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THE FLUID DYNAMICS OF THE BIVALVE MOLLUSCS,
MYA AND MARGARITIFERA

. By E. RO TRUEMAN
Zoology Department, The University, Hull

(Recetved 8 June 1966)

Uiespite the importance of hydrostatic mechunisms to hivalve mofluses, little was
anvwn of their fluid-muscle systems until the possibility was suggested that water
pressure in the mantle cavity was related to siphonal movement (Trueman, 1954).
Chupman & Newell (1956) demonstrated that the siphons of Mya are extended by the
actions of the-adductor muscles forcing water from the mantle cavity into their canals,
Feont investigations, using more modern recording techniques, of bivalves digging in
sand, e, Telling, Dones, Ensis {Trueman, 1960; Praeman, Brand & Davis, 1960),
v further elucidated their fuid-ruscle systems. 'L'he object of this rescarch was to
mvestigate the hydravlic system of BMya avenaria, using continuous recording tech-
aicoes for pressure, valve and siphonal movements, and to compare 1t with that of
Margaritifera mavgeritifera, a fresh-water clam of similar size, In contrast to thesessile
made of life of Mya, Margaritifera moves over or burrows actively into sand.

swudy of the fluid muscle system of bivalves involves some understanding of the
pallial musculature and of the anatomy of the siphon and foot (Fig. 1} The pallial
wstles of Mya are pariicularly well developed in the extensive area of fusion berween
the snner and rmiddle folds of the mantle margins (Fig. 1 a) (Yonge, 1957). The mantle
wiity s thus completely enclosed apart from the siphonal openings and the pedal
aperture. When the terminal sphincter muscles (Fig 16} contract and the muscular
masile edges and valvalar flaps of the pedal opening are closely applied, the mantle
cavity i virtually watertight (Chapman & Newell, 1956 ; Chapman, 19358). The siphons
¢f Uya are joned together to form a large muscular double tibe, the inhalant siphon
spening at its base into the mantle cavity while the exhalant siphon leads from the
epibracchial chamber. The siphons incorporate the inner surface of the outer fold of
tie wantle margin, being accordingly encased in periostracum {Yonge, 1957), possess
tarmocoelic blood vessels and contain circular, longitudinal and less conspicuous
ractal muscles. The longitudinal muscles are effectively the siphonal retractor muscles
{¥ig 1) and together with the circular muscles control the extension and retraction of
i wiphons, while the radials may play some part in controlling the volume of the
contained blood {Chapman & Newell, 1g56). _

“wrgarttifera is a more generalized bivalve with short siphons and free mantle lobes
centrally and anteriorly. In the absence of ventral mantle fusion its mantle cavity, in
cont st to that of Mva, cannot be made watertight but, when the valves gape, the

wie folds are distended by blood forming a temporary screen around the mantle
gins. In most bivalve molluscs the anatomy of the foot follows 2 common plan
ueman et al. 1966}, being divided into dorsal viscero-pedal and ventral musculo-
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pedal regions (Fig. 1), The latter is relatively large and powerful in Margaritffera, it
being used n locomotion, whercas that of Mya is reduced and is rarely to be seon 2
protruding from the rantle cavity. The pedal haemocoele passes down 1o near he Up e
of the sac-like rouscalo-pedal region, frequently being crossed by hands of trunsvir ke
: ) muscle which together with the protractor muscics cause sl sion of the foot o

Retraction ie carvied out by the paired anterior and posterior pedal retractor mutlea,

