -  p o s te r io r  adductor m uscle, PAT -
proxim al adora i t r a c t ,  PD -  prodissoconch, PS -  pedal s in u s , PT -
p a l l i a i  te n ta c le ,  RP -  re c u rre n t p a th , RX -  r e je c t io n  p o in ts  o f
pa lp  and m antle m argin, SAT -  subax ia l adora i t r a c t ,  UP -  upper
p a lp .
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FIGURE 22

Chlamys o p e rc u la r is . V en tra l p o rtio n  of newly re f le c te d  filam en t 

from l a t e r a l  a sp ec t; the r e f le c te d  p o rtio n  i s  70 p in  len g th .

The d ire c tio n  o f beat o f the  coarse (CO) and f in e  (FC) f ro n ta l  

c i l i a  could no t be determ ined. Note the  absence of c i l i a  on the 

f r o n ta l  su rface  a t the  p o in t o f f le x u re .

From specimen 890 p in  le n g th .

Large arrows ~ v e n tra l  f ro n ta l  c i l i a r y  c u rre n t (coarse  c i l i a ) .  

Small arrows -  d o rsa l f ro n ta l  c i l i a r y  c u rre n t ( f in e  c i l i a ) .

LEGEND ; CO -  p o s i t io n  o f coarse  f ro n ta l  c i l i a ,  FC -  p o s it io n  of 
f in e  f ro n ta l  c i l i a ,  LC -  p o s it io n  of l a t e r a l  c i l i a ,  ICJ -  in t e r -  
c te n id ia l  c i l i a r y  ju n c tio n , IFJ-] & IFJ2 -  prim ary and secondary 
i n t e r f i l amentary ju n c tio n s  re s p e c tiv e ly , NC -  n o n -c il ia te d  region  
o f f ro n ta l  su rfa c e .
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junction  and re f le c te d  filam en ts , the two p rocesses appear to  occur 

sim ultaneously. R e flec tio n  begins in  the a n te r io r  p o rtio n  of the 

in n er demi branch, and proceeds p o s te r io r ly  as the new filam en ts  

elongate and a d d itio n a l filam ents are formed from the an lage.

The d ire c tio n  of f ro n ta l  c u rre n ts  on the d i s t a l  

lam ella  when f i r s t  formed could not be determ ined, bu t in  l a t e r  stages 

of development they were seen to  be id e n tic a l  to  those of the proximal 

lam e lla . Although re f le c t io n  would presumably ca rry  the m arginal 

adorai t r a c t  to the do rsa l edge of the d i s t a l  lam e lla , where i t  i s  

p resen t in  the a d u lt (A tkins, 1937 b ) , i t  was never observed. However, 

these  filam ents could only be s a t i s f a c to r i ly  observed in  d is se c tio n s  

where d is ru p tio n  of the  c i l i a r y  connections between th e  a l te rn a t in g  

filam ents of the two demibranchs could have im paired the  fu n c tio n in g  

o f such a t r a c t .  S hortly  a f te r  the r e f le c t io n  of the  f ila m e n ts , an 

adorai cu rren t i s  developed along the v e n tra l margin o f the in n e r 

demibranch. I n i t i a l l y  th is  c i l ia r y  cu rren t i s  weak and the passage 

o f p a r t ic le s  a n te r io r ly  from one filsm en t to the nex t i s  hazardous.

The f i r s t  in d ic a tio n  of the o u te r demibranch 

appeared in  a specimen 925 p in  le n g th . P a p illae  are  formed about 

midway along the len g th  of the c te n id ia l  axis and as they e longate  

in to  filam en ts , f ro n ta l  c i l i a r y  cu rren ts  id e n t ic a l  to those o f the  

inner demibranch are  developed. One specimen, 1.16 mm, long w ith 20 

filam ents in  the o u te r demibranch, showed the filam en ts  r e f le c te d  with 

primary and secondary in te rf ilsm e n ta ry  ju n c tio n s  p re s e n t. Thus, 

form ation of the d i s t a l  lam ella  of the ou ter demibranch follow s the 

p a tte rn  as th a t o f the in n e r . A more d e ta ile d  study o f th i s  type of 

c te n id ia l development would be va luab le .
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P a ll ia i  Development

In- the e a r ly  p o s t- la rv a  the  m antle develops p a p il la e  

along i t s  margin (F ig , 21, PT); these  p a p il la e  elongate  to  form the 

p a l l i a i  te n ta c le s  of the a d u lt .

An adorai c i l i a t e d  t r a c t  forms on the  in n e r su rface  

of the mantle p a ra l le l  to , bu t 70 p below ,the c te n id ia l  ax is  (F ig . 16 

& 21, sat) .  This subaxial t r a c t  o v e rlie s  the  d o rsa l ends of the  

filam en ts, and i t s  adorai c u rren t i s  s u f f ic ie n t ly  strong  to  cause a 

w ater cu rren t between i t  and the a x ia l adora i c i l i a r y  t r a c t .  Thus, 

movement of p a r t i c le s ,  not a c tu a lly  in  co n tac t w ith the c i l i a  o f the 

d o rsa l f ro n ta l  t r a c t ,  i s  a t  r ig h t  angles to  the  l a t t e r  t r a c t  (F ig , 16),

A re c u rre n t path appears on the m antle (F ig , 21,

RP) but i t s  lo c a tio n  d i f f e r s  from th a t  in  Heteranom ia, O rig in a tin g  

a n te r io r ly  a t  the p a lp s , i t  c ircum scribes the  pedal sinus on the  r ig h t  

s id e  and passes p o s te r io r ly  ad jacen t to  the m antle margin to te rm ina te  

v e n tra l to the p o s te r io r  end of the c te n id ia l  ax is a t  *RX*, I t s  

lo c a tio n  a n te r io r ly  on the l e f t  mantle was no t determ ined. In  c o n tra s t  

to  Heteranomia, the re c u rre n t path  in  Chlamys i s  never a sso c ia ted  with 

the v en tra l edge o f e i th e r  demibranch.

Feeding

As in  Heteranomia a la rg e  p ro p o rtio n  o f the  p a r t ic le s  

en te rin g  the  m antle cav ity  in  the  in h a la n t stream  pass between the 

filam en ts in to  the sup ra -b ranch ia l c a v ity . P a r t ic le s  impinging on the 

su rface  of the ctenidium  are c a rr ie d  d o rsa lly  along th e  f ro n ta l  su rfaces  

of the f ila m e n ts . While a few p a r t ic le s  may reach the  a x ia l adorai
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groove (F ig . 21, AAT), the m a jo rity  come under the in flu en ce  o f the  

water cu rren t produced by the c i l i a  o f the  subax ial t r a c t  (SAT) and 

proceed a n te r io r ly  between the two adorai t r a c t s .  With the  development 

of v e n tra l f ro n ta l  c i l i a r y  c u rre n ts  and m arginal adorai t r a c t  (FIAT), the  

movement of p a r t ic le s  on the  su rface  of th e  ctenidium  becomes more 

complicated when the con cen tra tio n  o f suspended p a r t ic le s  i s  g re a t .

Many p a r t ic le s  are then c a r r ie d  v e n tra lly  along the f ro n ta l  su rface  

of the filam ents and thence proceed a n te r io r ly  along the  margin o f the  

inner demibranch. However, since  the  c i l i a r y  c u rren t here  i s  weak, 

these p a r t ic le s  u su a lly  f a l l  on to the m antle su rfa ce . The m arginal 

adorai t r a c t  has no connection a n te r io r ly  w ith the p a lp s . A ll 

p a r t ic le s  re je c te d  by the p a lp s , or f a l l in g  on to  the m antle, are  

c a rr ie d  p o s te r io r ly  along the re c u rre n t pa th  (RP).

C urrents on the f ro n ta l  su rfaces o f the filam en ts  

of both proximal and d i s t a l  lam ellae  o f both demibranchs are the  same. 

The fa te  of p a r t ic le s  t ra v e ll in g  d o rsa lly  on the  r e f le c te d  lam ellae  

was not determ ined. W hile, as explained above, th e re  i s  probably an 

adorai t r a c t  along the  do rsa l margin o f the d i s t a l  lam e lla  of the 

inner demibranch, due to  the p o s itio n  of the  fo o t between filam en ts  

F^ and , such an adorai t r a c t  can have no connection w ith the p a lp s .
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Limidae

Lima h ian s (Gmelin) i s  the  only species o f th is  

Family found in  the v ic in i ty  o f the I s le  o f Cumbrae. Larvae were never 

p le n t i fu l  in  the plankton tows and the breeding  season i s  s h o r t ,  August 

to  October, in  the  Clyde Sea Area. Two-thirds of the  v e lig e rs  c o lle c te d  

f a i le d  to  metamorphose in  la b o ra to ry  c u ltu re s ,  bu t the 13 which d id  

were reared  w ith moderate success , a t ta in in g  a len g th  o f  750 p in  a 

l i t t l e  over fou r months. A fte r sev era l months the n e s ts  became clogged 

w ith a lg a l and fungal growths which in te r fe re d  w ith  the  feed ing  c u rre n ts  

o f the young sp a t . I f  removed from th e i r  n e s ts ,  th e  p o s t- la rv a e  o ften  

become unhealthy and d ied . No young stages were found amongst the  

n e s ts  o f the a d u lts . The la rv a  o f Lima h ians has been described  by 

Odhner (1Ç1X), Lebour (1937), Jorgensen (1946) and Rees (1950); Odhner 

and Lebour a lso  give d e sc r ip tio n s  o f the  p o s t- la rv a ,

C ten id ia l Development

At metamorphosis the la rv a  i s  370 p in  le n g th  and 

has 4 to 5 filam en ts  in  each in n e r demibranch. The c te n id ia l  anlagen 

are se p a ra te . The la rv a l  f ilam en ts  are  connected by c i l i a r y  

in te rf ila m e n ta ry  ju n c tio n s  s im ila r  to  those of Heteranomia and Chlamys. 

the  in te r c te n id ia l  ju n c tio n s being formed a f t e r  m etam orphosis. I n i t i a l l y  

the  filam en ts of the two in n e r demibranchs g en era lly  a l te r n a te  and the  

in te r c te n id ia l  ju n c tio n s  resem ble those o f the  anomids and p e c t in id s .

In  o lder p o s t- la rv a e  the filam en ts  are  opposite and are  connected 

d i r e c t ly  by sh o rt in te r lo c k in g  c i l i a ,  foirming a second in te r c te n id ia l  

ju n c tio n  (F ig , 23, IC J^). The lo n g er c i l i a ,  which formed the  prim ary



FIGURE 23

Lima h ia n s . Diagram to show secondary p a ir in g  o f c te n id ia l  filam ents 

as seen in  v e n tra l view. Note the p o s i t io n s  of the prim ary and 

secondary in te r c te n id ia l  c i l ia ry  ju n c tio n s  (ICJ^ & ICJ^) and 

compare vri.th Figure 12 which shows t h e i r  p o s it io n s  imm ediately 

fo llow ing  metamorphosis when the filam en ts  are a l te r n a te ,

FIGURE 24

Lima h ia n s . Upper palp and a n te r io r  filam en ts  o f e a r ly  p o s t- la rv a  

viewed from r ig h t  side  to show c i l i a r y  c u rre n ts . Note th a t ,  due to  

the proxim ity  of t h e 'f i r s t  'filam ent and-palp , the- marginal- adorai 

t r a c t  (MT) of the ctenidium is  alm ost continuous w ith the adorai 

t r a c t  (a t) o f the p a lp , whereas the proxim al adora i t r a c t  (PAT) i s  

continuous w ith the  pa lpa l re je c t io n  t r a c t  (RT), (C ilia ry  t r a c t s  of 

pa lp  are  on the in n er or medial s u r f a c e .)

LEGEND ; AAT -  a x ia l adorai t r a c t ,  AT -  adorai t r a c t  o f upper p a lp , 
IC J. & ICJ^ -  prim ary end secondary in te r c te n id ia l  c i l i a r y  ju n c tio n s , 
IFJ -  i n t e r f i l  ament ary c i l ia ry  ju n c tio n , llAT -  m arginal adora i t r a c t ,  
PAT -  proximal adorai t r a c t ,  RT -  r e je c t io n  t r a c t  o f upper p a lp , RX -  
r e je c t io n  p o in t o f upper palp , UP -  upper p a lp , VFC -  v e n tra l f ro n ta l  
c i l i a r y  c u rre n t .
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f ig u re  24



-  29  -

in te r c te n id ia l  ju n c tio n s  (IC J^), on the a n te r io r  and p o s te r io r  faces 

of the t ip  of each filam en t, in te r lo c k  w ith the  c i l i a  o f the  filam en ts 

o f the opposite demibranch immediately a n te r io r  and p o s te r io r  to i t .  

These primary ju n c tio n s  now cross over one another in  the m id line .

Thus, each filam en t has th ree  groups o f c i l i a  comprising the 

in te r c te n id ia l  ju n c tio n s , one of which, the  secondary ju n c tio n , i s  

formed a f te r  the t r a n s i t io n  from a l te rn a te  to  opposite  p o s it io n s . 

Comparison of Figure 12 with Figure 23 shows th a t  th is  change 

n e c e s s i ta te s  the d is ru p tio n  of some of the prim ary ju n c tio n s  which 

a re  l a t e r  reformed between d i f f e r e n t  p a irs  o f f ila m e n ts . New filam en ts 

added p o s te r io r ly  freq u en tly  a l te rn a te ,  ■ but l a t e r  they too become 

arranged in  p a i r s .  A n te rio rly  the f ilam en ts  l i e  on e i th e r  s ide  o f the 

fo o t but do not appear to  be a ttached  to  the  fo o t in  any way. Thus, th e  

f i r s t  f ilam en t l i e s  ad jacen t to  the upper pa lp  (F ig , 24) r a th e r  than 

being separated  from the l a t t e r  by the in te rv en in g  fo o t as in  the  

anomids and p e c t in id s .

F ro n ta l c u rre n ts  on a l l  filam en ts  a re  v e n tra l .

There were a lso  in d ic a tio n s  o f a do rsa l f ro n ta l  c u rre n t whose presence 

was masked by the s tro n g e r v e n tra l one. In  Heteranomia and Chlamys 

d o rsa l f ro n ta l  c u rre n ts  were obscured by the coarse v e n tra l ly  b ea tin g  

c i l i a  when the  l a t t e r  were a c tiv e , but since  in  Lima the  coarse f ro n ta l  

c i l i a  are continuously  ac tiv e  i t  was im possib le  to  determ ine with 

c e r ta in ty  the presence o f do rsa l t r a c ts  in  th i s  genus. Both a x ia l  and 

proximal adora i t r a c t s  are p re sen t to g e th e r w ith a m arginal adorai 

t r a c t  which develops along the  v e n tra l margin o f the demibranch a t  an 

e a r ly  stage  (F ig , 24, >1AT).
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Development o f the ctenidium  i s  more rap id  than 

in  Heteranomia and Chlamys. When 9 filam en ts  are  p re se n t in  each in n e r 

demibranch (p o s t- la rv a  750 p in  leng th ) r e f le c t io n  has a lready  taken 

p lace (F ig , 25), and the m arginal adorai t r a c t  i s  now lo ca te d  a t  the 

do rsa l edge of the  d i s t a l  la iû e lls  (DDL). U nfo rtunate ly  the number of 

p o s t- la rv a e  reach ing  th is  stage  of development was in s u f f ic ie n t  to  

perm it a study of the  process of r e f le c t io n .  The s im ila r i ty  of the 

p o s t- la rv a l  ctenidium  to th a t  o f Chlamys makes i t  reasonab le  to assume 

th a t  form ation of the  d i s t a l  lam ella  i s  s im ila r  to  r e f le c t io n  in  the 

P ec tin id ae ,

P a l l i a i  Develonment

Several small rounded p a p il la e  are  p resen t along 

the mantle edge o f the  l a t e  la rv a .  Following metamorphosis they 

ra p id ly  elongate  in to  te n ta c le s  which are so prom inent in  the p o s t

la rv a  (F ig , 25) ,  They have a d i s t in c t ly  segmented appearance and are 

provided w ith c i r r i .  At a l a t e r  stage  small red  pigment spots develop 

between the  te n ta c le s .

In  the l a t e  v e lig e r  a p a ir  of sm all t r ia n g u la r  

lobes p ro je c t from the mantle margin near the p o s te r io r  end of the  

c te n id ia l  axes. These enlarge during p o s t- la rv a l  l i f e  and become th in  

membraneous p a l l i a i  lobes overlapping one another m edially  when the 

sh e ll  va lves are  open (F ig , 25 & 26, IIL).

A re c u rre n t path  (F ig , 25, HP) o r ig in a te s  on the  

m antle overly ing  the  palps and lead s to  the m antle margin d i r e c t ly  

opposite  i t s  o r ig in  (F ig , 25 & 27, RX),



FIGURE 25

Lima h ia n s . Mid p o s t-la rv a  viewed from r ig h t  side  to  show c i l i a r y  

and w ater c u rren ts  of mantle cav ity  c h a r a c te r is t ic  during  development 

o f the d i s t a l  lam ella  of inner derriibranch. Note the  sh o rt a n te r io r  

re c u rre n t  path  (RP) and the new p o s itio n  o f the m arginal ado ra i t r a c t  

(F ig , 24, MAT) which now luns along the d o rsa l edge of the d i s t a l  

la m e lla  (DDL),

■Length --■750- j i , ................................................................

Large p la in  arrows -  in h a lan t and exhalan t w ater c u rre n ts

Small p la in  arrows -  c i l i a r y  c u rre n ts  of ctenid ium .

Feathered  double arrow -  re c u rre n t path  o f m antle.

LEGEND : AAT -  ax ia l adorai t r a c t ,  DDL -  d o rsa l edge o f d i s t a l  la m e lla
o f in n e r  demibranch, F -  fo o t, ML -  p a l l i a i  lo b e , PD -  p ro d is soconch, 
PAT -  proxim al adorai t r a c t ,  PT -  p a l l i a i  te n ta c le ,  RP -  re c u rre n t 
p a th , RX -  r e je c tio n  po in t of rec u rren t p a th , UP -  upper p a lp .
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FIGURE 26

Lima h ia n s . P o s te ro -d o rsa l view o f sarae p o s t- la rv a  as F igure 25 to  

show medial overlapping o f p a l l i a i  lobes (ML) to  se p a ra te  in h a la n t  (IN) 

and exhalan t (EX) a re a s ,

FIGURE 27

Lima h ia n s . A n te ro -v en tra l view o f same p o s t- la rv a  as F igure 25 to 

show r e je c t io n  p o in ts  (RX) of re c u rre n t pa ths o f m antle.

LEGEÎ JD : BG -  byssa l groove of fo o t, DS -  d is  soconch, EX -  eadialant 
a re a , H -  hee l o f fo o t, DIM -  in n er and middle m antle fo ld s , IN -  
in h a la n t a rea , LCT -  l e f t  ctenidium , ML -  p a l l i a i  lo b e , MPT -  median 
p a l l i a i  te n ta c le ,  OM -  o u te r  mantle fo ld , PT -  p a l l i a i  te n ta c le ,  RCT -  
r ig h t  ctenidium , RX -  r e je c t io n  p o in t o f re c u rre n t p a th .
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Palpai Development

Both p a lp s develop e a r ly  in  p o s t - la r v a l  l i f e ,  the  

upper ones appearing f i r s t .  Two d i s t in c t  p a irs  o f c i l i a r y  t r a c ts  

tra v e rse  the in n er surface of the  upper pa lps (Fig. 28) ; from the 

la te ro -v e n tra l  margins adorai t r a c ts  (AT) lead  to the  mouth, w hile 

re je c t io n  t r a c ts  (RT) running p a ra l le l  to  the  l a t e r a l  m argins, pass 

from the do rsa l to  the v e n tra l margin and carry  p a r t i c l e s  over the  

edge of the palps a t  ’RX’ , These re je c t io n  t r a c ts  te rm ina te  near the  

o r ig in s  of the re c u rre n t pa ths of the mantle (F ig . 25).

Pedal Development

P r io r  to  metamorphosis the  fo o t o f Lima i s  

d ire c te d  forwards as in  o ther lam ellib ranch  la rv a e  and p o s t- la rv a e , 

bu t sh o rtly  a f te r  the  velum i s  shed the fo o t i s  ro ta te d  through 180° 

to  face  p o s te r io r ly  as in  the ad u lt (F ig . 25) • The young p o s t- la rv a e  

freq u e n tly  became b y ssa lly  a ttached  to  the  side  o f the c u ltu re  d ish  

a t  the water le v e l ,  and sometimes hung from the su rface  film  as 

described  by Nelson (1928) fo r  M y tilu s . L a te r they  re tu rn ed  to  the  

bottom of the  d ish  and constructed  n e s ts  from the g rains of sand.

deed ing

Since the p a ir in g  of the  f ilam en ts  o f the  two demi

branchs in  the m idline reduces the s iz e  of the in te r f ila m e n ta ry

spaces, most o f the  p a r t ic le s  en te rin g  in  the in h a la n t stream  are

re ta in e d  by the c te n id ia .  Such p a r t ic le s  are c a r r ie d  v e n tra l ly  to  the

m argin of the demibranch and thence along the m arginal adorai t r a c t



FIGURE 28

Lima- h ian s-. ■ U pper-palps - seen fro m -p o s te rio r a sp e c t to  show c i l i a r y  

c u rre n ts .

