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ABSTRACT

Hocent shservations regarding the feeding and digestive processes of the filter-
feeding Lamellibranchia do not find accord with the currently accepted concept
of continuous and simuliancous feeding and digestion in these animals.

A new theory embracing both the old and the new facts is put forward in which
these processes are considered to be rhythmic in nature. :

INTRODUCTION

vumnrst the Bivalvia, the Lamellibranchia form a relatively homogencus grouping
“atonost faxonomists agree are distinet from the Protgbranchia, e.g., Ridewood
W), Pelseneer (1911), J. E. Morton (1967), Owen (1958), Purchon (1858), Yonge
s, The Septibranchin are linked by some with the Lameliibranchia, e.g., Newell
venl, 4. B, Morton {1967), but not by others, e.g., Pelseneer (1911), Purchon (19860,

¢ primitive Protobranchia the digestionof foodis considered to be mainly extra-
dabar (Owen, 1956), whilst there isapaucity of information on the feeding and diges-
¢ processes of the scavenging Septibranchia {Yonge, 1928}
Plie Lamellibranchia (constituting the majority of the Bivalvm) exhibit a wide
ety of form and exploit a wide range of aquatic environments, They do, however,
cens many common [eatures not the least of which is that they are mostly filter-—
<lrs and that the process of digestion is both extra-cellvlar and intra-cellular,
fae processes of feeding and digestion in the Lamellibranchia are considered to be
winuous and slmuitanwu&. Owen (1966) states that “the more or less continuous
Lale of [eeding which characterises the majority of bivalves would seem to preclude
. wwhronous activity of the digestive system.” Purchon (1968) can also be quoted
: r‘-g‘;urtin;f,' that “Jt is generally considered that feeding and digestion are continuous
resues  in bivalves, new food material being added all the time, and unwanted
terind heing as constantly eliminated by passage into the mid gut.,” Purchon (1871}
- suwever, subsequently suggested, in the light of new evidence, that these processes
=30 not be continuous and that a reappraisal of current thought on this subject is
Sled for,
seen (19553 showed how such a continuous system ccﬂld operate and there can be
e doubt that the components of the feeding and digestive processes he elucidated
suerate in the Lamellibranchia, This is not guestioned,. The purpose of this paper
¢t demonstrate that these component processes do not necessarily occur simulta-
wxly and continuously and fo show that feeding and dlgestmn inthe Lamellibranchia
s dynamic process, ;

THE PRESENT THEORY

% o1s generally sssumed that members of the Lamellibranchia are filtering sus-
sded or deposited material from the water contmually, this process being the
©ction of the ctenidia,
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FIG. 1. A diagrammatic re;‘;resentation of the suggested functioning of the stomach and digestive
diverticula of the Eulamellilyyanchia, €S, Crystalline style; DD, Digestive divertieula; FS, Frop-
mentation spherules; GS, Gastric shield; LC, Lelt caccum; MG, Mid guty MT, Major typhlesal,
O, Cesophagus; RC, Right caccum; 88, Style goc; UF, Large unwanted partidles: W, amal
food particles. (After Owen, 19550

As the water is passed through the ctenidia exchange of oxygen and carbon dioxide
takes place and particulate material s abstracted and passed either up or down th
gill lamellae to be concentrated in mucoid strings and passed anteriorly,

[595)

Larre
ticles ave removed by ¢iliary sorting mechanisms onthe ctenidia and also by pow
cilinry tracts on the mantle and viscoral mwass and passed post b cjocts
pacudaiaeces via the inhnlant opening, From the clenidi
Iadsial palps where further rizorous sovting
; are pa

1 add to the mouth where they
In the stomach the mucoid food string
{Fig. 1, €S} whichactsasa eapstan, winding in th
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styring, The tip of the stvle
against the gastric shield(GS) anditis assumed that this action mechunically alk
the food material; the style digsolves as it rotates, releasing extra-cellular enzy

mes
bound up in its matrix. Sincethe style is continually dissolving distally it must he con-
tinually secreted at its basal end. As the food is breken up it is subjected to {urther
sorting in the stomach and large indigestible particles are passed to the mid gut (1G]
in the intestinal groove of the major typhlosole {MT). Small particles are continually
being passed to the digestive diverticula (DD) where they are phagocytosed, subjected
to intra~cellular digestive processes and finally assimilated. Waste from the divertic-
ula is passed back tothe stomachinfragmentation spherules (FS) which probably break
up and azid in the primary extra~cellular digestion of newly arriving food material by
release of small quantities of enzymes derived from the digestive diverticula.
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A summary of the gpecics of lamellibranchs in which rhythmicity has been detected.