EE if
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e . Fig. 1. Dinvesms of Mya erenaria showing the extent of the mantle cavity (stippled) and the ’

location of the peltial musendature, (&) Specimen with left mantle lobe and valve rermoved, with
the foot pretruding through the pedal aperture and with the position of the dorso-ventral axis
(DY), abour which the valves divaricate, indicated. (6) Represents the dorsal part of Mz cut
in hotizontal longitudinal section along the plane Indicated by the broken line in {a). Cills and
jabinl palyps are amitied to show the extent of the mantle cavity clearly, "This seetion illustrates
the antagonistic armngement of the adductor and siphonud retractor muscles. A, apterior
margin of valves; A4, anterior sdductor ; CM, cireular muscles of siphon which farm g terminat
sphincter; £, exhakmt cillary current (arrow); F, foot; G, pills 1, inhalant ciliary current
(arrow); L, hinge lpament; M, mouth; MP, musculopedal region of the foot; P, posterior
margin of valves; P, posterior adductor; PC, pericardium; PE, periostracum; P, pallial
muscles, cross-fused between the Larerat moantie lobes ventrally and anteriorly;, PR, posterior ;
pedal retractor muscles; 5, siphon; SR, sipbonal retractor muscle; VP, viscero-pedal region of
the foot.

MATERIAL AND METHGDS

Specimens of Myae were sent from the Marine Station at Millport to Hull and,
although these were always used shortly after afrival, they survived in aquaria for
Jeast several months even with holes drilled inthe shell and cannulae inserted. Mergar-
tifera was collected from the river Lune (Lancashire) and recordings were made -
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Fluid dynamics of Mya and Margaritifera 371

mediately on returning to Hull, It was used in this Investigation on account of its size,
activity in the laboratory and its refatively thick shell which allowed cannulae to he
tasily fixed into the body so that the animal could carry out normal burrowing
activity without their disfodgement. The digging activity and the pressure recordings
obtained should be regarded as being typical of the majority of bivalves that burrow

. ) Fy Ey E, F £y

Fig, 2. Disgram of a section of 2 tank containing a Mya in sand (stipple) in its normal buried
position showing the arrangernent of electrodes used to record impedance changes and the
" connexions to pressure transducers. £y and By clectrodes attached to Perspex bridge to record
siphon movements: L1, pair of electrodes attached to record valve movements; P, and P,
tubing cennecting a cannula inserted in the mantle cavity or pericardium to a pressure trans-
ducer; Py, a simitar tube covered by a coarse nylon mesh (N used to record pressures developed
externally in the sand by burrowing activity; other Jetters as in the previous figure.

actively. In both genera the cannulae were placed 50 as to open into the mantle cavity
(Fig. 2, ) and into the pericardium {F2). A wide bore hypodermic needle (x mm.,
the end cut obliquely} was used for cannulation, being fixed into the shell by wax and
ellowed to protrude only & few mm. into the tissues. The exact location of cach was
checked after completion of recordings,

This investigation involved the use of a multichannel pen recorder (E. and M.
Instrument Co. Inc., Physiograph), Bourdon and Statham (Modei P23BB) pressure
transducers and myographs to record shell movement (Trueman, 1966). Pressure

changes occurring in the sand during burrowing were recorded by means of the
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Statham transducer connected to a tube opening near the foot of a burrowing bivalv:
(Fig. 2, ;). Interpretation of such recordings was related to direct observations of th:
animal’s activity. Valve movements have also been recorded from bensath the sand
by means of light wire electrodes attached to the valves (Fig. 2, EVY and by o lon:
length of wire to an impedance pneumograph. Movement of the valves affected t
impedance between them and a voltage proportional to this change was fed to o p

recorder by a.c. or d.c. coupling, The former allowed opening or closing nwovemen
to be recorded sbout a presct level (TFig. 34) while d.c. coupling indicated sustained
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IFig. 3. Recordings of the Jigging activity of (a) Margarisifera margariitfera, woul (0) Mya wrena-
#ia. Both show the pressures producid m the sand (above) and the movenients of the valves
(helow, recorded by detection of fmpoedance changes). Margaritifera was approximately a
quaster buricd and gave a fuirly regular rhythom of dipgging cycles as indicated by adduction and
retraction (A7) and the probing or protraction of the foot (), Mya placed in sand as (n Fig. o
gave only spasmodic and irrepular dipging cycles chiefly during the first da alter burial, a.c,
coupling was used for the impedance poneumograph in (1), d.e. coupling in (0).

angles of gape of the valves (Fig. 38). A similar impedance technique was used to
record siphonal movements (Fig. 2, F, and J,) without any direct contact or hindranic
to the siphons. A [ull account of these techniques, which afford means of continuousi
monitoring activity of a buried bivalve, is given by Hoggarth & Trueman (1966).