LEGEND ; AT -  adorai t r a c t ,  MO -  mouth, PAT -  te rm in a l p o r tio n  of 
proxim al adora i t r a c t ,  RT -  r e je c t io n  t r a c t ,  RX -  p o in ts  o f r e je c t io n  
from upper p a lp s .
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(F ig , 24, MAT) to  the  palps where they  u su a lly  pass d i r e c t ly  in to  

the  adorai t r a c t  (F ig , 24 6 28, AT) of the upper p a lp . However, 

some p a r t ic le s  appear to  be c a r r ie d  by the in h a la n t stream  d i r e c t ly  

to  the a x ia l adora i t r a c t  (F ig , 24 & 25, AAT) — although they  may 

be in fluenced  by the  d o rsa l f ro n ta l  t r a c ts  whose presence was

suggested above ----  t r a v e l  a n te r io r ly  to the  proximal adora i t r a c t

(p a t) and so v e n tra l ly  to  the  p a lp s . These p a r t i c le s  appear to  e n te r  

the  r e je c t io n  t r a c t  (F ig , 24 & 28, RT) of the  upper palp  and are 

t ra n s fe r re d  to  the  re c u rre n t path  (F ig , 25, RP) of the  m antle to  be 

e je c te d  from the m antle c a v ity  (F ig , 25 & 27, RX), The p a l l i a i  lobes 

(F ig , 25 & 26, ML) overlap  m edially  during  feed ing , thus sep a ra tin g  

the in h a la n t and exhalan t stream s.
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Ostre id a e

P o s t- la rv a l  development was observed in  two 

species of o y s te rs  belonging to  d i f f e r e n t  genera: O strea  e d u lis  

L inne, which metamorphoses a t an average len g th  of 300 ji (Cole, 1937), 

and C ra sso s tre a v i r g in iea Gmelin, in  which metamorphosis occurs a t  

350 (S u lliv an , 1948), Preliriiinary  exam ination o f l iv in g  p o s t

la rv a e  (O s trea eduli s )  were made a t  Conway, Wales in  1955 and a more 

d e ta ile d  study of p o s t- la rv a e  (C rasso s trea  vi r g in ic a ) . 500 p to  1 ,3  mm, 

in  le n g th , was conducted a t  E l l e r s l i e ,  P rince  Edward Is la n d , Canada 

in  1957c Both v i s i t s  were of b r ie f  d u ra tio n  and o b serva tions were 

lim ite d  to  the developm ental stages a v a ila b le  a t  the tim e,

Ctenidial- Development

Examination of l iv in g ,  newly metamorphosed Os t r e a  

spa t revealed  l i t t l e  concerning the i n i t i a l  phases o f c te n id ia l  

development. The opacity  of the la r v a l  s h e l l  makes i t  im possib le  to  

observe the c te n id ia  in  whole sp a t, w hile d is s e c tio n s  were hampered 

by the convexity  of the prodissoconch. Thus i t  i s  necessa ry  to  

recoun t the few d e ta i l s  of c te n id ia l  development recorded in  the  

l i t e r a t u r e .  Erdmann (1935) s ta te s  th a t  the  c te n id ia l  anlagen o f 

O strea e d u lis  are  fused and he f ig u re s  6 f ilam en ts  on the  l e f t  side 

of the *ansa tz re ifen*  la rv a .  Cole (1937) found 7 f ilam en ts  on the  

same side o f the youngest sp a t which he examined. With regard  to  

Cra s s o s tre a  v irg in i e a a l i t t l e  more i s  knoim. S ta ffo rd  (1913) re p o r ts  

th a t  the anlagen are fused end th a t  on e i th e r  s ide  o f the  mature la rv a  

th e re  are 8 f ilam en ts  "with th e i r  lower ends f r e e ."  Following
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metamorphosis, the filam en ts  of the  l e f t  s ide  become d iv ided  proxim ally  

in to  two p a r ts  to  form the proximal and d i s t a l  lam ellae  of the  in n e r 

demibranch. This p ro cess , as described  by S ta ffo rd , resem bles th a t  

recorded by Rice (1908) fo r  o th er lam ellib ranchs a t  a much l a t e r  stage 

of development (F ig . 5)» Proximal d iv is io n  of the fila m e n ts  i s  a lready  

apparent in  sp a t 460 ji in  len g th  but the  two lam ellae  are more c le a r ly  

separa ted  in  spat 760 |i in  leng th  (S ta ffo rd , 1913)*, The f a c t  th a t  

th is  p rocess i s  complete "w ithin  6 hours a f te r  attachm ent" le d  Nelson 

and Yonge (1947) to  describe  the 8 filam en ts  on the  l e f t  s id e  of the  

mature la rv a  as "a p o te n t ia l ly  fu n c tio n a l demibranch ready to  u n fo ld ,"

I n t e r f i l amentary ju n c tio n s , described  by Nelson and Yonge as o r ig in a tin g  

from the fu sion  of outgrowths a t  the t ip s  of ad jacen t f i la m e n ts , are  

p re sen t along the v e n tra l edge of the  l e f t  in n e r demibranch in  sp a t 

measuring 420 p (S ta ffo rd , 1913). Although the m arginal b ridge  was 

p re se n t in  both in n e r demibranchs of a l l  spat exceeding 500 p in  

len g th  (Os tr e a  and C ra sso s tre a ) examined during  the p re se n t in v e s tig a t io n , 

no mention of such a s tru c tu re  i s  made in  the  l i te ra tu re ,»  I t s  o r ig in  

thus remains to  be determ ined. S ta ffo rd  says th a t  in  both la rv a e  and 

newly metamorphosed spa t the  a n te r io r  filam en ts l i e  on e i th e r  s ide  o f 

the fo o t, bu t he gives no in d ic a tio n  of any attachm ent, or la c k  of i t ,  

between these filam en ts  and the fo o t .  He m erely reco rds th a t  a n te r io r ly  

the  d i s t a l  lam ellae  of the two in n er demibranchs of the  sp a t "approach 

each o th e r , towards the median v e n tra l  l in e  of the  abdomen, where they 

are a ttach ed , but behind th is  they u n i te ,"  The p re sen t in v e s tig a t io n  

shows th a t  the  attachm ent o f the in n e r demibranchs to  one ano ther i s  

e ffe c te d  by fu sio n  o f th e i r  m arginal b rid g es .
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While c te n id ia l  development i s  extrem ely rap id  

during  the e a r ly  p o s t- la rv a l  s ta g es , i t  occurs almost ex c lu s iv e ly  in  

the  l e f t  ctenidium . Development o f the  r ig h t  ctenidium  i s  re ta rd ed  

u n t i l  the p o s t- la rv a  a t ta in s  a len g th  of approxim ately 500 p (F ig , 29), 

At th is  stage th e re  are only 3 or 4 filam en ts  p re se n t in  the  r ig h t  

in n e r  demibranch (F ig , 29 & 30) so th a t ,  while e longation  of the  

f ilam en ts  has occurred , d i f f e r e n t ia t io n  has sc a rc e ly  advanced beyond 

th a t  of the  l a t e  la r v a l  s ta g e . F o rtu n a te ly , th i s  delayed development 

o f the  r ig h t  ctenidium  provides an oppo rtun ity  to  study the e a r ly  

genesis  of the ctenidium  with g re a te r  ease and confidence.

The r ig h t  inner demibranch of sp a t 500 ji in  len g th

i s  lo ca te d  do rsa l to  the l e f t  in n er demibranch (F ig . 29), The two

demibranchs are u n ited  by the fu sio n  o f th e i r  m arginal b r id g es , th a t

o f the l e f t  in n er demibranch now ly in g  a t  the  do rsa l edge of the  d i s t a l  

la m e lla . Coarse f ro n ta l  c i l i a  on the v e n tra l  h a lf  of the  f ilam en ts  of 

the  r ig h t  in n e r demibranch produce a conspicuous v e n tra l  c i l i a r y  

c u rre n t (F ig . 30) which connects with the  combined m arginal adorai 

t r a c t s  of the two in n e r demibranchs (F ig , 29 & 30, MAT), While the  

presence o f f in e  c i l i a  in  the d o rsa l reg io n  o f the f ilam en ts  was 

suspected  i t  could no t be v e r i f ie d .  Along th e  ax is  o f the r ig h t  

ctenidium  an adorai t r a c t  (AAT) lea d s  to  the proximal adora i t r a c t  

( pat) and thence to  the p a lp s .

Subsequent d i f f e r e n t ia t io n  of f ilam en ts  from the 

r ig h t  anlage proceeds by the fo ld  method described  by W asserloos (1911) 

fo r  Cycles cornea ( c f .  F ig . 3 & 31). The anlage th ick en s in to  v e r t i c a l  

r id g e s  (F ig , 31, R) while a groove (G), which i s  l a t e r  p e rfo ra te d )



FIGURE 29

O strea  e d u lis . C ten id ia  and p a lp s  o f mid p o s t- la rv a  viewed from 

r ig h t  s ide  to show the  c i l i a r y  c u rre n ts  and also  the re la tio n sh ip  of

the r ig h t  and l e f t  c te n id ia  to one an o th er. From specimen approxim ately

500 p in  le n g th ,

FIGURE 30

C ra sso s tre a  ' v i r g ln ic a . ' R igh t c te n id iu m 'o f  ' mid p o e t^ la rv a  viewed ■■ 

from r ig h t  side  to  show the c i l i a r y  c u r re n ts . The l e f t  ctenidium  of 

th is  specimen had 12 filam en ts  in  the  in n e r  demibranch.

From specimen 625 p in  le n g th .

LEGEND; MT -  a x ia l  ado ra i t r a c t ,  FDL & FPL -  d i s t a l  and proximal 
p o rtio n s  o f f ilam en t o f l e f t  in n e r  demibranch, lAT -  interm edia.ry 
ado ra i t r a c t ,  IFB -  In te r f ila m e n ta ry  b rid g e , LA -  anlage of l e f t  
c ten id ium , LP -  lower p a lp , MAT -  m arginal ado ra i t r a c t ,  0-] to  0^ -  
f i r s t  to  fo u rth  o s t i a  o r in te r f i la m e n ta ry  spaces, OS -  oesophagus, 
PAT -  proxim al adora i t r a c t ,  RA -  anlage o f r ig h t  ctenidium , RX -  
r e je c t io n  p o in t o f upper p a lp , UP -  upper palp  o r i t s  p o s te r io r  
m argin.
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forms between the ridges.- While the f i r s t  4 o s t i a  are  p e rfo ra te d  by 

one continuous s l i t  (e .g . 0^ ), the 5th i s  p ie rced  by a long  s l i t  

d o rsa lly  and a sh o rt one v e n tra lly , the two being separa ted  by an 

in te rf ila m e n ta ry  bridge (IFB ), In  p e rfo ra tio n  of o s t i a  p o s te r io r  to  

the  5th the in te r f ila m e n ta ry  bridges come to  l i e  p ro g re ss iv e ly  n eare r 

the cen tre  of the o s t ia  (e .g .  Og). These b ridges mark the  d iv is io n  

between proximal and d i s t a l  lam ellae  ; p o rtio n s  of the  filam en ts  d o rsa l 

to  the b ridges become the proximal lam ella  w hile those v e n tra l to  the  

b ridges become the d i s t a l  lam e lla . In te r f i la m e n ta ry  b rid g es across 

o s t ia  2, 3 and 4 are secondary s tru c tu re s  formed by the  fu sio n  of 

outgrowths from ad jacen t filam en ts auid do no t make th e i r  appearance 

u n t i l  much l a t e r .  Ostium 1 i s  never d iv ided  by an in te r f ila m e n ta ry  

b rid g e .

P r io r  to  p e rfo ra tio n , groups o f coarse c i l i a  are  

ev iden t on the rid g es  ad jacen t to  the p o in ts  where in te r f ila m e n ta ry  

b ridges w ill  be formed (F ig . 31, IAT). As d i f f e r e n t ia t io n  proceeds 

such c i l i a  a lso  develop along the bridges so th a t  a continuous l in e  

o f c i l i a ,  the in te rm ed iary  adorai t r a c t  (F ig . 32, lAT and a lso  F ig , 29, 

lAT on the  l e f t  in n e r dem ibranch), i s  formed. Subsequently , coarse 

c i l i a  (F ig . 31, CC) a lso  appear do rsa l and v e n tra l  to  the  in te rm ed iary  

t r a c t  to  form the f ro n ta l  t r a c ts  of the  proxim al and d i s t a l  lam ellae  

re s p e c tiv e ly . The c i l i a  o f these  f ro n ta l  t r a c t s  b ea t toward the 

in te rm ed iary  adorai t r a c t  and even tually  become th e  v e n tra l  f ro n ta l  

t r a c t s  o f the in n e r demibranch (F ig . 32 and a lso  F ig , 29 on the  l e f t  

in n e r dem ibranch). L a te ra l  c i l i a  develop s h o r tly  a f t e r  p e rfo ra tio n  

(F ig . 31, OL) but the appearance o f anomalous 1a te ro - f r e n ta ls



FIGURE 31

C rasso s trea  v i rg in ie a . P o s te rio r p o rtio n  of r ig h t  ctenidium  O'f l a t e  

p o s t- la rv a  viewed from r ig h t  side to  show the method o f d i f f e r e n t i a t i o n  

o f f ilam en ts  o f the in n e r demibranch from the anlage and the  fo rm ation  

o f the  in te rf ila m e n ta ry  bridges. The c i l i a  shown around o s t i a  4 and 

5 are the  anomalous la te ro - f re n ta ls *  l a t e r a l  c i l i a  were p re s e n t  

around o s t ia  4 to 7 , Large dots show the  d is t r ib u t io n  o f c o a rse  

c i l ia . .  The l e f t  ctenidium  of th is  specimen had 20 fila m e n ts  in  the 

in n e r demibranch.

From specimen 950 in  leng th ,

FIGURE 32

C ra sso s tre a  v irg in ie a . Right ctenidium  o f l a t e  p o s t- la rv a  viewed 

from r ig h t  side  to show the d i f f e r e n t ia t io n  of the in n e r  demibranch 

in to  proxim al and d i s t a l  lam ellae . Note the p o s it io n  of the  m arginal 

ado ra i t r a c t  (MAT) along the m arginal b ridge (MB) lo c a te d  a t  th e  

d o rsa l edge o f the d i s t a l  lam ella . The filam ents a re  numbered. The 

l e f t  ctenidium  o f th is  specimen had approxim ately 25 f ila m e n ts  in  

the  in n e r demibranch.

From specimen 1,3 mm, in  len g th .

LEGEND; AAT -  ax ia l adorai t r a c t ,  CC -  coarse c i l i a ,  FDR -  d i s t a l  
p o r tio n  o f filam en t of r ig h t  inner demibranch, IPR -  proxim al p o rtio n  
o f filam en t o f r ig h t  in n er demibranch, G -  groove re p re se n tin g  i n i t i a l  
s tage  in  form ation of ostium, lAT -  in term ediary  ado ra i t r a c t ,  IFB -  
in te r f i la m e n ta ry  b ridge, MAT -  m arginal adorai t r a c t ,  MB -  m arginal 
b r id g e , O3 & 0^ -  f i f t h  and eighth  o s t ia ,  OL - most p o s te r io r  o s t i a  
having  l a t e r a l  c i l i a ,  PAT -  proximal adora i t r a n t ,  R -  rid g e  rep re se n tin g  
i n i t i a l  s tage  in  form ation of filam en t, RA -  anlage of r ig h t  ctenidium .
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i s  somewhat delayed (O^), The p o in t and time of o r ig in  o f the f in e  

f ro n ta l  c i l i a  could not be determ ined except in  one specimen of 

C rassost r e a ,  1 .3 mm.c in  len g th  (F ig , 32), where the 11th to  13th 

filam en ts had d o rsa l f ro n ta l  t r a c t s  but no v e n tra l ones. Dorsal 

f ro n ta l  t r a c t s  were a lso  ev iden t in  l a t e r  stages of development as 

described  below.

Since the v e n tra l ends of the f ilam en ts  are f ix ed  

in  p o s itio n  by the fu sio n  of the m arginal bridge to  the  d o rsa l edge 

(m arginal b ridge) of the d i s t a l  lam ella  of the  l e f t  in n e r  demibranch, 

e longation  of the filam en ts  causes them to  bend outwards in  the 

reg ion  of the in te rf ile m o n ta ry  b rid g es . (F ig . 32, Thus,

when approxim ately 12 o s t ia  are p resen t in  the r ig h t  in n e r  demibranch, 

i t  p ro je c ts  l a t e r a l l y  in to  the  mantle cav ity  as a lo n g itu d in a l r id g e . 

Subsequently, as e longation  of the  proximal p o rtio n s  o f the  filam en ts  

s l ig h t ly  exceeds th a t  of the d i s t a l  p o rtio n s , the demibranch begins 

to  extend v e n tra l ly  (F ig . 32), overly ing  the l e f t  in n er demibranch. 

This process begins a n te r io r ly  a t  the 4-th filam en t and p ro g resses 

both p o s te r io r ly  and a n te r io r ly .  Progress in  the l a t t e r  d i re c tio n  i s  

slow so th a t  the  2nd filam en t i s  not bent u n t i l  13 o s t i a  a re  p re s e n t. 

The 1 st filam en t always remains s t r a ig h t .  The in te rm ed iary  adora i 

t r a c t  (F ig , 32, lAT) proceeds along what i s  now the v e n tra l  edge of 

the in n er demibranch, and a n te r io r  to  the 2nd filam en t i t  merges w ith 

the m arginal adorai t r a c t  (îLA-T) before lead in g  to  the p a lp s . The 

outward, and l a t e r  doimward, growth of the r ig h t  in n er demibranch 

changes i t s  o r ie n ta t io n  r e la t iv e  to  the l e f t  in n er demibranch from 

the e a r ly  dorsal lo c a tio n  to th a t  cypica]. of the a d u lt where the  two
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demibranchs occupy approxim ately corresponding p o s it io n s  on the r ig h t  

and l e f t  s id e s .

The f ro n ta l  d i l a t i o n  was only c le a r ly  d iscerned  

in  l a t e r  s tag es o f development when i t  was seen to  correspond to 

th a t  on the o rd inary  filam en ts  o f the  a d u lt (A tkins, 1937 b ) , The 

conspicuous coarse c i l i a ,  noted above, occupy the cen tre  o f the 

f ro n ta l  su rface  and are flanked  on e i th e r  side  by t r a c ts  o f f in e  

c i l i a  b ea tin g  d o rsa lly  (F ig . 33). V e n tra lly , the presence o f f in e  

c i l i a  could no t be v e r i f ie d  w ith abso lu te  c e r ta in ty  due to  the 

s tro n g e r bea t of the coarse c i l i a .  Whereas, the d o rsa l f ro n ta l  t r a c t s  

probably occupy almost the f u l l  len g th  of the f ilam en t, the  v e n tra l  

t r a c t s  (coarse c i l i a )  are r e s t r i c te d  to  the v e n tra l  p o rtio n  o f the 

f ila m e n t.

Development of the o u te r demibranch was not 

examined in  e i th e r  ctenidium  but i s  sa id  by S ta ffo rd  (1913) to  be 

s im ila r  to  th a t  o f the  in n er demibranch.

P a l l i a i  Development

S e r ia l  sec tio n s  of young sp a t of O strea  showed a 

t r a c t  o f c i l i a  on the  r ig h t  m antle extending from the pa lp s to  the  

edge of the  m antle p o s te r io r ly .  This t r a c t ,  presumably the  re c u rre n t 

pa th  of the m antle, was no t observed in  l iv in g  specimens since  the  

r ig h t  m antle was removed in  a l l  d is s e c tio n s ,  and the  t r a c t  was no t 

v is ib le  through the sh e ll  in  whole specimens. No evidence of a 

s im ila r  t r a c t  could be found on the l e f t  m an tle .



FIGUES 33

C rasso s trea  v irfz in ica . Fourteenth filam ent from d i s t a l  la m e lla  o f 

l e f t  in n er demibranch to show adjacent a n ta g o n is tic  f r o n ta l  c i l i a r y  

c u rre n ts . The dots show the d is tr ib u tio n  of the  coarse f r o n ta l  c i l i a  

whose beat i s  d irec ted  v en tra lly .