The environmoental variables to which the rhythms have been correlated have also
been indicated with the authority.

Species

Rhythms detected

Authority

Ay Preshwater

Anodonta cyynoa
Anodonta cygnea

Unio plelorum
Hyvidella anstralis
Dreissona polymorpha

i Marine

Virus aneveoneyia
Ve e i i
Vinws meveonaria
Crassostrea
Crassosirea
Crussostrea
Crassostven
Crassostvea vivginica
Crassostvea vivginica
Ostyea edulis

Covdiwm edule

vivinica
vivginica
vivginica
vivginica

Cerastoderma (=Cardium) edule

poand digestive
Ay VS, Frag-
jor typhlosole;
sy W, sl

Avctica islandica
Alvlilus edilis
Mylilus cdulis
Myillus califorrnianus
Madiolug sodiolus
Modiolug demissus
whon dioxide
s o down the
T.arge par-
» by powerTul
b sjected as
cnssed to the
of a suitable
L b, 1538).
stalline style
ivie revolves
ity hreaks up

Macoma balthicy
Macoma ballhica
Donax semignosus
Bonax denticulatus
Serobiculavia plana
Mya arenavia
Lasaea vudbra
Lasaea vubra
Tevedo navalis

Peeten jacobaecus
Lithophaga Uithophaga

Endogonous
Daily
Daily
Daily
Daily

Daily
Daily
Daily, monthly, 27-day
Tidal, daily, monthly, 27-day
Tidal
Tidal
Tidal
Tidal
Tidal, daily
Tidal, daily
Tidal
Tidal
2x Daily (Tidal ?)
Tidal
Tidal
Tidal
2x Daily (Tidal 7}
Tidal
Tidal
Tidal
Tidal
Tidal
Tidal
Tidal, daily, monthly
Tidal
Tidal
Daily
Daily
Daily

Barnes, 1952, 1965

Sdlanki, 1964; Sdianki & Vero, 1969
B. S. Morton, 1970h

Hiscock, 1850

B, 8. Morton, 1960hL

Thompson, 1970

Jonnebt, 1964

Brown of al,, 1938

Brown, 1954, Brown ef af., 19506
Haskin, 1964

Carriker, 1851

Kunkle, 1957

Nelson, 1918, 1920, 1925, 1933
Loosanoff & Nomcejka, 1946

B. 8. Morton, 1971

B. 5. Morton, 1970a

Farrow, 1972

Winter, 1968, 1970

Gompel, 1937

Rao, 1954

Rao, 1953

Winter, 1969, 1970
Nagabhushanam, 1963

B. 5. Morton, 1970c

Thorpe, 1472

Mori, 1838, 1450

Trugman, 1071

Thorpe, 1972

Dicks (pers. comm.)

J. L. Morton, 1856

MeQuiston, 1969

B. S. Morton & McQuiston, 1973
Sdlanki, 1966

Sdlanki, 1966

ular enaynes
must be con-
tod to Turther
mid gut {MG)
c2 continually
sed, subjected
the divertic-
robably break
4 material by
icula,

Jeeurrence

activity (Table 1).

RHYTHMICITY IN THE LAMELLIBRANCHIA

Examination of the literature reveals that many lamellibranchs possess rhythms of

Pavlov {1885) first noted that the spontanecus activity of the adductor muscles of
Anodonta assumed a regular periodicity., Marceau (1908, 1809} later showed that very
sany lamellibranchs of widely differing structure and mode of life exhibited a rhythmi-
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TIG. 2. A kymograph record of the activity of Dretssena polymorpha.

cal activity of the adductors. BSubseguent research has shown that in most casest:
rhythms so described can be correlated in some adaptive fashion with the rhyti
of the environment. Anodoniz apparently possesses an endogencus rhythm (Barw:
1952, 1955) although recently Salanki (1964) and Silanki & Vero (1969) have sugyest
that this species may also possess a rhythm related to the phases of night and day.