EXPERIMENTAL RESULTS

(&) Locomotory aclividy
Burrowing by bivalves consists essentially of a series of step-like movements fito
the substrate, each termed a “digging cycle’ {Trueman et al. 1966} Locometion ovs
the surface of sand has recently been shown in Margaritifera to involve the same actions,
apart from the orientation of the foot, as in deeper burrowing (Trueman, 1667), Lo
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¢ycleinvolves the integration of adduction and the regpening of the valves with retrac-
tuonand protraction of the foot. Adduction canses high pressure in the haemococle and
& 4 consequence the foot becomes swollen to form a pedal anchor, Immediately after
adduction the retractor muscles contract, pulling the shell down and sustaining the
pedal pressure and anchorage. Subsequently the opening thrust of the Hgament
reopens the shell and presses the valves against the substrate, so forming a shell or
secondary arichor which holds the animal firmly svhile the foot extends and probes
downwards, This activity appears to be common to all actively burrowing bivalves
(Trueman et al. 1966). It is shown for Margaritifera (Fig. 3a) as a series of digging
cyeles, cach adduction-retraction (4L4¢) forming a major peak in the external pressure
record coineident with the closing and opening of the valves. Pedal probing (P)
accurred continuously between the * AR’ peaks, Using this means of locomotion over
the surface of the sand, Margaritifera can attain speeds of 1 cm. Higging cycle or about
26 o fhr. :

By contrast the digging activity of Mya is sporadic although it appeared to conform
o the usual bivalve pattern (Fig. 36). Digging cycles can usually be recorded within a
day or so of establishing a specimen in the experimental tank (Fig. 2) but subsequently
litdle digging was observed. Digging cycles occur at irregular intervals, each showing
very different amounts of pedal probing. With the estensive fusion of the ventral
mantle margins and the reduced usculo-pedal region of the foot, Mya is poorly
alapted for active burrowing. .

Chapman & Newell (1956) comment that the foot is only rarely protruded and it
would seem from these recordings that this is indeed so. My pencirates the substrate
in carly post-larval life, perhaps before mantle fusion is complete, and becomes more
deeply embedded in the substrate as it grows, possibly by sinking gradually rather than
by digging. :

() Internal pressure vecordings, Margaritifers

Recordings of the hydrostatic pressures developed in Margaritifera during normal
burrowing showed synchronous peaks of pressure of approximately equal amplitude
inthe pericardiur and in the mantte cavity (Fig. 1). The principal difference hetween
the pressures is in respéct of duration, that of the pericardium lasting for fonger both
because it is sustained by pedal retraction and because the mantle cavity does not
constitute a water-tight system, The free mantle lobes border the mantle cavity
ventrally and when distended by blood may by their apposition control the pressure
to a limited extent, for in some recordings with the animal on the surface of the sand
the mantle cavity pressure at successive adductions ranged from near zero to that of
the pericardium, When Margaritifera was more deeply buried the pressures were
invariably equal in both mantle cavity and pericardium which suggests that the ad-
jacent sand has some effect on the pressures recorded. The muscular tension de-
veloped by the adductors affects the magnitude of the pressure peaks, but the variations
in mantle cavity pressure were recorded while peak pressures of constant amplitude
were obtained in the pericardial cavity. Similar pressures have been previously
recorded in the mantle cavity of Cardium when completely free of the substrate
{¥rueman et al. 1966), so that the ability to produce and possibly to control mantle
cavity pressures is of general occurrence in bivalves with free ventral mantle margiis.

24 ' o ' Exp. BioL 45, 2
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The pressure may be utilised for cleansing of the mantle cavity or during digging o
produce a jet of water to foosen the sand adjacent to the valves.