From specimen 950 in  leng th ,

FIGURE 34

O strea  e d u l i s . Upper palps seen from p o s te r io r  aspec t to  show 

c i l i a r y  c u r re n ts .

From specimen approximately 500 p in  len g th .

P la in  arrows -  adorai c i l ia ry  c u r re n ts .

Fea thered  arrows -  re je c tio n  c i l i a r y  c u r re n ts .

LEGEND ; AT̂  -  f i r s t  adorai t r a c t ,  A?2 -  second adora i t r a c t ,  
lAT -  in te rm ed iary  adorai t r a c t ,  IFB - in te r f ilc m e n ta ry  b rid g e , 
MAT -  m arginal adorai t r a c t ,  MB -  m arginal b rid g e , MO -  mouth,
PAT -  proxim al adorai t r a c t ,  RT -  r e je c tio n  t r a c t ,  RX -  p o in ts  of 
r e je c t io n  of p a r t ic le s  from upper pa lps .
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Palpal Development

In  O strea e d u lis  the  upper pa lps a re  fonned during 

the  f i r s t  3 to  4 days a f te r  se ttlem en t (Cole, 193S), The upper palps 

bear th ree  p a ir s  of c i l i a r y  t r a c t s ,  two p a irs  o f adora i t r a c t s  (F ig , 

34, and AT^) and a sing le  p a ir  o f r e je c t io n  t r a c t s  (RT), The 

f i r s t  p a ir  o f adorai t r a c ts  (AT^) resem bles those of Heteranomia 

(F ig , 19, a t )  and lea d  to the mouth from the d o rs o - la te ra l  margins of 

the p a lp s , while the second p a ir  (F ig , 34, AT2 ) resem bles those of 

Lima (F ig , 2S, AT) and tra v e rse s  the pa lps d iagona lly  from the  v en tro 

l a t e r a l  margins to the mouth. The r e je c t io n  t r a c t s  (F ig . 34, RT) 

o r ig in a te  a t  the  same p o in ts  e.s the  f i r s t  p a ir  o f adorai t r a c t s  and 

pass d iag o n a lly , in te r s e c t in g  the second p a ir  of adorai t r a c t s  a t  

r ig h t  ang tes, and term inate  near th e  cen tre  of the a n te ro -v e n tra l 

margin of the p a lp s .

Feeding

The in h a la n t a rea  i s  of the  same magnitude as th a t  

in  the Anomiidae and P ec tin id ae  and extends along the  v e n tra l m antle 

m argins from an a n te r io r  p o s it io n  opposite  the pa lps to  a p o s te ro -  

d o rsa l p o in t ad jacen t to  the fused  c te n id ia l  anlagen. Since the  

c te n id ia l  axes are curved, the  filam en ts  r a d ia te  s l ig h t ly  from the 

axes and the width o f the in te rf ila m e n ta ry  spaces near the v e n tra l  

margin of the  in n er demibranch (F ig , 29, l e f t  in n e r demibranchj F ig , 

32, r ig h t  in n e r demibranch) i s  too g rea t to  be com pletely b ridged  by 

the  an o m a lo u s-la te ro -fren ta l c i l i a  (A tkins, 193^)» Consequently some 

o f the p a r t i c le s  ca rr ied  in  the  in h a la n t stream  are not re ta in e d  by
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th e  c te n id ia  but pass through in to  the su p ra -b ran ch ia l c a v ity . 

N ev erth e le ss , f i l t r a t i o n  i s  more e f f i c ie n t  than in  the Anomiidae and 

P e c tin id a e ,

In  sp a t approxim ately 500 ja in  len g th  the m ajo rity  

o f p a r t i c le s  f a l l  on th e  l e f t  in n e r demibranch, the  la r g e r  ones 

im pinging on the  v e n tra l  p o rtio n s  o f the demibranch where they  are 

c a r r ie d  v e n tra l ly  to  the  in te rm ed iary  ado ra i t r a c t  (F ig , 29, lAT),

Small p a r t i c le s  are c a rr ie d  d o rsa lly  and e n te r  the  m arginal adorai 

t r a c t  (MAT), A few p a r t i c le s  reach the  r ig h t  ctenidium  and most o f 

th ese  are  tran sp o rte d  v e n tra l ly  to  the m arginal adorai t r a c t  (F ig , 30, 

MAT). Only a small number reaches the d o rsa l reg ion  of the  r ig h t

ctenidium  where they e n te r  the  a x ia l adora i t r a c t  (AAT) and t r a v e l  to

the  p a lp s along the  proximal adora i t r a c t  (PAT), When development o f

the  r ig h t  in n e r  demibranch i s  more advanced (F ig , 32) the  la rg e

p a r t i c l e s  impinging on i t  t r a v e l  to  the  v e n tra l  edge of the  demibranch 

where they  e n te r  the  in te rm ed iary  adora i t r a c t  (lAT) while sm all 

p a r t i c l e s  are c a r r ie d  d o rs a l ly ,  those on the  proximal lam e lla  en te rin g  

the  a x ia l  adorai t r a c t  (AAT) w hile those on the d i s t a l  lam e lla  are 

conveyed to  the m arginal adora i t r a c t  (MAT), The in te rm ed iary  and 

m arginal adora i t r a c t s  merge a n te r io r ly  (F ig , 32),

A ll p a r t i c le s  c o lle c te d  in  the adora i t r a c t s  

converge a n te r io r ly  near the p a lp s . Those from th e  in te rm ed iary  

ado ra i t r a c t  o f the  l e f t  inner demibranch (F ig , 29, lAT) pass d i r e c t ly  

in to  the second adora i t r a c t  o f the upper palp  (F ig , 34, AT2 ) ,

P a r t ic le s  a rr iv in g  a t  the  pa lps along the m arginal adorai t r a c t  (F ig , 

29, MAT) may e i th e r  pass over the  lower palp  to  e n te r  the  second adora i
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t r a c t  o f the  upper p a lp , or they may pass d i r e c t ly  onto the  upper 

palp  a t  i t s  d o rs o - la te ra l  margin as do p a r t i c l e s  from the proxim al 

ado ra i t r a c t  (FAT). Such p a r t ic le s  are so rted  according to  s iz e , 

the  la rg e r  ones passing  in to  re je c t io n  t r a c t  (F ig , 34, RT) w hile the  

sm aller ones t ra v e l  along the f i r s t  adora i t r a c t  (AT^) to th e  mouth.
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K y tilid a e

M ytilid  la rv a e  appeared in  the p lank ton  tows as 

e a r ly  as March, reach ing  th e i r  peak during  the  summer months, while 

in  autumn th e i r  numbers dwindled and only occasional la rv a e  were 

encountered during the  w in ter months. The l a t e  la rv a e  of a l l  species 

are  eyed and the  v e la r  c i l i a  have a d e x io p le c tic  m etachronal wave.

Since la rv a e  and sp a t of M vtilus e d u lis  Linné were most abundant the 

account below a p p lie s  to th is  sp e c ie s . However, p o s t- la rv a e  of 

Modiolus modiolus (L inne), Modiolus barbatus (L inné), Modiolus 

phaseo linus (P h i l ip p i) ,  and Muscuius marmoratus (Forbes) were a lso  

examined and follow ed the same developmental p a t te r n .  The la rv a e  of 

M ytilus e d u lis . Modiolus modiolus and Musculus marmoratus have been 

d escribed  by Rees (1950) while 'M y tilid  A' (Rees, 1950) has been 

id e n t i f ie d  as Modiolus phaseolinus in  a l a t e r  paper (Rees, 1954), 

P o s t- la rv a e  of 'M y tilid  G’ (Rees, 1954) were id e n t i f ie d  as Modiolus 

ba rb a tu s in  the p re se n t in v e s tig a tio n ,

C te n id ia l Development

On e i th e r  s ide  o f th e  body, the  mature v e lig e r  o f 

M y tilu s . approxim ately 290 jl in  le n g th , has 3 to  4 c te n id ia l  filam en ts  

connected to one another by c i l i a r y  in te r f ila m e n ta ry  ju n c tio n s . 

Im mediately a f t e r  metamorphosis, the  2nd and 3rd filam en ts of each side  

p a ir  in  the m idline p o s te r io r  to the fo o t (F ig , 35) where they are 

u n ite d  to  one another by c i l i a r y  in te r c te n id ia l  ju n c tio n s  lo c a te d  on 

th e  m edial su rface  o f the fila raen ts  (F ig , 36, IC J). A n te rio rly  the 

1 s t  f ilam en t o f each side forms a c i l i a r y  ju n c tio n  w ith the  pedal w a ll.



FIGURE 35

M vtilus e d u lis . Early posx-larva  viewed from r ig h t  s id e  to  show 

c i l i a r y  and water cu rren ts  of the men t i e  c a v ity .

Length -  340 ji.

Large p la in  arrows 

Small p la in  arrows

Double arrows 

Feathered arrows

-  in h a la n t and exhalant w ater c u r r e n ts ,

-  f ro n ta l  and adorai c i l i a r y  c u rre n ts  o f 
c tenid ium ,

-  c i l i a r y  c u rre n ts  of m an tle ,

-  c i l i a r y  c u rre n ts  lea d in g  away from mouth.

FIGURE 36

M ytilus e d u lis . Cross sec tio n s o f the in n e r demibranch during  successive  

s ta g es  in  i t s  d i f f e r e n t ia t io n .  This method o f c te n id ia l  development was 

seen only in  the M ytilidae where i t  was c h a r a c te r is t ic  o f a l l  spec ies 

examined. For explanation of th is  f ig u re  see pages 43 to 45,

r

LEGEND: AA -  a n te r io r  adductor m uscle, AB -  ax ia l blood v e s se l , CA -  
c te n id ia l  ax is , OF -  c u tic u la r  fu sio n  o f m arginal b rid g e  w ith fo o t, DEZ -  
d i s t a l  embryonic zone, E -  eye sp o t, EX -  exhalant a p e r tu re , F -  fo o t, 
lAT -  intermediary,^ adorai t r a c t ,  ICJ -  in te r c te n id ia l  c i l i a r y  ju n c tio n , 
IFJ -  in te rf ila m e n ta ry  c i l i a r y  ju n c tio n , IN -  in h a la n t a p e rtu re , LC -  
p o s i t io n  of l a t e r a l  c i l i a ,  LP -  low er p a lp , MAT - m arginal adorai t r a c t ,  
MB -  m arginal bridge, MO -  mouth, PA -  p o s te r io r  adductor m uscle, PAT -  
proxim al adorai t r a c t ,  PSZ -  proximal embryonic zone, PD -  prodissoconch, 
P^ -  median p a p il la ,  RF -  re c u rre n t pa th  of m antle, RX -  r e je c t io n  p o in t 
o r re c u rre n t pa th , S -  septum, UP -  upper p a lp .
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New fils iflen ts are  formed from the fused  anlagen 

by the p a p il la  method (F ig . 2) as described  by L acaze-D uthiers (IG56). 

L a te ra l c i l i a  a r is e  concurren tly  on both the a n te r io r  face  o f the 

newly formed p a p il la  and the p o s te r io r  face of the preced ing  one; the 

p o s te r io r  face  o f the new p a p il la  does no t acquire c i l i a  u n t i l  another 

p a p il la  i s  formed. As each p a p il la  e longates i t s  v e n tra l  end becomes 

enlarged in to  a capitulum  (F ig , 2, CP) and i t  forms a c i l i a r y  

in te rf ila m e n ta ry  ju n c tio n  (F ig . 35, IF J ) with the  preced ing  filam en t. 

E u - la te ro - f re n ta l  c i l i a  and f ro n ta l  c i l i a ,  beating  v e n tr a l ly ,  then 

appear, while two long c ir r u s - l ik e  c i l i a  develop on the  capitu lum .

C ilia  on the  capitulum  beat a n te r io r ly  forming the m arginal adorai 

t r a c t  (NAT). Trcnsverse free-hand  sec tio n s  one filam en t in  th ickness 

show a concen tra tion  of n u c le i, the d i s t a l  embryonic zone (F ig , 36 A, 

DEZ), in  the capitulum . In  the  rem ainder of the  filam en t the n u c le i 

a re  d ispersed  and the  c e l ls  d i f f e r e n t ia te d  in to  the v a rio u s components 

o f the f ila m e n t. However, a s im ila r  con cen tra tio n  of n u c le i,  the 

proximal embryonic zone (FEZ), i s  lo ca te d  in  the  c te n id ia l  a x is .

At an e a r ly  stage the a n te r io r  f ilam en ts  o f each 

in n e r demibranch fuse  with one another to  form a m arginal bridge 

(F ig . 36 B, mb). This bridge i s  formed by outgrowths from the m edial 

su rface  of the filam en ts  a t  the do rsa l edge of the  c a p i tu la  in  such a 

way th a t the  o r ig in a l  c i l i a r y  in te r c te n id ia l  ju n c tio n s  (F ig , 36 A, ICtf) 

a re  now lo ca ted  along the do rsa l edge of the m arginal b ridge  (F ig , 36 B, 

IC J). The c i l i a r y  in te r f ila m e n ta ry  ju n c tio n s  ( IF J ) p e r s i s t  and r e ta in  

th e i r  o r ig in a l p o s it io n s  throughout p o s t- la rv a l  development (c f .  F ig .

36 A, B & C, IF J ) .  A n te rio rly  the  c i l i a r y  ju n c tio n s  w ith the fo o t 

are replaced  by a c u t ic u la r  fu sion  (F ig . 36 C, CF). Thus when the
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p o s t- la rv a  has reached a len g th  of 600 ji the m arginal b ridge  u n ite s  

the f i r s t  6 f ila m e n ts , while the 6th to  c th  are  u n ited  only by c i l i a r y  

in te rf ila m e n ta ry  ju n c tio n s and the 9th filam en t i s  w ithout any ju n c tio n .

Soon a f te r  the d i f f e r e n t ia t io n  of the  10th f ila m e n t, 

i t  becomes apparent th a t ,  a n te r io r ly , the m arginal adora i t r a c t  i s  no 

longer lo ca ted  a t  the extreme v e n tra l edge of the  demibranch, bu t 

occupies a p o s it io n  on the medial surface of the  f ilam en ts  between the 

v e n tra l margin and the  m arginal bridge (F ig , 36 B, MAT), The f ro n ta l  

c i l i a r y  cu rren ts  continue around the v e n tra l edge o f the  demibranch 

to  merge, as b e fo re , w ith the m arginal adorai t r a c t .  The d i s t a l  

embryonic zone (F ig , 36 C, DEZ) produces v e n tra l growth so th a t  the  

filam en ts assume a J-shape and even tually  the ty p ic a l  V-shape. Thus, 

the  demibranch i s  d i f f e r e n t ia te d  in to  proximal and d i s t a l  lam ellae..

The evidence in  favour of th i s  method of form ation of th e  d i s t a l  

lam e lla , as opposed to  th a t  described  by Lacaze-D uthiers (1856) fo r  

the  same sp ec ie s , l i e s  in  th ree  im portant f a c t s ,

1, The marginal, adora i t r a c t  (F ig , 36 B & C, MAT) i s  lo c a te d  a t  

the  d o rsa l edge of the  d i s ta l  lam ella  th e re  be ing , i n i t i a l l y ,  

no adorai t r a c t  along the v e n tra l margin of the demibranch 

(F ig , 36 B). Only when 13 filam en ts a re  p re se n t i s  the  

in te rm ed iary  adorai t r a c t  (F ig , 36 C, lAT) formed in  th is  

p o s it io n ,

2, The f ro n ta l  c i l i a r y  cu rren ts  of the d i s t a l  la m e lla  are 

i n i t i a l l y  d o rsa l (F ig . 36 B). A fter the appearance of the  

in te rm ed iary  adorai t r a c t ,  v e n tra l f ro n ta l  t r a c t s  are formed 

on the d i s t a l  (F ig . 36 C), as on the proxim al, p o rtio n s  o f 

the f ilam en ts  as they elongate..
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3e The c i l i a r y  in te rf ila m e n ta ry  ju n c tio n s  (F ig , 36 A, B & C,

IFJ) remain a t  the  v e n tra l edge of the  demibranch throughout 

the d i f f e r e n t ia t io n  of the d i s t a l  la m e lla .

Thus, once a permanent connection  has been 

e s ta b lish e d  between the  a n te r io r  filam en ts  and the w alls  of the  fo o t , 

the  d i s t a l  ends of the filam en ts  are f ix ed  and e lo n g a tio n  can only 

occur v e n tra lly  so th a t  the filam en ts  assume the c h a r a c te r i s t ic  

V-shape. As the m arginal bridge i s  fused a n te r io r ly  to  f ilam en t Fq, 

the growth of the d i s t a l  p o rtio n  o f . the 1 s t filam en t i s  re ta rd e d . 

Consequently, although form ation of the  d i s t a l  lam e lla  begins 

a n te r io r ly ,  the  depth o f th is  lam ella  i s  g re a te s t  a t  the  le v e l  o f the  

2nd f ila m e n t. When approxim ately 19 filam en ts  are p re s e n t , the  

d i s t a l  lam e lla  i s  more than h a lf  the depth of the  proxim al lam e lla  

and a second row o f c i l i a r y  in te r f ila m e n ta ry  ju n c tio n s  has formed in  

the  proximal la m e lla . This row l i e s  p a r a l le l  to  the  c te n id ia l  ax is 

and a t  a d is tan c e  o f tw o -th ird s  the h e ig h t o f the a n te r io r  filam en ts 

from i t .

Development of the o u ter demibranch begins in  sp a t 

approxim ately 1 ,6  mm, in  leng th  and i s  s im ila r  to  th a t  o f th e  in n e r .

P a l l i a i  Development

A fte r metamorphosis, the m antle m argins fuse w ith 

one another and w ith the c te n id ia l  anlagen to  form a septum (F ig , 35, S ) . 

D orsal to  the septum a tro u g h -lik e  p ro tru s io n  o f the m antle bearing  

conspicuous c i r r i  marks the v e n tra l l im i t  of the esdialant ap ertu re  (2X), 

and a sh o rt median p a p i l la  (P^) ihLth term inal c i r r i  marks i t s  d o rsa l 

l im i t ,  A s im ila r  tro u g h -lik e  p ro tru s io n  v e n tra l  to  the septum forms
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th e  p o s te r io r  l im i t  of the  in h a la n t ap ertu re  (IN) and here the m antle 

edge i s  densely  covered by c i l i a  which b ea t out o f the m antle c av ity  

(RX) . This p o in t marks the end of the re c u rre n t  pa th  (RP) which begins 

a n te r io r ly  near the palps and extends p o s te r io r ly  near the  m antle edge.

P a lpal Development

D issec tio n s o f young sp a t show the upper pa lps to  

be somewhat kidney-shaped, the  l a t e r a l  p o rtio n s  extending fu r th e r  

v e n tra lly  than the m edial p o rtio n s  (F ig , 3 7 ). On the in n e r su rfa ce , 

m edial and l a t e r a l  p o rtio n s  are  sharp ly  d e lim ited  from one another by 

th e i r  c i l i a t i o n .  The former i s  densely  covered by f in e  c i l i a  beating  

a d o ra lly , w hile the  l a t e r a l  p o rtio n s  o f each palp  i s  ra is e d  in to  two 

r id g e s  (R) separa ted  by a groove along which runs a r e je c t io n  t r a c t  

(RT), The c i l i a  on the r id g es  are s to u te r  than those of the m edial 

p o rtio n  and th e i r  b ea t i s  d ire c te d  toward the groove. Between the 

in s e r t io n  l in e s  o f the upper and low er pa lps i s  a groove bearing  an 

adora i t r a c t  (AT),

The lower pa lps form a deep flange  p o s te r io r  to 

the  mouth which i s  apposed to  the  m edial p o rtio n  of the upper palps 

(F ig , 37), and extend l a t e r a l l y  on e i th e r  s id e  as a narrow ridge  

continuous w ith the d i s t a l  end of f ilam en t F^ (F ig . 35, L P). The 

c i l i a r y  c u rre n ts  on the  l a t e r a l  p o rtio n s  le a d  a n te r io r ly  to  the  

adora i t r a c t  (F ig , 37, AT),

Feeding

The p o s te r io r  flan g es of the  mantle above and 

below the septum sep ara te  the in h a la n t and exhalan t w ater c u rre n ts



FIGURE 37

M vtilus e d u lia # Upper and lower palps w ith ad jacen t p o r tio n s  of

filam en ts  F^ and F̂  viewed from p o s te r io r  aspect to  show c i l i a r y

c u rre n ts  o f the palps and th e ir  re la tio n sh ip  to the ado ra i t r a c t s

of the c te n id ia .

P la in  arrows - c i l i a r y  c u rre n ts  on exposed su rface  of
palps and c te n id ia l  f ila m e n ts .

Discontinuous arrows '  c i l i a r y  cu rren ts  seen through low er p a lp s .

