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Iotrodugtion.

The originesl plen in this investigation was to
study the general biology of Venspupis pullastre (Montagu).
It wes soon reslised that the work would have to be confined
to certain phases of the 1ife histery cnd these were chosen
in an effort to cover the sections in which the information
on maerine Lemellibranchia, such =8 Yeheprupig, wes felt to
e inadequete., As @ result, the work viewed as 2 whole
may leck continuity and coherence.

In the muin, the investigation centres on the
larvel and spat stages of the life history; & part which
has been largely neglected in Lagellibrepchis other than
oysters. The efforts of Thorson, culmineting in his
extensive report (Thorson 1946) on the reproduction snd
larvel development of Denish marine bottom invertebrates,
have assiated greatly in correlsting and furthering work
in this field. |

In addition to the lsrval and enat work, some
emphasis hes been plzced on breeding, snd while the resu;lts
from this work are in no way conclurive, they mesy be of
interest in & comparative iray. |

According to Winckworth (personsl communication
1948), until recent yeers the genus Yenerupis has been
grouned with Paphie and Tspes into one genus, sometimes
ctslled Tepes and sometimes by the older neme Paphis.
Winckworth recommends Thiele's (41935) arrangement in which,
for the species being studied here, the name Yenerupls

pullastra (Montagu) 1s recozniseds In addition the species 7
I
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2.
/species will occesionelly be referred to by the name
"glan® , and D'Arcy Thompson (1947, p.288) 4is cited as the

authority, although the name is used extensively in North
Anmericsa, - .

The author is indebted to Professor C.M. Yonge,
PheDe, DeScey FoRoBo, for providing facilities to carry
out thie work and for his constant help snd encouragemnent,

Grateful scknowledgunent is alsc due to Dr. H,F.
Steed@mun, snd other menbers of the staff of the Department
of Zoology. | |

Appreciation is expressed to Mr, R. Elmhirst,
Director of the Marine Station, Millport, cnd to mesbers
of his staff for sesistance in meny ways,




The litersture on the identification of the
vengei larvae of lamellibrsnchs is not extensive,
gtefford (1912) was one of the first to do importent work
on the subject., He indicated suituble methods of investi-
gation and figures, and descoribes eight Cansdian Atlantie
aspecies, Ohdner (1914) has identified seversl species
from Rovigno end his figures for Jaxjicuys end Lime are
good. K:ndler (1926) in one of the better pepers on the
subject, deseribed several North Sca speoies and his
figures are clesr and socurste. Lebour (1937, 1938a,
1938b) 414 extensive wark on lamellibranch larvae snd has
deseribed 17 species from Plymouth. Unfortunetely, doth
the figurec and the descriptions are vague snd are conse-~
quently of limited use. Miyazaki (1935, 1936a, 1936b)
hae given useful deccriptions of 8 species of Jepenese
lsmellibranch veligers. Werner (1939) in an o:‘ccel lent
peper, goes into the problcm in detail and studies shell
structure of the veliger and uses hinge tceth snd ligaments
as disgnostic features. He slso found the erstwhile
~ prodissoconch could be divided into & first and a second
prodissoconch on the basis of sghell development and struecture,
The sizge of the first prodisscconch, designated as Prod. 1,
is relatively constant for sny given species end is apparent-;
ly & more relisble diagnostie festure than Frod. 11, the
setting size of the larva, which seve;'al authors heve found'
to vary between wide limits; although Lebour (1938d) has /
set up & koy for the identification of the various speeies/
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Be
/epecies of Capdiyn found at Plymouth, on the dasis of

such measurezents. Jorgensen (1946) describes and figures
about 25 species of veligers from Danish weters and on the
whole this is a most ussful works The lervas of all
commercial species of oyeters have been figured many times
and these are probably the best known of all marine lamelli-
brench véligers.

A fact to be taken into consideration when des-
eribing lamellibranch veligers is that those who &re apt
to make most use of the identirications sare the oceanographic
plankton workers, whose material is usually preserved. The
eolour goes quickly and all that is left is the outline, its
shaps snd size, end the hinge teeth and ligament, All this
is present only if the material has not dbeen $90 well preserved
Tor even nsutral formaling in time becomes acid =nd dissolves
awsy the fregile shells. Colour, then, often & velusble
aid in identificetion, is lost to the plankton research

i
!

worker, as are other snatomical details euch as the position
of the digest ive gland, and the presence or sbsence of eye~
spots or flagella,

Therefore in the description to be given for the
lsrve of V. pullastra, attention will be directed to those
diagnostic festures remaining after fixation, The essentisal
part of a description of a veliger is the illustration. Ko
amunt of written description can tske its places Drawings
of the complete animel will be given as well as the external
view of & single wvalve, Using the whole veliger, the tilt/

e i



He
/tilt due to the 1ift of the unbonel region muy vary &
good deal, so affecting the outline. The only consistent
shape is obtained from an externzl view of & single valve,
¥ost suthors on veliger identificstion heve relicd entirely
on camera lucidas draswingsi in eddition to these it is
dbelieved that photomicrograph.of the veliger will in the
future be used to & greater extent, No photomiorographio
apperatus wag availeble for the nresent investigation, eo
the author's own 35 mm. cemers wes edapted for the purpose,
and 81l the photomicrographs in the theesis have been taken
with the adaptation. The results are not ae good se they
might be, becsuse of the difficulty in obtaining the correct
focus. However, the photographs give much better represen-
tations of the larvae than the csmere lucide drawingé; and
Mr. C.B. Rees of the Leith Luboratory of the Hull Oceano-
graphie Depsrtment, who hss been studying lsmellidbranch
larvae from plankton recorder records, hes found them to be
of more veolue than drawings.

Method.
There are two main approeches to the study of

lamsllidbranch veligers from the point of view of identifioa~
tion, The first is to study the succession of sizes of
various forms es they appear end develop in the plankton

end then associste the lsrgest of theee larvae with the
newly settled spat. 1In turn, the spat sre followed through
individuels or groups of graduslly inoreasing size until
specific identifiestion is poscible. Peculiérly enough,/



6.
/enough, it is the identification of the spat that is often
more difficult then the linking up of larve and spet, To
obtain the spat, ocardboard egg separators dipped in a
mexture of ter and pitch, separated by shelle of Ogtres,
and strung on wire, were used. The cerdbosrd soon bceosme
coated with slgee detritus, and the normel seguence of
fouling orgenisms, the whole of which provides un idesl
gettling surfuce for meny species of lamellibranchs. 1In
addition, sand and mud from the habitats of likely species
may de sieved and ellutristed. ,

The second spprotch to the identification prodblem
is to oulture the larvee, cither from the fertilised eggs
or by picking ocut numbers of any one species, and attempting
to culture thesc through to the spet stage., Both these
methods were used, but the letter one was more successful
end easiecy, Culture fromn the fertilized egg sfter natural
spawaing by the female mey be carried out, but thie was not
always possible. The veligere picked out of the plankton
were kept in 2 1litre jJjars stirred dy the plunger system,
~ They were fed with cultures of naked flesgellates, but it
wag found that unfed veligers grew and metamorphoccd as well
as those which were fed. Groups with zand or mud in the
plunger jar were no more successful than those without,
There wag no consistency sbout any of the culture results,
Some é;oeciea. emong which Y. pullastrs was fortunstely in-
cluded, were more easlly cultured thsn others,
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Plankton tows with fine mesh nete were taken ot
freguent intervels throughout the summer, from Keppel Pier,
The ¢bd tide runs southward st & rate of 3-4 knots past the
pier, so that on normel tides the plsnkton nets fish well
from the pier and the use of & doat is unnccessary. The
tows were purely qualitaetive in neture, The lemellibrench
larvae from the tow-netting were settled out by gravity,
taken by pipette to & watch glaes, and by gentle hend
centrifuging, szperated from the remsinder of the plankton.
The materisl was alweye exemined in the fresh condition for
useful identifiestion cheracteristice ere lost on preserve~
tions At first, cuamers lucida drawings were mede of cech
stage of coch new epecies as it ontered the plankton.
Later, the camersa lucid: wes repleged by the camers, and
now a librery of several hundred negutives is availedble for
reference purposes, At first it was neccsssry to study
the whols plankton in order to isolate Y. pullastrs, dut
after this was identified, interest was mcintained in other
species, & finul totel of 17 being identified of which five
are new, Three of these sre specifie, the other two still
generic.

There are & nurber of standsrd featuree which may
be used in identification of lemellibranch veligers, bdbut
often {in the last anslysis, due no doubt to the faet that
many species vary so little from one another, the genersl
impression, & composite picture of all details, is probably

the most important. Some of these characteristice are :-
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4. General outline or shapet The wedge shape of
Lize hisps fllustrates this well, Its shape is unigue
amengst larvae hitherto desaribed.

2. Colour: Ususlly only useful in fresh material,
although the deep yellow of the ventral shell srez of Y.
ullagtys 8y persist for some time after being preserved.
The cniour of the digestive gland is often & useful
characteristic, that of fTellins tenuie is gresn, while
Histells srgtics ie brown.

3. Shape, prominence and position of usboness
The shspe &nd promincnce of the wibonee is best illustreted
in ths oysters, The incubatory (larviparous) species have
lzrpe, brosd, round unbones, while the “oviparous" species
have long nerrow, pointed snd elightly hooked unbohas.

Of en equivalve species the relatively short, emell and
centrally pls‘ced urbones of Teredp sre most cherscteristiec.

e Equivelve or ineguivalve: Reedily distinguishedle,
The larve is similer to the larve in thie reepect. Qotprgs
larvee sre inequivslve end Y. pullsstrs is equivalve.

Be Presence or ghsence of eye spots: The
Anisomyeris ncarly all have black eyespots. ime is an
exseption. Nonis hes s brillisnt red spot under the
posterior adductor musecle.

6. Specisl fceturesm: Pew have been found. The
cleft in the ventrsl ares of the right vzlve (snlage of the
byssel notch) of Heterspomis is an example,



9
7. Dimension and shepe of Prod.4 and Prod.14:
These are guides, but within limits, becsuse they
tend to be scmewhat variable,

8. Rurber, shepe end position of hinge. teeths

Most species of the Anisomyarie have larvae with
taxodont teeth, although they mey occur in other
groupss The large teeth of Ziprphses, two on one
velve and three onthe other sre charscteristie.

Of all these points, the most immortant appear to
be the generel outline or shape and the hinge Aifferences,
espudally with reserved mcterisl. The other character-
istice are useful for oi'iginal identification work,

The Jerve of V. pullagtre.

Throdghout the swumer of 1946 samples of sand from
various beachcs were sieved and sllutriated and the spat
picked oute At the same time, cardboerd collectors from
strings of cultch that hsd been hung from & raft near the
Marine Station, were removed at intervels, From these,
samples of the settled spet were picked off, snd these
colleators proved a better source of meteriel than the sand,
An exsmination on June 42th produced ebout 30 spat from &
square foot of surface, indicating that spewning had
ocourred some time before and that larvee should be present
in plankton. Portunately, previous experience with spat
of various specics cnsbled imucdiate identification of
the eaerliest spet of Y. pullegira. Prom the shape of/
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/of Prod. 11 cu the very ycung spat, in addition to its
meen length of 260 u., sssocintion was made with a veligor
of similer chape end nize in the plankton. Further study
of lerge veligers and young spat strengthonsed the opinion
that this mus the veliger of Y. 2ullagtps. Attempts were
Limeedistely made €0 cuiture the layxrwae by picking thex out
of the plankton end plecing them in plunger Jars. They
wore fed with s mixture of Chiasmydomaonag end en unknown
- w-flagellate from the stock cultures of the Millport Station.
These food species were cultured both in Miquel's solution
and m Erdsohreiber's mixture. A swall ausber of the
lapyoe survived and metamorphossed into cusily recognised
spet, thus proving {he correctness of the identification,
Many cultures of these larvac were started, both in 1946
and in the sumwsr of 1947, with very werisble suocess.
From one culture, 357 larvae metamorphosed into spat, of
which 43 or 12 were of sbormui shape. Other attempts
were mide to culture them in plankton cages mede of bolting
silk end suspended from a raft. No spat were ever found
in these despite repecated attemptsf o

The earliest larval stage definitely recognised
as V. pullastra wes in the late straight hinge eondit:@n,
168 u. longe end 444 u. high (P1.4, fig.1). The ventral
shell ares is 1ight yellow but becomes much deeper in older
laryes, The onds are well rounded and the streight hinge
is placed somewhat to ths posterior, thus esueing the/
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/the aaterior amergin to fuil saway more rPapidly then the
satorior. Flet, fig.2 shows sn esrly uxbo stage,204 u.
Jong snd 486 w. . highs Rere the veliger ie beginning to
assums the typical shape, generally woundsd, slightly uore
polated to the wnterior end deep in relstion to the length.
The anterior end posterior dorsal meprgins are slightly
eonvex, The ventrel amryin is yeilow und the colour extends
farther to the anterior then the posterior. The digestive
gland is spparont st this stape and is also yellowish.
The remainder of the unimel le colourless,

Ia Pl.$, ©1ig.3 ie shown & mature larva, 260 u.
long and 240 w. highe The ventrsi nergin and the centrally
placed digestive glend have the characteristic yellow colours
There are three to four gill plutes and the statocyst is
pleinly visible through them, The uwmbones in most positions
in which the lervec are seen, merge with the general cutlins
of the shell., 1In Flai, fig.l is shown the interior view
of the left velve of & lsrve 256 u. by 238 u. The length
of Prods4 in this spocimen wae 108 u., In Pl.1, figs. 5 and
6 are chown the hinge aress {internal view) of a larva 227 w.
by 209 u. Pig.5 shows the right ahd fig.6 the left, valve,
The ligencnt (L) is at the posterior end of the hinge.