"The sequence of events, such as siphonal closure (5} and adduction (4), cccursing
during a single digging evele are marked on Eig 4b, . The fivet peak (1} corresynd
with adduction and the second (i) with anterior retraction 17/). Contraction of Lic
posterior retractors maintains only a low pressure in the pericardium although high
pressure appears to persist in the haemocoele of the foot, so prolonging the duration of
the pedal anchorage until retraction is completed {Frueman, 1966).
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Fig, 4. Recorditges of the perfoardial and mantic ¢ wvity pressures in Marparitnf va when (e},
half buricd, €6) wwl (0) when moving over the sorfice of the sund. {a} Synchronows pressure
peuks of neady cound amplitade in the manide cavity and pericardivm, thos. in the latter
shawing ey ducstion. (&) wl () Bepurite recordings of pericardial pressure during a dig-
ging eycle with the following events marked by wizual observation; 4, adduction; AR, anterior
retraction; PR, posterior retraction; &, siphonal closure; 7, termination of retraction; (i} and
(i) different parts of the pressure peak discussed in the text.

(¢) fmternal pressure vecordings, Mya

"The burrowing activity of Mya occurs too occasionally to record internal pressures
during digging eycles. However, when Mya was set up in the normal buried position
(g 2) repeated adductions of the valves took place and produced pressure changes in
the hody of Mya siniilar to those described for Mergaritifera.

For casc of recording it was convenient to mount the M va horizentally in a dish of
sca water, to record pressures from cannulae inserted as in Fig. 2, valve movement by
a light myograph attached to the upper valve mid-ventially and siphonal movement by
detecting changes in impedance (Fig. 5). When Mya is buried the ligament causes the
vaives to open and to press against the adjacent sand, but lying horizentally in a dish
the ligament is only opposed by the adductors. A weight just less than the apeniag
moment of the ligament (Trueman, 1954) was placed on the centre of the upper valve
to avoid putting too great.a continual strain on the adductors. 200 @, Wis a convenient
weight to apply to the specimen (1o cm. shell length) used for the recordings shown in
Iig. 5a, b, and under these conditions Mya remained active during expertments
lasting up to 14 days.

Adduction of the valves causes simultaneous pressure peaks, on some ocecasions of
over 100 cm. of water, in both mantle and pericardial cavities. The recordings
(Fig. 5a) show that these peaks are of approximately equal amplitude and duration
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Fluid dynamics of Mya and Margaritifera 375
and that the pressures produced are superimposed on the rhythm of ventricular
contraction {Fig. 54). While previous work has shown that high pressures in the
mantle cavity are related to valve movement (T fueman, 19545 Chapman & Newell,
1956} this investigation indicates that the whole of the animal contained within the
shell is subjecied 1o pressure at adduction. Between adductions the pressure in the
mantle cavity fell to zero but in the pericardium a small positive resting pressure was
maintained (Fig. 54, b).

In Margaritifer it has been shown that, during digging, adduction causes part of
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Fig. 2. Recordings of the pressure in the mantle cavity and pericardium together with the valve
and siphonal movements of Dya fixed horizontally in o dish of sea water. in {a} and (5, a Joad
of 200 g. was applied to the centre of the upper valve, m {c}, 500 2. Valve mavement recorded
by a thread from the mid-ventral point of the shell to a myog caply, siphonal movements by
impedance changes detected in electrodes similar to Tig. 2, (7, and 21} suspended over the end
of the siphon. (a) Similar pressure peaks in the mantle cavity and pericardium occurring at
adduction. (b)) As in () but'with pericardial pressures more highly amplificd to show rhythm
of the heart beat, (e} Demonstrates the antagonistic nature of the relationship hetween ad-
ductor ancd siphonalretractor muscles. Recorded with aload on the valvesinexcess of the opening
thrust of the ligarment. Retraction of the siphons causes merense in pressure first in the mantle
CAVIEY, siz auenily in the pericardium aned mayimum opering of the valves, Adduction (2
prolongs @ rrasure peak (PY and aillrws the sip S Cand O n s et
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the foot protruding from the shell to become swollen by means of an increase in the
blood pressure. In Mya the foot in usually within the mantle cavity but the lons
siphons protrude and are similasly affected by adduction, although the fluid utilized
the water in the mantle cavity. The pallial water system functions at constant volum
by the closure of the siphonal and pedal apertures so that the contraction of the ad