Feathered  arrows - re je c tio n  c i l i a r y  c u rren t o f upper p a lp s .

LEGEND: AT -  adorai t r a c t ,  F & F. -  f ila m e n ts , LP -  lower p a lp ,
MAT -  m arginal adorai t r a c t ,  Ho -  mouth, PAT -  proximal ado ra i t r a c t ,
R -  r id g e s  o f upper palp , RT -  r e je c tio n  t r a c t ,  RX -  p o in t o f r e je c t io n  
from upper p a lp , VFC -  ven tra l f ro n ta l  c i l i a r y  current..



VFC PAT

MAT

FIGURE 37
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(F ig , 35). As the e u - la te ro - f  re n ta l  c i l i a  b rid g e  the in te r f ila m e n ta ry

spaces, f i l t r a t i o n  of p a r t ic le s  from the in h a la n t stream  i s  alm ost

com plete. During feed ing  the sh e ll  valves are  l e s s  w idely open than

in  Heteranomia and Chlamvs so th a t  the m a jo rity  o f p a r t i c le s  impinge

on the v e n tra l p o rtio n s  of the f ilam en ts . Here they a re  tran sp o rte d

v e n tra lly  to  the m arginal adorai, t r a c t  (MAT) and a n te r io r ly  to  the

lower palps (LP), Crossing the l a t e r a l  p o rtio n s  o f the  lower palps

they  may e i th e r  e n te r  d i r e c t ly  in to  the  adora i grooves (F ig , 37, AT)

or be d iv e rted  in to  the r e je c t io n  t r a c ts  (RT) of the  upper p a lp s .

The rou te  talcen seems to depend on the number of p a r t i c le s  reach ing

the  palps a t one tim e, V/hen th is  i s  excessive the mucous laded  mass

passes in to  the r e je c t io n  t r a c t  but when the co n cen tra tio n  of p a r t ic le s

i s  low the sm aller ones are c a rr ie d  in to  the adora i groove and only

the la rg e r  ones e n te r  the r e je c t io n  t r a c t .  The proxim al adora i t r a c t

(F ig , 35 & 37, PAT) lead s d i r e c t ly  to  the ado ra i groove (F ig , 37, AT)

between the upper and lower p a lp s .

With the form ation of the in te rm ed iary  adora i

t r a c t  (F ig . 36 C, lAT) the m ajo rity  of p a r t i c le s  c o lle c te d  by d i s t a l

and proximal lam ellae  tra v e l  a n te r io r ly  along th is  t r a c t  to  the  p o in t

where i t  merges w ith the m arginal adorai t r a c t  a t  the t ip  o f filam en t

Fq . The m arginal adora i t r a c t  along the d o rsa l edge of the d i s t a l

lam e lla  p lays a minor ro le ,  tra n sp o rtin g  only p a r t i c le s  impinging

d i r e c t ly  on the d o rsa l p o rtio n  of the d i s ta l  la m e lla .

A ll p a r t ic le s  re je c te d  by the palps are ro ta te d  by

c i l i a  a t  the  end of the  r e je c t io n  t r a c t  (F ig , 37, RX) u n t i l  th e  mass i s

so la rg e  th a t  i t '  f a l l s  onto the m ^ t l e .  I t  then  passes p o s te r io r ly

along the  re c u rre n t path  (F ig , 35, RP) of the m antle and leav es  the 

mantle c a v ity  near the p o s te r io r  l im i t  of the. in h a la n t ap ertu re  (RX),
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E ulam ellib ranch ia

P o s t- la rv a l  development was s tu d ied  in  15 

d i f f e r e n t  species o f E u lam ellib ranch ia  and th e se , to g e th e r  w ith the 

source of id e n t i f ic a t io n  o f the l a t e  la rv a e , are l i s t e d  in  Table I ,  

Cursory observations were a lso  made on a number o f o th e r  species 

bu t p o s t- la rv a l  development o f these  d id  not proceed f a r  enough to  

enable them to  be id e n t i f ie d  w ith any c e r ta in ty .  The v e la r  c i l i a  of 

a l l  eu lam ellib ranch  la rv a e  e x h ib it  la e o p le c t lc  m etachronal waves and 

the  la rv a e  are never eyed. I t  was seldom p o ss ib le  to  r e a r  p o s t- la rv a e  

in  la b o ra to ry  c u ltu re s  to  the  conclusion of c te n id ia l  development, 

bu t sp a t of T e llin a , Abra, S p isu la , My a, T liracia, K y se lla  and H ia te l la  

c o lle c te d  in  the f i e ld  supplied  l a t e r  s tages of development,

C te n id ia l Development

C ten id ia l development in  the  E u lam ellib ranch ia  

fo llow s the p a tte rn  described  in  such d e ta i l  by W asserloos (1911) fo r  

Cyclas co rnea . With the  exception  of minor v a r ia t io n s ,  the  c i l i a r y  

c u rre n ts  and genesis o f the  c te n id ia  are s im ila r  in  a l l  the genera 

examined and they may, th e re fo re , be d escribed  co n cu rren tly .

Since the  filam en ts  are  d i f f e r e n t ia te d  by the  fo ld  

method (F ig , 3) the  m arginal bridge (MB) i s  a prim ary s t r u c tu r e ,  but 

in  o th e r re sp e c ts  the c te n id ia  o f eu lam ellib ranch  l a t e  la rv a e  and 

e a r ly  p o s t- la rv a e  show a marked resemblance to  those o f M ytilus ( c f , 

F ig , 35 & 3 9 ). G enera lly  th e re  are 3 to  4- filam en ts  on e i th e r  side  

o f the  l a t e  la rv a  and the c te n id ia l  anlagen are fused to  one another 

and to  the siphonal septum. Following metamorphosis the 3rd and 4.th



FIGURE 38

L u tr a r ia  l u t r a r i a . E arly  p o s t- la rv a  viewed from l e f t  s id e  to show 

c i l i a r y  and w ater c u rre n ts  o f m antle c a v ity  which are c h a r a c te r i s t ic  

o f  most E u lam ellib ranch ia .

Length -  370 p .

Large p la in  arrows -  in h a la n t and ex h alan t water c u rre n ts .

Small p la in  arrows -  adora i c i l i a r y  c u rre n ts  c f  c te n id ia  and palps* 

Double arrows -  c i l i a r y  c u rre n ts  o f m antle.

Feathered arrows -  c i l i a r y  c u rre n ts  lead in g  awaiy from mouth,

FIGURE 39

Cross sec tio n s  of a eu lam ellib ranch  ctenidium  during su ccess iv e  stages 

in  i t s  d i f f e r é h t iâ t ib h ,  ' For exp lana tion  o f ' t h i s  f i ^ r e  ' see ' pages 30 ' to 

34 and also  pages 79 to 81. Compare w ith F igures 38 and 39.

Embryonic zones a re  shown c ro ss-h a tch ed ,

C ten id ia l ax is i s  shown as so lid  b lack  a re a .

Regions of c o n tin u ity  between ad jacen t f i l  aments a re  shown s t ip p le d .

LEGEND; AA -  a n te r io r  adductor m uscle, AAT -  a x ia l ado ra i t r a c t ,  CA -  
c te n id ia l  a x is , DEZ -  d i s t a l  embryonic zone, F -  fo o t, INS -  in h a la n t  
siphon, LP -  lower p a lp , MAT -  m arginal adora i t r a c t ,  MB -  m arginal 
b rid g e , MO -  mouth, 0 ^  -  f i r s t  ostium  o f l e f t  c ten id ium , P-j -  median 
prim ary siphonal te n ta c le ,  I?-] -  p a ire d  prim ary siphonal t e n ta c le ,  IP p- 
p a ired  secondary siphonal te n ta c le ,  PA -  p o s te r io r  adductor m uscle,
PO -  prodissoconch, PES -  prim ary exhalan t siphon, FEZ -  proxim al 
embryonic zone, RE -  rectum , RP -  re c u rre n t path  o f m an tle , YUP -  
Y-shaped groove of upper p a lp .



YUP

PES

90 9 MAT

FIGURE 38

MB

AAT

CA

MB

MB

DEZ

MAT

CA

DEZ

MAT

B C D

FIGURE 39



— 49 -

TABLE I

Family E rycinidae
K e llia  su b o rb icu la ris  (Montagu)

Family M ontacutidae
M ysella b id e n ta ta  (Montagu)

Family T e llin id ae  
T e llin a  spd.

Family S crob icu laridae  
Abra son.

Family Solenidae
C u lte llu s  pe lucidus (Pennant) 
E nsis s i l ig u a  (Linné)

Family Ma.ctridae
S p isu la  su b tm n ca ta  (da Costa) 
S p isu la  so lid is s im a  Dillwyn

Family L u tra r iid a e
L u tra r ia  l u t r a r i a  (Linné)

Family Myidae

Mya a re n a ria  Linné

Family H ia te ll id a e
H ia te lla  a r c t ic a  (Linné)

Family Veneridae 
Venus spp.
Venerupis p u l la s t r a

Family Pholadidae
Z irfa e a  c r i s p â t  a (Linné)

Family T hraciidae 
Thracia sp .

L arva l I d e n t i f ic a t io n  

Glycymeris glycym eris (Rees, 1950)

M ysella b id e n ta ta  (Rees, 1950)

^T e llin a  (Rees, 1950)

*Abra (Rees, 1950)

C u lte l lu s  pe lu c id u s (Rees, 1950) 
E nsis s i l ig u a  (Rees, 1950)

S p isu la  su b tru n ca ta  (Rees, 1950) 
S p isu la  so lid is s im a  (S u ll iv a n ,1948)

M actrid  G (Rees, 1954)

(L yonsia ) (Rees, 1950)
Mya a re n a r ia  (S u lliv a n , 1948)

H ia te l la  a r c t i c a  (Rees, 1950)

*Venus (Rees, 1950)
V enerupis p u l la s t r a  (Quayle, 1952)

Z ir fa e a  (Rees, 1950)

Only sp a t c o lle c te d  in  f i e l d .

^ Prodissoconch had general shape and hinge s tru c tu re  o f t h i s  genus, 
but the  various species could not be d is tin g u ish e d  or id e n t i f ie d .
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filam en ts  p a ir  in  the  m idline behind th e  fo o t where the  m arginal 

b ridges are u n ited  by c i l i a r y  or organic in te r c te n id ia l  ju n c tio n s . 

A n te rio rly  the m arginal b ridges may form e i th e r  c i l i a r y  or o rganic 

ju n c tio n s  with the pedal w a ll. The c i l i a r y  c u rre n ts  o f the  c te n id ia  

a re  id e n t ic a l  to  those of M vtilus ( c f .  F ig . 35 & 38 ),

T ransverse s e r ia l  sec tio n s  of Mya sp a t revealed  

two concen tra tions o f n u c le i, the proxim al and d i s t a l  embryonic zones, 

s im ila r  to those o f M ytilus except th a t  the d i s t a l  embryonic zone i s  

lo c a te d  i-dthin the m arginal b ridge  r a th e r  than  ad jacen t to  i t  ( c f .

F ig . 36 A & 39 A, DEZ). An e a r ly  p o s t- la rv a  o f S nsis  s ta in e d  w ith 

n e u tra l  red showed the s ta in ,  a f t e r  sev era l weeks, to  be concen tra ted  

in  the d i s t a l  reg ions of the filam en ts  in d ic a tin g  maximum e lo n g a tio n  

in  the proximal reg io n s . F u rther evidence fo r  the a c t iv i ty  o f the  

proxim al embryonic zone comes from the mode of form ation  o f 

a n ta g o n is tic  f ro n ta l  t r a c t s  in  l a t e  p o s t- la rv a e  o f S n s is . In  spa t 

approxim ately 650 y. in  leng th  the subax ial reg ions o f the fila m e n ts  

c le a r ly  e x h ib it d o rsa l f ro n ta l  c i l i a r y  c u rre n ts . U nfo rtuna te ly , the 

number o f p o s t- la rv a e  rea red  to  th i s  s iz e  were in s u f f ic ie n t  to  perm it 

a thorough in v e s ti  gestion o f the f ro n ta l  t r a c t s  and i t  i s  n o t known 

w hether the subax ial reg ions of the f ilam en ts  bear v e n tra l  f ro n ta l  

t r a c t s  in  ad d itio n  to  the do rsa l ones. A tkins (1936), in  d e sc rib in g  

th e  ad jacen t a n ta g o n is tic  f ro n ta l  t r a c t s  in  S n s is . suggests th a t  the  

c o a rse , v e n tra lly  b ea tin g  c i l i a  "may norm ally be m otion less and only 

a c tiv e  on s tim u la tio n ,"  This would exp la in  the  apparent la c k  o f 

v e n tra l  f ro n ta l  t r a c t s  ad jacen t to  the d o rsa l ones. As e longa tion  

o f the  filam en ts  con tinues , the  d o rsa l f ro n ta l  t r a c t s  occupy an 

in c re a s in g  p ro p o rtio n  of th e i r  f ro n ta l  su rfa c e s , bu t are never p re se n t
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in  the d i s t a l  reg io n s . In  sp a t 700 y. in  len g th  the d o rsa l h a l f  o f 

the  a n te r io r  filam en ts  e x h ib it d o rsa l f ro n ta l  cu rren ts*  In  M ysella 

d o rsa l f ro n ta l  t r a c t s  —-  bu t not ad jacen t a n ta g o n is tic  t r a c t s  

in  the subaxial reg io n , to g e th er w ith an a x ia l adorai t r a c t ,  are 

p resen t in  sp a t 580 u in  length* Unlike E n s is . these  d o rsa l f ro n ta l  

t r a c t s  remain r e s t r i c te d  to  a sh o rt subax ial reg io n . In  o th e r  genera 

t r a c t s  s im ila r  to  those o f K ysella  are  formed but no t u n t i l  a f t e r  

d i f f e r e n t ia t io n  of the d i s ta l  la m e lla . No such t r a c t s  are  ever 

developed in  T e llin a  and Abra.

Evidence fo r  e longa tion  from the d i s t a l  embryonic 

zone i s  lack in g  u n t i l  a f te r  the  form ation o f the  f i r s t  row o f organic 

in te rf ila m e n ta ry  ju n c tio n s . This row of ju n c tio n s  l i e s  p a r a l le l  to  

the  c te n id ia l  ax is and serves as a re fe ren ce  p o in t fo r  determ ining 

e longa tion  from the d i s t a l  embryonic zones. Following e lo n g a tio n  o f 

the  filam en ts  between the f i r s t  row o f ju n c tio n s  and the  v e n tra l  

margin o f the demibranch, a second row of ju n c tio n s  develop p a r a l l e l ,  

bu t v e n tra l to  the f i r s t .  This was observed in  both L u tr a r ia  and 

E n s is . Thus i t  appears th a t  both embryonic zones c o n tr ib u te  to  the 

e lo n g a tio n  of the f ila m e n ts , bu t the  r e la t iv e  time and e x te n t o f th e i r  

a c t iv i ty  probably v a r ie s  considerab ly  in  d if f e r e n t  genera and would 

m e rit  fu r th e r  in v e s tig a tio n .

l\Thile the filam en ts  in c rease  in  le n g th , the  

m arginal bridge shows a comparable in c rease  and may a t t a in  a depth 

equal to  tw o -th ird s  the len g th  of the f ila m e n ts . Immedia.tely p o s te r io r  

to  the  fo o t a t is s u e  b ridge , the  p o st-p ed a l b rid g e , i s  formed by the 

fu s io n  o f outgrowths from the do rsa l edge o f each m arginal b rid g e .

The p o st-p ed a l bridge i s  p a r t i c u la r i ty  in  genera in  which
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the ju n c tio n s  between the fo o t and m arginal b ridges are c i l i a r y .  I t s  

p o s it io n  v a rie s  with the  s iz e  and lo c a tio n  of the fo o t r e la t iv e  to  

the  in n er demibranchs, being a t the le v e l  o f the 9 th  o r 10th filam en ts  

in  M ysella and Mya. The v e n tra l edge o f each demibranch, bearing  the  

m arginal adorai t r a c t ,  becomes broad and f l a t  while guarding c i l i a  

(A tk ins, 1937 a) appear on the  o u te r, but n o t the in n e r , s id e  of th is  

t r a c t  in  T e llin a  and ^  the in n e r , but no t the o u te r , s id e  in  M ysella .

D if fe re n tia t io n  of the d i s t a l  lam e lla  u su a lly  

commences in  sp a t approxim ately 1 .2  mm. in  len g th  \d th  14 filam en ts  

in  each demibranch, bu t no t in  T e llin a  u n t i l  the spa t reaches a len g th  

o f 1.C mm. and has 19 filam en ts  in  each demibranch. The f i r s t  

in d ic a tio n  of the d i s t a l  lam ella  i s  a s e r ie s  of th ick en in g s (F ig . 40 R) 

o f the  m arginal bridge (îlB), ad jacen t to  i t s  v e n tra l m argin, caused 

by p ro l i f e r a t io n  from the d o rsa l s id e  o f the d i s t a l  embryonic zones. 

Between these  th ick en in g s , in v ag in a tio n s ( I )  appear which a re  l a t e r  

p e rfo ra te d  to  form o s t ia  (DDL). P e rfo ra tio n  commences opposite  the 

8 th  o r 9 th  in te rf ila m e n ta ry  space of the  proximal lam ella  in  Mya and 

Tell i n a  and proceeds both a n te r io r ly  and p o s te r io r ly .  F ro n ta l and 

e u - la te ro - f r e n ta l  c i l i a  appear p r io r  to  p e rfo ra tio n , w hile l a t e r a l  

c i l i a  are not p re sen t u n t i l  a f t e r  p e rfo ra tio n  i s  com plete. The f ro n ta l  

c u rre n ts  on the  d i s t a l  lam e lla  are v e n tra l and toward the  m arginal 

ado ra i t r a c t  (MAT) a t  th e  v e n tra l edge o f the  demibranch. In T e llin a  

a second row of guarding c i l i a  appear on the  in n e r side  o f the  

m arginal adorai t r a c t ,  while in  o th e r genera th i s  t r a c t  becomes 

enclosed in  a groove (MG) formed by the v e n tra l  enlargem ents o f the  

f ila i/ie n ts .



FIGURE 40

Thracia  sa . Inner denibranch during fo rm ation  o f d i s t a l  la m e lla  by 

p e rfo ra tio n  of the m arginal b rid g e . P o r tio n  sho\m i s  o f the  l e f t  

in n e r demibranch, seen from the m edial a sp e c t, and inc ludes filam en ts  

3 to  9 as in d ic a te d  by numbers on the  proxim al la m e lla .

LEGEND; I  -  in v ag in a tio n  rep re se n tin g  in c ip ie n t  ostium , IFB -  in t e r 
filam en ta ry  bridge o f proxim al la m e lla , MT -  m arginal ad o ra i t r a c t ,
MB -  m arginal b rid g e , MG -  m arginal food groove, DDL -  ostium  of 
d i s t a l  lam e lla , PL -  proxim al lam e lla , R -  ridge  re p re se n tin g  in c ip ie n t  
filam en t o f d i s t a l  la m e lla .
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None of the  p o s t- la rv a e  rea red  in  the  la b o ra to ry  

from la t e  la rv a e  reached the stage  a t  which development o f th e  o u ter 

demibranch begins and consequently observations were l im ite d  to  

occasional sp a t, a t app rop ria te  stages of development, c o lle c te d  in

the f i e ld .  The o u ter demibranch forms by p e rfo ra tio n  o f a fo ld

extending d o rsa lly  from the c te n id ia l  ax is as described  by W asserloos 

( 1911) and thus d i f f e r s  from the  ou ter demibranch of Heteranom ia. 

Chlamys and M ytilus in  th a t  the  filam ents are  d ire c te d  d o rsa lly  

(F ig , 39 B ). The f ro n ta l  t r a c t s  are v e n tra l and lead  to  the a x ia l 

adorai t r a c t  (F ig , 39 C, ÆAT), Attachment o f the m arginal b ridge  (MB) 

to  the mantle causes e longation  o f the filam en ts  to  occur v e n tr a l ly ,  

and r e s u l ts  in  the form ation of J-shaped and l a t e r  V-shaped filam en ts  

(F ig , 39 C & D), Stages corresponding to  F igure 39 C were observed

in  both H ia te l la  and My a . In  H ia té l la  fu r th e r  development of the

o u te r demibranch c o n s is ts  only of continued v e n tra l  e lo n g a tio n  of 

the fila m e n ts , there  being no fu sion  of the filam en ts  a t  the  v e n tra l  

margin of th e  demibranch, nor an adorai t r a c t  along th i s  margin in  

the ad u lt (A tkins, 1937 b ) .  However, in  Mya e longation  and 

d i f f e r e n t ia t io n  continues from the a x ia l reg ion  (proximal embryonic 

zones) producing proximal p o rtio n s  of the f ilam en ts  bearing  v e n tra l  

f ro n ta l  t r a c t s  (F ig , 39 D ), A m arginal adora i t r a c t  (MAT) i s  formed 

along the v e n tra l margin o f the demibranch where the filam en ts  are  

broadly fused to one another in  such a way th a t  the t r a c t s  o f l a t e r a l  

and e u - la te ro - f r e n ta l  c i l i a  are  in te r ru p te d . The o r ig in  o f th i s  

fu sion  was not determ ined, but the  in te r ru p tio n  of the  t r a c t s  o f 

l a t e r a l  and eu-1 a t  e re - f ro n ta l  c i l i a  a t  th is  p o in t suggests th a t  the
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proximal lam ella  may be formed by p e rfo ra tio n  of a p rev io u s ly  

u n d if fe re n tia te d  p o rtio n  of the  o r ig in a l  fo ld ,  ly in g  between the 

filam en ts  o f the  d i s t a l  lam ella  and the  a x is .