In P1.2, fig.7 is shown a photomi¢rogreph of & setting
veliger, and fig.8 is a photograph of externnl views of
single velves, FPl.2, fig.9, shows &n internsl view of the
hinge of & setting veliger snd the teeth and the ligament

are evident, Pl.2, £ig.10, cshows a nswly settled spat with/
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/with just & trece of the dissoconch showing, The older
opet in Pl.2, Tig.10 is O.44 mm. 1in length, in which the
shape, especially the enterior end, hus changad from that
of the larve. In & nuiber of snecies it hos been
observed that the outiine of the larval shell changes with
'tho growth of the spete The prodissoconch becomes nearly
purrcunded by the solid spat shell, and doubtless the

Msama set up on all aides of the fragile larval shell
causes the distortion. Care must be tuken in using the
outline of the lerval eshell on epat for making the link-up
between them, and only newly settled specimens should be
usod,




The only lsmellibranch veliger upon which any
gquantitative work has been done ie the oyster, partly no
doubt becsuse of its economie importance snd pertly because
1% 48 one of the veligers that has been long identified and
is easily recognisable, esven in the young stages, In some
ways the oyster veliger presents & snrecisl problem in that
it is mét often found in sheltered snd enclosed waters;
at any rate it 18 in this type of water that it has dbeen
most thoroughly studied quentitatively. ‘The summsr of 1946
wes oceupied in identifying the veliger of Y. pullestrs snd
in becoming femilier with it. In the sumner of 1947 a
pump thet could be adapted for the quantitative studies of
plenkton became svailadle. The work was essentially
preliminery bBut it has revealed some of *he problems,

¥othod.
The pump used wes & centrifugsl ex-N.F,S5, machine

powered by an 8 H.P. Standaerd Gwynne engine that h&d.beon
used by the Marine Station plaﬁkton tesm for plankton work

in Loch Striven, The spperatus was light enough to be
loaded and unloaded from & forty foot boat without undus

_ difficulty., The pump was initially plsced on Keppel Piler
and the sampling done by pumping weter from 2 feet delow

the surface through a No.120 bolting eilk plenkton net into
measuring tanks of 333 litres capacity. At first, one cubie/
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/oubic metre wss used but later increased to two. The
contents of the net were washed into a large jJar and the
volume reduced by siphoning off excess water with a thistle
funnel covered with bolting 2ilk., The whole sample was
then examined in & counting c¢ell, in the fresh condition
vhensver possible, far identificetion is then easier and
more gertain,

For sampling from depths greater then 15 metres,
2 4" aismeter, instead of the usual 4", intake hose was
used. Thie thinner hose had the disndvantsge that with
its use it required 15 minutes to pump & cubie metre, due
to the friction.

Sampling began on June 26th, the dey after the
first veligers were observed in the plankton, On August
6th, owing to the pump being regquired for other purposes,
the sampling station wes moved from Keppel Pier to a point
in & small bay to the north-east of Reppel Point. The
pamp was loceted on the shore sbove high water mark and the
intake pipe was led down over the rocks and the intake end,
two feet below the surfacc, was floasted on & buoy. (Pl.23,
£ig.2). At high tide the inteke was 412 to 15 yerds off
shore, but et low tide, only sbout 2 yards, This was not
the most suitaeble position, but under the circumstances,
there was no slternative. Some information was certainly
obtained of the larval movements in & bay which is typiesl
of the Xclend of Cunbrse, and in no way unnatural,.
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Qurrerts.

The gcurrents ere known to exert a great influsnce
on the movements of larvae, snd Pait (1937) has found sn
eddy which nearly overlies the area on the Dogger Bank of
the North Sea, where Davis (41923) found and earefully
mapped out areas of bottom containing huge populations of
Bpisule and Mactra, These arcas appear like islands with
dsfinite borders and arc indicative that some agenoy like
& current must have heen responsible for thus concentreting
the lervee. Orton (1937) in a study of the spatfalls of
Cardium sdule in Morecambe Bay, found that the heaviest
spatfalls occur where (a) tidal streams meet, and (b) where
banks shelter a stretch of ground from prevailing winds,

The current configurstions in the region of the Curdbraes are
not well known and the work of Mill (1892, 1894) gives little
information on emall locel areas, Howevcr, cbservations
during the sampling period, as well as at other times, gave
some indications of the surfsce picture. On the eerly part
of & flood tide the flow of water comes in across the mouth
of Kames Bay ( see Plate 3, Map) from between the Curbrses;

it strikes Farlsnd Point and is deflected to the southwerd
across to Hunterston Perch. As flooding proceeds,the
direction of the current backs and flows more direetly up
Pairlie Channel snd in time swings fepr cnough %0 be deflected
by Keprel Point., Pirst to the REaat, and later to the North
of this stream, there ocours 2 reverse eddy or swirl. Rarly/
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/ﬁarly in the tide it affeots the whole shore between the
Lion Rock and Eeppel Point; later it is confined to the
small bey between Koprel Pler and Keppel Point. This is 8
rough picture of the sverage surface current gonditions on
the flood tide in this ares, but meay varictions oocur.
The ebd streem is more straightforward snd for & period
during etch ebd, the tide will flow strongly southward past
Keppel Pler where it s often used for fishing plenkton nets.
At no time, however, in spite of the rate at which it sotrikes
Keppel Pisp, does it hit the north-east shore of Keppel Point
with any forve and the surfeco current pest the inteke of
- the plankton pump, was not observed to exceed en estimeted
% to § knots,

To determine fluctuetione in abdndande of larvae
throughout the summer, samplos were taken as nearly sas
possible cvery four days during the period when veligers
wepe present in the plsnkton. The resulis from Juns 26th
when the first larvae appeared, to Septeunber 30th when they
disappesred, are shown 1n the graph Plste k. Included are
the aversge woekly temperatures teken at the surface from
Keppel Pier. These temperatureswre kindly suppnga by
Mr. KA. Pyefinch, B,I.85.R.A., Millport, Practicslly all
lervee represented in the greph range from 480 to 260 u. in
length. For some unknown reason the younger steges aid not
appcar to be represented in either the quelitative or
quantitetive samles in édequate nurbers comparsble to the/
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/the' frequency of the older steges, This precluded the
possibility of obtaining size~frequency distributions from
which it may have been possible to moke an estimate of the
iength of larvel life.

The first larvae noted on Juae 24th wore ut
least 460 u. in length, showing they were sbout helf grown.
If the &op in the froguoncy curve on July 12th indioates
the djlsapresrance of this initiud population dus ¢o sottle—
ment, the dwration of lapvel life is5 ap rczimetaly 30 days.
Thie 4is not iumprobable, especially when the tempesratures
are coneidered, Thorson (1%46) gives figures of I weeks
for Rytilus eduiis and 2 weeks for Mys arcperja. Nelson
(1928) conciders the larvsl 1ife of Jytilus sdulis to ve
three weeks and the same time for Hys srcpepla at tempera-
tures under 20° C. Weymouth, MeMillan and Holmes (4925)
believe the lerval 1ife of the rozor cleam, $iliqus, is
sbout two months, but that it is not free swimming during
8ll this time. Field (1922) estimetod a larval period of
two months for lytilus edulis by comparing reared larves
with those found in nature. The duration of larvel life
indicated by laborstory cultures fluctuste greetly aecording
to the author's experience with ¥. pullestra. Qetrea giges
(Elsey, 1933) raquire# sbout 3 weeks at temperatures between
18 snd 20° C.  Schaeffer (1938), found that the larvae of
Oe took 3 to 6 weeks depending on temperaturs, to
reach setting eize in Quilceno Bsay. Surface temreratures
varicd betwoen 16 snd 23° ¢, Hopkins (1937) states that/
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/that the larvee of Q. lurids heve 8 free swimuing period
of & month efter being relcased from the brosd chavber,
orton (1937) estimates the free swimming nerioed of Q.
S4ulig to be 10 to il days, =nd various other suthors,
cole {1936, 1939), Mazzorelli (4922), Hagreier (41946)
&nd Braman (1934), find the tim=s to vary between 9 anl 17
days depanding on the temperaturs within the range 15.0 to
22,0° c.

Assuming & larval 1ife of 30 days for . pullastirs
the date of the first spawning would be shout June 104h end
the nesn weekly tempersturs st thie time {Keppel Pier) was
9.7° €., One femnle hes besen observed to spawn in the
laboratory at 10° C. but that is the exception rather than
the rule; the mejority require a minimum temperature of
about 16° C.  June 23rG-28th wae the first 5-dsy periocd
in 1947 that the surfsce tenpersture at Eeppel Pler rose
sbove 10° C. It rust be remembered thet animels on the
beaches ey be subjeet ‘to higher temperatures, and on a
sunny day during the time of spring tides, the temperature
of the incoming tide over the beaeh mey be at least 5° higher
than the temper:ture recorded at Keppel Piep,.

The group forming the peek nurber on August 23rd
would have spewned approximately 2 weeks carlier, which
would coincide with the increase in fenmerature beginning
sbout August 40th. Thiz is largely conjectursl, and a
more satisfactory sampling station, with sn extensive study/
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/study of the length~frecueney of the larvse, would verify
these assunptions,

One poirt thet {s slicited from the deta is the
sxzot period of the bhreeding season. In 1946 spawning
began Before Juna ¢st. for the larvac were firet 13entified
in the Cirst week of that month. On June 12¢th & nurbsyr of
newly settled spat were found and this indigated, sesuming
& free swimming reriod of & momth, that spawning hed caouwrred
shemt the middle of Mey. The tempercture in mid-Msy, 1946
wes only 8.5° C. at Kepnsl Piep, not rising sbove 10° 0.
until the Cirst week 4n June., In 1946 the larvee diserpeared
from the plenkton in the middle of August, Thus in 1946 the
aspawning ses3on lasted from mid-May to mid-July, assuming @
larval period of a month. In 1947 the season was from mid-
June to the end of Auguet. Spawning in two sueceseive years
lasted for shout the sewme length of time, but 4t eommenced e
fall menth later in 4947, This lag mey heve been due to
the Mﬁr&amon in gonsd devclopment subsequent to the
exceptionally low winter temperatures in 1946-47. It 1s
usuelly in the pre-spawning period that the intense pro-
iireration and ripening of the molluscsn gonad takes place,

Fertiql LUIBLEPIDNTIoN
Thorson (1946) end Berker Jorgensen (1946) have .
provided the only information on the wertical distribution
of lsmellfbrench veligers, other then oysters. In the
Sound, however, t_he distribution is markedly influenced dy/



20, .
/by the leyering of the so-called Kattegat and Baltie
woters, and the dsts from those works have only limited
application.

It was hoped to determine the normal vertisel
distridbution of the larvae of Y. pullasipa and to corrclate
this with the vertical distribution of the settled spat,

To eollect information &bout spatfall, e nurber of strings
of cultch were suspended from surface to bottom, in various
dspths, down to 40 metres, in several localities, Extreme
carec was used in the preperation of this experiment; only
new rope, with new gelvenised thinbles end shackles, and
special anchors snd buoye were used: however, every string
was lost and in the opinion of the Station boatmen, vandel-
ism wes the ceause.

To obtain & genersl picture of the distribution
of larvee, surface samplcs were taken on July 29th at L
stations - Balloech Bay, Runterston Perch, Trail Island and
Keppel Point. Lervee of Y. pullastprs were found only from
Keppel Point, where 20 were counted., This trip coincided
with a period when the population was low, &8s indicated by |
the counts from the regulsr series of samples (Graph, Plate k).i
It 8 eignificant that this evidence corrcborated the infor-
matien from the regular series. A station was later set up
in Feirlie Channel (Plate 3, ¥), end samples of one cubio .
metre were taken from depths of 3, 9, 15, 25 and 30 metres.
A period of 90 minutes elapsed between the first end last
sample of this series, The results are sumnapised below.



Time Depth | No. of Remsrks,

13.25 3 0 Few lamellibranch veligers.
1310 9 | Normal surfoce larvee present
43.00 15 6 Considersble number of

normal surface forms,

12,35 25 0 8mell no. of Mytilus edulis.
12,45 30 1 A no. of M.

Noﬁ%ﬁﬁ&l&f ranehn.

Weather ¢ Calm during the surface esemples,
8light chop during the vertical series,

These nutbers are too small for much significance
to be sttached to thems HNevertheless, they indicate that
the larvac of Y. pullsstra do penetrate delow the surfece
Jayers and the small nusbers found agree with the results
of the regular surface series.

A second vertiesl series was teken at a station
rlesed a8 nearly as possible to the positien of the July 29th
station, (Plate 3, F). Ssanpling was done in the same menner
but from the depths of 0, 5, 10, 15, 20, 25, 30, 4O and
metres, A volume of 2 cubic metres wes used for each sample
snd a period of 7 hours elepsed between the first end the/



/the 1ast sémple.

22.
The results are sumiarised below and

graphed on Plate S.

Time Depth No. of Remarks,
in metres | Larvae,
40.10 ] 26 Few other veligers,
10.30 3 30 Normal complement of surface
, forma,.
10.55 5 32 Fair no. of other veligers.
11.20 10 97 S0% of veligers were Y. -
mpfn-
14.50 5 87 Normal couplement of veligers.
12,30 20 5k Hormal complement of veligere.
$5.20 25 15 Normal complement of veligera.
16,00 30 26 Normel complement of veligers.
16,50 40 o Few veligers. gdulis
) and Nodiolue modieTess:

17.10 0 N Veligers mainly Y. pullastre.

Weather @ Celm and sunny.

Owing to the long period of time biween samples,
ecomparisons between nurbers at different depths have little

significance,

The information does indicate that Y.
allegtre and other veliger lervae may be fouand over ay
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/e considersble range of depth. It is not known whether
the behsviour of the larvae is responsible for this or
whethey the cbserved distribution is the result of s fairly .
eomplex tidsl syetem &t this stetion., ‘Thorson (1946),
found that larvae were confinecd to their 'native' water,
charaoterised by e certain szlinity and temperature; and
Kelson (1928) found that the larvse of Q. yirginice
congregate at the hslicline in Barncgat Bay. No hydaro-
graphic cstimations were made, but therc is little evidence
for the existence of a definite halioline in a tideway such
ss Fairlie Channel. Perkins (1931), also working in
Barnegat Bsy, found a possidble corrclstion hetween the
vertioal distribution of the larvae Q. ¥ADginjce aad the
and the strength of the current, although et low current
velocities and marked salinity wveriations, this latter factor
appeared to effect the distribution as found by Nelson.
The interpretation (Korringas 4940) of Perkin's data is that
the effect of salinity changes is greater then that of |
current velocities, Working in the Costerschelde, Korringa
found the larvae of (. edulls were u;xifarmly distributed in
& verticsl plane st sny time of tho day or night, in sll
kinds of westher, and at all steges of the tide. It may
be pointed out thst the water in the Oosterschelde is
shallow,
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Diurpel Movemepts.
| On August 14th, 15th and 16th, 1947, semples
of 2 cubic metres were pwméd at each low, half and high
tide periocd from the Keppel Point shore station (Pl.3,

Y

Map C), giving a series of 16 semples over 48 hours.
Results of the larvel counts for these samples are tab-
uleted in Tsdble 3, *nd shown graphiocslly on Plsate 6.