ot

ductors, and possibly also of the other pallial muscles (Fig. 1, PAD, tends to o
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Fig. 0. Recordings of presaare chanpes, valve and siplonal moveraent in Mypa buried in aand in
the exporimental conditions shewn i Fig. 2. {¢) Pressure peaks caused by adduction {4} or by
siphan.l retraction (SA) with only shight movement of the valves. The heart rhiythns is just
visibli in the pericardia] rrece, Valve movernent recorded with e, coupling. {5) At (1), pressurcs
caused by adduction; at {1, valves open further by siphonul roiraction; slight adduction st A
causes second pressure poik () ay siphons are re-e stended. At the break in the trace 30 see.
clapsed while the impadance pneumopraph was connected to the clectrodes used to detect
siphenal tovement, Retraction caused the first prossure peak (iv), protraction (prot.) at (v} is
associnted with a secondd poak, probubly caused by adduction, and a final peak (vi} corresponds
to slight siphonal retacon (rev). ¢ and (7 on the time trace indicate the closing and opening
of the siphonal aperturcs, Velve and siphonal movement recorded with d.c. coupling.

elongation and swelling of the siphons. The fatter is generally restricted by the circular
muscle fibres (Chapman & Newell, 1g56) and clongation of the siphons rusults

{Fig. 7a).

Siphonal retyaction causes a similar increase in pressure and leads to the valves
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in the gaping more widely. The antagonistic action of retractor and adductor muscles in a
- fuid-muscle system in which all body fluids are involved is shown in Fig. gr, where

aload of 500 g., 1.¢. in excess of the opening moment of the ligament, was placed on the
i - upper valve of a Mya horizontally mounted. Such specimen could only open the
feade « valves beyond the limit of the opening moment of the Hgament by siphonal retraction
U aiise CHISIng a temporary inerease in pressure, first in the mantle cavity and about £ sec,

Extend

siphon

{
ntie caviry

pressu
Mantd
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Fig. 7. Recordings showing the effect of divarication of the shell by the anterior and posterior
adductors aboui the dérso-ventral axis (Fig. 1, D). Mva was Luid horizontally in  dish, gape
was recorded by threads attached from the antero- and postera-ventral extremities of the u pper

" valve to myvepraphs, siphonal movernents Iy impedance prewmograph, <e. coupled to the pen
recorder. (@) Anpular changes at anterior and posterior valve marging at high-pressure peak
and extensior of the siphon, {6} Record of posterior divarieation, caused by contraction of ihe
anterior gdductor with Iittle closure of the valves posteriorly during some successivo siphonal
retractions, Posterior divarication is not shown as an increase in gape posteriorly because of the
sctting of the myograph, .

later 1o the pericardium. Adduction produces simultancous increases in pressure,
since movement of the valves influences both the pallial water and the blood system
directly. A brief opening of the valves takes place with the siphons closed {C)by means i -
of siphonal retraction and is terminated by a sharp adduction of the valves {4).. This .
izr - produces a prolongation of the pressure peak (P) which in turn appears to cause some ! .
ults fe-extension of the siphons (£). The gradual reopening of the valves with the siphons
apen (O is due to the thrust of the ligament and allows the return of the fuid-
ves muscle system to its initial condition. : : [ -
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Although the loading of the valves of a My, fived in a horizontal position, demon-
strates the antagonism of the two muscle systems, it may be argucd that it is no teey of
what may actually happen in life. Accordingly recordings were made of the
Mya buried in sand with the siphons protruding slightly (Fie. 2) end sismil ¢ reonins
were obtained (Fig. 6). Proseure peaks were, nowever, produced both withe s win:
out adduction (Fig. Ge). Those withont adductiorn L3y abwevs pave it
the valves and were probably associated with siphonal retrction (9