P a l l i a i  Development

A ll eu lam ellib ranch  p o s t- la rv a e  s tu d ie d , with 

the  exception of K e l l ia . developed a re c u rre n t pa th  on the  m antle 

o r ig in a tin g  a n te r io r ly  near the palps and passing  p o s te r io r ly  to  the 

m antle margin below the ex trem ity  of the c te n id ia l  ax is  (F ig , 38, RP), 

In  I ty s e lla , T e llin a  and Abra the t r a c t  i s  no t continuous a n te r io r ly  

bu t c o n s is ts  o f sm all groups of long c i r r u s - l ik e  c i l i a  lo ca te d  near 

the p a lp s . In  K e lli  a the re c u rre n t pa th  commences ad jacen t to  th e  

pa lps and continues a n te r io r ly  to  the margin o f a la rg e  p ro je c tio n  

of the mantle forming the  in h a la n t reg io n . Fusion of the  m antle fo ld s 

and the development of the siphons w ill  be described  se p a ra te ly  below.

P alpal Development

The upper palps o f eu lam ellib ranch  p o s t- la rv a e  

c lo se ly  resemble those o f Nucula (P a rt I ,  F ig . 9 ) . Each palp  bears 

a Y-shaped groove (F ig . 38,YUP)^ the stem and one arm of the 

bearing  an adorai t r a c t  lead in g  from the  p o s te r io r  margin o f the  palp  

lam ella  to the mouth, while the second arm d iverges from the  adora i 

t r a c t  and lead s  to  the a n te ro -v e n tra l margin as the r e je c t io n  t r a c t .

In  T e llin a  and Abra p a lp a l development i s  extrem ely ra p id , the pa lps 

being as la rg e  as the  c te n id ia  in  young p o s t- la rv a e . In  sp a t TOO y .  

in  len g th  the palps are a lready  m in ia tu re  re p l ic a s  o f those of the  

a d u lt (Yonge, 1949),
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Siphonal Development

The i n i t i a l  s tages o f siphonal development are  

f a i r l y  uniform  in  a l l  siphonate eu lam ellib ran ch s, w ith the  excep tion  

of T e llin a  and Abra, but in  l a t e r  development v a r ia tio n s  occur which 

are c o rre la te d  w ith the degree o f m antle fu sio n  e x h ib ited  in  the 

a d u lt (Yonge, 1948, 1949 & 1957). Siphon development in  T e llin a  

and Abra bears no r e la t io n  to  th a t  o f o th er eu lam ellib ranchs and 

w il l  no t be d escrib ed  h ere ,

A. Siphonal Septum

The siphonal septum, formed by the  fu s io n  o f 

the m antle margins a t  the  p o s te r io r  ex trem ity  o f the  c te n id ia l  axes, 

i s  in v a r ia b ly  p re se n t in  the l a t e  la rv a e  of a l l  eu lam ellib ranchs and 

i s  fused w ith the c te n id ia l  anlagen.

B, Primary Exhalant Siphon

The prim ary exhalan t siphon, idiich re p re se n ts  

the  siphonal membrane ty p ic a l ly  te rm in a tin g  the  exhalan t siphon o f 

the a d u lt ,  may be p resen t in  the l a t e  la rv a ,  as in  C u lte l lu s  (F ig . 41) 

and Z ir fa e a , but i s  more u su a lly  formed imm ediately a f t e r  m etam orphosis. 

S itu a te d  d o rsa l to  the  siphonal septum, i t  c o n s is ts  o f a d e lic a te  

membraneous tube (F ig . 3B, PES) formed from the  in n e r m antle fo ld  

(Yonge, 1957), the w all o f which co n ta in s both c i r c u la r  and lo n g itu d in a l 

m uscles. Whereas, in  the p o s t- la rv a e  o f a l l  siphonate  genera examined, 

the s tru c tu re  o f the  prim ary exhalan t siphon i s  c o n s ta n t, th e  form 

v a r ie s  co nsiderab ly  ( c f .  F ig , 49 & 53). I t  i s  g en e ra lly  curved or



FIGURE 41

C u lte l lu s  p e llu c id u s . Mature v e lig e r  showing prim ary exhalan t siphon 

(a rro w ).

Length -  330 jUo x I3O

FIGURE 42

U n id e n tif ie d  sp e c ie s . Prim ary ex h slan t siphon p a r t i a l l y  withdrawn 

and a p e rtu re  com pletely c losed  due to  c o n tra c tio n  of c i r c u la r  m uscles. 

Length -  630 p., x I 30

FIGURE 43

E nsis s i l i c u a . Prim ary exhalan t siphon during  ex tension  showing d i s t a l  

c o n s t r ic t io n  o f ap ertu re  due to c o n tra c tio n  o f c i r c u la r  muscles and 

proxim al d i la t io n  due to  w ater c u rre n t produced by l a t e r a l  c i l i a  of 

c te n id ia .

Length -  1,1 mm, x 130
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d ire c te d  s l ig h t ly  upward so th a t  the  exha lan t c u rre n t e x i ts  d o rsa lly  

r a th e r  than  p o s te r io r ly .

C areful observation  dem onstrates most convincingly  

th a t  ex tension  of the  prim ary exhalan t siphon i s  no t due to  d i la t io n  

o f blood s in u ses . In  young sp a t movement o f plasma c e l l s  in  the 

m antle margins i s  c le a r ly  v is ib le  and undoubtedly would be even more 

obvious in  the tra n sp a re n t siphon, but no such movement was ever 

c o rre la te d  with siphonal ex tension . The l a t t e r  i s  a lso  e n t i r e ly  

independent of the  sudden v a r ia tio n s  in  w ater p ressu re  w ith in  the 

m antle c av ity  produced by the a c tio n  of the  adductor m uscles.

Extension i s  unimpaired by the removal of both s h e l l  valves ----

provided the  m antle i s  not to rn  in  the reg io n  of th e  sup ra -b ranch ia l

c a v i t y  and occurs when the  l a t e r a l  c i l i a  commence to  beat

s tro n g ly . C lea rly , p ressu re  in  the su p ra -b ran ch ia l c a v ity , c rea ted  

by the  a c t iv i ty  o f the l a t e r a l  c i l i a  of the c te n id ia ,  i s  so le ly  

re sp o n sib le  fo r  the  ex tension  of the prim ary ex h a lan t siphon. A 

s im ila r  method of ex tension  of the siphons in  a d u lt  Mya a re n a r ia  has 

been described  by Chapman and Newell (1956). F requen tly  the  primary 

exhalan t siphon was observed to be closed by th e  ra p id  c o n tra c tio n  of 

the  c ir c u la r  m uscles and then more slowly in f la te d ,  the d i s t a l  c ir c u la r  

muscles c o n s tr ic t in g  the  ap e rtu re  (F ig , A2) w hile  the  d i la t io n  

progressed  from the proximal p o rtio n  (F ig , A3) to  the  t i p ,  V/hen 

withdrawn the prim ary exhalan t siphon i s  in tro v e r te d  (F ig . A4 & 45 ) 

and i t s  ex tension  from th is  p o s itio n  by the same p ro cess  i s  seen in  

F igures 46 to  49. The diam eter and leng th  of the  siphon are c o n tro lle d  

by the in te ra c t io n  o f p ressu re  w ithin  the supr a -b r  anchi a l c av ity  and the 

ten s io n  exerted  by th e  c ir c u la r  and lo n g itu d in a l m uscles.



FIGURE 44

L u tr a r ia  l u t r a r i a . Prim ary exhalan t siphon alm ost com pletely withdrawn 

and in tro v e r te d .

Length -  530 p , x 130

FIGURE 45

L u tr a r ia  l u t r a r i a . Drawing to  c l a r i f y  siphonal s tru c tu re  dep ic ted  in  

F igure 44. Note in tro v e rs io n  o f r e t r a c te d  prim ary exhalan t siphon (PES)

X 130

LEGEND ; CT -  ctendium , INB -  i n f  r a -b r  anchi a l  c a v ity , ML -  m antle lo b es  
form ing v e n tra l  l im i t  o f in h a la n t  a re a , P  ̂ -  median prim ary siphonal 
te n ta c le ,  IP . -  p a ire d  prim ary siphonal te n ta c le s ,  IP^ -  p a ire d  secondary 
sip h o n a l te n ta c le s ,  PES -  prim ary exhalan t siphon, SB -  su p ra -b ran ch ia l 
c a v i ty .



FIGURE 44.

FIGURE 45



FIGURE ^6

S p isu la  su b tru n c a ta . In tro v e rte d  prim ary exhalan t siphon w ith 

ex tension  ju s t  beg inn ing , x 80

FIGURE 47

S p isu la  su b tru n c a ta . Primary ex h alan t siphon h a l f  extended.

Length o f specimen -  1 ,0  mm. x 80

FIGURE 48

L u tr a r ia  l u t r a r i a . Prim ary exhalan t siphon alm ost fu l ly  extended 

bu t w ith  apertu re  s t i l l  c losed by c o n tra c tio n  o f d i s t a l  c i r c u la r  

m uscles, x  80

FIGURE 49

S p isu la  su b tru n c a ta . Primary exhalan t siphon f u l ly  extended. Same

specimen as F igures 47 and 54.

Length o f specimen -  1 .0  mm, x 80



FIGURE 4 6 FIGURE 4 7

fig u re  48 figu re  49
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While the  prim ary exhalan t siphon i s  in f la te d  

p ass iv e ly  and ra th e r  slow ly, i t s  w ithdraw al i s  extrem ely ra p id . For 

a long tim e, i t  had been observed th a t  t h i s  rap id  w ithdraw al, 

toge ther w ith the  p e c u lia r  h a b it  o f in tro v e r t in g  the  siphon on 

r e t r a c t io n  (F ig . 44 & 45), was c h a r a c te r i s t ic  o f a l l  siphonate  sp a t, 

but the mechanism by which th is  was achieved remained e lu s iv e , l\%ile 

studying the  c i l i a r y  c u rre n ts  on the c te n id ia  o f a young p o s t- la rv a  

of S p isu la . from which the s h e ll  valves had been removed, i t  was 

unexpectedly found th a t  the behaviour of the siphon was q u ite  normal. 

Upon c lo se r  exam ination, using  a microscope m ag n ifica tio n  of 675 

d iam eters, the d e lic a te  r e t r a c to r  mechanism was seen in  a c tio n .

L ater d is se c tio n s  of S p isu la  p o s t- le rv a e  v e r i f ie d  the i n i t i a l  

observa tions.

Along the m id-dorsal l in e  o f the  in n e r su rface  

of the prim ary exhalan t siphon, th e re  i s  a ttach ed  a membrane (F ig . 50 

& 51, SM) which p ro je c ts  s l ig h t ly  in to  the siphonal lumen. A 

r e t r a c to r  muscle (SR) l i e s  along the  free  v e n tra l  edge o f th is  

membrane. The muscle f ib re s  vary in  len g th  and are in s e r te d  along 

the edge of the  membrane, the lo n g es t reach ing  approxim ately two- 

th ird s  the le n g th  of the  siphon idiere they  a tta c h  d i r e c t ly .  The 

r e t r a c to r  f ib r e s  o r ig in a te  along the  d o rsa l s id e  of the  w all o f the 

rectum where i t  p asses over the p o s te r io r  adductor muscle (F ig . 52, 

SR), This was v e r i f ie d  in  sectioned  m a te ria l o f S p isu la  sp a t. 

C ontraction o f t h i s  muscle causes sim ultaneous w ithdrawal (F ig . 53 

& 54) and in tro v e rs io n  of the siphon (F ig . 44 & 45), b rin g in g  i t  

w ith in  the con fines of the mantle c a v ity . In  view of the  s tr ik in g  

s im ila r i ty  in  the  behaviour of the siphon in  a l l  genera, and the



FIGURE 50

L u tr a r ia  l u t r a r i a . Siphons showing siphonal r e t r a c to r  m uscle and 

siphonal membrane w ith in  lumen o f the prim ary exhalan t siphon .

X 80

FIGURE 51

L u tr a r ia  l u t r a r i a . Drawing to  c la r i f y  the siphonal s tru c tu re  

d ep ic ted  in  F igure 50, At the  base o f the prim ary exhalan t siphon 

note th e  dem arcation l in e  re p re se n tin g  in co rp o ra tio n  o f the  middle 

mantle fo ld  (Mi) w hile prox im ally  th e re  i s  a second dem arcation 

re p re se n tin g  the in n er su rface  of th e  o u te r fo ld  (lOM). Proxim al 

to  the second dem arcation both siphons are enclosed in  a th in  sheet 

o f p e rio s tracum  (PE). x 80

LEGEND: CT -  c tenid ium , D -  edge o f dissoconch, lOM -  in n e r su rface  of
o u te r  m antle fo ld , Mi -  middle m antle fo ld , P-̂  -  median prim ary siphonal 
t e n ta c le ,  IP-] -  p a ire d  prim ary siphonal te n ta c le s ,  IPp -  p a ire d  secondary 
siphonal te n ta c le s ,  PE -  perio stracum , PES -  prim ary exhalan t siphon,
PS -  p a l l i a i  s in u s , SM -  siphonal membrane w ith in  lumen o f prim ary 
ex h alan t siphon, SR -  siphonal r e t r a c to r  muscle a t  f re e  margin of siphonal 
membrane, SS -  siphonal septum.
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FIGURE 52

E nsis s i l i a u a . Late p o s t- la rv a  showing siphonal r e t r a c to r  muscle (SR) 

n ear the p o ste ro -d o rsa l margin of the sh e ll  where i t  can be trac ed  

to  i t s  o r ig in  on the wall o f the rectum (RE), The siphons are 

com pletely  withdrawn, . x 80

FIGURE 53

V enerupis p u l la s t r a . Withdrawrl o f  primary exhalan t siphon began during 

the -1 second. exposure of . th is  pho.to.gr.aph giving, a. double image o f the 

siphon» Note the evidence of con trac tion  of the siphonal r e t r a c to r ( s ? )  

in  the  proxim al reg ion .

Length of specimen -  660 Ji, x 130

FIGURE 54

S p isu la  su b tru n ca ta . Withdrawal of primary exhalan t siphon commencing 

and showing co n tra c tio n  of siphonal r e t r a c to r  ( s ? ) .  Same specimen as 

in  F igures 47 and 49.

Length o f specimen -  1,0 r m ,  - - - - - - - -  - - - ■ -x-80 -
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FIGURE 52

figu re  53 figu re  54
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presence o f the  r e t r a c to r  muscle in  photographs of E n s is . L u tra r ia  

and S p isu la . i t  i s  alm ost c e r ta in  th a t  t h i s  r e t r a c to r  mechanism i s  

in v a r ia b ly  a sso c ia ted  with the  prim ary exhalan t siphon o f a l l  

eu lam ellib ranch  p o s t- la rv a e . Photographs of S p isu la  (F ig , 54) and 

L u tra r ia  (F ig , 55) suggest the presence of a s im ila r  v e n tra l r e t r a c to r  

o r ig in a tin g  a t  the siphonal septum.

As f a r  as could be determined th ere  i s  bu t one 

mention n f a siphonal r e t r a c to r  o f t h i s  type described  in  the 

l i t e r a t u r e .  Yonge (1946) in  h is  d e sc r ip tio n  of a d u lt A lo id is  gibba 

g ives a b r ie f  account of two r e t r a c to r  m uscles, one m id -d o rsa l, the 

o th er m id -v en tra l, o f the prim ary exhalan t siphon. These extend along 

the proximal h a lf  of the prima.ry exhalan t siphon and cause c lo su re  

but not the r e t r a c t io n  and in tro v e rs io n  described  h e re . From Yonge*s 

account i t  appears th a t  the  r e t r a c to r  muscles c o n s t i tu te  a p a r t  of 

the  siphonal w all r a th e r  than being lo ca te d  along the edge of a 

membrane, but i t  i s  probable th a t  they  re p re se n t a m o d ifica tio n  of the 

r e t r a c to r  mechanism in  the sp a t.

C. Siphonal T entacles

S h o rtly  a f te r  the form ation o f the  prim ary exhalan t 

siphon, a s in g le  median p a p il la  (F ig . 38, P^) a r is e s  d o rsa l to  i t  and 

a p a ir  o f p a p il la e  (IP.  ̂ ) appear a t the  base o f the siphonal septum. 

These primary siphonal te n ta c le s  become in co rpo ra ted  in to  the o u te r , 

common rin g  o f te n ta c le s  in  the ad u lt and are  formed from the middle 

m antle fo ld  (Yonge, 1957). I n i t i a l l y  the te n ta c le s  are  sh o rt and 

b lu n t, th e i r  t ip s  being enlarged in to  d is c - l ik e  s tru c tu re s  bearing



FIGURE 55

L u tr a r ia  l u t r a r i a . Prim ary exhalan t siphon w ith suggestion  o f a 

v e n tra l  siphonal r e t r a c to r  s im ila r  to  the d o rsa l one,

X 80

FIGURE 56

Z ir f a e a c r i s p a ta . E arly  p o s t- la rv a  showing the d is t in c t iv e  cu rvatu re  

o f the  in h a la n t siphon.

Length -  490 p , x 130



FIGURE 55

FIGURE 56
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ra th e r  conspicuous s t i f f  c i r r i .  O ccasionally , the  rudim ents of these 

te n ta c le s  are p re se n t p r io r  to  s e t t in g , b u t more u su a lly  they  are 

formed sh o rtly  a f t e r  metamorphosis,

A l i t t l e  l a t e r  a p a ir  o f secondary p a p illa e  (F ig , 

3S, IP^ ) appf a r v e n tra l  to the  primary ones (]P^ ) a t  the  base of the 

siphonal septum. The secondai^'- p a p illa e  d i f f e r  markedly from the 

primary/- ones in  appearance, being of s to u te r  form and rounded 

te rm in a lly , while c i r r i ,  i f  p re se n t, are s h o r t .  These d iffe ren c e s  

are s ig n if ic a n t  fo r  the  secondary p a p illa e  re p re se n t the f i r s t  of 

the in n er r in g  of te n ta c le s  e n c irc lin g  the  in h a la n t siphon o f the 

a d u lt end are formed from the in n er mantle fo ld  (Yonge, 1957).

A-t the v e n tra l l im it  o f the presum ptive in h a lan t 

apertu re  the inner m antle fo ld  on each side  en la rges to  form a 

p ro je c tin g  lobe (F ig , 44 & 45, ilL ). When the  fo o t i s  withdrawn and 

the cmimal q u iescen t, the m antle margins on each s id e , a n te r io r  to  

the  p ro je c tin g  lo b e s , are c lo se ly  applied  to  one ano ther, so th a t  

the  fu n c tio n a l in h a la n t opening (F ig , 38, INS) i s  confined to  the 

p o s te r io r  reg io n . The p ro je c tin g  lobes then form a flange  a t  the 

v e n tra l l im i t  o f the r e s t r i c te d  in h a lan t a p e r tu re . Along the v e n tra l 

edge of the p ro je c tin g  lo b e s , on the in n er su rface  o f the mantle i s  

lo ca ted  a sm all area densely  covered with c i l i a  b ea tin g  p o s te r io r ly  

and over the  m antle edge. This marks the end of the  re c u rre n t path  

(F ig . 3u, RP) of the m antle ,

D. Fusion of N antie Folds and E longation o f Siphons

Fusion of the inner m antle fo ld s  m id -v en tra lly , 

e s ta b lis h in g  a permanent sep ara tio n  of in h a la n t and pedal a p e r tu re s .
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may occur a t  any time during p o s t- la rv a l  development; in  Kya and 

Z irfa e a  i t  occurs immediately a f te r  m etam orphosis, but in  the  venerids 

a t  a much l a t e r  s ta g e . From the m id -ven tra l p o in t,  fu s io n  of the 

in n e r mantle fo ld s  proceeds p o s te r io r ly  to  the  ex trem ity  o f the 

p ro je c tin g  lobes (F ig , 44 & 45, ME) and the in h a la n t siphon begins 

to  e longate from i t s  proximal end. This e lo n g a tio n  i s  q u ite  ex tensive 

in  Venerupis and Z ir fa e a , and i s  ra th e r  unique in  the  l a t t e r  genus in  

th a t  the d o rsa l side  of the in h a la n t siphon grows more ra p id ly  than 

th e  v e n tra l side and r e s u l ts  in  a curved s tru c tu re  p o in tin g  v e n tra l ly .  