Thie showe that the nutber of larvae is closely correlate
with the stage of the tide snd also, to some extent, with
the periods of darkness,

In order to check thies data and, if possible, to
eliminate the possible effect of local conditions such as
the eddy fretor and the proximity of the intake to the
shore, & series of semples were teken from the *Neutilus'
during the period 26th-28th August 1947, at e etation
{F1.3, D) 200 yards south of Keppel Pier in 40 mstres.
These sermples of 2 ¢uwbic metres volume were taken, es
before, cpproximetely every three hours, coinciding with
the times of high snd low water and the half tides. In
addition to the surface sample, one was taken nesy the
bottom at 12 metres. It required 15 minutes to tske each
samples The results of @h:la series are tabulated in Table
4§ snd graphed ih Plate 7.

The direction of the surface current during the
times of sampling wes interesting. It appesared to occur
et rendom and no dircct correletion with the rise snd fall
of the tide existed. This £y be true only for this ares/
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few tintinnids, Veliger
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8ome ocrustages and some

Leratinm.

Rormal complement of
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Plood etream. Normal
complemant,

Plood etream. Normal
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Table he (oontd.)

'Ko. of
Time| in Tarvee, | Light] Tide Remarks
Hetre —
07.04] 0,6 | 16 |Dsy | H&lf| Ed: stresm. No deep
sauple - pump trouble.
40.33| 0.6 2 Dey High| Flood stream, Few plank-
tore of eny aort,
10.48] 12.0 25 Day High | Normal plankton.
43.30] 0.6 5 Day Helfl | Ebh stream. Little plax&ton
Pow jyiilus.
$3.45] 12.0 50 Day | Ralf | Normal veliger complement,
16.30] Q.6 7 nay Low | Changing fyom Ebb to Flood
stream, Little plankton
of sny sort.
46.50] 12.0 15 Day | Low | Kormal complemernt.
13.50] 0.6 ¥y Day Hal? | Fload etveam, Few other
: veliger species,
20.05| 12.0 56 Dey | Half!| Normal complement,
22.45] 0.6 | 1058 Night | High | Flood stream. Veligers
normal, |
23,00 12,0 | 20 Right| High| Chenging to Eb® stream,
Veligers ncarmal,
01.53] 0.6 | 206 Rirht| Helf | Ebd stream. Veligere
‘ normel .
02:.13] 12.0 ¢ ) Hight | Bslf | Pew veligers,
05,00 0.6 | 20 |pey | Low | &slack water.
05,201 12.0 34 Dey Low | Beginning of flood stream,
08.28] 0.6 3 Day | Helf | Ebb stream. Normsl weliger:
08.40] 12.0 33 Day Half | Slight obb. MNany orustacesy
4 Veligers of lsrger sise
groaps. Eyxtilps dowminant,
127! 0.6 -69 Day High | Light flood.
t1.48] 12.0 “% Day High | 81ight ebbe. Peuw voligers,
_—“ﬁﬁ-——— —
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/erea es the station was ¢lose to the outer edge of the
Keppel Point-Lion Rock swirl. Some of the samples were
no doubt taken from the 'swirl’ waeter, while others were
from the main eurrent. The complexity of the surfece
current has been esmhasixed.

The maxirun nurbers in the surface samples
coineids with the periods of darkness., In the 12 metre
samples the nurbers rise tc 8 peak Guring the hours of
dsylight, but ere always rmach lower than those in the
surfage camples. The explanation probably is that the
larvae are widely distributed in depth during the day bﬁt
conoentrated near the surfece at night, ss with meny plank-
ton orgenisms, In this series there apneers to be no
carrelation between nurmber of larvae and the stage of the
tide,

Anoihar series of samples was teken, egaein from
the shore station at Keppel Point, but at less freqguent
intmls.. The semples were most often taken at high
t1ds with smaller numbers &t low tide. Sempling was
continued for five days end six nights, from August 29th
'~ to Septcuber 4th, 1947, and the counts sre presented in
Table % and graphed on Plsate 8.

In five out of the six night samples the nuzbers
of lervae are significsntly higher then those taken at
eompsrable stages of the tide during the dsy. This
corroborates the evidence from the two previous series/



Time| of |Light |Tide Remarke
-._—.ﬁw ‘ -
12,15] 9 |[pay |[High| Cslm, Few veligers,
@i, 00| 96 Nisht | High| Calm. Fair number of veligers.
12.55| 24 Dsy High | Calm, PFew vcligers,
19,00 34 Day Low Celms Lsrge nutber of small
- veligers.
04.00] 341 |Night |High| Calm., Meny thousands of veligers.
07.18] - Day Low Too much weed - impossible to
' count.
1325} 29 Day High| Cslm, Few veligers.
19.15| ¢ Day Low Celm, Few veligers,
01.30| 378 |[Night |High| Cslm, Moonlight, Numerous
veligers,
08.30| L2 Day Low Calm. Fair numnber of veligers.
13.50] 10 Day High| Cslme Pew veligers, meinly
¥eodiolepis msrmorats.
19.30| 9 Day Low Celm. Few veligers.
02,00] 1509 |Right |High| Celme Fair nunber of veligers,
14.30! 108 |[pay |[High| Celm. Pair nuzder of veligers,
02,30 17 Right | High| Slight westerly. Pew veligors,
15.45| 19 Dey |[High| Cloudy. Extremsly few veligers.
03.30| 137 |Night |High| Southerly breeze, rain,
Hu erous veligers.
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/eories, thet these larvae underge diurnal vertiesl
migrations, In the shore samples it is possible that
there may be a diurnal horisontal movement, but this is
hardly likely in view of the information from the 12,0
metre semples in the August 26th-28th series and from the
verticsl series of August 22nd in Pairlie Channel,
Further eovidence is needed on this point, snd the present
work haes only pointed out & etrong possibility that some
sort of a diurnal rhythm exicsts. FPurthey sampling is
needold at more snd other statione in eddition to labora-
tory experimonts and obeervations on the larvae,

If & verticel migration does exist, even within
the comparatively nerrow limits of the surface and 15
metres, a meshanism for bringing about this :mvumént is
required. Several of the sauples indiceted that the
mig=etion msy tzke place within & period of three hours,
This requires a veloucity of 3 metres per hour, or roughly
40.0 om. per minute, Ho data is available on the rate of
swinming of these larvae.

Diurnal movewents have been observed in a nusbeyr
of snimels and Welch (1935) states, "Diatome, flagellates
end othsr orgenisms with weak locomotion have been obseprved
to manifest dturnsl movcments, hut cre restricted to narrow
1limits,® Pox (1925), found that Parsmsciun end echinoid
larvae under certein conditions swim down in light end up
in darimess, and so coneludes that dlurnal movements oceur
in organisms moving by eilisry asction., Kikuchi (1930),/
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/Kikuehi (1930), reviews the litersture on diurnal move~
ments of plenktonic Crustseces and mentions that limited
afurnel migration of diatoms, flagellates, Protosos,
Rotatorie and other organisms with weak locomotor asctivity
heve been observed, but that Cepatjum and Apupses mske
mopre extensive movements. He does not give his authority
for the information on Ceprstjum and Anurses, and this has
not been found elsewhere. Rose (1925), discusses in
deteil the possidble ceuses of &iurnsl movements, Holmes
(4902), discusses phototaxie in Yolygx which he finds is
phototsotic inr normel light, negatively so in intense
light, and with no reaction in weak 1ight, Thus the
literature throws 1ittle light on the possible mechanism
other than eiliary eetivity for carrying out diwurnel move-
ments by Y. Zallastie. | |
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Metamorphosis of the Larva.

The change from the free living larval stage into
. the more or less fixed or secdentary form in lamellibranchs
is recognised as perhaps the most critical stage in their
life history. The anatomical changes that oeccur in the
fixed forms like the Ostreidase are more dresstic than those
- which tske place in, for instance, the active burrowing
forms like the Veneridase. As well as the loss of the
typically lerval organs there is also the loss of the foot,
of all or part of one adductor muscle, and a general shift
in the symmetry of most of the organs of the attached forms.

. . It is on these attached forms, especially the
oysters, that the major part of the work on metamorphosis
of larvel lamellibranchs has been carried out. Ryder
(1882, 188L), Jackson (1888, 1890), Stafford (1913) and
Prytherch (1934) have given accounts of the process in
the American oyster, Ostrea virginica. On the Europesn
oyster, O. edulis, until the work of Cole (1937, 1938a,
' 4938d), there had been no adequate description of the
transition stages. Yonge (1926), gave & deseription of
the eerly spat, and Erdman (1934), gave a complete Qescrip-
tion ?f the fully developed "ansatzreifen" larva,

Most of the remesining studies on metamorphosis

have been done on freshwater nusscls, Because of the
parasitic stage in their 1life history, compsrisons with

marine species are not easy to maske. Ziegler (1885) on/
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/iﬁl gxeles cornes, Harms (1909) on the Unionidee generally
and Hebers (4943) on Anodonts gellensis, have gone into
detail on the metamorphocis of these forms, In addition,
" Bigerfoos (1904) on the Tersdinidese and Drew (1897, 1898,
1901) on the Protobranchia, have contributed to en under-
standing of the change from the pelagie to the benthie
11fe,

The purpose of this atudy of the mstamorphosis
of lervae into the spst of Y. pullastre is to exemine, in
a genersl wsy, the major changece that take place awring
this critical period, and to see whether they throw liglit
on the activities =and reactions of the young snimels, It
is not proposed to go intc the changes in much detail, for
the embryological and developental atuliei that would de
involved are beyond the scope of the present research, It
is alsormeccaeary to limit the sige of the spat examined and
this has been placed &t a length of 1.0 mm,

Meteriels snd Methods.

Plankton was taken in tha ordinary way by tow
metting or by pump and the larvee separated out snd fixed
in Bouin, which decsleified at the same time, The spat,
also fixed in Bouin, were obtained from plunger jars in
vhich they had been reared from the larvse, or vven taken
from plates of various uatcﬂaia which had been exposed as
oultech., Fixation was good though considersble shrinkage
oegurred (Ortom, 1937). Bestions were cut at 7 u. in Fster/
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/Ester wex snd stained with methylene blue and erythrosin.
Whole mounts and dissections were stained in various ways
but methylene dlue was found to be satisfactory.

' To form & basis for following the process of
metamorphoeis, & description of the larval anstomy is
desned necessary. Developuent wiil not be discussed &s
that is snother problem, and the orguns to be described
here are those of the mature larva ready to metamorphosee.
Pl.9, fig.t4 is 8 semi-diagrommetic 1llustration of &
lurva reconstructed from exsminstion of 1iving specimens,
whole mounts and sectiomns, The individucl orgens will be
discnssed separately.

The larval shell, sccording to Werner (1939), is
a geleificd structure with & conchyolin base, and at this
stage of development, it completely enclosee the dody of
the larve, It hee the charecteristic shape with the deep
yellow colour, especially in the ventrsl region toward the
edge of the shell, There are two main perts to the larval
shell, an eerlier formed area designated by Werner (1939)
as the first prodissoconch or Prod.1, end the pert formed
later, the second prodissoconch, Prodefis Prod.d 1s of
uniform surface structure with an anterior-posterior length
of between 95 snd 105 u. in differsnt individusls, Prod.11,
the large outer part of the larval éhell, is concentrieally/
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/eoncentrically striated with fine lines., Werner's
explanstion is that Prod.t is laid down uniforamly by the
shell gland, whereas Prod.1% is leid down Dy the mantle
sdge as in the mannsr of the sdult, and the atriae are
actually growth lines. The length of Prod.1* at the
end of larval life is between 250 and 260 u. As far as
oan be ascertained, there is little variation in shope at
this time, The hinge of the larva is roughly 80 u. &n
length and is in the form of a 80l11d bridge studded with
15 small teeth (Pl.2, £1g.9), the eentre one being bAfid.
At the posterior end of the row of teeth is a ligsment (L)
40 u., wide 2nd 15 u. long, When the valves ere separated
by dissection the ligament splits into two partas, one
remaining with each valve.

<he licntle.

The mantle, one ¢ell layer thick, is well
developed 8nd the edges are already functioning as & region
of shell deposition (Werner, 1939)es The lobes are separ-
ated except for a short distance near the origin of the
gills and dorsally between the adductor muscles vhere
fusion with the visceral mass ocours,

' The mantle edges carry two lobes instead of the
three normelly found in the adult (Yonge, 1948). There
are three cell layers in this region, one of which continues
into cach of these two lobes, while there is a third central
one with nuclei which stain bright green with methylene blue,
(Pl.43, f£ig.26). Presumsbly the two lobes present are the/
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/the inner muscular snd the outer secretory. No nerve
was observed in the mantle lobes of the lerva,

On the inner side of each musculay lobe poster-
torly below the gill origin is a line of cilia (Fl.43,
£1g.26C). The cilia from the two lobes may interlock and
may thus form sn effective barrier to the flow of woter
into and out of the mantle cavity. The velum is the
organ of feeding and the gills are not concerned with this
in any wey. The ¢ilia of the gills are very sctive indi-
oating that they may be functioning as a respiretory organ,
80 doubtless there are currents in and out of the mantle
esvity. It is therefore likely there 1s & mechenism far
controlling the force and direction of these currents and
for preventing the eatry of particles, It is uaggested
that the rows of interlocking cilia in conjunction with
the musculer lobe of the mentle may function as the
emtrqlliug mechanioms,

gille. |

The gills of the mature larvae consist of four
filements, 1In the lerva of this snd most other siphonate
forms, the gills appear to be formed considerably in
advance of those of Ostree edulis asccording to the descrip-
tion given by Cole (1938). Erdman (1934), in his figure
of an “"ansstzreifen" larve of Q. eduljs, shows only &8 row
of six short nrocesscs representing the gills.