aviivity of

Hoapeniig o
|3

v as only one impedanee
prieamogiaph was avarlable, but a vapid climge from one to the other was made in
some recordings (I 645, Adduction {1y consed simubiancous pro
after the reopening of the valves & further iercese in gape b associited with anather
prossure peak {u) The faieer, which s probably due o siphonal retraction, s followed
by a sheht adduction (), mdicsting sorme incresse in fension i the adductors apd
corresponding to an additional pressare peak (i), This s sapported by evidenec from
the sceond partof Fig. 65 where stphional clocure (€, retraction {1y sid protracdon {v)
are followed by o minor retractisn of the siphon accompanied by sl proessuie peak
(vi). Siphonal retraction, gencrally of abour G5 e, appears te he invariably followed
by adduction o order to restore the siphons t their foer length, Tt is apparent from
such: recordings (Figs. 5, 6} that the ant:

Lt wns nor

possible ta record valve 2nd siphonaul moverments simulfneoisd

e nercises, and

onistic refationship between eiphonal
adductor muscles must involve their elose integration. It is hoped to in vestizate this
further i the aear future.

s well known that in Afye as in certain uther bivalves, such as Plutyodon {(Yorge,
rgs1 b, the shell valves may move about o dorse-venteal avis (Figo o, 247y Whon the
siphions are withdrawn, the anterior adductor comivacts, and the posterior maipins
(Fi vh ) of the valves separate, 50 widening the aape for the recepion of the siphous.
Simsbardy, the posterinr «dductor ay catse divarication anterjorly (T oh, AV The
localized internal ligument acts as pivar for sach rocking motions of the valvey
(Uroeman, 1603) whereas that of Marparitifera extending along the dorsal valve
margin only allows the simple opening and closing reovement. '['he relationship of
divarication to santle cavity pressures is indicated i Fig. 7. S
ave made by Mye in the course of burrowing

ar valve movemenis
ato stifl mad; rock boring in Plotyodng
and o the pholads represents farther modification of the deep busrowing bubit
(Vonze, 1951b, 19550 Phis sugpests the use of figld pressures by shalads i bor
tirough rock.

(d) The haemodynamics of Mya

‘the general anatomy of the heart, pericardium and open circulatory systam i
shown in lateral aspect in Fig. 84. When considering the hemodynamics of Fresus
{Mactridae) Smith & Davis (1965) have described valves which control blood flow at
the auriculo-ventricular openings and in the aortae, while noting the absence of &
valvular mechunism between the veins and the auricles. These observations are
confirmed in Myq,

Chapman (1938) remurks on the conumnon belief that ‘blood pressure’ suffices
supply the motive force for many movements in molluscs but justifiably considered
that the forces generated by the muscles of the body-wall were far greater than thosw
derived from the heart. This is substantiated by recordings (Iig. 50) of pericardial
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pressures when those caused by adduction greatly exceeded those of ventricular
contraction. Direct recordings (Fig. 8) of the blood pressure in the posterior and
anterior aortas give values at systole of only o5 em. while maximum ventricular
pressures of 2.5 cm. were recorded. No positive pressures were obtained in the auricles
In this investigation, possibly beeause the insertion of a cannula was difficult and
wvolved cutting open the pericardium, so destroying the normal hydrodynamic
condizions,

Juhansen & Martin {1962) in a study of the heart and circulation of the octopus
observed an increase in diastolic pressure coincident with the greater muscular tone
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Lig. 8. Pregsure recordings of the heart of Mya. (@) With cannula inserred inte the pasterior
gorta (1), pushed forward (1) into the ventricke {iig). {B) Cannula inserted into the pericardium
through o sl window cut in the valve, The negative pressure corresponds to ventricular
contraction. (&) Simnilar recording but with the cannula ingerted inta the ventricle, the
disturbanee at diastole being due to very slight vibration of the bench, () Diagram of the beart
and pericardhum of Mya showing some typical pressures recorded at systole, AAD, arerior
aorta; A8, avrtic bulb; 417, auricle; P, pericardium ; PAO, posterior aorta; ¥, veniricle.