Littoral lamellibranchs are affected by the rhythm of the tide and can be expected:
respond to such environmental extremes. What is of inferest, however, is that [ie
water and sub-littoral forms also possess rhythms of activity and inactivity related:
another environmental variant ~ night and day.

Monthly or semi-lupnar cycles of activity are produced by the summation of i
and diurnal rhythms in littoral bivalves, and may play an important role in the tims
of breeding in these genera, as will be discussed later.

Nature

The rhythmical nature of lamellibranch behavicour has been recorded in varic
ways, €.g., by measuring the variation in water propulsion (siphoning) {Hopkiu
1838; Rao, 1853, 1954} or oxygen consumption {Gompel, 1937} but by far the mw

graph (Barnes, 1955; Koshtoyants & Silanki, 1957). In every case which has b
studied it has been shown that the neriod of activity is characterised by rapid phar
contractions, whilst the period of rest is characterised by either closure or gaping.
the shell valves {Fig. 2) according to the species (Marceau, 1806, 1909), The ph
contractions rapidly close the shell valves, but relaxation of the adductor muschk
allows the elastic ligament to force the shell vaives open. This process is reper
many times during the period of activity. The “guick” portion of the adductor musd
might be responsible for phasic adductions whilst the “catch” portion of the adducl: The #io
muscles might be responsible for the maintained ciosureof the shell valves during ls
quiescent period. In those lameliibranchs which gape during their quicscent pert
it would seem the “catch” mechanism is only used when the animal is disturbed.
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The phasic contractions characteristic of the period of activity serve as a pumyp.
Hapld closure of the shell valves forces {iltered water (lacking in oxygen but rich in
cirhon dioxide) out of both inhalant and exhalant apertures and pseudofaeces and faeces
vub of the inhalant and exhalant apertures respectively., Opening of the valves again,
reduces the pressure in the mantle cavity relative io the outside and fresh water
enters vip the inhalant aperture. Salanki & Lukacsovics (1967) have shown that
Arodornde is rapidiy filtering at this tirne and that oxygen consumption is algo high,

tiuring the period of quicscencethe shell valves either close or gape according to the
genus (Marceau, 13506, 1808}, Whichever action is utilised the effect is the same, the
walor in the mantle cavity is not replenished by muscular action and filtration all but
peasvs, Salankl & Lukacsovies (1967) have shown for Anodonde that filtration is mini-
and and oxygen consumption negligible at this time. It has also been shown for Dyeds-
senn that {iltration ceases at this time {B. S. Morton, 1870¢) and in Cardium edule and
Pevedo napalis (B, 8. Morton, 1970a; B, 8. Morton & McoQuiston, 1973) that the pit of
e fluid In the mantle cavily falls, indicating that if 18 being depleted of oxygen and
groatly enriched with carbon dioxide, Koch & Hers (1943) reported a similar rhythimi-
ey in siphonal activity and oxygen uptake in Anodonla and Galtsolf (1964) and Salanki
 Lukacsovies (1967) have recommended that shell valve activity be taken into account
when studying filtration in lamellibranchs,

The regularity of these alternating processes of adduction and of guiescence in s6
siany lamellibranchs precludes ariefacts and to the conirary suggests that it is ex-
treméely important and is an intrinsic lamellibranch character,

FILTER FEEDING

It has been shown in many bivalve generathat the rhythmical nature of the adduction
of the shell valves has a profound effect upon feeding., The phasic adductions charac-
teristic of the period of activity greatly enhance the food trapping mechanisms by
constantly  replenishing the water in the mantie cavity. I has been considered that
the ctenidia themselves were solely responsgible for the inhalant stream; if now seems
likely that this action is supplemented by the pumping motion of the shell valves.
ihe long periods of guiescence cobserved in lamellibranchs limit feeding while the
siell valves are shut or gaping, It would seem therefore that a high level of filter
{fveding in the Lameliibranchia is not necessarily continuous,