The £111ls 1ie in the verticel plene between the /
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/the pesterior part of the digestive glend end the mentle
edge (P1.9, fig. 14, 1.g.)« They sre attsched enteriorly
in the region of the anterior foot root; dorsally Dy streands
of muscle to the visceral mass and posteriorly to the region
of mentle fusion. At this point fileaments originate by
vertical splits in the dlock of tissue lying in that region.
In a meture larva the longest (oldest) rilament is 50 u.
long and the shortest (youngest) 25 u. in the fixed condi-
tion (Plate 11, £i1g.17, 1.8« 1=i4)s The arrangement of
tho‘ cilia is diffioult to determine at this stage, but
living msterial shows working cilia between the filaments,

Root and Byssel Glends

The foot of the lsrwve occupiss the postero-ventral
part of the mantle eavity, adjacent to the velun which lies
directly in front of it (P1l.9, fig.i4f). In the natural
resting condition the sole of the foot lies parallel to
the ventrel margin of the mantle edge with the tip pointing
forward.

The posterior pedal retractor (Pl.10, £ig.16, DePe)
»ms along the heel of the foot, continues Adorsel past the
anterior mergin of the HMrul genglion, then posteriorly
over the top of the posterior sdductore At the level of
the viaceral ganglion it bifurcates and the branches extend
on each side of the rectum to be finally inserted into the
shell just sbove the adductor muscle. The anterior pedel
retractor runs along the anterior edge of the foot and/



Slge
/end sdove the cerebrsl ganglion to de inscrted, one
brench on eech valve, above the anterior sdductor.

The musculature of the foot is not well developed
at this stege, for it ie unlikely that it is used to any
extent in the pelegic period. However, planktonic larvae,
resting on the ventrsl shell edges, mey move along the
bottom of a watch glass by the ciliary aotivity of the
foot which is extended forward in the direction of the
movement, Newly metamorphosed larvee 4o not use this
method of locomotion, but exhibit feverish pednl activity
in the form of the typicel sequences of Aigring moverents
of the sdult. The lervee of Mytilug edulis aleo move by
means of the ciliary astivity of the extenGed foot, and
this method of locomotion is reteined in the young spat.
It is remarkable that tho nerve patterns of the edult are
outlined 80 esrly. '

According to various suthorities, the bdyssal
gland ie originelly peired, but whatever its previous
.history, in the meture laervae of Y. pullastre it consists
-of & relatively large single ss¢ ococupying the msjor psrt
of the foot (F1l.9, Tig.tl, b.g.). It extends from near
the ¢ip of the foot to the edge of the pedal ganglion,

At this time there is ro duet commecting the gland to the
deep byssal groove (b.gr.). The contents of the byssal
gland in the larve stain & light blue with methylene blue,
Quite different from the darkly staining mass charecter-
istic of the bysesl sseretion in the adult.
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Mugcylatyre.

The musculsture of the foot has slrecady been
dealt with snd the velar museles will be descrided slong
with the velum, thus lesving only the adductor muscles,
Theee occupy the same relative position they do in the
adult, In some sections they arpear to be divided into
two rerts, which may renresont the "quick” and the "catch”
sections, but it is not too definites Erdmen (1934),
also mentions that some of hie sections of Qgires cdulis
larvee seen to show this division, but he does not commit
himeelf further.

Rigcative Systom.
The Adigestive ayctew consists of & mouth

situated on the posterior lip of the velum and is gusrded
by sn orsl f£lap (Pl.9, fige.7 6.¥s)s Prom the mouth
progeeds a long ovel oesophagus, 25 u. wide and 10 u. deep
in a fixed condition, 1lined with long cilis, The oeso-
phegus extends along the pcsterior edge of the velum to
the point where this joins the viscersl msss, and them
continnes into the base of the stomeches This is e seo-
1ike body on ths roof of which lics the gastric shidd,

At the posterior end is a conetricted portion with heavily
ciliated walle, the style sag. The posterior extremity
of this (P1.9, ﬂg.ih. K.8.), lies slose to the posterior
adductor and the viseeral gsnglion. Prom the posterior
pert of the stomsch, slose to its junction with the style

sac, emerges the slender intestine which rises dorsally/
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/acraslly and rans in an unterior direction over the top
of the stomeech, It loops to the left st the front of
that orgen spd returns in & posterior direction high within
the lef't urbone. »Alm this course it takes several short
vertical loops until it begins to desccnd, still close to
the dorsal edge, passing betwsen the fork of the posterior
retrector mmecle, with the anua just dbelow the base of the
rosterior adductor.

Two digestive divertioula, one on each side, &re
connected to the stomach. In frontal section they are
pear-sheped bodics whoee pointed oxtremities extend to the
anterior 14mit of the ctomoch and whose single duots open
irto 1t sbout the ievel of the viscersl genglion.

The nervous system of the meture lerve is
eoxparatively well developeds All the genglis found in
the adult ore present ss gsingulsrly large bodies of nerve
tissue, The ganglie, whioch are paired, are complete
with cammissures, but the connectives, if they exist at
this timc, are not reasdily evident.

The visceral ganglis ere adjucent and anterior
to the postarior adductor museles The cerebrsl ganglia
ere intinately commscted with the spicsl area of the
velan, cne gunglion lying on esach side of the spicel groove
(P1.10, fi1ge15)s The pleursl ganglis lie close to the
mentle eagsinst the thia roof of the velum and ventrel to/
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/to the cercbrsl genglis, to which they are linked by
gconnectives. The pedel ganglia are cituated in the root
of the foot {ri. 9 anda 40, fig. 14, 15, 16). Conneoted
with the predal genglia cre the pairod statocysts, which
11 one on eoch 0ids of, and &bove, the gunglis, Bash
stutocyst contains 3 single statolith.

Feither the cbdouinsl senne orgsn or the osphredium
heo been obeerved in the larve of Y. pullostys.

Various asuthors plasce the anlage of these organs
a8 a group of cells close to the rectum, between the
posterior part of the astomach and posterior retractor muscles.
In these sections of adult larwve, it is impossible to point
with any certsinty to sny group of cells as being the anlage
of theee organs., In the mature lerve no hoart or kidney
oxiste sz such, and the essentisl development takes place
after metemorphosie,

Yelug.

The velum is one organ charecteristic of pelagic
lamellibrench larva, In the fully developed veliger it
is the largest szingle organ and occupiecs at least 2/5ths
of the volume of the shell cavity. When extruded, it is
circulay and ebout 180 u. in diameter and aprears to be
ciliated along its whole margin, The long peripheral

ciliz are roughly 50 u. in length and the shorter sbout
40 u.
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Tie wmsrgin of the velun ie & thick heavy
structure of cuboidel epitheliwa, which folds and crenses
when the velun is retracted (Fl.9, fig.tl, v.le)e In
the centre of the rvof of the velum is located the cone-
shape& epical plete, which steins deenly with imwthylene
blue. In its centre is 8 groove (Fl.10, £1g.15, @.D,
a.g.) in the plune of the dorso-ventral axis of the dody.

Thera uyrc anterior and posterior paires of velar
retrector muccles, the latter ure inserted in the asch of
the sheil anterior to the hingc ligement, and the former
on the buige of the velves posterior to the enterior
adductor, The slngle cirands of the velar muscles branch
at the ends to give nultiple insertions on the valves and
on the welum.

Ihe Spate.

The spatting or settliag act in non-sedentary
forms 1ike Y. pallegire is net so defined es it is in
cemonting forms. Three of the most irportant and readily
evident changes that nsy be taken as indications of meta-
morphosis ere ¢ 4. The loss of the velumy 2. The
functioning of the dyssal glend; enfl 3, The formation
ot the spat shell or dissoconche

The imxcdiete loss of the velum in Y. pullsstre
corresponds with & similer gtute found in other marine
iamellidbrencha, Its I_larval fumtion in feeding hes to
be teken over by some other organs, ultimetely the gills,
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This will be discussed further in the section on gill
development,

The functioning of the byssus gland at spatting
is apparently common to all lamellibranche, even though
in some cuses, the bynsus gland is lost in the adult.
Especially in littoral species, the spat would de licdle
to be shifted unless 1t was firmly attached or in s
cheltered spot. In the Teredipnidse (Sigerfoos, 1907),
the dbyssus glend is functional for only & short period
after sottlemsnt.

The immediote development of the dissoconch is
important in providing additional protection, for the
larval shell is extremely fregile,

Further consideration of the spatting proceses
will de dealt with in another section, &nd now the changes
that take place in the various organs of the newly settled
spat will de discussed.

The Anatomy of the Spat.
ghell.

The development of the dissoconch followe rapidly
the transition from pelagic life. The shape and proportions
of the spat shell are somewhat different from thoee of the
adult, but this will be dealt with in the section on growth.
Development of the moliuscan shell is trested in detail by
Rhrenbaum (4885), Bsierman (1902), Bernara (1896), Weymouth
(1923) , Boggild (1930), Trueman (41942) and meny others.
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¥antle.

In the young spat the mantle chenges little from
the single layer of epithelium, with sperse, elongated
nuclei, The mentle edge still consiste of ths mscular
and secretory lobes only. The third or sensory lobe
doe§ not appcar until after the animal has reached a
length of 1.0 mm, when it is formed by & longitudinal
splitting of the outer secrdory lobe, end the groove so
formed becomes the periostracal groove (1°l.413, £ig.27),
(Yonge, 1948), Previous to the formation of the groove
the periostracum originated from the tip of the secretory
lobe or from & point on its external surface (P’l.13, fig.
26 pl.).

The lines of cilia found on the inner mantle edge
of the larva ere retained (P1.16, fig.35c) in the spat for
coms time 88 a row in the region of the future inhslent
siphon. By the tire a length of 4.0 mm., ie reached,
however, these c¢ilis are confined to & depression (P1,49
r£ig. 46. c. gr.) below the inhslemt opening. The further
history of this &res requires to be followeds. Both Herms
(1909) ond Hebers (1913) for the Unionidee and Angdonta
Selleusis respectively, fipure snd describe the ciliation
of the inner nantle edge but do not dlecuss the possidble
function.

In the litersture thepre 1s 1little reference to
the form:tion of the lobes of.the m:ntle edge. ctafforad
(1913), gives ¢ chort deseription of the mentle of the/
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/the young spet of Optrea yirgipniga. It is interesting
that the figures in his plate 7. show only two lobes in
the 1.0 mm, spat, dDut three for the spat 1,5 mm, in
length, Jackeon (1890), mentions the mentls but gives
no detaile on ite development in Q. ¥irginicge Hebers
{1913) considers the order of eppearance of the three
mentle folds in Anodonta cellensis, to be first the externsl,
then the middle, end finally the inner.

Sinhons.

In the fully grown larva there already exists
the tiscue bridge sometimes called the siphonal septum,
gonnecting the two inner lobes of the mentle, Through
metamorvhosis, this bridge retains its identity and
becomes a more definite structure (Pl 14, £ig.28, 8.8.),
(Pr.1h, f1g.31), (Pl.15, rig.3h).

So-n efter metamorphosis, the primery exhalent
siphon develops from the inner lobes of the mantle edge
as & thin walled membranous sa¢, open &t the free end
(*1. 15, £ig.33 e. s1.). A similar structure has been
pereonslly observed in ys apenaris leas than 0,5 mm. in
length, though it has not been observed in life in Y.
pullestra. 1In }jj. grenaris, it is a very sctive orgen and
is rapidly extruded and retracted, much like a proboscis.
It would scem essential that some such structure should be
developed eerly in the aedéntary stage in order to keep the
mentle cherber and gills free of faeges.
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At a length of about O.l4 mm, the first indice-
tion of the inheslent siphon takes the form of tentacular
development in the region of the siphonel septum, OGrooves
form in the inner (musculay) lobe of the mentle edge ventral
to the septum, penetrating inward from the free edge of the
lobes The tissues between these grooves thickea and
elongate into definitive tentacles (Pl.th, fig. 29, si.t.).
The tentacles ncarest the septum are formed first and are
consequently the largest, while new tentacles are formed by
further grooving down the lobe, This process tekes place
on sasch mantle edge end etages are developed similay to
those shown in Pl.il, £ig.30; FPl.45, fig.34. Boon after
a length of 1.0 mme has been reachsd, although considersble
variations may occur, the upper and lower ends of theee
two groups of tentacles fuse to form the margin of ths
inhelent siphon. At first this consists of 8 or 9 short
tentacles which form the inner row of the adult siphon
(Yonge, 19148), Approximetely at the same time, the
sensory lobe of the mantle edge is formed and, no doubt,
es the siphon grows and elongates, it takes with it a
eovering of tissue from the sensory lobe, from which the
outer rim of tentacles of the adult will be formed (Yonge,
1948). In P1.15, £ig.34, se.t., the first indication of
the formation of this outer ring of tentacles sround the
exhslent siphon ies shown,

On the dewvelopment of siphons little information
may de found in the literasture. Herms (1909) indicates/
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/indiestes that the vespirstory siphon of the Unionidse
is formed from the contact of two cone-shaped prolifera-
tions on ecach side of the posterior mantle sdge., On this
opening appesr small papilla-like elevations which becoms
the "finbrise” of the siphon. Meissenheimer (1901),
leeves the siphons ocut of his exteneive work on Drejssensisg
polymorphs ae being of secondary importance. Hebers (1913)
brielfy describes the formaetion of the siphons in Anodonts
Saellensip. A bridge is formed by the fusion of the two
sides of the inner lobe of the mentle and under this
appears the first sign of the anlage of the respiratory
siphon ('Atemsirho').

wasserloos (1911) describes the formetion of the
siphons in Cyclas cornea and shows it to be a double fusion
of the posterior pert of the 'Hantelfalte', the exhslent
siphon being formed first and then the inhslent. There
are no deteils as to whether & particular pasprt of the
"Nsntelfalte' 1s involved or whether it ies an overall fusion
which, from the figures, it appcars to be. Sigerfoos (1944)
showe the larvel Xylotprys gouldl to have siphons and they
are 8180 found in the larve of Zirphses grispsta (Werner,
1939).