which occurred during activity, The diastolic pressures recorded In the ventricle of
Mya and Tresus (Smith & Davis, 1965) were generaily zerq, However, recordings
from the pericardium of Mye, when the minimal possible disturbance of normal
conditions was made (Iig, §6), showed a changing level of diastolic pressure at
adduction and a continucus low positive pressure (o2 cm.) when the valves were
steady. Although the pressures recorded in this work were similar to those of Smith &
Davis (19635), rather higher diastolic pressures, derived from the tone of the body
musculature, may oceur during normal life.

Ramsay (rg9z2) and Krijgsman & Divaris (1955) suggest that the mechanism of
diastole s related to the hydrodynamic conditions in the pericardium and that blood
being pumped from the ventricle causes a reduetion in pericardial volume, so tending
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to develop a negative pressure which will favour the filling of the thin walled auricl

Smuth & Davis {1655), however, observed that the pumping of an isolated lieset
resembled that of the intact beart and constdered that the nuricles and pericardiom
were unnccessary for ventriouwlar Olhoe, Recordings of the perteardiad prossures
throush o small winidow inthe shell of 3fya pave oseries of negative spikies (P 86
of approximately the swne fre ql ency but of meber loneer deranion than the wysiolic
ventricular pressures (e 8e). These negutive pressures covrespond o the rhytion

recorded from the pt,i](.‘zl,diiit'{l during studies of :‘.il,;!mn;:d moversent (e shy b
here they ropresent o drop i pressure rathes than o pegative pressure owing to the
stondl positive resting pressure mamosned tche perteardigg, A nesative preasure i
a suctivn-like effect, drvwtng vwre blood ints the aunches

the perteardium must o
frami the veing oneside the pericardiam, and wouhd appear t¢ be a mechanisn for the
filling of the avricles at low venous pressurcs. The conditions of oparation of the heart
are summnacized 0 Fiz 8d.

Aty adduction the blood in the huemocode 15 aifected in the same manper as the
water in the mantle cavity. This pariioularty applics i respect of the hacmocochs
vessels of the siphons wheve the blood pressure ey reinforce thot of the mantls
cavity durtng siphonal exteasion, I.it:m(..un adductions it s somewhas doubtful 1f the
beart van cffectively maintain a cireufation of hfmx& through the siphons, for they muy
extend to more then 1o em. above the shedll The presence of bBlood in the siphous
sl L{_\/, or this is mantained between adductions

sty brayuwer, contribute to thoir tirg
when the siphons and the pallial system remain open to the extenion,

The rofe of the heart s thos Rieited to producing a shappish crreulation atrest and to

functioning during zetivity oy a eulve preventing the Back-flow of the blood. In
bivalves, such as Myo snd Morpwitiferd, where at adduction the pressure i ralsed
simuluineousty in the mantle cavity and the tissucs of the body, there 18 no strain from
a ditferential pressure offcet except in the siphons or extended foot. Both ae
particalacly muscalar and withstind the pressure by extension or dilition 1‘(351}(01 vely.
Retraction, however, wnds o fores flud from these organs nto other reglons of the
hody. In Margaritifere the flap-like Keber’s valve restraing the biood from surging
from the foot, possibly into the mills for there 18 low pressure in the mantle cavity =t
pedal retraction and a marked pressure differential must exist between foot and gill,
By contrist, in Mya, because of almost conplete mantle fusion, siphonal retraction is
accompanied by high pressurcs in both mantle cavity and the tissucs of the body. In
the absence of an internal pressure gradient there is little chance of damage to tssucs.