FUNCTIONING OF THE STOMACH AND DIGESTIVE DIVERTICULA

Uniess such genera possess mechanisms for converting an irregular supply of
{sod material into a constant stream then their digestive processes can not be
sontinuous and simultanegous. It can be assumed that shortly after the last phasic
adiuetion of a period of activity the mantle cavity is comparatively free of particulate
material and all acceptable material has been passed to the stomach. In rare excep-
tams f0od may be storedin special organs associated with the stomach, e.g., the appen-
iix of the Teredinidae, However, as willbe discussed later the appendix generally has
pite a different function. For most lamellibranchs it must be assumed that the cessa-
taof feeding has a profound effect upon the digestive process.

e stomach contents

it hng been shown for Osirea edulis (B. S. Morton, 1871} that the constituents of
the stomach fluids change considerably over the tidal cycle. The same is true for
e appendix of Teredo navalis (B. 8. Morton & McQuiston, 1973),
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When Ostrea is feeding the stomach is full of ingested material. At the start:

" feeding this is in the form of distinet mucoid focd strings. These strings are not pro

sent for long and it isnot consideredthat the style is continually winding in food chain
as previously thought. Later the food disappears from the stomach and for a shy
time the stomacl {luid is relatively clear. Still later the stomach Begins to (3w
fragmentation spherules derived from the digestive diverticuln; eventually thosete
disappear and food begins to enter the stomach with the recommencement of feeding,

Diurnal changes were also observed in the appendix of Teredo naqvalis and these re
fiected the changes occurring in the much smaller stomach, and showed a close sine
larity to the changes observed in the stomach of Osiveq, with the additional complics
tion of the presence of woodfragmentsinthe former {8. 8. Morton & McQuiston, 197y

The crystalline style

One of the most important single factors that has led to the acceptance of a concer
of continuous feeding and digestion in the Lamellibranchia wasg the belief that the sl
dissolution of the crystalline style released a constant supply of the enzymes that €-
fect extra-cellular digestion of food material in the stomach., Constant dissolutps
assumed constant secretion at the basal end (J, E. Morton, 1952), Mitra (1801), how
ever, believed the dissolution of the style to be pericdic. Nelson (1018, 1920, 1028
1933) showed thai the style of Osivea wvivginice was not always presen and that ons
rising tide it was a large firm rod, but on a falling tide it was reduced to an amor.
phous gelatinous mass. He further showed that the style of Osf{vea could be reforme
in 19 minutes, J. E, Morton {195€) similarly showed that the style of Lasaea rubi
was formed and.dissclved during every tidal cycle., Owen (1966) has stated that th
style of lamellibranchs dissolves when the animals are kept out of water, under an
aerobic conditions (also noted by Berkeley (1923)) or when the 2 valves are clampes
together, Under natural conditions littoral animalsareout of water at low tide; anaer-
obic conditions exist in the mantle cavity at certain times (i.e., during the quics
cent phage) and very often lamellibranchs clamp their shell valves together for lou
periods of time.

My own studies on Dreissena polymorpha, Covdium edule and Ostreo edulis (B3

‘Morton, 1569b, 1970a, 1871) have shown that the style dissolves either just beforco

during the early stages of feeding. Thigapreess with the {indings of J. B, Morton {1054
on Lasase.  In O, virginica {Nelson, 1820), O. edulis (B, 8. Morton, 1871) and Lasax
rubre {J. E, Morton, 1930) the style dissolves completely. This is not so in D poly
morphe and C. edule (B. 8. Morton, 18695, 1970a) in which it only partially dissolves
The enzymes of the crystalline styles ol pwmnerousinmellibranchs are well documents
(Owen, 1966, Purchon, 1868) but since the style only diszolves occasionally these o
zymes are released only intermittently and conseguently extra-cellular digestion i
the stomach is rhythmic too.  The site of secretion of the matrixz of the stvle is now
generally assumed to be the typhiosole, e.p., List{1802), Nelson (1918), Lazier (1824),
Graham {1931), Goreau ef of. (1966), B, 5. Morton (1969a, 1870a,d}, Giusti {1970),
The ciliated cells of the style sac itself probably only serve to rotate the style though
they may also be responsible for the secretion of some ensyines,