In connection with the development of the siphons
is the local eonlargement of the psllial muscles to form the
siphonal retractors, They originate from the muscular
lobe of the mentle nesr the sirhonsl septum, They bsgin/
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/begin as short mecle fibres which extend posteriorly
into the muntle (Pletly, Lige30, DePelie)s As the animal
growg they extend and radiate out until they cover an are
of nearly 1809 TPl.43, T1g.27, DPer.m. 8nd Ple15, £1g.32,
DPelsle, show eross and horigontsl sections rospectively
throngh these retractor muscies.

24218.

The significent change that occurs in the gille
of the newly settled spat of Y. pullogtra e the dsvelop-
ment of the adult ¢type of eilistion, which has deen
desoribed many times, Peck (1877), Pelecneer (1889, 1892),
Ridewood (1903), Orton (1942, 1913), Yonge (1923, 1926),
Atkins (1936, 1937 e-e, 1938 a~c, 1943) end others. 1In
adéition, there is & continuous inorease in the number of
filements, from the larval nurber of four, to approximately
twelve in & spat 1,0 =mm. long.

With the loss of the velum, the gills must be
asgsumed to become the food collecting organs of the epat,.
However, as pointed out by Yong-(1947), the filamente csnnot
function as f00d collectors until the food groove is preseat.
In Y. 1lloptep, a8 in moet of the other species that have
been studied, ths food groove does not appear until after
the "reflection” of these firet formed filaments has
ocourred, not until the spat is nearly 1.0 mm, or more in
leangthe It 1e therefore necessary to postulate a method
of feeding other tham that involving the food groove.
Details of the exact method must await the examination of/
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/ot living material. It is doubtful if the pslpe are
ags yet functioning us morting mechsnisms, They are funnel-
shaped, eiliated on the ineide and direoted with the opening
toward the ventral murgin of the row of filameuts, This
ventral margin may aot &8s a temporary food trest, The
palps are relstively luarge structuree, and it would not
be neoessery for the food directing mechenism to be finely
adjusted for the food particles to atrike the palp srea,
Ho. doubt the rapid development of the adult type of otenidial
eiiiation 18 &séocuted with the gill becoming funotional
ag 8 feeding organ.

The method of inerease in the nurbor of filaments
is most easily obeorved in the spat, salthough 1t e
evidently a continuation of the same proocess in the larva,
Attached to the siphonsl septum are two bdlocks of tissue,
one on each side of the median 1line, shich are the the gill
enlsgen. PFrom each of these sre "budded" off (to use
Lanksgter's term for the prooess in Pipidium (1875) secotions
whioch elongate into ciliated gill filaments., These form
the outer lamella of the inner demibranch. The vrocess is
shown n lateral view in Pl.iL, £ig.29, and in frontal
view in Pl.46, ri1g.35. Lecase-Duthier's (18%) luciad
Gescription of the process in Nztilus 2dulis een hardly de
improved,

Thus the lamells is added to from the posterior,
the oldest and longest filaments being the most anterior.
The first filament, which 1s never reflected, is attached/
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/attaghed to the visceral uwass, with the ventral end
lying between the upper and loweyr pelps. The free ventyral
tips of the filsuents which are enlarged longitudinally
are rathor loosely uaited, prcbebly by oilia sione, At
a length of 1.0 im. two well defined rows or inter-
filemsntary Juuctions are preseut and the free ventrel
edge of this lamelle begins to fold iuwvard snd upward.
This is the beginning of the reflected (indireot or
eecending) inner lsmella of the inner demibrench. The
fusrther developient of the gilles is beyond the scope of
the present resesrch, but parts of it have beeon observed
and thoy may bs of interest,
' Soun eftcr the peflection of the cuter lemella
of the inner demibranch, the outer demibranch begins to
form along the axis by an upward growth of nowly formned
filements, Tho provess differs from that in Mytilus
sdniis (Laocsze-Duthier's 4856, Rice 1907) in which the
eorresponding growth ie downward, but it is siailar to
that desoribed for Cyclus comes by Weeserloos (1911).
o Y. mdlegire, the formetion of the outer lamells of
the outer Gemibrench cannot tske plece by outward and
upward reflcction of the inner lumells, The terms
‘reflected’ or 'sscending' which ere epprovriste for tho
innsy demibrench, are herdly spplicable to the ocuter,
The formation of the double lamella must teke plees as
shown by ¥Fesserloos {4941) for Cyoleg gornes by a bending
or doubling downwerd of the single, first formed lamelis.
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This approasches more closely the method of gill formetion
sugpested by Yonge (1947) based on functional end
theoretical coonsiderations, However, there still remains
the question of the fommtion of the food groove, of which
there is a0 evidence before the bending or doubling hes
taxen place.s In wddition, there is the formmtion and
aisposition of the ctenidisl bloud vesvels to be conaidered.

Rkidewocod {1903), kice (1907) end especially
vasserloos (1914) have reviewed the litercture on gill
development end since that tiwe there has been little or
no work on the development of that orgen in lamellibreanchs.

The mode of gill formstion in Y. pnllestps throws
1ittle new light or the subject. The inner demibrenchs of
both lyiilus eduldisn end Y. pulisaptpg ere formod An e¢ssential-
1y the some mennep, dut different from that of Cygclsis Sorpas.
The outer demibranche of Y. pillastyre «nd C. cOXNgR &ppear
to be formed in & similapr menncey, but different from that
of j. gdulis. In addaition, Rise (1907) found the forma-
tion of the later filaments to be different from that of
the eariier filementa, This brings to mind the often
used quotetion from Rice {1896) regarding the extreme
plastieity of the lamellibrench gill, It ie becoming
inereasingly evident that functiocnal interpretation ie
required to go hand in hand with morphology in the study
of develomment,



. The byssue glend becomee funet 1ontv1f'/t-tw time
of metamorphoeis when the gland becomes cvamwﬁ%ec with
the byseel grco&e. The foct tecomes shorter end brocder,
Tut the ciliation ic retsined (71,49, Tir.kf), The
byerus gland mover further tack into the foot end decomes
roletively smalley,

Bervous System
The nervous sytem changes slightly at mete-

morphosis with the aslteration in the position of the
sepedral ganglia and their fusion with the pleural ganglia,
The connectives now become evident, The statooysts and
statoliths inercase in size, Immedietely below the
visoerel genglion, & part of the epithslium becomes
gpecialised into the sense organ described as the
cuplradivm (Pl.46, £1g.36, 0.8.) which is evident when
the animal resches & length of 1.0 mm,

The mejor chenge in the Qigestive system is the
alteration in the position of the mouth and ocesophagus.
On the diseppcorance of the wvelum they move dorsally and
te the snteriny until the month lles immedistely in front
ofy, and on 8 lovel with, the anterior adduc’or musele
(Pl. 91, Tige. 43, 19, 21)e In the earliest epet stages
it is olose to the adductor, but later moves a short/
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/ehort Adistance back from it, Up to a length of 1,0 mm.,
the mouth opens directly downward, while the oesophegus,
now relatively shorter than in the larva, dbends round to
enter the stomach (P1.19, fig.i6 o.e.8.) The stomach
enlerges repidly and the posterior end is tilted downwerd,
bringing the style sac into & more vertical position (Cf.
P1.9, rig.4li and P1.19, £ig.L6).

The inteetine extends back parallel to the base
of the stomech, behind which it bends sharply upwerd (P1.49,
£ig.i6, 1.n.t.)e It mekes & short loop in the vertical
plane to the right and proceeds almost to the dorsel 1limit
of the body where it bends to the left in a horizontsl
plane, with the loop pertly overlyiny the stomach, It now
pasces directly backward slong the dorsal body wall end as
the rectum passes through the heart end poricerdium (P1.19,
£ig.46, r,Dyhe)s It then circles behind the posterior
adductor to wvhich it is closmely eprlicd, end bends far dback
on itself to end in an anal bush just below the viscersl
ganglion.

The digestive diverticuls (Pl.16, fig.38 d4.4.)
undergo no important change other than inereasing m size
with the formetion of mumerous branched ducts, They cover
the viscerel mass in the anterior dorsal region and the
ducts enter the anterior part of the stomech at the upper
iimit of the style sce,



The heert and pericardium, together with the
kidney, are generally assumed to originste from a common
- anlage, which tekes the form of basnds of cells just
snterior to, and above, the viscersl ganglion and posterior
pedel retraotor ruscles (Meissenhoimer 1901, Heders 1913,
Pornsndo 1931, Erdman 1934). The enlage could not de
identified with gertainty in the larve of Y. pullsaire,
but the sppearance of the three organs in the spat wes
unmistakeble. In a spat of 0,28 mm. the thin walled
perioardium appesared as a comparsatively long shallow
oavity surrounding the reotum, extending from the
posterior end of the hing ligament to the posterior
retractor muscles, The heart showed 88 a doudle membrane
tightly enclosing the reotum but as yet there is no cavity.

At 8 length of 0.35 mm. (F1l.17, fig.uh), the
development from the preceding stage is consideredle, The
extornal heart meubrene hes now separcted from the internal
to farm & oavity surrounding the rectum. The heart is
surrounded by the periecardium which is bounded to the
posterior by the kidney. A sagittel section through the
heart, pericardiun snd kidney of an animel 4,0 mm. in
longth (Plet7, fig.43), shows the muscle fibres in the
heart wall Just beginning to appear,

The larvel kidney could not be identified with
certainty. Very soon after spatting, in animsls 0.28 mm,
long, the beginnings of the kidney were identified at the/
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/the posterior cnd of the pericardial ecavity, egainst
the posterior retrsctor museles, The organ consists of
a paired vesicle with occasionsal groups of celle which
reszenidle the exoretory cells of the msture kidney, In
an animal 0.5 mm. in length it is & shallow body with a
central lumen, uing enterior to, and vertieal egainst,
the posterior retractor musgle (Pl.47, £ig.40, kKe)e A
disgrammatic rcecconstruction of & kidney in an enimel 0,5
mm. in length is shown in Pl.17, fig.39. The frontal view
is shown with the uper pamt of the figure corresponding
to the dorsal part of the organ. A. and B. are cross
sections in the regions indicsted by the two lines. In
Ple47, Tigs.41 and 42, are shown reconstructions of the
right helf of a kidney in an animal 4.0 nm, long; and
Pl.17, £ig.li3, k. shows a sagittel section of the kidney
in en enimal of the same size, The gland consists of two
tubhes, one within the other. The inner, thinner tube 1is
the reno-pericerdisl duct which leeds from ths postero-
ventral pert of the pericardium into the dorssl part of the
exoretory section of the kidney. The direction of the
current is shown by the disposition of the cilia in the
renp~-perioapdial duct, The excretory pore discherges
nesr the reno-pepricardial copening into which will later
be the suprabranchial chamber. No duets are evident in

enimels 0.5 mm. in length.
| The two lobes, right snd left, of the kidmey
are united by a commmicating tube below the yectum.
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Later the walls of the kidney become greatly folded in
order to inerease the surface area. .

Hebers (1913) considers that in Angdonts
Sellensis the kidney is so well developed that the reno-
pericardiel duct functions shortly before the beginning
of the freo living period. Conmparisons sre 4ifficult
but there ias certsinly no evidence of the kidney deing
sble to function in Y. pullastra until & length of at
lesst 0,5 mn, hes been reached. Ohdner (1942) in his
extensive work on the morphology and phylogeny of the
lamellibranch kidney describes thet of Yenus g2lling es
& representetive of the Veneridee. The structure of the
kidney of the adult Y. pullestre ie similer to that of
Yenus gelling, dbut both are different from the organ found
in the spat less than four or five nm. in length.

Sonag.
In enimsle 1,0 mm. in length the gmad appears
es a smell cluster of cells attached to the outer side of
the wall of the ventrel pertoardium (Pl.19, £ig.h6, £.).

The fate of the Velum.

The most drastic snatondcal change that occurs
at metamorphosis is the loss of the velum. From sections
of & nuzber of newly spetted specimens, in only two wes
found sny evidence of whst might have been remains of the
velum. This consieted of cellular debris in the mantle
cavity in the repion of the mouth, which d1id not exhibit/
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/exhibit the normal eleax-cut outlines It appears from
this that the bulk of the velum is sloughed off and that
the operetion 18 a rapid snd offective one vhich sccurs
soon gfter the larva ceases t0 be pelagic.

With the loas of the velum the mouth and oceso-
phegue are free to dorsally and %o the anterior, taking
with them the cersdbral genglion and the epical plate,

As shown in Pl1.9, fig.th, these organs were closely
asmocisted in the lsrva, The pleural ganglis have now
become fused, or nsarly 6o, with the cgerebral genglia

whioh take up a position adjncent to the anterior adductor
msele (Ple11, £ige21, CeDefle)s The apical plete meintains
aprroximetely the same relstive position that it 414 in the
larva, and so comes to lie directly sbove the mouth, It

is presumed by various authorities to form the beginning

of the upper pelps. This 2lmo appears to be the case in
Y. Imllastye, for in the earliest spet the tissus of the
palp region is identiocal ¢oc that of the apiesl plate (Pl.44,
L1g.48, 8.Ds)e  In Ple42, £4g.22 is shown ths mouth regien
in frontal section in a newly settled apat, Prom this
erigin the upper palp grows rapidly end at a shell length
of 1,0 m, they are 0.1 mm. long. The 1.2 mm. spat of
Sstree odulis Gesoribed by Yonge (1926) also had relatively
huge pelps.

Up to & length of at least 41,0 mu. the upner palp
forme a hood ebove snd sround the mouth (Pl.12, £1€¢25 UePe,
£ig.2l WeDe)e In Pla12, £ig.25 i3 shown a semi-diegrammatic/
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- /eeni-dlogremmtioc dvewing of the palps dissected from sn
enimel O.75 ma. long. After severing the oaoophagus“ the
whole was Gdissected out as & unit, vhich may indiocate the
close tissue relationship betwesn the upper and lower
relpse The origin of the lower palpsis, however, debatable
snd there is the suggestion that they originate as out-
growths of the upper. The definite break in epithelial
structure botween the lower 1lip of the mouth and the loweyr
palp is shown in Ple1t, fi1g8.20 j.mfaps The mouth and
ocesophagus are lined with tall columer cells with lightly
staining nuclel and the pelp with more cudboidel oells with
heavily steining nuclei. It would therefore appear more
likely that the lower pelps &are outgrowths of the upper.
Lovéa, es carly es 1848, asnociated the develop-
- ment of the palps with the apical aprea of the velum, and
Gerbe (1875) suggested the velum was trensformed into the
palps. Daveine (1852) believed in the shedding of the
velum toward the end cf larval life. Ryder (1884) working
on the metamorvhosis of Qetrse yirzinige, sgreed with none
of this. Sigerfoos {(1908) believed thet the velum of the
Tenedinidee is suddenly cast off and eaten soon efter the
attechment of the lerva =nd that, .as @ consequence of this
loae, the formamtion of the pelps has ne connection with the
velun, Stafford (1913) discusses at some length the
theories of palp formetion and questions whether the velum
hee anything to do with the pelps in Qgtrea yirginies.
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Jookson (1890) speaks sbout the psips and the velum
existing st the seme time in Q. yirzinige. Field (1922)
studled the formation of pelps in Eytilus edulis from whole
mounts only, and came to the conclusion that the develop=
ment in M. edulls is similar to that worked out for
Dreissensia polymorpha by Heissenheimer (1904).