Thus the two siphons of Z irfa ea  (F ig . $6) d iverge  from one another 

l ik e  the arms o f a * T*,

F urther fu sion  of the m antle, in co rp o ra tin g  the 

middle mantle fo ld , i s  accompanied by e lo n g a tio n  of both siphons 

(F ig , 50 à  51). As they extend beyond the s h e l l  margin a d i s t in c t  

l in e  of dem arcation, which appears as a s l ig h t ly  th ickened rid g e  (Ml), 

e n c irc le s  the base of the prim ary exhalan t siphon. Meanwhile, 

secondary p a p illa e  ( IP ^ ) a r is in g  in  p a ir s  between the f i r s t  p a ir  and 

the  p ro je c tin g  lobes (F ig , 45, IT ) have formed around the  ap ertu re  of 

the  in h a la n t siphon. L a ter primary p a p illa e  develop a t  the  margin 

o f the  middle mantle fo ld  to  e n c irc le  both siphons and form, the o u ter 

common r in g  o f te n ta c le s .  Siphon development in  the  V eneridae, 

C ardiidae and Solenidae, where the siphons of the a d u lt are o f Type B 

(Yonge, 1957), stops a t th is  p o in t.

In o ther fa m ilie s , where the  siphons o f the ad u lt 

are o f Type C (Yonge, 1957), another le s s  d i s t in c t  dem arcation l in e  

appears r e la t iv e ly  l a t e  in  p o s t- la rv a l  development. This l in e  (F ig , 

50, 51 u 57, IOM) marks the in co rp o ra tio n  of the  in n e r su rface  o f



FIGURE 57

S p isu la  su b tru n ca ta . Siphons of juven ile  showing in c o rp o ra tio n  o f 

various mantle fo lds and the m id-dorsal and m id -ven tra l fu s io n  l in e s  

marked by rows of p a p illa e .

LEGEND; D -  dissoconch, DF - dorsa l fusion  l in e ,  INS -  in h a la n t siphon, 
IOM -  in n e r surface of ou ter mantle fo ld , i l l  -  middle mantle fo ld ,

-  median primary siphonal te n ta c le , IP^ -  pa ired  prim ary siphonal 
te n ta c le ,  IP^ -  pa ired  secondary siphonal te n ta c le , PE -  periostracum , 
PES -  prim ary exhalant siphon, VF -  ven tra l fusion  l in e .
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the  o u te r m antle fo ld s  in to  the siphonal s tru c tu re  and a th in  sheet 

of periostracum  (PE) extends from th is  ridge to  the s h e l l  m argin. 

F requen tly , the m id-dorsal and m id-ven tra l w alls o f the  siphonal 

s tru c tu re  are marked e x te rn a lly  by a d i s t in c t  fu s io n  l i n e .  In  

S p isu la  a row of prim ary p a p illa e  appear along these  two l in e s  of 

ju n c tio n  (F ig . 57, DF & VF).

Feeding

The d iffe re n c e s  in  the c i l i a r y  t r a c t s  o f the  

c te n id ia  and palps between the i iy t i l id a e  and E u lam ellib ranch i a have 

l i t t l e  e f f e c t  on feed ing , which remains e s s e n t ia l ly  s im ila r  in  the 

p o s t- la rv a e  of the two groups. However, the fu sion  of the  m antle 

lo b es v e n tra lly  in  many eulam ellibranch  p o s t- la rv a e  means th a t  the  

in h a la n t stream  e n te rs  p o s te r io r ly  ra th e r  than v e n tr a l ly ,  w hile the 

form ation of siphons ensures a more e ffe c tiv e  sep a ra tio n  of in h a la n t 

and exhalan t stream s.
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DISCUSSION

Metamorphosis

In  marine lam ellib ran ch s the  second la r v a l  stage 

i s ,  w ith the exception of a few species which incuba te  th e i r  young 

throughout the la r v a l  p e rio d , a f re e  swimming v e l ig e r .  The velum 

fu n ctio n s in  both locom otion and food c o lle c tio n  and i n i t i a l l y  

occupies the  whole mantle c a v ity . In the  l a t e  la rv a  i t  r e ta in s  i t s  

prominence and i s  independent of the developing fo o t and c te n id ia .

In the p o s t- la rv a  food c o lle c t io n  i s  performed by 

the c te n id ia  and the mechanism of c o lle c t io n , w hile o f n e c e ss ity  much 

sim pler than th a t  of the ad u lt-  invo lves the same b asic  p r in c ip le s .  

L a te ra l c i l i a  draw a cu rre n t of w ater in to  the  m antle c a v ity j l a te r o -  

f r e n ta ls  s t r a in  the p a r t ic le s  from the in h a la n t c u rre n t and t r a n s fe r  

them to  the f ro n ta l  su rfaces o f the filam en ts  ; f ro n ta l  and adorai 

t r a c t s  of c i l i a  c o lle c t  the p a r t i c le s  and tra n s p o r t  them a n te r io r ly  

to  the p a lp s . With re sp ec t to  these  c i l i a r y  components the  c te n id ia  

o f the l a t e  la rv a  are p o te n t ia l ly  fu n c tio n a l. Each ctenidium  

g en era lly  has 3 or 4- filam en ts in  the in n e r demibranch, and l a t e r a l  

and la te r o - f r e n ta l  c i l i a  are p re se n t. While f ro n ta l  and adora i t r a c t s  

o f c i l i a  could no t be d e tec ted  u n t i l  s h o r tly  a f te r  m etaiuorphosis, 

they  are probably p resen t e a r l i e r .  Quayle  (1952) shows f ro n ta l  c i l i a  

on the la rv a l  filam en ts  of Venerupis p u l l a s t r a .

However, the p o s it io n  of the  c te n id ia  in  the 

m antle c a v ity  must undergo subsequent m od ifica tion  before  feed ing  

commences. In  o rder to serve as e f f i c ie n t  f i l t e r i n g  organs, the 

c te n id ia  must p a r t i t io n  the m antle c a v ity ; in  the l a t e  la rv a  the
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f ilam en ts  l i e  in  the v e r t ic a l  plane overly ing  the  l a t e r a l  p o rtio n s  o f 

the  fo o t .  Secondly, a connection must be e s ta b lish e d  between the 

c te n id ia  and the mouth, which in  the l a t e  la rv a  i s  w idely separa ted  

from the l a t t e r  and opens to the p o s te r io r  d i s t a l  edge of the velum.

R eorganization of the  body a t  metamorphosis in  

O strea  e d u lis  has been described  by Cole (1930). W ithin 40 hours from 

the  time of se ttlem en t, the body of the spat has ro ta te d  forward 

c a rry in g  the mouth and oesophagus a n te r io r ly , w hile the components o f 

the  velum, with the exception of the  ap ica l p la te ,  have d is s o c ia te d .

The a p ic a l p la te  comes to  l i e  a s tr id e  the oesophagus a n te r io r ly  and 

c o n tr ib u te s  to  the form ation of the upper p a lp s . The low er l ip s  o f 

the  mouth are now immediately ad jacen t to the v e n tra l ends of 

fila m e n ts  F^.

This process i s  c h a ra c te r is t ic  of the  metamorphosis 

o f a l l  lam ellib ranch  la rv ae  and, as f a r  as could be determ ined, i s  o f 

approxim ately the same d u ra tio n . 'The forward ro ta t io n  of the  body 

c a r r ie s  the fo o t to a median p o s itio n  so th a t  the  c te n id ia  now extend 

in to  the p o s te r io r  reg ion  of the mantle c av ity  where the f ilam en ts  are  

connected to  one another in  the m id line . This p a r t i t io n in g  of the  

m antle c a v ity  i s  m aintained throughout the subsequent development of 

the  in n e r demibranch, being und istu rbed  by the  form ation o f the d i s t a l  

la m e lla . S im ila rly , with the  form ation o f the o u te r demibranch a 

ju n c tio n  i s  e s ta b lish e d  between the ends of these  filam en ts  and the 

m antle in  the eu lam ellib ranchs; while such a connection was not 

d e te c ted  in  the Heteranomia and Chi anys. i t  was probably overlooked.

Thus, the in te rv a l  of reo rg a n iza tio n  a t  metamorphosis 

i s  sh o rt and feed ing  i s  not in te rru p te d  fo r  more than two o r th re e  days.
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Comparison of P o s t- la rv a l Feeding and Sorting  

Mechanisms

G enerally  speaking, the fu n c tio n  of the 

lam ellib ranch  ctenidium  is  to c o lle c t  the p a r t i c le s  c a r r ie d  in  w ith 

the in h a la n t stream , and th a t  of the palps i s  to  s o r t  the p a r t i c le s  

conveyed to  them by the c te n id ia . However, in  c e r ta in  lam ellib ran ch s 

the  c te n id ia  a lso  have a se le c tiv e  ac tio n  (A tkins, 1936 & 1937 a) and 

are  designed to  r e j e c t  la rg e  p a r t ic le s  or la rg e  co n cen tra tio n s of 

p a r t i c l e s ,  while c o lle c tin g  and conveying to  the palps the small 

p a r t i c l e s .  S e lec tio n  by the ctenidium  i s  c h a r a c te r is t ic  o f the 

P e c tin id a e , Limidae and C stre idae  where the c te n id ia  are  he te ro rhabd ic  

and sorbing occurs on the p lic a e  (A tkins, 1937 a ) ,  and a ls o , although 

the  method i s  d i f f e r e n t ,  of the Anomiidae where the c te n id ia  are 

homorhabdic and f l a t .  S o rting  in  the Anomiidae i s  e ffe c te d  by the 

ad jacen t a n ta g o n is tic  f ro n ta l  t r a c t s ,  re je c te d  p a r t ic le s  being  c a rr ie d  

p o s te r io r ly  along the  v e n tra l margins o f the demibranchs (A tk ins, 1936). 

The s im ila r i ty  o f the c te n id ia l  s e le c tio n  mechanisms described  by 

A tkins in  the ad u lts  o f the P e c tin id ae , Limidae and C stre idae  i s  no t 

n e a rly  so marked in  the p o s t- la rv a e . In  o rder to  ap p rec ia te  the 

s im i la r i t i e s  and d iffe re n c e s  i t  i s  necessary  to  d is tin g u ish  between 

se le c tio n  mechanisms where the c i l i a r y  c u rre n ts  concerned w ith 

re je c t io n  have no access to  the p a lp s , and those where the c i l i a r y  

c u rre n ts  may fu n c tio n  in  re je c t io n  bu t do have access to  the p a lp s .

The former w i l l  be termed c le a n s in g  mechanisms and are  s im i la r  to  the  

s e le c t io n  shown in  a d u l t  Anomiidae, w hile  th e  l a t t e r  w i l l  be r e f e r r e d  

to  as s e l e c t iv e  feed in g  mechanisms and are  s im i l a r  to  th e  type o f
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s e le c tio n  shown in  a d u lt P ec tin id ae , Limidae and C stre id a e ,

The period  immediately fo llow ing  metamorphosis i s  

no doubt a c r i t i c a l  one in  the l i f e  o f lam e llib ran ch s , fo r  the 

c te n id ia ,  whose e ff ic ie n c y  in  food c o lle c t io n  depends on a la rg e  

su rface  a re a , are sm a ll. Ibus, while c te n id ia l  se le c tio n  mechanisms 

are  o f adaptive  value in  ad u lt lam ellib ran ch s l iv in g  in  h a b ita ts  where 

s i l t i n g  i s  heavy, i t  i s  doubtful th a t  they are  of much advantage in  

young sp a t . Rather i t  would appear to be more advantageous to make 

the  most e f f i c ie n t  use of the small su rface  a rea  of the c te n id ia  fo r  

purposes o f food c o lle c t io n . While not in d ic a tiv e  o f a phylogenetic  

sequence the  fa m ilie s  of the  Anisomyaria can be arranged in  a s e r ie s  

i l l u s t r a t i n g  a p rog ressive  in crease  in  the e ff ic ie n c y  of the p o s t-  

l a r v a l  feed ing  mechanism. The culm ination o f such a s e r ie s  i s  

rep re se n te d  by the Ib y tilid ae , a p o s itio n  which i s  only surpassed by 

those fajm ilies o f the  E u lam ellib ranchia  in  which fusion  o f the m antle 

lo b es  v e n tra l ly ,  and development of siphons has enhanced the e f f ic ie n c y  

o f food c o lle c t io n ,

Anomiidae

Due to  the rap id  degenera tion  of the a n te r io r  

adductor m uscle, the p o s te r io r  adductor assumes a somewhat c e n tra l  

p o s it io n  which, to g e th e r w ith the freedom of the c te n id ia l  axes 

p o s te r io r ly ,  allows the l a t t e r  to curve d o rs a l ly .  While th is  p rovides 

fo r  g re a te r  e longation  of the c te n id ia  by a d d itio n  of filam en ts 

p o s te r io r ly ,  i t  a lso  produces a la rg e  in h a la n t a rea . Consequently, 

th e  in h a la n t w ater c u rre n t i s  d ispersed  sind r e la t iv e ly  we ale.
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The a l te rn a te  arrangement o f  the  f ilam en ts  o f the 

in n e r  demibranchs in  the  m idline c re a te s  la rg e  in te r f ila m e n ta ry  spaces 

which cannot be bridged by th e  m ic ro -1 a te ro -f re n ta l  c i l i a .  As a 

r e s u l t ,  many p a r t ic le s  pass between the filam en ts  in to  the  sup ra - 

b ran ch ia l c a v ity . During feed ing  the c te n id ia  are f u l ly  extended ; 

the  a x ia l r e t r a c to r s  are  no t u t i l i z e d  to reduce the in te r f ila m e n ta ry  

spaces but c o n tra c t only when the  animal i s  d is tu rb ed  or the  sh e ll 

valves c lo sed .

Food c o lle c tio n  by the  c te n id ia  i s  e s s e n t ia l ly  

sim ple, p a r t ic le s  being c a rr ie d  by the d o rsa l f r o n ta l ,  a x ia l  and 

proximal adorai t r a c t s  to  the p a lp s . A ll o th er c i l i a r y  t r a c t s  of the 

c te n id ia ,  i . e .  the v e n tra l  f ro n ta l  and m arginal re je c t io n  t r a c t s ,  are  

concerned w ith c lean s in g . These t r a c ts  are a sso c ia ted  w ith the 

re c c u rre n t path  o f the m antle which, p r io r  to  the form ation of the 

m arginal re je c t io n  t r a c t ,  l i e s  ad jacen t to  the margin of the  in n e r 

demibranch and i s  l a t e r  a sso c ia ted  w ith the margin o f the  o u te r  

demibranch. Thus, a considerab le  p o rtio n  o f the  c te n id ia l  mechanism 

i s  devoted to  c lean sin g  a c t i v i t i e s .  However, the  c i l i a  o f the v e n tra l  

f ro n ta l  t r a c t s ,  while producing a stro n g er c i l i a r y  c u rre n t than  those 

of the d o rsa l t r a c t s ,  a re  a c tiv e  only when s tim u la ted  by la rg e  or 

excessive p a r t ic u la te  m a tte r  in  the in h a la n t stream . Moreover, since  

the  s h e ll  valves are w idely open during feed ing , the m ajo rity  of

p a r t ic le s  - — p a r t ic u la r ly ' sm aller ones ----  are c a rr ie d  d o rs a l ly  by

the  in h a la n t stream  to  impinge on the subax ial p o rtio n s  o f the  

filam en ts  where coarse f ro n ta l  c i l i a  are absent and the in te r f i la m e n ta ry  

spaces are narrow er.
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Pectinida.e

The feed ing  and c lean sin g  mechanisms o f Chlamys 

a re  s im ila r  in  e f f e c t ,  although not in  method, to  those of Heteranom ia, 

While th ere  i s  an adora i t r a c t  along the v e n tra l margin o f the in n e r 

demibranch, in te r ru p tio n  of the l a t t e r  between filam en ts  and F  ̂ by 

the  fo o t, means th a t  p a r t ic le s  c a rr ie d  v e n tra l ly  by the  coarse f ro n ta l  

c i l i a  and thence along the m arginal adorai t r a c t  never reach the 

p a lp s . The same i s  tru e  of p a r t ic le s  c o lle c te d  by the  in term ediary  

ad o ra i t r a c t ,  formed a t  the v e n tra l margin o f the demibranch a f te r  

r e f le c t io n  of the filam en ts  to  form the d i s t a l  lam elle.. Thus, the 

v e n tra l  f ro n ta l  t r a c ts  of both lam ellae  and, as f a r  as could be 

deLernined, th e  d o rsa l f ro n ta l  t r a c t s  of the  d i s t a l  la r.ie lla  have no 

connection w ith adorai t r a c ts  which reach the  p a lp s . Since only the 

d o rsa l f ro n ta l  t r a c t s  of the proximal lam e lla  o f the in n e r demibranch, 

to g e th e r  w ith the a x ia l and proximal adorai t r a c t s ,  fu n c tio n  in  food 

c o lle c t io n , the presence of the subax ial t r a c t  o f the m antle whose 

c i l i a  produce a s trong  adorai water c u rre n t ad jacen t to  the  ax ia l 

ado ra i t r a c t  i s  o f considerab le  s ig n if ic a n c e .

The re c u rre n t path  o f the  m antle i s  never 

a sso c ia ted  with the c te n id ia  as i t  i s  in  Heteranom ia. but i t  c a r r ie s  

a l l  p a r t ic le s  o r ig in a lly  c o lle c te d  in  the m arginal and in te rm ed iary  

ad o ra i t r a c ts  since  these must ev en tu a lly  f a l l  onto the m antle. I t  

i s  in te r e s t in g  to  note th a t  although in  the a d u lt both m arginal and 

in te rm ed iary  adorai t r a c ts  lead  to  the p a lp s , only the  former (lo ca ted  

a t  the  do rsa l edge of the d i s t a l  lam e lla )  g en e ra lly  fu n c tio n s  in  food 

c o lle c t io n  since passage along the v e n tra l  margin of the  demibranch i s
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hazardous and p a r t ic le s  u suh lly  f a l l  onto the  mantle (A tk ins, 1Ç37 a ) ,  

Limidae

The a c q u is itio n , in  Lima, of two fe a tu re s  

c h a r a c te r is t ic  of the M ytilidae and E u lam ellib ranch ia  has a profound 

e f f e c t  on the feed ing  mechanism. The filam en ts  of the two in n er 

demibranchs, although i n i t i a l l y  a l te r n a te ,  become p a ire d  in  the  

m idline e a rly  in  p o s t- la rv a l  l i f e .  This reduces the  s iz e  of the  

in te r f ila m e n ta ry  spaces a t the v e n tra l margins of the demibranchs so 

th a t  f i l t r a t i o n  i s  more e f fe c t iv e . Also the  fila iiien ts  o v e rlie  the 

l a t e r a l  w alls of the fo o t, so th a t  the m arginal adora i tra .c t, now 

lead in g  d i r e c t ly  to the p a lp s , becomes an in te g ra l  p a r t  o f the 

feed ing  mechanism. This means th a t  the  coarse c i l i a  o f the  v e n tra l 

f ro n ta l  t r a c t s ,  which are no longer a c tiv e  only on s tim u la tio n , are 

a lso  u t i l i z e d  in  food c o lle c t io n .

P a r t ic le s  c o llec ted  by the  v e n tra l f ro n ta l  and 

m arginal adorai t r a c ts  pass d i r e c t ly  in to  an adorai t r a c t  o f the  

upper palps which was not p resen t in  the Anomiidae and P e c tin id a e .