The laminar nature of the style (Nelson, 1918; Kato & Kubomura, 1954; B. S, Mor-
ton, 1969a, 1970a) supgests that it is secreted intermittently. Tt is now postulnied th
at the time of secretion (Fig. 3,4A), style material is poured into the style sac and coals
the surface of the style; this has the effect of pushing the style forward, and this pro-
cess 18 aided by the cilia which rotate the style. Eventually the newly produced styls
material solidifies and secretion stops, Dissolution begins{¥ig. 3,B) and ceases when
the thin basal end of the style is no longer in contact with the cilia of the style sac and
cannot be pushed forward any further, This process in ali probability oceurs in those
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sioe 3 A dingrammatic representation of the 2 processes of (A) secretion and (B) dissolution
Sthe epystalline siyle of the Lamellibranehin,

svalves in which the siyle does not dissolve completely, and accounts tor the Known
fivts reparding the lengthening and thickening of the siyle. In those bivalves in which
o ostyle dissolves completely, e.g., Ostrea and Lasaea, the process is much simpler
Athough probably the same principles are involved; the style is secreted at one time
aud dissolved at another.

e of the commonest misconceptions regarding the crystalline style of lamelli-
sianchs i that it is the meost acid organ in the gut (Yonge, 1825, 1828a). In bivalves
sonilned subsequently (B. 8. Morton, 19690, 1970a, 1371} the style has been approxi-
wately neutral, or at the most only slightly acid. The digestive diverticula appear to
o the most acid region of the gut and in most gpecies {but not in Ostree edulis), the
e does not buffer the stomach contents, This is true for Dreissena and Corvdivm
srere the pH of the stomach{luids varies widely over the course of the diurnal andtidal
ole respectively (B, 8. Morton, 1869b, 1870a). In O. edulis the pH of the stomach con~
9 remain fairly stable over the tidal cycle.

fhe gastric shield

The gastric shield of the Lamellibranchiaislargely restricted to the left dorsal wall
A the stomach, Ithasgenerally beenregarded as protecting the stomach wall from the
wraslve effect of the rotating erystalline style, though it may (Yonge, 1949) agsist in
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the trituration of stomach contents, Halton & Owen (1968) have shown that the gastrit
shield of the protobranch Nucula sulcata is enzymatically active, They further sugges
that the gastric shield of lamellibranchs may also be enzymatically active, an obser-
vation supported by the recent work of McQuiston {(1870), and not simply an inert pro-
tective structure. Should it subsequently be proven that the gastric shield generally
plays an active role in digestion it is possible that this function would be closely asso-
ciated with the functioning of the crystalline style and as such similariy regulated.

The scrting areas of the stomach

Purchon (1956, 1957, 1958, 1960) has made an especial survey of the stomach in th
Bivalvia. In the Lamellibranchia the stomach possesses sorting areas that principall
Tunction by removal to the mid gut of large or indigestible particles leaving a suspen.
sion of fine particles for primary extra-cellular digestionby enzymes liberated by th
styie and subsequent transmission to the digestive diverticula for intra-celluly
digestion,

Since it has been shown that lamellibranchs are not continually feeding, food is e
always in the stomach and it thersfore follows that the sorting areas are not alway:
serting potential food material. Thisis particularly true for the ewlamellibranch sor.
ing area type C (Reid, 1965b) in the digestive caeca. It is probable that in this org:
the sorting mechanism manipulates food at one time and waste material at another,

The appendix

As noted earlier the contents of the appendix of Teredo navalis vary systematicals
over the course of 24 hours, Woodis always present, but at certain times either {ra.
mentation spherules or {iltered material too largetobe digested are also found. As i
Ostrea particulate material other than fragments of woodnever occurs simultanesust:
with the fragmentation spherules, It appearsthat the appendix of Teredo serves partly
as a temporary store of unusable or unwanted material and peérhaps also as a reserve
of potential food material. Purchon {1960) and Reid (1865h) have suggrested the former
function for the appendix of the Tellinacea whichis homotopous with the appendix of He
Tercdinidae (Yonge, 1949}, Reid (19650) further suggested that contraction of the ad
ductor muscle periodically emptied the appendix of Lima lilans.