¥hile much research has been done on the
development of freshwater lamellibirenchs, most of the
species studied have no veliger larvee snd the paips are
deaoribed as origimating either from papilloe &8s in
W (Hebers 1913, Harns 1909), or ss outgrowths from
the upper nnd lower 1ips of the mouth as in Cyglas (Ziegler
4885, Wasocrloos 1911)e Messenheiner (1904 in his very
detailed paper on Drelgsengia descoribes the upper pelps es
ariginating from the epical area. He also desoribed the
Tormetion of the inner or lower palps as "outgrowths of
ths posterior énd inner side of the outer palps.”
Cole {1958) sgain took up the question of palp develop-
ment in Qutres edulis and he agrees with Keissenheimer ss
te the mode of foromtion.



It i1s nowm thet oyster larvee tend to set more

resdily on under surfaeces of various cultch meterials,
Schaeffer (41937) hee demonstreted & functional relsationship
between the sngle of surface and the freguency of attach-
oent of the larvae of QOgtres glgag in Quilcene Bay.
Esgent 4ally the same relaticnship was found dy Hopkins
(1935) for Q. Juride. They attempt to scoribe this
setting behaviour to & "negative geotropiam or to the
purely mechanicel feetor of the swimming position of the
1arys where the foot and velun sre uppermost, and would
therefore most af"ten, fortuitously, come into eontact with
undoy surt‘aces.;‘ (cahsofrer 1937)e Tho swimiing positiom
of the larvee of ¥. mllagtys snd mort lemellibrunch veligers
is not different from that of the oyster, It is not imposs-
ible for byssus attaching forms to settle on under surfaces,
an@ in » few instances, this has been found to ocour.
Experience hss shown matl non~-cementing species prefer to
settle on ths upper surfeece of cultch material. On beeaches,
the spat of ¥. pmullcctps are most often found atteched to
the under edge of overhunging ledges on pebbles and small
stones, To gain some information on the setting behavour
of Yo pullustra the following experiment was carried out.
Nine 4" x I ground glasc pletes were held at
various angles in fremce of ¥" mesh galvanized wirs.
These were dupliceted with plates of Tufnol (trade nsme for
plastic sheeting). PFour sets of nine plates were hung 18" /
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/48" Bolow the ewface, from a yaft moored off the station
8lip, previous experience having shown this to be sn
exgellent setiling ares, The frames were hung free to
swing at random relative to the direction of the cwrreat,
which in the region of the ralft docs not couform to &
dizcerncble petiem. It is probudle that the fremes would
swing 80 aa to offer winiuua resistance to the prevailing
curreant, l.e. parullel to its direction.s In this ¢nee
sinilar amounts of water would flow over all surfaces
regardless off the engle at which the plates were held.
Partial oclogging o the meshes of the wire frames with
elgae may hove altersd this. The frames were plaged close
togother to iasure ednali‘hy of exposure snd remained in the
sca from July 25th to Septesider 2nd, 1947, during which tize
no gtorms cccurreds The detritus from the upper sides of
the plates was oxanined in a counting cell. In addition,
both 2ides of the plates woere sxamined under & binooccnlay
mierossons. Both spet end settled lurvae were counted,
the latter bLeing assutned to be undergoing ueteamorphosis,

Resulte.

No spat were found on the under surfaces of
plates, This corroborates many other observations on
flat horizontel collectors, and this behaviour appears to
be typical of most veligers which do not become permenently
attached like those of the oycter.e Even in the ifnomiidae
a slightly hicher proportion of larvae settle on the uprer
surfeee of cultch material,
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The counte given in Toble 6. indicate a good
carrelation between the frogucncy of spatiing a&nd the angle
of the settling swrlaos; the greatest settienent ocours on
the upper surfecos shich ave nearest to ihe horisuntal.
As shown cleasly in Teble 6, and tu the graph Pl.24, there
io ‘little difference in the emount of gettlement on gless
and on Tufnol; and the applicution of a test of eignifi-
canoe proved mo diffevence statistically. The originsl
intention in using gless wes to deterwiue whether light
exoproinsd any influense or the setting hehavioure
Havever, the upper surfages of {he plates, oven those
faclined st & stoey sagle, wepPe soon fouled by & coating
of detritue vhich nrevented ths tpensiciesion of lighte

Gouwe spatting took plece on the inclined uletes,
The sress of these were projectcd on to the horisoutal, cnd
the nucher of spal per squsre inch calculeted. The
folloving vesulls were obtiined snd plotted on the graph
Fle20.

Igtel  Ixojegtsft Iotad Arge  Eroleoted Arss

o 1€ 1% 5.0 540
3% 16 2 L6 6.2
&S 16 s e 7.0
60 16 & 3.0 12.0
9 16 0 0.0 0.0
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¥hen the totel exposed ares is oconsidered, the
officiency of the plates as spat collectors decresses as
the engle of the plate increasea; dut when the areas are
projected on to the horizontal, the efficisncy inocreases
¥ith the angle. Theoretically the curve for the projected
ereas would continue to rise after the 60 degree point, but
sinee no spat were caught on the vertical pletes, a gero
velue is graphed for the efficiency of the plate held at
that angle.

If the sstting was the result solely of grevity,
there would heve been sn oqual catch per unit of area on
rojected /surraces. But this was not found to be so, for
the plates hcld at sn angle proved to be moat efficient,
Therefora, it appcers that the setting act is due to a
horisontal movement of the larvee, and this is doubtless
drought shout by currents striking the faces of the plates.
On the other hand, uprer and under eides of all plates,
regardless of angle, were theoretieally exposed to equal
amounts of flow, The non-settling on the under and
vertical surfaces may be exrlained by the lack of fouling,
If equal amounts of water did pass &ll pletes, then all of
them, if equally fouled, should have caught equal nurbers
of spat, regardless of angle, total exposed, area, or of
projected area, It may be concluded that the supposition
that all plates were squally availeble for settlemnt does
not hold good, pessidly because, owing to the fouling of
the meshes, the frames did not swing as snticipated. The/
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/The conclusion that the setting act is due to 2 horisontal
carriage of the matkura larvee in ocurrents which strike the
plates more or less at right engles, coupled with initiel
fouling of the setting surfage, seoms to be valid under
the conditions of this experiment.

Kelson (1926, 1927), Prytherch (1934), Cole and
Enight J-nes (1939), Korringa (1940) and others, have
investigated the relationship between the number of oyster
spat and the angle of the set+ling surface. Korringa (1940)
is the only investigator to find that more oyster larvae
(Q. gdulip) settle on upper than on under surfeces, No
adequate explanstion has been given. Korringa (1940)
gives the gusrded explanation that 1t is the result of the
efforts of the mature larvee to attain their ecological norm,
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Nortality of the Spet.

The large spatfall of Y. pullegtre in Belloch
Bay from the breeding in summer of {1346 suggested the
possibility of following this brood so as to obtain infor-
mation on 1ts distribution relative to tidsl lcvels, its
mortality asnd its rate of growth. The beach as & whole
does not conform to a hsbitat for Y. pullaetys, so thie
gpatfall also presented the opportunity of determining
whether the small populstion of adults was dus to unfavour-
able hebitat or to normal lack of spatfell.

After larvae had disappeared from the plenkton,
three one-square foot samples of beoch surfeco, to & depth
of two inchses, were taken from each of 7 stations in & line
running frou high water mark to low water mark, on a spit
in the centre of the Bay. The stations were plaged at
thimty yerd intervals down the dbecach, snd their tide levels
determined by taking the .tima.a at which the tids reached
them on & ¢aslm day, and finding the corresponding heights
from methods given in the Admirslty Tide Tebles for 1947,
Supplementary Tables, page 249. The stations were found
to be at the following tide levelm: 8.0, 7.0, 5.0, L5, 4.0,
3+0 &nd 4.0 feet. The beach along the line of stations ie
composed mainly of & fine layer of send to a depth of 3 to
12inches, overlying. a bed of c¢clay. The whole area ia
seettered with fuirly large boulders (Pl.22, figs. 1 =snd 2).
Verious dispersed ereas are studded with emall pebbles 1.0 /
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/140 to 10.0 cm. in diameter, and it is in these regions
that the meximm spatting of Y. pyllegips occurs.
Flattely and Walton (1922) Appendix 114, give 8 desorip-
tion of Balloch Bay.

The tidal stresms in this area have not been
studied in detail, but there sppears to be a ourrent
parallel to the shore, cspeoially on the ebb, with & strong
likelihood of &n eddy. on the flood tide, caused by the
projeetion of Clashfarland Point (Pl.3, Map), which marks
the southern extremity of the bay, The beach supports
a smll population of Jiyg srcnsris and of }j. trungete
especislly at the lower levels, with Caprdiup edile and
eonpayatively mmell nurbers of Yeperupis pullastirs.

Sempling.

Sampling was done with a ons foot sgquare iron
frame which could be pressed down into the beechyand the
sand snd grevel taken from within with s emall shovel,

The samples wore placed in cloth sacks ss they were collected
and taken %to the laboreiory where the spet were separated
out. This was Sone first Ly sieving the whole sample
through o 4.75 ., mech cieve. The residus was carefully
picked over and all the pebdbles ond roockz examined, some
 under the binocculsr microseope. In this way the larger
spat were ramoved. The finer cand which passzed through

the rirst cosrse sieve, wee thea put through arother 0,75

mn. meth. The residue was examined in & counting cell

under the binocular microscope. A nuber of enimals less/
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/less than 0,75 mm, were obtained, indicating the possib-
il4ty that part of these smmller aise groups was lost, A
more refined method wonld heve been prohibitive in time,

Ail shells or parts of shells, as well s the
living animals, were teken and countg made of ths animels
living at the time of sampling, of the complete single
valves, snd the nurber of single shalls drilled by gee-
tropod, which was tsken as the nuiber of animals bored.
To arrive at an estimation of the number of dead enimsls,
the nunber of unbored single valves was multiplied dy the
faotor 2/3. This is a more sultsdle conversion factor
ther 1/2 because the chances are greater thst more single
than both valves representing & peir, will be found, In
estimating the nmumber of valves from fragments, any part
that eould net be dupliceted, such ss the hinge, was eon~
sidered to be & single valve. The conrlete dsta is
tadulated in Table 7.

The first sempling wes done in Septenber, 4946,
snd further ssmples were taken in Decenber, 1946, Pebruery,
April, June and October of 1947. The ssmple from the 1.0
foot level in the October samples was not obtained until a
month later besesuse of the unsuitseble tides.

Besults.
In Pl.2i is shown the distridbution of the spat
over the beach for the 1945 and the 1947 spatfalls, A
striking festure of the graph is the similarity in density/
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/denoity end distridution between the two years. This
would appear to indicute that the physical ncture of the
beach is the essentisl fector, Yor this is relatively
constent, Similarity iu density Gid not occur in the
case of Hys apcpapis =nd Copdium gdule, for the former
species spatted lightly in 4946 and heevily in 1947,
vhile the latter spatted heavily in 4946 and lightly in
494%7. It is believed the low value for Y. pullegtrs et
the tide lovel of 3 fect is dus to the unsuitebility of
the ground for setting, as it is composed of nearly pure
stng, and thus provides no sttachment for the byssus.
Stations at the 5.0, 7.0 and 8.0 foot tidal levels are
much of the same nature, although, doudbtleses, ths high
level on the beach mey asocount in large measure for the
small spatfall there.

Returning to the low value at the 3,0 foot level,
it seems unlikely that in the short distence between thie
and the 4.0 end the 1.0 foot stations, there should be any
fagtor such as tidal swirl to prevent initial spettiag,
shen this was heavy edbove and belows The absence of
natural ocultch either prevents setting; or, if there 1is
setting, survivael beyond the earliest stsges after meta-
morphosis. A semple taken helow the zero tide mark at the
outer edge of the Laominpria sone feiled to yeld eny spat,
aad here agein the dottonm ies of pure sand,

~
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Nortality.

The reduction in the nuvber of apat per square
foot throughout the year is shown in Table 7, and the
mortality rate on Plate 27. By June 1947, ths mortality
had yesched ncarly 1007. The oausce may be tentatively
attributed to threoe fuctors:

4. The unususlly sever winter of 1946-4;7.

2, Predators.

5« Genersl unsuitability of the hsbitat,

It 15 true the winter of 1946-447 was unususlly
sovere, but no darastic erffects were noticed on other
invertebretes in Balloch Bay. Ssmpling at Cross Houses
Beach disclosed no heavy mortelity of Y. pullagirg there,
though the original mumbers were not large. It 1s doubtful
if the sovare winter played a significant pert in ceusing
the excgessive mortality iu thie drood of Y. pullaptrs.

Prcbebly three types of predntors have to be
constdered, Belloch Bay is the feeding ground for large
floocks of seversl species of shore tnd ses birds, such as
gulls, curiecws, oyster catchers, red legs, sider snd
msllard ducks, Xt is known that these types of dirds 4o
feed on small molluaks, and even & amall nunber of dirds
feoding regulszrly ovor a period of nesrly 8 yeep, could
make a considersble inrosd in a population of littoral
moilusks, especially in sush a Cavoured feeding ground.
FPich sre well inown to feed on smell mollusks (Davis 1923,
Blegved 1928, Peterson 1945). Flatfish are known to/

SE
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/to frequent the intsrtidel sonce of Belloch Bay dwring
high tide ez evinced by their treces in the sande A
third type of predator is the 4rill or gastronod borer.
Approximately 57 of the dead spat Laed been Arilled.
This 1i¢ e sdnimum figure for it is likely that a Arilled
ghall will breek up more resdily then an uvndrilled one.
Hunt (1925) considers thet Eatiga ie recponeible for the
numerous &rilled shells of bivelves in the Plymouth erea.