The d o rsa l f ro n ta l  t r a c t s ,  whose presence i s  in f e r r e d , and the a x ia l 

and proximal adorai, t r a c ts  appear to  p lay  a much sm aller ro le  in

food c o lle c t io n . Although p a r t ic le s  c o lle c te d  by these  t r a c t s  ----

presumably the sm aller p a r t ic le s  -----  appeared to  pass d i r e c t ly  in to

the  re je c t io n  t r a c t  of the upper p a lp s , i t  i s  probably th a t  an 

adora i t r a c t  o f the type found in  the  Anomiidae and P ec tin id ae  i s  

p resen t but was overlooked. In  the Limidae a l l  the c i l i a r y  c u rre n ts  

o f the  c te n id ia  are in te g ra te d  in to  a s e le c tiv e  feed ing  mechanism 

which i s  more f le x ib le  than the c te n id ia l  mechanism of the P ec tin id ae
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end Anomiidae. When the concen tra tion  of p a r t ic le s  e n te r in g  in  the  

in h a la n t stream  i s  low, those c o lle c te d  by the  v e n tra l f ro n ta l  and 

m arginal adora i t r a c ts  may be u se d 'a s  food, whoroao in  tho P o o tin id ae 

and Anomiidae suoh-pa r t io l e  o—ar e -e l  way c ro jo o to d . Should the 

con cen tra tio n  of p a r t ic le s  become excessive those c o lle c te d  by the

v e n tra l f ro n ta l  t r a n t s  presumably the  la rg e r  ones  and

accum ulating along the v e n tra l margin of the demibranch would probably 

f a l l  onto the m antle before reaching the  pa lps as in  a.dult P ec tin id ae  

(A tkins, 1937 a ) .  The c te n id ia  of p o s t- la rv a l  Lima are  c le a r ly  

designed to  achieve the most e f f ic ie n t  use o f p a r t ic le s  en te rin g  in  

the in lia lan t stream .

The la r g e  p r l l i r l  lo b e s  produce a more e f f e c t i v e  

s e p a ra t io n  of the in h a la n t  and ex h a lan t  s tream s than t h a t  found in

the  Anomiidae and P e c t in id a e .

O s tre id ae

Although as in  the Anomiidae and P ec tin id ae  the

filam en ts  ra d ia te  from, the markedly curved c te n id ia l  axes, c re a tin g

la rg e  in te rf ila m e n ta ry  spaces, the presence of anomalous l a t e r o -  

f ro n ta l  c i l i a  in  the O streidae enhances the e ff ic ie n c y  of f i l t r a t i o n .

Both v e n tra l f r o n ta l ,  and m arginal and in te rm ed iary  adorai t r a c t s  

appear sh o r tly  a f te r  metamorphosis and are com pletely in te g ra te d  

in to  the  s e le c tiv e  feed ing  mechanism which shows the same c h a r a c te r i s t ic s  

as th a t  of Lima. The most remarkable fe a tu re  of p o s t- la rv a l  

development, however, i s  the extreme r a p id i ty  of c te n id ia l  development 

which allow s the e a rly  s ta g es , when the f ilam en ts  are few in  number
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and the ctenidium  a t  i t s  low est feed ing  e f f ic ie n c y , to  he o f minimum 

d u ra tio n ,

M ytilidae  and E ulam ellib ranch ia

The anlagen are fused to  the  siphonal septum thus 

com pleting the in te rn a l  sep ara tio n  of the in h a la n t and exhalan t stream s. 

The development of flanges above and below the septum in  the  M y tilid ae , 

and of siphons in  many E u lam ellib ranch ia , ensures se p a ra tio n  of the 

two stream s e x te rn a lly . The sh e ll  valves are only s l ig h t ly  p a rted  

during  feed ing  thus l im itin g  the in h a la n t apertu re  and p e rm ittin g  a 

g re a te r  re g u la tio n  of the s iz e  of the  apertu re  by the  in n e r m antle 

fo ld s . V entra l fu sion  of the mantle lobes in  many E u lam ellib ranch ia  

and form ation of the in h a la n t siphon even fu r th e r  reduces the  a p e r tu re , 

in c re a s in g  the s tre n g th  and range of the in h a la n t c u rre n t .

Due to  the re te n tio n  of both adductor m uscles, 

the c te n id ia l  axes are s t r a ig h t  and the filam en ts  l i e  p a r a l le l  to  

one ano ther. This to g e th er w ith the  p a ir in g  of the  f ilam en ts  in  the 

m idline produces sm all in te rf ila m e n ta ry  spaces across which the  long 

e u - la te ro - f ro n ta l  c i l i a  extend com pletely , even overlapp ing  w ith  one 

ano ther.

Due to the r e s t r i c t i o n  o f the in h a la n t a p e r tu re , 

the  m ajo rity  of p a r t ic le s  impinge e i th e r  on the v e n tra l  p o rtio n s  of 

the  filam en ts  or d i r e c t ly  on the m arginal adorai t r a c t .  There i s  no 

s e le c tio n  of p a r t ic le s  by the c te n id ia , except in  E n s is . and so r tin g  

occurs only on the p a lp s .
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Analysis of C tenidial Development

In  the preceding se c tio n  some of the v a r ia tio n s  

in  c te n id ia l  development which a f fe c t  the e ff ic ie n c y  of feed ing  in  

the  p o s t- la rv a l  have been o u tlin ed . The s ig n if ic a n c e  of th ese  end 

o th e r  v a r ia tio n s  can only be evaluated  by a complete a n a ly s is  of 

the  component f a c to r s ,

Monomvarian C ondition

I t  has been c le a r ly  shown th a t  the  ra p id  

degenera tion  o f the a n te r io r  adductor fo llow ing  metamorphosis in  the  

Anomiidae, P e c tin id a e , Limidae and O stre idae  has a pronounced e f f e c t  

on th e  form o f the c te n id ia  which i s  r e f le c te d  in  the e f f ic ie n c y  o f 

th e  p o s t- la rv a l  feed ing  mechanism. The disadvantages of a wide 

in h a la n t ap ertu re  and la rg e  in te rf ila m e n ta ry  spaces are p a r t ly  over

come in  the  Limidae by the opposite  arrangement o f f i la m e n ts , bu t 

more f u l ly  solved in  the  O stre idae  by an a c c e le ra tio n  of c te n id ia l  

development and the presence o f anomalous 1a te ro - f r e n ta l  c i l i a .

P rog ressive  A lte ra tio n s  in  C ten id ia l Development

C erta in  v a r ia tio n s  in  the  development o f these  

monomyarians appear to involve changes which are o f adap tive  value 

to  the  p o s t- la rv a  and do no t seem to  be r e la te d  to  corresponding 

d iffe re n c e s  in  the s tru c tu re  or fu n c tio n  of th e  c te n id ia  in  the a d u lt ,  

1, In te g ra tio n  of the c i l i a r y  c u rre n ts  o f the c lean s in g  

mechanism o f the P ec tin id ae  in to  the  s e le c tiv e  feed ing  

mechanism in  the  Limidae and O s tre id ae , ( in  th e  Anomiidae
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the  use of the v e n tra l f ro n ta l  and m arginal r e je c t io n  t r a c t s  

in  c lean sin g  during p o s t- la rv a l  development i s  r e la te d  to  

the  corresponding cond ition  in  the a d u lt ) .

2. Change from a lte rn a te  (P ec tin id ae ) to  opposite  (Limidae) 

arrangement o f the filam en ts  of the in n er demibranch in  the 

m id line ,

3, Change in  p o sitio n  of the a n te r io r  filam en ts o f the in n e r 

demibranch from th e i r  lo c a tio n  p o s te r io r  to  the fo o t in  

the  P ec tin id ae  to  o v e rlie  the  l a t e r a l  w alls of the  fo o t in  

the Lim idae, and the consequent l in k in g  of the m arginal 

adorai t r a c t ,  and l a t e r  the in te rm ed iary  adorai t r a c t ,  w ith 

the  pa lps in  the Limidae. (The connection of these  a.doral 

t r a c ts  with the palps in  the O stre idae  i s  re la te d  to  the  

degenera tion  of the fo o t) .

M odifica tions in  Rate and Sequence o f Development

C ten id ia l development can be considered as 

fo llow ing  a basic  'b lu e  p r in t '  which may be secondarily  a lte re d  by 

the  fa c to rs  l i s t e d  below.

A. Rate of Development

In  d if f e r e n t  species the r a te  of development o f 

the c te n id ia  may vary considerab ly , w ith a l l  processes o ccu rring  

in  the o r ig in a l or ba.sic sequence. Development in  the  Anomiidae 

and P ec tin idae  i s  le s s  rap id  than in  the  Limidae.
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3. Heterochrony

C erta in  s t ru c tu ra l  fe a tu re s  may appear e a r l i e r  

in  some species than in  o th ersf th a t  i s  t h e i r  development i s  

precocious and hence d ev ia te s  from the time sequence of the 

b asic  p lan . Thus, in  the Limidae and O streidae development 

o f v e n tra l f ro n ta l  t r a c ts  and the m arginal adorai tra .c t i s  

precocious when compared with the  developmental sequence in  

the Anomiidae and P ec tin id ae ,

C • Tachygrenesis

C erta in  processes of c te n id ia l  d i f f e r e n t ia t io n  

may be condensed, e lim in a tin g  many of the in te rm ed ia te  steps 

and may thus appear as an e n t i r e ly  d i f f e r e n t  method of 

d i f f e r e n t ia t io n .  Condensation has been dem onstrated in  the 

l a l e r  development of the c te n id ia  in  severa l lam ellib ranchs by 

P ice (190c) and i s  be lieved  by him to  be c h a r a c te r is t ic  o f l a t e  

p o s t- la rv a l  development of a l l  L am ellib ranch ia . W asserloos (1911) 

has suggested th a t  the fo ld  method of anlage d i f f e r e n t ia t io n  

re p re se n ts  a condensation of the p a p il la  method.

The p o s t- la rv a l  development o f the c te n id ia  in  the  

O stre idae  can only be considered as condensed. Filam ents o f the 

r ig h t  in n er demibranch p o s te r io r  to  the 5th are d i f f e r e n t ia te d  

w ith both proximal and d i s t a l  components p re s e n t. This p rocess 

must be compared with the l a t e r  method of d i f f e r e n t ia t io n  

described  by Rice (1908) and not w ith e a rly  p o s t- la n v a l develop

ment in  o th er lam ellib ran ch s . Only during  the la rv a l  pe riod  are
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filam en ts  formed according  to  the basic  p lan : th a t  i s  by the 

p a p i l la  method (Erdmann, 1935 ; S ta ffo rd , 1913).

D, Suppression

C erta in  phases of c te n id ia l  development may be 

suppressed . This has a lread y  been d iscussed  by Lacaze-D uthiers 

(1856) and i l l u s t r a t e d  by th e  absence of d i s t a l  lam ellae  in  both 

demibranchs o f Heteranomia and of the  o u te r demibranch in  H ysella

and Teredo.

E longation of Filam ents and D if fe re n tia tio n  o f Secondary Lamellae

Before proceeding to an an a ly s is  o f the  method of

d i f f e r e n t ia t io n  of the demibranchs in to  proximal and d i s t a l  lam ellae

in  ontogeny, i t  i s  necessary  to  consider the phylogenetic  o r ig in  of

these  lam e llae .

The m olluscan ctenidium , e x h ib ited  in  i t s  most p rim itiv e  
cond ition  in  the  zygobranch Archaeogastropoda (Yonge,
1947), c o n s is ts  o f an ax is  co n ta in in g  a f fe re n t  and e f fe re n t  
blood v e s se ls , nerves and m uscles, w ith on e i th e r  side  
a l te rn a t in g  s e r ie s  o f e longated  t r ia n g u la r  f ila m e n ts . An 
upward w ater flow i s  c rea ted  by l a t e r a l  c i l i a  on the opposed 
faces  of the f ila m e n ts , flow of blood w ith in  them being in  
the opposite  d ir e c t io n .  S k e le ta l rods beneath the zone o f 
l a t e r a l  c i l i a  give r i g id i t y  to  the f ila m e n ts ; c i l i a  on the  
f ro n ta l  and a b fro n ta l faces  of the  filam en ts  and on the 
upper su rface  of the ax is  are  c le an s in g . This s tru c tu re  i s  
v i r tu a l ly  unchanged in  the  p ro to b ran ch ia te  Nuculacea except 
th a t  attachm ent i s  now by an upper, a f fe re n t  membrane in s te a d  
of by a low er, e f fe re n t  one; th ere  i s  a lso  some attachm ent 
of the  more numerous filam en ts  by c i l i a r y  ju n c tio n s . In 
the lam e llib ra n c h ia te  B iv a lv ia  the s t i l l  more numerous 
filam en ts  are e longated  and bent back on them selves, 1

1 Yonge, C .h .,  1961. Personal communication.
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Typically  these  V-shaped filam en ts bear a t  th e i r  v e n tra l  edge a 

food groove, Yonge (1947) has shown th a t  during  the  ev o lu tio n  of 

the B iv a lv ia , the V-shaped filam en ts must have been derived  from a 

cond ition  in  which the filam en ts were ’’h o riz o n ta l s t ru c tu re s  (as in  

Nucula) which v/ith both ends fix ed , bent v e n tra l ly  in  the middle 

forming a downward-projecting V ,” Only thus would "the  a rea  occupied 

by the food groove . . ,  remain as a fixed  p o in t throughout development 

and the  filam en ts  could functio n  as soon as the  r e q u is i te  c i l i a  

appeared ."

A. Anomiidae. P ec tin idae  and Limidae

In  the  P e c tin id ae , and probably a lso  in  the 

Limidae and Anomiidae exclusive  o f Heteranom ia. the d i s t a l  ends 

of the filam en ts  of the in n er demibranch are r e f le c te d  to  form 

the prim ordia of the d i s t a l  la m e lla . R e fle c tio n  i s  in c o n te s ta b le  

in  view of the  d is t in c t iv e n e s s  of th e  prim ary and seconda.ry 

c i l i a r y  in te rf ila m e n ta ry  ju n c tio n s , the prim ary ones being 

inco rpora ted  in to  the d i s t a l  la m e lla . R e fle c tio n  may be 

explained by p o s tu la tin g  an embryonic zone, s i tu a te d  d o rsa l to 

the  prim ary in te rf ila m e n ta ry  ju n c tio n  (F ig , 58 A), which p rovides 

fo r  e longation  of the f ila m e n t. P ro l i f e r a t io n  from th is  zone on 

or near the f ro n ta l  su rface  of the f ilam en t produces a f lex u re  

o f the filam en t so th a t  i t s  d i s t a l  p o rtio n  i s  d ire c te d  toward the 

m id lin e . S im ultaneously, the o r ig in a l  embryonic zone d iv id e s  

in to  two p a r ts  (F ig . 58 B) so th a t  subsequent e longa tion  from the



FIGURE 58

Cross sec tio n s  o f a p e c t in id  ctenidiura during  successive s ta g es  in  i t s  

d i f f e r e n t i a t i o n o With minor v a r ia tio n s  t h i s  type of development i s  

a lso  ty p ic a l  of the /uiomiidae and Lim idae, while the condensed form 

o f c te n id ia l  development in  the O stre idae  i s  c le a r ly  derived  from th is  

type as w e ll. For exp lanation  of th is  f ig u re  see pages 75 to 77,

FIGURE 59

Cross s e c tio n s -o f  a m y tilid  ctenidium  during-successive- s tages i n ' i t s ' 

d i f f o r r n t i a t io n .  For exp lana tion  o f th is  f ig u re  see pages 77 to  7 9 « 

Compare these  two f ig u re s  w ith F igure 32 o f a eu lam ellib ranch  ctenidium^

Embryonic zones are  shown c ro ss-h a tc h ed ,

C te n id ia l  ax is i s  shown as s o l id  b lack  a rea .

Regions o f c o n tin u ity  between ad jacen t filam en ts  are shovm s tip p le d ,

C i l ia ry  in te r f ila m e n ta ry  ju n c tio n s  (IF J , IFJ^ & IFJ^) are  shown as 
sm all s tip p le d  c i r c le s  «

LEGEND ; AAT -  a x ia l adorai t r a c t ,  CA -  c te n id ia l  a x is , DEZ -  d i s t a l  
embryonic zone, lAT -  in te rm ed ia ry  ado ra i t r a c t ,  IF J , IFJ^ & IFJ^ -  
in te r f i la m e n ta ry  c i l i a r y  ju n c tio n s , prim ary and secondary re s p e c tiv e ly , 
llAT -  m arginal adora i t r a c t ,  MB -  m arginal b rid g e , FEZ -  proxim al 
embryonic zone.
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two embryonic zones produces v e n tra l growth o f both proximal
-j

and d i s ta l  p o rtio n s  of the filam ents (F ig , C ).

Vlhile sec tions of p o s t- la rv a e  were no t examined 

to determine the presence and lo c a tio n  of co n cen tra tio n s  of 

n u c le i, or embryonic zones, s im ila r  to those found in  K v tilu s  and 

Kya, the above assumption i s  supported by the genesis o f ad jacen t 

an tag o n is tic  f ro n ta l  trac ts*  In  the P ec tin idae  and Anomiidae the 

d o rsa l frontsJ. t r a c t s  appear f i r s t ,  development o f v e n tra l  f ro n ta l  

t r a c ts  occurring  l a t e r  and then only in  the  d i s t a l  reg ions of 

the u n reflec ted  filam en ts  (F ig . 58 A), Since the  p ro p o rtio n  o f 

the f ro n ta l  su rfaces beaning v e n tra l f ro n ta l  t r a c t s  in c re ase s  

during growth of the  f ilam en ts , e longation  must occur near the 

t ip s  of the f ila m e n ts . Drew (1906) re p o rts  th a t  in  Pecten 

te n u ic o s ta tu s . which has organic in te rf ila m e n ta ry  ju n c tio n s , 

c i l i a r y  in te rf ila m e n ta ry  junctions occur ad jacen t to  th e  v e n tra l 

margins of the demibranchs, which "are growing and consequently  

the  youngest p o r t io n s ,"  Atkins (1930) found "v es tig e s  o f c i l i a te d  

d isc s"  in  the same reg ions in  Lima.

Although the filam en ts can h ard ly  be considered as 

fixed  a t both ends, the  d i s ta l  ends o f the  f ilam en ts  do behave as 

fix ed  po in ts in  development. Flexure occurs ad jacen t to  the 

* f ix e d ’ end of the filam en t due to  unequal growth in  the  embryonic 

zone and subsequent growth i s  v e n tra l ward between the a x ia l fix ed  

p o in t and the d i s t a l  ’f ix e d 'p o in t ,

l)fhile d iv is io n  of the embryonic zone i s  shown in  F igure 58, the  
growth of the filam en ts  could a lso  be explained  by a s in g le  
embryonic zone a t  the v en tra l margin of the demibranch as shown 
in  Figure 59 fo r  M y tilu s,
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Development of the o u te r demibranch (F ig , 58 C &

D) i s  a r e p e t i t io n  of the same p rocesses which form the  in n e r 

demibranch. In  Heteranomia the form ation of the d i s t a l  lam e lla  

i s  suppressed and the embryonic zones remain e n t i r e ,

B, O stre idae

While p o s t- la rv a l  development o f the c te n id ia  

must be considered as a condensed form of development, i t  i s  

c lean ly  re la te d  to  th a t  of the Anomiidae, P ec tin id ae  end Limidae, 

The assumption of embryonic zones a t the  v e n tra l edge o f the 

demibranch, i . e .  in  the same p o s itio n  as in  the  above fa m ilie s , 

a lso  exp la ins the observed p rocesses o f development. In  the 

d i f f e r e n t ia t io n  of filam en ts o f the r ig h t  in n er demibranch 

p o s te r io r  to  the  5 th , the embryonic zone must be lo c a te d  a t  the 

p o in t where the in te r f ila m e n t any bridges are formed, thereby  

provid ing  fo r  e longa tion  of both proximal and d i s t a l  p o rtio n s  of 

the f ila m e n ts . As in  the Anomiidae and P ec tin id ae  the d o rsa l 

f ro n ta l  t r a c ts  extend to the ax is  (and to  the d o rsa l edge o f the 

d i s t a l  la m e lla ) , but the v e n tra l f ro n ta l  t r a c t s  are absen t in  

the subax ial reg ion  of the proximal lam ella  (and a t  the d o rsa l 

edge of the d i s t a l  la m e lla ) . In  the O stre idae  the f ila m e n ts  of 

the  r ig h t  in n e r demibranch are fixed  a t  t h e i r  d i s t a l  ends by the 

fu sio n  of the m arginal bridge to  th a t  o f the l e f t  in n e r demibranch,

C, M ytilidae

D if fe re n tia lio n  of the  d i s t a l  lam ella  in  the  

M ytilidae  i s  s im ila r  to th a t  in  the
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P ectin idae  The m arginal b ridge  (F ig , 59, MB) takes

the place o f the primary in te rf ila m e n ta ry  ju n c tio n  of Chlamys. 

while a f te r  r e f le c t io n  the c i l i a r y  in te r f ila m e n ta ry  ju n c tio n  

(IFJ) remains a t  the v e n tra l  edge o f the demibranch, i . e .  the 

p o s it io n  where the secondary in te r f ila m e n ta ry  ju n c tio n  i s  formed 

in  Chlamys. The d iffe ren c e  between the  r e f le c t io n  processes in  

Chlamys and M ytilus i s  th a t  in  Chlamvs the d i s t a l  end of the 

filam en t i s  r e f le c te d , whereas in  M ytilus i t  i s  only the f ro n ta l  

su rface  of the filam ent which i s  r e f le c te d .  This i s  due to the 

d if f e r e n t  lo c a tio n s  of the embrj^onic zones. The embryonic zone 

of Chlamys occupies a p o s itio n  somewhat d i s t a l  to  the  t ip  of 

the filam en t so th a t  p ro l if e r a t io n  from the f ro n ta l  side  o f the $ 

embryonic zone produces f lex u re  of the d i s t a l  t i p  o f the f ilam en t, 

whereas in  M ytilus the embryonic zone (F ig , 59 A, DEZ) l i e s  

imm ediately adjanent to  the  m arginal b ridge  a t  the t ip  of the 

f ila m e n t. T herefore, p ro l if e r a t io n  from the f r o n ta l  side  o f the 

embryonic zone produces only flex u re  of the  f ro n ta l  su rface  of 

the  filam en t.