The digestive diverticula

The digestive diverticuln of the Lamellibranchin all passess a striking stmilavit,
Their function has been elucidated by Yonge {19265) and Gwen (1955} who subseguonti
{(Yonge, 1939; Cwen, 1956} also showed that they differ fundnmentally from those of th
Protobranchia.

The digestive diverticula are ergans of absorptionand intra-cellular digestion (List,
1902; Vonk, 1824; Yonge, 1926h; Owen, 1855; Dinamani, 1957; Saleuddin, 1965, Surner,
1868a,b; B. 8. Morton, 186%a, 1870a,d). Mansour (1946}, Mangour & Zaki {18446} an
Mansour-f3ek (1846) also considered them tobe organs of secretion. It wais considoere
by Owen (1855) that this secrefory function couldbe derived from the disruption of frap-
mentation spherules, carrying the waste products of intra-cellular digestion, in the
stomach., Subsequently Sumner (1866a,1) and McQuiston (1809} attributed a secretory
function to the basiphil cells or “nests of yvoung cells” of Yonge (1926h) which wert
congidered to be responsilble for the replacement of old spent digestive cells and
the formation of new tubules (Yonge, 1926b; J. E. Morton, 1956; B, S, Mortoy,
1869b, 1970a,b,c, 1671), ‘

Owen {1970) has now apparently clarified the issue and shown that the “nests of youn
cells” are composed of two cell types, one of whieh is secretory, the other perhaps
being responsible for the replacement of both secretory and abhsorptive cells,
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The location of the dipestive diverticula inrelationto the stomach variesfrom species
W species, but in the Lamellibranchia they are mainly restricted to caeca, In many,
but not all cases, the openings to the digestive diverticula are asgsociated with an in-
mushing of the major typhlosoie which projects into the duct leading to the diverticula
fing aven type C (Reid, 1965b}), Particles of food enter the cacca where they are
wied o the openings of the duets, It was assumed that small particles were con-
faaaliy entering the ducts and that the digestive diverticula were countinually absorbing
thud and phagocytosing small particles, It was necesgary to postulate a two way flow
in the duets supplying the diverticula in order to explain how the waste products of di-
pestion could pass out while foced material was entering. The counter-current theory
sowen, 16535) explained how this system could operate. Undoubtedly the principle under-
lving Uhis theory is correct. Thefood entering the ducts does travel in the “upper” part
of the duct and waste does iravel out of the diverticula in the “lower” part of the tube
iMathers, 1972}, The system, however, is not necessarily a counter-current since food
s nat pecessarily entering the diverticula at the same time that waste is leaving the
diverticula. Ithasnowbeen established for Dredssena, Cavdium, Anodonia, Macoma, and
e (B, 8. Morton, 1869b, 1870a,b,¢, 1971) that the digestive diverticula undergo s
sattern of eytological changes that is relatedtothe feeding and digestive rhythm. This
paftern closely approximates to that demonstrated by J, E. Morton (1958) and subse-
quently confirmed by McQuiston (1968} for Lusaea and the stages can be defined as
'y Formation, 2) Absorption and phagocytosis, 3} Digestion, 4) Breakdown, 5) Develop-
went and Formation (1),  To this sequence must now be added the secretory function
deseribed by Summner (1966z,b), McQuiston {1969) and Owen (1970}, The enzymes are
piotmbly secreted prior to or during the abscrptive phase,

puring breakdown of the diverticula, the absorptive cells disintegrate releasing frag-
menlation spherules which pass into the stomach., Owen (1955) has suggested that
their disruption inthe stomach may aid primary extra-~cellular digestion. This is prob-
ihiy true [or some genera, e.g., Laswea vubva (J. E. Morton, 1956), but since they are
srabably more acid than the organ that produces them, they may more importantly,
dse initinte style digsolution. piomay not be solely responsible for dissolution of the
syie at this time since the proteinaceous style (Bailey & Worboys, 1960) would be
Hable to dissolve if a protease were present (Reid, 1965a}. Such a protease could be
found in fragmentation spherules containing excess intra-cellular proteases derived
from the digestive diverticula (Yonge, 1923; Rosen, 1949; Ganapati & Nagabhushanam,
1056).