It {8 bellieovsd that the maia ceuse of mortality
in Balloch Bay is tho wnsuitability of the growmd for
older spat, The surfaee layers of the beaoh in which the
young spet must at first maintain themmelvzs is not 8
stable suvironmer® and ths surfroe layers of sund shift
about coneidersdly. This wos chserved: one instance wes
the epnearance,over the winter,of a bed of fossil Lutperis
and Peoten shells to one side of the ststion st the 4.0
foot lsvel. Thus the young spst, along with the holdfaet,

7ey be buried hy shifting sand, A% this stage the siphons
sre not more than 4 - 5 mm. loug in the larger specimens,

83 it doses not regquire & desp layer of sand to smothepr
them, On the other hand, thay moey be more exposed by the
shifting of the send to predstors or *o wave zotion, The
thoory of the instabillity of the environment is further
supported dy the faot that the small adult population on
ths beach ies found dDetween the 0. 2nd the 2,0 foot tide
levels; an ares whare doulders and pebbles provide good
protectien for both the young snd old.
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The Cross Houses Brach et Millport, which
supports the densest populstion of V. pullegtra on the
island is nearly & solid mas- of large Tlat rocks
providing plenty of attachment &nd protection; an
extremnely steble environnent «s far as movement of the
subgtratun is concerned. Fron the small adult population
on Belloch Bay it seciws that & high ncortality is not
unusual.

Twe similar specins are found in British
Colurbiz, the indigenous pPaphisa stamines and the imported
Japsnese Paphia philip jnsrum; but their hebitat is
differcnt fron thet of Venerupis pull:stra. They prefer
& protected brach of nixed gravel, shell snd :ud. It is
not known whether Y. pullustrs is found in such &n environ-
ment, for the writer has secen nothing cospareble in Scotland.
All beaches 61:1 the Icle of Cuibrae sre exposed to wave
action that &t times moy become coneiderable,

scu

It is striking that the rate of mortality of a
large populution such ¢s that of young V. ppllestra in
Balloch Bsy should be so high as practicaelly to destroy
the whole population within 2 yeser. Such occurrences
are not unknown in other species, for eymouth, Mctiillin
and Holmes (1925) record a mortality of avproxiumately 667
for the spat of $iligua patula on Copalic Beach,
washington, between August, when they settled, and the/
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/the beginning of Decerber, A storm in that month
reduced thc nusbers still further from 494 per square
foot (the 33 ¢ survivel level), to 18 per square foot,
end by [~bruspry these had been reduced to 16 per square
foot. Few, if any, were revnorted i the follo’wing
sumier. Thus it ig scen that o hcoavy set of clems,
originally 4450 »er square foot, rcy be completely
destroycd, cven when they have settlcd in the type of
hebitat which is8 ontimal for the s ccies. Therefore,
in corparison, one mirht expcet consideruble mortelity
in Belloch Bay, for it does not reoresent & hebitat in
which the edult Y. pullestrs 1s found in greatest
abundence.

This raises once again the problem of meta-
morrnhosis, choicce of substratum, delay #nd mortality,
Thorson (1946, pp. U60-467) has discussed this st some
length and concludes that the "either, or ¥ hypothesis
of settlemmnt of 'wrine invertebrate lsrvee is not tcenable.
Belding (1912) woe among the first to point out that the
survival of lumellibronch lurvae depends on the character
of the bottom in which *thry settle. Neclson (1928) puts
the matter succinctly vhen heo said, "When the time for
gsettling arrives, the larvee must attach or dle,"

Yonge (1937) ussucd that the survival of the two specics
of Aporrheis in Herdle fjiord depends on vhether or not
they settle in the hrbitet Tor which the ndult is adapted,/
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/edapted, but that in an intermediste region both
Bpecies are eble to exists Thorson (1346) cites
Hortensen's {(1924) experiment in which he was sble to
induce metsmorphogsis in the lirva of the echinoid
Eelllts sexiem-perforata by edding sand to the dish in
which they were living. Dey and v'ilson (4934), and
¥ileon (1937), heve shown that the larvae of various
polychactes are gble to nostpone metamorphosis until a
substratun suitable for adult life is encountered. It
is significent that Thorscn'e most convineing data comes
from leboratory exporiments., Larvae of Branohioms
Fesiculogum kept by Vileon (1936) hed a fairly suitable
substratuws availeble, but there was consideroble variation
in the time of settling. Lamellibranch larvee are very
difficult to rear in the laborstory and the results, in
relation to time, of such experiments rmst be treated with
csution. Russell (1934) says, "It is possible that the
settling down of pelsgic larvee is & much more precisse and
ocomplex affair than we imsgine, invelving specifie
behaviour acts or treins of behsviours"

It is not unlikely that the larvee of marine
invertebrates have & certain power of selection of their
environment for settling in; witness the scarch of the
larval oyster for a clcan surface; but the larva's
horizon 1is limitasd becauese of its slze. A larva of Y.
pullestra mey settle in the thin film of detritus end
sand particles on a glass plate snd this is suitable/
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/suitdble enough for the spat, because the thicknass of
the film 1s adequate rcelative to the size of the spat,
But it very soon ocutgrows this environment, tthat nmst
be considered is the commparative size of the cosmos of
the larva or gmall spat and the cosmos of the adult,
fuiteble setting grounde for the larvee and spat of Y.
W ere common, but there are few habitats suitable
for sdultss Balloch By provides cnvironments suitable
for the grot, yet few sdults vore found there, and all the
mortelity cennot bhe attributed to predstors.

Meny more exammlees might be given but ons will
suffice. Both tymes of ground inhabited by Aporrhals
(Yonge 1937) are no doubt suitable for the newly settled
larva of both . peg-neliceni and J. serregionps. The
mortality may well take place after the young have out-
grown the larvel eavironnmt and ne~d the more restricted
environent for vhich the adult is adented. No amount of
delay in uetamorphosis or occasional "touching dowmn® to
test the subestratum cs they arce carried along by the
current, as suggested by Thorson (1946, prage 465), can
overconie the difference in the nz2eds of the onetamorphosed
larye =nd of the adult.

Coreful exsmination of & veriety of ecurfaces in
the littorzl and sub-littorel zones revetls the spet of
many different specics, often in sonsiderable numbers, in
areas totelly unlike the ndult hsbitat, Wot alweys ic
the settling aret even suiteblc for the young spat,
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This period after setting, possibly up to a
year after this, is the stage in the life history of
many sessile marine invertebrates at which considerable
mortality occurs and this is certainly the case with Y.
Iullastra. Contrary to the new school of thought on
the subjeet, it 1s still believed thet survival of the
spet and final succees of any spatfall is largely a
matter of chance. It is agreed that the larvae, or at
any rete the larvae of certain epecies or groups, may
exercise a certain amount of choice in the selection of
‘a suiteble substretum, but it is a choice that in the
mein fulfils only the immcdiste needs of the spat. It
also appears that in most cases the high mortalities
suffered by meny speciee after metamorphosie (formerly
attributed to the period jmmedjstely after metamorphosis)
msy be spread over a considerable period. This would
certainly explein the mortality of the 1946 drood of Y.

Dullestra in Balloch Bay.
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Consideroble interest is being shown in the
rate of water propulsion, or filtration rate, in verious
marine invertebrates, initially bocause of the economic
and hygienic importance in oysters, but more recently in
other filter feeding organisms in conneotion with food
intake and metsbolieme Similer studies onm Y. pullecstrs
wvers undertaken ;partly for the lstter reasons, but meinly
to ascertain whether, snd if so how, the filtration
exrvents and consaquent proscures are involved in the
spemuing sot,

Direct methods of etudy have been used where
the aiphoas of the tnim.ls concerned have been tapped by
tuber or rubber sprons snd the sotusl cuantity of watep
rassed throuch these tubes has bean essured. Indirect
methods have 2leo been used by seasuring the rate at which
aninels were sble to clsar suspensions of various types
éf particles,

A direct method wae used by Perker (1914) who
megoured the strength and volume of water currente
produced in sponges by attaching e tubc to the osculum.
Plecing the tube in 2 verticel position cnd observing |
the ingrsase in hoigh? of ths water in the tube in relation
to 2hat in the tank in vhich the eponges were living, he
ghtained s messure of the pressure produced dy the
eyhelent current. By measuremont of the valocity of/
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/of the floating particles in the tube, he estimeted the
~volume of water pumped and concluded that the current
produwed by sponges consists of relatively large volumes
of water flowing at low pressure. For the sponge
Spinosells he obtained a water flow of 3.2 litres per hour
at a prescure of 2,9 mm. of sea water. The volume
estimations are criticised on the grounds of failure to
reslise that the speed of flow through & tube varies along
its radiue, the maxicmun velocity bdeing at the centre,

Allen (4944) using a similar method for fresh
water mssels made the same error. He had difficulty in
introducing the tube becsuse of the sensitivity of the
siphons and obtained only & singlc resding which gave a
rate of 1.4 litrees per hour. Hecht (1916) measured the
current pressure and volume of water pumped in the ascidian,
Apeidip atre snd pointed out the differences in the current
velocities of the atrial and oral siphons, together with
the sngle at which they work, as being factors in preventing
the mixing of two streams of water. He also meesured the
velocity of perticles in a tube inserted in the orsl siphon.
The pressure was found to vary between 1.7 ond 2.4 mm, of
gsea weter and the filtered volume to be 7.2 litres per hour
for animals of 100 grams weight. The temperature was not
given, Hecht considers the encrgy distribution in
developing the water current in 4. atprs to be quite efficient:
the pressure being just sufficient to overcome the inertia
of the water. He slso concluded that the volune of water/
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/watsy moved per unit of dody weight varies inversely
with the size of the animal, & conclusion which is in
general supported by the work of Jorgensen (4943) on
lsmellibranchs,

Neleon (1924) modified the method of Moore (1908)
using a rubber amon over the exhalent area and obtained
for Optrea vircinica o value of 5.7 litres of water filtered
per hour, Leater he obteined a vslue of 26 litres per hour
from 8 4 inch oyster st 30° C,

Galteor?” (§926, 1928b) in & broed study on the
oyster gill in relation to sanitation and culture, describes
two direct methods of messuring the flow through the gill of
Oetres wirpinigs. I doth methods a tube is introduced
into the clceeal chanber and mede fast and water tight with
eottan packing. In the "tank™ method, the oyster pumps
water from & tank in which it rosts into a messuring vessel
which is connectsad to the oyster by the tube inserted in the
eloresl charher, The level of the two vessels is kept
constant and equal by overflow siphone. Thisemality is
most nececsary, for g differontial lovel in one direction,
would enuse & siphoning effeot throuch the gills, while in
the other direction the gill would de punping egainst a
praessure csused by the hesd of water,

In the "ecarmine-cane™ method the tube inserted
in the clonaa is couneoted to a further system of tubing
vhirh allows measurement of the veolociiy of a cons of sarmine/
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/oarmine carried by the exhalent stream; then using &
modificetion of Poiseuille’s formla for stream line flow,
the rate may be calculeted. Galtsoff obtained slightly
higher values with the latter method snd considers them
more valid as a measure of rate of flow., He secured
values of 2,5 to 2.9 litres per hour at 26,9° C.
Nelson (1935) oritieised the use of a tube in the cloacal
charhey on the grounds of interference with the operation
of the dranchisl hesrts and viscersl ganglion, as well as
Galtsaff! e neglect of the water flow through the “promyal"
echamber. Dodgson (1928) attempted to measure the volume
of water circuleting through the mantle cavity of Mytilus
28uligs initially snd unsuecessfully by means of tubes snd
rubber epronss He then turned to the indirset method of
determining the rate of clearing of suspended material in
known volumes of water., Using chiefly fine clay suspensions
the rate was taken to be the time required for & nunbeyr of
snimals to clear & known volume, While he recognised that
the water, in which the mussels are placed, mey de filtered
several times in order to clear it completely, no gquanti-
tative sdjustment was mades The rate was found to bde
2 1itres per hour &t 17° C. Hopkins (1933) studying the
relative rate of flow of water over the gills of Qgtroe
gigas used a method in which the normsl functions of the
enimel sre not interfered with, He found the relation
temperature and optimum gill acotivity similsyr to that
obtained by Galtsoff for 0. virginieca, lying between 25 and/
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/ana 30° C. at which point the meximum rste of flow is
3+9 1litres per hour. Hopkine, however, believes the
optimum temperature for feeding, considering the animal
es 8 whole, to be sbout 20° ¢., for sbove this temperature
the valves begin to close and &0 act s brakes to the water
current.

sparck (1933) in a preliminery investigation on
the power of filtration in Q. gdulis resolved the problem
into how large a bulk of water is at the disposal of the
animal if the surrounding water is almost completely ealm.
To solve this problem he pleced eén oyster in a vessel
eontaining water of a salinity of 304 . Above this was
8 layer of water coloured with methylic blue with a salinity
of 2}%., and on top of this a layer of fresh water to prevent
eveporat ion, cooling, and the formution of vertiecal currents
in the salt water, other than those produced by the oyster,
At & distance of 30 om, an adult oyster was able to produce
& disturbsnce in the coloured layer by clapping the valves,
but no mixing was effected.