DISCUSSLON

Margaritifera is a representative of bivalves which dig actively and has a double
fluid-muscle system consisting of the blood and mantle cavities. Adduction of tie
valves affects both systems causing pedal dilation and the production of strong juts
of water which serve to loosen the sand adjacent to the valves immediately prior to
retraction, thus facilitating penetration of the substrate (Frueman, 1966, 1407
“Prueman ef ol 1066). By contrast, Mya, with reduced foot and extensive muntle
fusion, is well adapted for sessile life in which the two fluid systems effectively operite
together in respect of siphenal movement. Prolonged tactile stimulation of the siphons




16

‘hie

Fhd dynamics of Mya and Margaritifera 361

czuses their fairly rapid retraction, fn:qut:'n'ly with some acduction of the valves. Some
¢h the inhalant ﬂphnn

M .
,\.\,\ e ot

water 18 then elected from the mantle cav 1*;, commonly tf TOU

'Tff$ AT R RN Tt

ped : ZpT h“t,:li cuite LLn
of water during the digging cyele, but wheress this rany be put to a usciul purpase
durine digring, the hydraulic system of Mya normally operates at constant volumie and

X

Inss of water can only represent a mechanism for the control of exceptionally high

pressures. The pressures recorded during norral activity, of up to 100 em. of wuter,
wggest thar the mantle cavity s water zl"ht over this range although the observations
of Chapman & Newell (1g30) suggest that the pedal opening 13 only watertight at

*pressures of up to 4o om.

The siphons of A ye are hollow muscular organs and the principles applicable to the
fuid-muscle systems of worns may be applied to them (Uhapman, 1950). There are
wo tmportant differences, however, for the siphons have hacmococlic vessels in their
walls which may play some part in clongation, and they are epen at each end so that
their contained volume may be varied (Chapraan & 1\¢:wd_£, 1g56). But if the whole
hvdraulic system of & Mya is considered then a parallel may be drawn with an asteroid

titbe foot. The body enclosed 1n the shell resembles the ampulla, the adductor and

other pallial muscles being equivalent to the ampullary muscles in causing protraction,
while the tube foot and siphons are retracted by similar longitudinal muscles.

The deep-burrowing and sessile Myacea are characterized by the long siphons and
the reduced foot. In active burrowers, e.g. Cryptomya (Myacea, Yonge, 1951a), Ensis
{I'rueman, 1066), the siphons are generally short but the foot is always.large and
powerful. The hydiaslic system of bivalves appears to be able to function in respeet
of either the foot and associated digging activity or the moverent of long siphons, but
not in respect of both in the same antmal. An exception to this might appear to occur
in the Tellinacea, e.g. Tellina, Scrobicularia, where active burrowing is asseciated
with long siphons, formed exclusively from the inner mantie folds (Yonge, 1949, 1957).
Changes in length and shapc of the siphons of Serobicularia are, however, effected
:mlt,ly by the mascles of their walls being dIld'{‘ig()HidC{l through the constant volume of

blood contained therein (Chapman & Newelf, 1656). The hydraulic svstem of the
mantié cavity 1s utilized cither to extend the *aiphons or to produce water jets and
it appears that these are alternatives which rarely oceur together.

SUMMARY
A comparison is made of the fuid dynainics of a shallow, yet actively, burrowing
bivalve, Margaritijera, with the sessile, deeply buried Mya arenaria.

2, In both adduction produces high pressures (up to 1oo cm.) in the mantle and the
pericardial cavities which are utilized in Margaritifera for locomotory purposcs,
in Mya principally for siphonal extension.

3. With siphonal and pedal apertures closed the mantle cavity of Mya is virtually
watertight and acts, together with the blood, as the fluid of an antagonistic muscle
system, whereby adduction causes siphonal extension and siphonal retraction pro-
dueces an increase i gape of the valves. The close interaction between these two
muscle systems is dlustrated by pressure recordings of Mya in the normal buried
DOSILION. '
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4. Siphonal movements are shown to be asscciated with divarication of the vabs
and accormpanying pressurg changes,

%

5. Consideration is given w the haemodynamics of Mva and by contrast with the
high pressures mvolved in locomotion or siphenal movement, maximum pressures

of only 2-5 cr. were recorded from the heary, producing o slupeish dreulation.

higher pressurcs decived from the body rausculature make an important
1o movements of the blood.

Contn
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