Movement of food and waste in the stomach

LAy

Ciliary mechanisms have been considered as the main propulsive source for the
movement of particles in the stomach of lamellibranchs. It has, however, been shown
tiat the cilia at the opening of the caeca into the stomach usually beat out of the caeca
thoreby apparently hindering the entry of food material, but also probably more import-
antly, thereby preventing blockage of the openings {(Purchon, 1855). Since the counter-
crent theory explaining the two way passage of material in the ducts of the diver-
tieuka may not necessarily function as originally envisaged since the inhalant and ex-
halant streams are separated temporally as well as spatially, it is necessary to find
an alterpative mechanism to account for thetransportof material between the stomach
and the digestive diverticula. : ‘

The tubules of the digestive diverticula are surrounded by a meshwork of muscle
fibres. Owen {1955), Millar (1955)and J. E. Morton (1958) have ali suggested that con~
traction of these muscles would expel wastefromthe diverticula. The last two authors
report observing this action in Osivea larvaeandin Laseea respectively. Reid (1865b)
has suggested that the appendix of Lime is emptied by the contraction of the adductor
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FIG. 4. Diagrammatic representations of the stomuch in the Lamellibranchia showing how e
digestive processes can he divided into a numher of phises. (For lettering see Fips 1.}

musecles, whilst the appendix of Teredo couldbe emptied by nothing other than by Datse
cular activity (Purchon, 1960,

Possibly rapid phasie adductions of the adductor muscles s
in lamellibranchs mny also serve the subeid ; &

H

aary fu ;

eriva-cellular digestion in the stomach into the diverticula 5 oean-
Bl 1

tractions of the musecle fibres investing the divertieuls may help to pass wasie mafer-

ials into the stomach., Ag originally postulated by Grabam {1949}, Cwen (19 573) and

FPurchon (1955) opposine muscuwiar forees acting on a fluid medivm may be the prinei-
P z ; I

pal agency for the transference of particulate material from one part of the alinian-

tary tract to another in the Lamellibranchia.

DISCUSSION

Critical analysis of the available information suggests that the currently accepted
theory of a steady state in feeding and digestion in the Lamellibranchia cannot accoun
for many of the changes observed in the feeding and digestive processes and which are
of a eyclical nature, '

For those species examined the following sequence of events has been determined,

The arimal feeds for a period of time. This action is characterised by rapid phasic
contractions of the adductor muscles which serve to pump water info and out of the
mantle cavity, thereby supplementing the inhalant ciliary currents produced by the
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FiGL 5. A schematic representation of the rhythmic nature of tho feoding process and extra-
cellutar and intracellular digestive mechanisms in the Lamellibranchiza.

ctenidia,  The ctenidin also serve to effect the filtration of the water once it is in the
meantie cavity and to initinlly sort thefoed, Material of an acceptable size is passed to
thit labinl palps for further rigorous sorting and ultimately selected material is frans-
ported (o the mouth for ingestion.

The food arrives inthe stomach atatime when the styie (¥ig. 4,CS) has either wholly
orpartly dissolved (Fig. 4, A), €.8., Oslreu edulis {B.S. Morton, 1971) or the arrival of
food in the stomach initiates style dissolution (Fig. 4, B), e.8., Dreissena polymorpha
(H.5. Morton, 1960%). In the former case the dissclution of the style is considered to
have been caused by the arrival inthe stomach of the fragmentation spherules (FS) de-
rived from the digestive diverticula (DD), In the stomach the enzymes released from
the dissclving style act upon the food to break it up. The partly digested food is then
dorted in the stomach, large unwanted particles (UF) are passed to the mid gut {MG)
inthe intestinal groove of the major typhloscle (MT) (Fig. 4,. B,C,D) and food material
of an acceptable size is passed to the digestive diverticuls for further extra-celiular
digestion (Owen, 1970), absorption and phagocytosis, intra-cellular digestion and final
asshatlation.  Passage of food material into the diverticula may be assisted by the
phasic contractions of the adductor muscles that are occurring at this time.