The ends of the a n te r io r  f ilam en ts  are  fix ed  by

th e i r  c i l i a r y  ju n c tio n s  ----  l a t e r  rep laced  by c u tic u la r  fu s io n

 with the l a t e r a l  w alls of the  fo o t and growth o f the  filam en ts

occurs v e n tra lly  to produce V-shaped filam en ts  (F ig . 59 B & C), 

Development of the ou ter demibranch (F ig , 59 C & D) i s  s im ila r  

to  th a t  of the in n e r. In  ad d itio n  to  the d i s t a l  embryonic zones, 

proximal embryonic zones (F ig , 59, FEZ) are lo c a te d  w ith in  the 

c te n id ia l  a x is . Whether or not these  are continuously  a c tiv e
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during p o s t- la rv a l  development was not determ ined, bu t they are 

no doubt responsib le  fo r  the form ation of the  d o rsa l f ro n ta l  

t r a c t s  described  by A tkins (1937 b) in  the  subaxial reg ions of 

the proximal lam ellae of both demibranchs,

D, E ulam ellibranchi a

In  eul amell i  branch s the  d i s t a l  embryonic zone 

(P ig , 39 A, DEZ) i s  lo c a te d  w ith in , r a th e r  than ad jacen t to ,  the 

m arginal bridge (MB) of tho in n er demibranch. Consequently, 

p ro l if e r a t io n  from the d o rsa l side  o f th i s  zone produces 

th icken ings in  the m arginal b rid g e , w hile p e rfo ra tio n  o f the  

bridge  between these th icken ings form the o s t ia  of the  d i s t a l  

lam e lla . There i s  no r e f le c t io n  and the  m arginal ado ra i t r a c t  

rem ains a t  the v e n tra l edge of the demibranch (F ig , 39 B, MAT),

As in  the M ytilidae the d i s t a l  ends of the filam en ts  are f ix ed  

by th e i r  attachm ent to  the l a t e r a l  w alls o f the foot^  Thus 

while e longation  of the filam en ts i s  produced by p r o l i f e r a t io n  

from the do rsa l side  of the d is  t e l  embryonic zone, such 

p ro l i f e r a t io n  r e s u l ts  in  v e n tra l growth of the  f i la m e n ts . A 

second embryonic zone (F ig , 39, PEZ) i s  lo ca te d  w ith in  the  ax is  

and there  i s  evidence th a t  e longation  o f the  proxim al p o rtio n s  

o f the  filam en ts occurs both from the proximal and d i s t a l  

embryonic zones.

Formation of the o u te r demibranch in  eu l am ellibranchs 

i s  no t the some as th a t  of the in n e r . I n i t i a l l y  the f ila m e n ts  are  

d ire c te d  d o rsa lly  (F ig . 39 B) where they  become a ttach ed  to  the 

m antle by the m arginal b ridge (MB). E longation  of the f ilam en ts
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occurs v e n tra lly  to  produce J-shaped filam en ts  (F ig , 39 C), The 

p o s itio n  of the embryonic zones was no t determ ined, bu t the 

proximal embryonic zones in  the ax is are  s u f f ic ie n t  to  account 

fo r  the growth of the filam en ts  to  the  stage rep re sen ted  in  

Figure 39 0, Development o f the o u te r demibranch does no t p rogress 

p a s t th is  p o in t in  eul amell ib r  anch s belonging to  Atkins* Type C 

(1) and S such as H ia te lla  and T e llin a . (A tkins, 1937 b ) .

In  eul am ellib r anchs o f Tjq^e C (2) o f which My a i s  

an example, p ro l if e r a t io n  from the a x ia l reg ion  i s  resp o n sib le  

fo r  the production of the proximal la ra e lla  whose f r o n ta l  c u rre n ts  

lescd to the v e n tra l margin of the demibranch (F ig , 39 D) where 

a m arginal adorai t r a c t  (MAT) is  formed. Since subsequent 

e longation  occurs independently  in  the two lam e llae , th e re  must 

be embryonic zones in  the  d i s t a l  p o rtio n s  of the f i la m e n ts . These 

may possib ly  be formed by s p l i t t i n g  o f the  proximal embryonic 

zones, to  form the d i s t a l  embryonic zones (DEZ) a t  the tim e o f 

d i f f e r e n t ia t io n  of the proximal la m e lla . The d i s t a l  embryonic 

zones become lo ca ted  a t  the v e n tra l m arginal o f the  demibranch 

and are responsib le  fo r  the form ation o f the  m arginal ado ra i t r a c t .

Eul am ellib r cm chs o f T̂ rpe C (1) and S d i f f e r  from 

those of Type C (2) in  th a t  the proxim al embryonic zones remain 

e n tir e  throughout the development of the  o u te r  demibranch, so th a t  

the f ro n ta l  t r a c ts  continue around the v e n tra l  margin o f th e  

demibranch and lead  to  the ax is (F ig . 39 C ), While d i r e c t  

evidence fo r  the lo c a tio n  o f the embryonic zones in  the  o u te r  

deraibranch i s  lack in g , the SlSsumptions o u tlin e d  above do account
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fo r  tho v a r ia b i l i ty  in  the f ro n ta l  t r a c ts  of th i s  demibranch 

notod by Atkins (1937 b ) .

D if fe re n tia t io n  of the  o u ter demibranch in  

eu l am ellib r anchs i s  unique in  th a t  the filam en ts  are i n i t i a l l y  

d ire c te d  d o rsa lly  and the  d i s t a l  lam e lla  i s  d i f f e r e n t ia te d  f i r s t ,  

the  proximal one being a secondary la m e lla . The su p ra -ax ia l 

ex tension  of the d i s t a l  lam e lla  o f most eu lam ellib ranchs must 

be a t t r ib u ta b le  to the o r ig in a l  d o rsa l d ire c tio n  of th e  filam en ts 

o f th is  demibranch; th is  cond ition  i s  never found in  lam ellib ranchs 

in  which the ou ter demibranch i s  i n i t i a l l y  d ire c te d  v e n tr a l ly ,

Siphonal Development

The p lank ton ic  v e lig e r  i s  provided w ith a velum 

se rv in g  both locomctory and feed ing  fu n c tio n s . Since i t  opera tes 

only when extended beyond the s h e ll  m argins and no t w ith in  the m antle 

c a v ity , th e re  i s  l i t t l e  chance of fo u lin g . The l a t t e r  i s  fu r th e r  

p revented  by the f a c t  th a t  swimming and feed ing  are g e n e ra lly  c a rr ie d  

on sim ultaneously . When the velum i s  shed and the a d u lt  feed ing  

mechanism adopted, one of the f i r s t  requirem ents to  be met by the 

young sp a t, as i t  begins l i f e  on the  bottom, i s  the  se p a ra tio n  of the  

in h a la n t  and exhalan t stream s.

The p ro p en sity  to  p a r t i t i o n  the  m antle c a v ity , 

ex h ib ited  by the c te n id ia , i s  extended to  the  m antle m argins. In 

p o s t- la rv a e  of the Anomiidae and Limidae p a l l i a i  lo b e s , overlapp ing  

one another m ed ially , are developed (most ev iden t in  Lima) to  sep ara te  

in h a la n t and exhalan t stream s e x te rn a lly . In  the M ytilidae  the  mantle 

m argins are fused to form a septum, above and below which a re  p a l l i a i



— 82 —

flanges d iv e r tin g  the  two stream s from one another e x te rn a l ly . In  

the  E u lam ellib ranchia  th i s  tendency culm inates in  the development 

o f siphons.

Secondary fu sion  of the mantle m argins v e n tra lly  

in  the E ulam ellib ranch ia  reduces the s iz e  o f the in h a la n t apertu re  

w hile sep ara tin g  i t  from the s tre n g th  and range of the  in h a la n t c u rre n t, 

thereby  g re a tly  improving i t s  e ffe c tiv e n e ss  in  conveying food to the 

anim al.

Ontogeny and Comparative Anatomy

Yonge (1957) has po in ted  out th a t  siphons are to 

be considered sim ply as ex tensions of the  m antle m argins, and as such 

they  may be c la s s i f ie d  in to  four groups depending on the degree o f 

fu s io n  o f the m antle fo ld s . The account o f siphonal development given 

in  a preceding se c tio n  i s  a somewhat g enera lized  one, bu t i s  b e s t 

exem plified  by members o f the M actracea and Myacea, both having siphons 

o f Type C in  which the  in n e r , middle and o u te r su rface  of the o u te r 

m antle fo ld s  are involved . However, members o f the Cardidae and 

V eneridae, having siphons in  which only the in n e r and middle m antle 

fo ld s  are involved (Type B), showed an id e n t ic a l  developm ental sequence 

to  th a t  in  members o f the M actracea and Myacea up to  the  p o in t where 

the  inner su rface  o f the o u ter fo ld  i s  included  in  the siphonal 

s tru c tu re  in  the l a t t e r .  Thus, in  a sense the p rocess o f siphonal 

form ation i s  never completed in  the Cardidae and V eneridae, T herefore, 

in  the course o f t h e i r  development, siphons of Type 0 pass through a 

s tage  rep re sen tin g  Typte B.
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The two prim ary c h a r a c te r i s t ic s  o f siphonal 

development e x e :  f i r s t ,  p rog ressive  fu s io n  o f the  m antle fo ld s ;  

and second, the subsequent ex tension  of these  fo ld s  in to  siphons 

by a process of e longa tion  from a proximal * growing p o in t* .
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SWiARY

1. C arefu l exam ination of the  p o s t - la rv a l  feed ing  mechanisms in  

th e  f iv e  fa m ilie s  o f Anisomyaria, the Anomiidae, P e c tin id a e , 

Lim idae, O stre idae  and M y tilid ae , revealed  d i s t in c t iv e  fe a tu re s  

in  each fam ily ,

2 . A more generfil study of the p o s t - la rv a l  feed ing  mechanisms in  

tw elve fa m ilie s  o f the E u lam ellib ranch ia  revealed  a marked

u n ifo rm ity  w ith few ----  and u su a lly  minor ----  v a r ia tio n s  in  the

d i f f e r e n t  f a m ilie s , Also, the  p o s t- la rv a l  feed ing  mechanism of 

th e  E u lam ellib ranch ia  showed a s t r ik in g  resemblance to  th a t  of 

th e  M y tilid ae , bu t not to  the  o th e r Anisomyaria,

3 . An an a ly s is  o f c te n id ia l  development showed th a t  the d is t in c t iv e  

f e a tu re s  o f the anisom yarian fa m ilie s  could be a t t r ib u te d  to  one 

o r more of the fo llow ing f a c to r s :

i .  the  e f f e c t  o f the  monomyarian co n d itio n , 

i i „  p ro g ressiv e  a l te r a t io n s  in  developmental p a tte rn  and 

i i i .  m od ifica tions in  the  r a te  and sequence of development. 

Tliree fa c to rs  were recognized as e f fe c t in g  the sequence of 

c te n id ia l  development; 

io heterochrony , 

i in  tachygenesis and 

i i i .  suppression  (a lso  seen in  the Eulam ellibranchia^).

4* An a n a ly s is  of the underly ing  p a tte rn  of c te n id ia l  development 

rev ea led  evidence o f lo c a liz e d  reg ions o f growth or ' embryonic 

zo n es’ in  the fila m e n ts . The number, lo c a tio n  and p e rio d  of



-  85 -

a c t iv i ty  of these  zones was found to  d i f f e r  in  each o f the  th re e  

groups;

i ,  Anomiidae, P e c tin id ae , Limidae and O stre id ae ,

i i .  M ytilidae  and 

i i i *  E u lam ellib ranch ia ,

5 , The presence of such embryonic zones a lso  provided an in s ig h t  

in to  the mode of d i f f e r e n t ia t io n  o f the filam en ts  in to  the 

ty p ic a l V-shape which i s  d is t in c t iv e  in  each o f the th ree  

groups l i s t e d  above,

6 , Siphonal development was observed in  the p o s t- la rv a e  of the 

eu lam ellib ranchs and was found to  involve a. p ro g ress iv e  fu sio n  

o f  the m antle fo ld s .  Thus, ad u lts  having siphons of Type C

(Yonge, 1957) ----  in  which the in n e r , m iddle, and in n e r su rface

o f the o u te r , m antle fo ld s are  fused ----  passed through

developmental s tages corresponding to Type B  in  which only

the  in n er and middle mantle fo ld s  are invo lved ,

7 , Siphonal development was a lso  c h a ra c te riz e d  by a lo c a liz e d  reg ion  

o f  growth lo c a te d  a t  the base of the  siphons, the proxim al

* growing p o in t* ,

8, Siphonal development in  the Tell inace a in  no way resem bled th a t  

o f  the  o th e r eu lam ellib ranchs bu t i s  no t described  h e re .
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A COMPARATIVE STUDY OF POST-LARVAL FEEDING MECHANISMS IN

THE BIVALVÎA

ABSTRACT

P o s t - la r v a l  developm ent in  th e  two s u b -c la s o e s  o f  th e  

B iv a lv la ,  th e  P ro tob ran ch ia  and th e  L a m ellib r a n c h ia , d i f f e r s  

so  m arkedly th a t  i t  was n e c e ssa r y  to  d e a l w ith  each s e p a r a te ly ,  

A d e s c r ip t io n  i s  g iv en  o f  p o s t - la r v a e  o f  th r e e  s p e c ie s  o f  

N u cu la , b e lo n g in g  to  th e  p rotob ran ch  Fam ily  N u cu lid a e , ran g in g  

in  le n g th  from l 60p , w ith  t e s t  new ly sh ed , to  650p w ith  b oth  

c te n id ia  and p a lp s  w e ll  d ev e lo p ed . T h is  p o s t - la r v a l  phase  

p e r s i s t s  a t  l e a s t  a yea r  and c o n tr a s t s  w ith  th e  sh o r t  la r v a l  

phase o f  60 hours record ed  by Drew ( 1899b end I 9OI) f o r  N ucula  

proxim a. The p o s t - la r v a l  fe e d in g  mechanisms are o f  p a r t ic u la r  

in t e r e s t  s in c e  th ey  d i f f e r  r a d ic a l ly  from  th a t o f  th e  a d u lt .

F eed in g  a c t i v i t i e s  b e g in  in  p o s t - la r v a e  approxim ately  170p 

lon g  and are e x e c u te d  by th e  f o o t  w h ich , ex ten ded  beyond th e  

s h e l l ,  vmves to  and f r o ,  th e  c i l i a  e n c ir c l in g  i t s  s o l e  w a ft in g  

p a r t i c l e s  in to  th e  m an tle  c a v ity  and onto th e  p ed a l w a l l s ,  A 

cu r io u s  f e a t u r e ,  lo c a te d  on th e  in n er  m an tle  s u r fa c e ,  i s  an  arc  

o f  c i l i a  whose b ea t may h e lp  to  draw in  p a r t i c l e s  and c e r t a in ly  

throws them on to  th e p roxim al w a ll o f  th e  fo o t  where a d o ra i  

c i l i a r y  t r a c t s  carry  them to  th e  mouth. In  p o s t - la r v a e  

ex ceed in g  200p. th e  a c t i v i t y  o f  th e  p a l l i a i  c i l i a t e d  a rc  wanes 

0 3 th e  c t e n id ia  and p a lp s  d ev e lo p .
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With two f i la m e n ts  in  each  in n er  demibranch th e c i l i a r y  

fe e d in g  mechanism b e g in s  to  resem ble th a t o f  la m e llib r a n c h s .  

P a r t ic le s  e n te r  th e  m antle c a v ity  in  th e  r e sp ir a to r y  water  

cu rren t produced by th e  c t e n id ia ,  c o l l e c t  on i t s  s u r fa c e , and 

proceed  to  th e  f ila m e n t t i p s  and a lo n g  th e  u n d er ly in g  a d ora i  

p ed a l t r a c t .  Below t h i s  ad ora i t r a c t  th e  f o o t  d ev e lo p s  an  

a n ta g o n is t ic  c i l i a r y  t r a c t  c a r r y in g  r e je c te d  p a r t i c l e s  out o f  

th e  m antle c a v i t y .  The p a lp  la m e lla e  o f  p o s t - la r v a e  500p lon g  

e s t a b l i s h  a fu n c t io n a l  c o n ta c t  w ith  th e  f i r s t  f i la m e n t o f th e  

inner dernibranch and p a r t i c l e s  t r a v e l  d ir e c t ly  from one to  th e  

o th er . T h is ty p e  o f  fe e d in g  c o n tin u e s  u n t i l  th e  p o s t - la r v a  

i s  650m> lon g  when th e  p a lp  p r o b o sc id e s  probably become 

fu n c t io n a l .  The p o s s ib le  p h y lo g e n e t ic  s ig n i f ic a n c e  o f  th e  

p o s t - la r v a l  fe e d in g  mechanisms i s  d iscu ssed #

Amongst th e  L araellibranch ia  j jo s t - la r v a e  b e lo n g in g  to  f i v e  

f a m il ie s  o f  th e  A nisom yaria and tw e lv e  fa m il ie s  o f  th e  

E u la m ellib ra n ch ia  were exam ined. In  each o f  th e  f a m i l ie s  

b e lo n g in g  to  th e  A nisom yaria (A nom iidae, P e c t in id a e , L im idae, 

O stre id a e  and M y tilid a e ) th e  p o s t - la r v a l  fe e d in g  mechanism i s  

d i s t i n c t i v e  and in  th e  f i r s t  fou r  f a m i l ie s  ten d s to  show a 

c e r ta in  c o m p lex ity . In th e s e  fo u r  f a m i l ie s  th e monomyarian 

c o n d it io n  has c o n s id e r a b le  e f f e c t  on c t e n id ia l  developm ent and 

hence on th e p o s t - la r v a l  fe e d in g  mechanism. W hile in  th e  

Anomiidae and P e c t in id a e  th e s e  e f f e c t s  appear somewhat
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d isa d v a n ta g eo u s , in  th e L im idae and O str e id a e  th ey  are m o d ified  

by p r o g r e s s iv e  changes i n  th e  p a tte r n  o f  c t e n id ia l  developm ent. 

C o n sid e ra tio n  o f  th e  d i f f e r e n c e s  in  r a t e  and seq u en ce o f  

developm ent r e v e a ls  a common p a tte r n  o f  developm ent in  th e fo u r  

f a m i l i e s .  One c h a r a c t e r i s t i c  o f  t h i s  d evelop m en ta l p a tte r n  

i s  th e  d i s p o s i t io n  and p e r io d  o f  a c t i v i t y  o f  c e r ta in  lo c a l iz e d  

growth z o n e s , th e  * embryonic z o n e s* , which p r o v id e  fo r  th e  

e lo n g a t io n  and r e f l e c t i o n  o f  th e  f i la m e n ts .

In  th e  M y t il id a e  th e  p o s t - la r v a l  fe e d in g  mechanism e x h ib it s  

a s im p l ic i t y  n o t found in  o th er  A nisom yaria , The b a s ic  

p a tte r n  o f  c t e n id i a l  developm ent i s  a l s o  d i s t i n c t i v e  p a r t ic u la r ]  

in  regard  to  th e  lo c a t io n s  and tim es o f  a c t i v i t y  o f  th e  

em bryonic zo n es .

In  c o n tr a s t  t o  th e  A nisom yaria  l i t t l e  v a r ie ty  was encounter  

amongst th e  tw e lv e  eu la m ellib ra n ch  f a m i l i e s .  The p o s t - la r v a l  

fe e d in g  mechanism c l o s e l y  resem bled th a t  o f  th e M y t il id a e  but 

th e  b a s ic  p a tte r n  o f  c t e n id i a l  developm ent was d i s t i n c t  from  

th a t  o f  th e  l a t t e r .  S iphon developm ent was examined in  th e  

E u lam ellib ran ch ia - and found t o  embody two p r in c ip le s :  growth

from a lo c a l i z e d  proxim al zone and p r o g r e s s iv e  f u s io n  o f  th e  

m an tle f o ld s .  The method o f  s ip h on  e x te n s io n  and w ithdraw al 

i s  d e sc r ib e d .