Wihen the animal ceases to feed(Iig. 4, D) (during the period of adductor quiescence)the
mouth {O) may shut, remaining waste is passed t6 the midgut and remaining food passed
fo the diverticula. The final closing action of the shell valves probably also removesthe
last pseudofaeces from the mantle cavity. The crystalline style now reforms and the
epithelium of the digestive divertieula commence the process of breakdown {Fig, 4, E)
eventually passing assimilated products to the rest of the body and producing fragmen-
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tation spherules whichare ultimately passedto the stomach {Fig. 4, A) probabiy by con
traction of the meshwork of muscle {ibres surrounding each digestive tubuje. The d.
gestive diverticula reform in preparation for another cycie whilst the fragmentatio
spherules begin to act upon the now fully formed style causing it to dissolve once again

The process vartes, as would bhe reasonably expected in such a diverse assemblap
of animals, but the essential principle (Fig. 5} is evident in all those examined, and is
usually regulated by an environmental rhythm.

It would seem to he generally accepted that the evolution of the Lamellibranchia o
curred in the shallow coastal waters. Such animals would have been subjected to t
twin environmenial rhythms of the tide and night and day. These rhythms ape appar.
ently retained in modern littoral lamellibranchs (Table 1}, Adaptive radiation of th
Lamellibranchia into the sublittoral zone of the sea and into fresh waters removed s
effect of the tide. Sublittoral forms now possess diurnal rhythms only, Similarly maod-
ern fresh water forms also possess diurnal rhythms although Anedonte may have take
the process one step further and evolved an endogencus raythm; feeding as the neces.
sity arises. Apparently the Lamellibranchia have retained either the primitive feediy
mechanisms related to the tidal cycle or have transferred their § eeding rhythm to thy
subsidiary rhythm of night and day. In littoral lamellibranchs, e.g., Cvassosirea vir
ginica (Brown ef al., 1958), Ostrea edulis (B. 8, Morton, 1871) and Mya arenayia (Dn,
B. Dicks, pers, comun.), it has also been suggested that summation of the tidal an
daily rhythms produce a third rhythm related to the plrases of the moon. Brown ef +f
(1956} have shown this rhythm to be of 14.8 days duration, being thus semi-lunar,

Spawning and the liberation of larvae in Ostrea edulis occurs at fortnightly intervals
in relation to the phases of the moon (Korringa, 1947; Knight-Jones, 1052), This con.
firmed the earlier work of Orton {1928) who showed that in this species youny larvae
are more abundant in the gills of the adult immedintely after the full monn whilst e
ture larvae showed peaks of abundance later. A lupar pertodicity in spawning has als,
been shown for Clidamys operculayis (An‘;irthalingham, 1928) and Peclen meaxims
{Mason, 1958}, The triggering mechanism for the relense of larvae or gametes
be synchronised by the semi-hunar rhythm built up by the swmmation of fhe ticind
divrnal rhythms, Temperature may also play a role in ensuring that the gnmetes o
iarvae are not liberated in the wrong lunar eyele. Such a mechanism has obvious sur.
vival values,

Ib would appear that rhythmicity in the Lamellibranchiz is widespread, resardles:
of the habitat and ig important in correlating the variocus components of the comple
feeding and digestive cycle,

SUMMARY

It has hitherto been believed that inthe filter-feeding Lamellibranchia {he processes
cf feeding and digestion were bothheldina steady state. Careful study of both of thes
processes in a number of genera, both freshwater and marine in relation to the time
factor, has shown this view tobe untenable. These processes comprise a rhythmic se.
quence of phases related to environmental rhythms. Two alternate phases can be de-
tected.  In the first food is collected, liltered, selected and passed to the stomach,
Food collection then ceases and the accumulated [cod material is digested, The com-
plex organs of feeding and digestion in the Lamellibranchia are co-ordinated to a fine
degree and the processes they initiate achieve a refinement hitherto unsuspectod,
Feeding and digestion in the Lamellibranchia is a dynamic proeess hoth temporally
and spatially.

AN,
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