Fuller end Clarke (4936) in a etudy of setous
feeding of Celanue investigeted the rate of filtration by
the specd of remowval of carmine pearticles from & suspension
in which the snimels were living. They cslculeted a figure
of 5.61 e¢c. per day, but made it clear that theee experi-
ments were preliminary, snd calculstions baesed on nutritional
requireients by Mershell, Nicholls and Orr (4935) indicated
that the values cbtained were far below the volume sufficient/
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/sufticient 40 suprly the nutritionsl needs of the aiuml.
Later Puller {1937) again atteupted to estimete thes feeding
rate of Celanus finmapohious., He did this by determining
the rete at which 8 group of apimrls denletod cultures of
the dletom, Nitzpchis. The formula dsveloped by him was: -

¥x = ¥V 1n 8& vhere Wx 12 the smount of wotar ewept free of
dictoma by each copcpod in x hours; v 45 the volume of
water pexr ceoperod; €4 and C2 eye concentrations of the
diatoms at the beginning snd end of tine xo Thie formule
is identicel to the one here derived in cnother way, By
this mothod he found the cmeunt of watapy filtered per day
wag 4,09 cc. which, in relztion to the smont of cvallsble
food, wouldé provide only one teath of the nccecsary nutriment
estimated on the bagis of »xygon consurytion,

In & comprehenvive vaver, Foxr, Sverdrup and
Cunningham {1937) give e survey of %the litorcture and
estimate the rute of water provulsion in the large
Californis mussel, Hytilyo galifornisunge Croups of mussels
wors placed in stirred suspcnsions of warine clay or oelcium
enrbonate. The rate at vhich the aniuals removed the
suspension by filtmtion wes meamwred by cheomicel estima-
tion of the calaiuwm conteul of guscessive samples tsken at
equal intervals of time, Thsy mads the esacusption, "in
unit time cach wuesel punps M litrea of wator through its
system and removes &1l suapendsd caleium from this quentity
of water,” snd on this basis they develop sn equetion for
ths riltration rate. This equeticn is essentislly the same/
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/seme ag those derived by Fuller and by the present author.
Fox et al (1937) concluded that the mussel removes virtuslly
all euspendeqmttar from the water passed over the mucous
surface of the gills and mantle, and thst the water is
propelled rhythmicelly and st a rate which is on the aver-
age oonstant. Medium sized mussels, between 95 and 130 om,
in length, gave propulsion rates between the values of 2,2
and 2,9 litres per hour, with an average of 2,6 litres per
houre

Jorgensen {1943) studied the rate of water
~ trenspart through the gills of young Jytilug edulis by
means of photometric determinations of the percentege
amounts of the unicellulsr alge Synechocoocus from a
known quantity of the suspcneion of the algee, He obtained
filtration rates of detween 45 and 186 mi. of water per hour
for a group of 5 animels, cach 0,2 grame in weight, at
temperatures between 11 and 22° C. Prom the litereturs
Jargensen also caloulated filtration rates per hour per
gram for steges from the pelagic larvae (oysters) to the
adult (veriocus specica)s These varied from 6.7 litres
for larvas to 0,19 litres for young bottom stages, and
0,0¢ = 0,04 litres for sdulta, v

In & study of the feeding of Q. yirsinigs,
Loosenoff snd Nomejko (41946) used the "tank” method of
Galtsoff (1928) modified by the rubber apron of Moore
(1908) ana Melson (1921) over the exhalcnt apertwre,
Pumping rates for 4 inch oysters within the tempersture/
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/temperature range of 17.0 to 28,0° C. averaged 25 to 27
litres of water per hour with a maximum of 34 litres,

The rates found on the ebb tide were qu},"w greater than
those found on the flood, thus refuting the generalisation
by Nelson (1923)7' that relatively little food is taken on
the ebb., They conclude also that there is no correlation
between periods of shell closure and darkness snd that the
pumping rate is the same for both daylight end darkness.
It 1s pointed out that Q. yirginica is eble to pump in one
hour a volume of water 1500 times the volume of its own
body. |

Zhe Zroblem.
The direct method of determining the rate of flow
i exeeedingly difficult in the emse of siphonste lemslli-
branchs due to the grcat sensitivity of the eiphons in most
species. ©When tubes are inserted in the siphons, and this
can only be done during anscsthesisa, they are later either
foroed out of the siphons or are cut by the pressure of the
shells against the tube. The use of blocks to prop open
the valves was unsuccesrfully trieds In a few cases the
inserted tubes were retained in ths siphons, but the animnle
did not exhidbit normel reections, and soon dled,
The &lternative was the indirect suspension

elearing mcthod of Viallanes (4892), Dodgson (1928),

Demss (4935) snd Fox, Sverdrup end Cunningham (1937).

The letter suthore asre the only ones who have developed
and used the method with any degree of accuragy, end it is/
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/18 their method, further modified, that was used.

The fundamental basis of this method rests on
the asrumption that the gills completely filter out all
particles in the suspension., Kellog (1NH5) considered
that a lamellibrench was able to feod})nly wvhen the water
was comaratively clear, so that food particles would be
brought to the surfaces of the gills a few at a time, EKHe
maintained that in ruddy water all suspended particles,
whatever their nsture, are led to the outgoing traots,
He also describes the mucous produotion of ciliated
surfacss and the large amounts of muc¢us that mey be produced
by continued stimulation. Damas (1935) Acecribes the forme-
tion of rmud deposits in the Zeedbrugse roedstead by worms and
mollusks, and indicates that colloidal particles as well es
detritus are filtered out of the water and desposited.
Renson (1926) deecribes the filering and depositing sotion
of lamellibranchs, especially oysters and museels, and
describes the gquantitative work of Viallsnes who moasured
Mitration rates by weighing dry the zmounts of facces and
pseudofacces denosited in & given time, 2Zobeil and Lsndon
(1937) found that 99.97 of added bacteris are retuined by
the gills of Mytilus celiforpienug, though Galtsaff (4928)
states that only 20 - 507 of the bocteris added sye retained
by Ogtres virminica. Jorgensen {1943)assuned that a large
me jority of Synechogpccug cells which are only 2 - 3 microns

long, cre retained by young Mytilus equlis. Y. puilsctra
was found to be chle to cleer suspensions of graphite end of/
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/€ monolite faet scerlet, whoée psrticle sise renges are
between 4 and 5 miorons., It appears that most lemelli-
branchs ere able etfectinlj to filter small particles out
of water. McGinitie (1941) investigated the method of
feeding in four Pacific species by obssrving the proocess
through & gless window plaged over an opening cut in the
shell. He osme to the conclusion that feeding oan only
take plesece when a shect of :micus entirely covers the gill.
He also maintained that because a bivalve is pumping it
is not necestarily feeding, snd the straining of the
particles from the water currants by mucus is emphasised.
It is interesting to note in this connecti . n, thet Hopkins
(1933) in discussing the marked changes in pumping rates
observed in Q. giges, says (pege 488), "It mey be also,
es suggested by Galtsoff (1928a), that sucue forms a layer
over the gills, clogging the pores and impeding or stopping
the ourrent.”

In order to check McCinitie's observations,
similsr windows were made in a nunber of snecimens of Y.
Mllestra. Observations failed to disclose evidence of
a continuous sheet of mucus over the gill, though it must
be admitted that, due to the treneparency of the mucus, it
was frequently difficult to decide a8 to its presence or
ebeence. The 'ntroduction of particles of a variety of
sises into the inhalent stream always resulted in those
particles being conveyed over the gill entangled in strings
of mucus ond not in & sheet, Furthermore, the introduction’
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/introduction of a coloured suspension during pumping
invariably resulted in the production of ocoloured faeces,
indieating thet, with these suspensioas, pumping wes
always accompaénied by fecdinge.

The modificaticn of Fox, Sverdrup and
Cwningham® s method used here wag the ropleosment of tho
estimation of concentrationa of suspended material by
chamical mecons with onc based on the prineiplo of light
absorption, which was later found to heve heen used by
Jorgensen {1943), with a Rehberg electrophotomster. The
inatrunent used here was the Spekker Absorptiometer which
is 8 sensitive instrument recording guantitatively minute
ehanges in intensity of colour,

The normal proscedure in using the abszorptiometer
is to devolop e ealidbration curve by taking readings et
verions known dilutions of a aolution or suspension of
known concentration. However, since in the ease of‘tho
suspension ( jewoller's rouge) used in thepe experiments,
a linear relationship exists between concentration aad
absorptioneter or "Spekier' reudings, as they are e¢slled,
there wce no necessity for knowing the adbsolute concentro-
tions of the suspensionc used in terms of weight per unit
volume, Thus the nced far a large nutber of chemical
anelysce wes obvicteds The original “Spekker" reading,
thet is, the one at the start of each experiment,
represents 2 concentration of 1005 of the suspension in

use, snd the concentration at any given time is the retio/
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/ratio of the "Spekker" reading at that time to the
"Spekker® resding at the deginning of the experiment,

The mejor aifficulty was to obtein a suspension
materiel that would meet the demends of the conditions
imposed by the experiment, The following eriteria of an
i1deal suspension material was set up:-~

1. Coloured.

2. DNon-toxic ani Non-irritable,

3. Low settling rate,

4. BRon-floococulating when stirred in sea weter,

S5« Low surface tension.

6. Small perticle eize.

In an effort to obtein & materisl that would
meet most or all of these requirements, & large nuamber
of subste.ces were tested. The requirement in which
most substences failed was that of non~flocculation.

Meny gave good suspensions in fresh weter, and were

' satisfactory in unstirred sea water, dDut flooculated
into aggregations when egitated. Jeweller's rouge, @
red oxide of iron, gave the best consistent results, and
a suspension of this wae used in most of the recorded
expsriments.

' Nonolite Fast Soarlet, sn I.C.I. plgment, was
most promising,for the perticles spe uniformly smsll in
sisze, non-flocculating, and the settling rate is negligible.
However, though non-toxie, the dispersal mediun in which it/
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/it 48 mede wp appsared to howe, &t timee, en inhiditory
effeet on pwpiag cotivity snd further experiments are
necesstry o overcome this aifficul;t.y. AQuadng, &
colleidel graphite, with emell verticle sise, kindly
mppliefd by 46+ Acheeon Lid., gives & fine dieporsion
with 2 low settling rate, but it flocculates bsdly when
stirred in sce water,

Sxperjmental Nethod.

With minor varietions, the following technique
was used in oonducting the experiments,

One grsm of iron oxide wus added to two litres
of filtered sea water &nd stirred with a high speed electric
stirrer for 5 minutes, This suspension was sllowed to
settle for 30 minutes to sllow the larger aggregations of
paﬁicles unbroken by the stirring to settle out, ¢.5
litres of the supernatant fluid was then decanted off and
made up to 3.0 litres. A dead clam,equal in size to the
experimental animals, was used in the settling eontrols
to make them snd the experiments as comparable as possible,
for it was found thet, in stirring, some of the suspendsd
pertioles adhered to the shells. Each of ths experimental
~animels and the dead control had previously been pleced in
& litre beaker containing 500 ee. of pure filtered sea
water, and to cach of these was added 500 cc, of the oxide
suspension to meke up the experimental volume of one litre.
The final conoentration of axide was not greater then/
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Jthan 0.1 grems per iitre, squivalent to 0,02 ¢c. of
solid materiel per litre., The stirring apperatus wes
set in motion se the suspension wus added to the beckors.
This eppuretus consisted of 8 4" by f;& pergpex plate
inserted in coch bLesker to o 4distance of 2 inchea from the
_'battom; The: platos were rotated cu thoir own axis by
gleectric ziotor and puliey, gesred down to0 approximutely
90 R.i .M., a8 spsed sufficient to keep the main body of

papiicles in suspeansion, but not sufficient to 1lift Trom
the bottom of the beukers the heavier aggrcgations that
had settled out, or the strings of faecss snd psoudofaecaes,
The purpose of the stirring is two-f0ld. Firat, to attempt
to reduce the settling out effect to & mini:mam, end second,
to kesp the cmcwtration of partigles homogeneous thirough-
out the suspension., I the suspension sore not stirred
the animal would, due to its own Tesding sotivity, so:n find
itself in en area Jdovoid of particles, #nd this is & critic-
ism that may be levelled sgainot Jorgensen's iethod in which
no stirring was done, Three experimental a2nimels, and one
control, were used in each trial, and =ll four beakers were
stirred and treated in the same msuner., Results from 26
individual experiments given in Appendix 41, were odbtained
using iron oxide, 9 expveriments were conducted with Monolite
and 3 with Aquadag, &8 well as any test experimsnts end
others that were a‘bam}omd for various reasconss Samples
for "spekkering” were token with 2 pipette, alweys from the/
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/shs sane podat at nid-dopth sad «n inch fron the wall,
The initial sasglc was laken fumcdiutely sfter the stock
rouge suspeusion hud been added, zad Trom then on, usually
at half hourly periods for intervails of ¥ ta 5 hours,
Por exporimeuats 1-15, 30 oc. sumples wors taken for use
in the 30 cc. "epecker” oslls A woeler sutiing of 1,000
was used with neutral Pilters. Por experiments 16-10,
& ve, samples were tuaken to use in 3 go. "apokle»' sell
- with a water setting of O0.400. A standard provodure
was adopted for sannling and "spekkeriag" and this was
rigldly adhered to throughout the experiments, 8o that
the technigue was siandardised.

Dodgson (1928) used the time reguired to clear
completely a known volume of suspension for Getermining
the rate of filtration of Mytilus edulise No account
was taken of the fact that the suspension was becoming
ﬁrmmively diluted, and with the progress of time,
greater amounts of water had to be ém»ea to obtain
eguivalent diminution in the concentration of particles,
However, he pointed out thst the values so dJetermined were
minirmm ones,

® Dr, H. Barnes, Millport, eassisted with the
mathematical treatment which wes further checked by
Dre Re.A. RODD, NsthemsticsDespartment, Univereity of Glasgow.
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It would eprecr that the prooess might bde
interpreted by the mathematical concept of compound
interest with a negative sign, using the following
assunmptions: -

1. The. filtration rate is constant.

2+ All suspended material in the water passing
through the inhalent siphon is removed by the gills,

3« The smount of suspended material filtered
out is proportional to the ccncentm.tion of the suspension
present,

On this basis, there should dbe & linear rclation-
ship between time and the raete of removal,

Thus if :
V= equsls ~----= original volume in litres.
a equals —-----~ original weight of suspended
material,
¥y equals —==-=- final weight of suspended
~ material at time t,
t equals —e——== time, |
r equels w—-w—e pate of filtration.

P equels —ww-—= "gpekker" reading.

Each time r/v of the smount present is filtered,
the m& 5 X amount preseant ; is removed.
F=a.,0 '.s t

1.
i - oto
Ees 3
loge Y- ¢
k- 2
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But the concentration of suspended materisl is
E 2 “spekker® resding.
| 8o that :
a=k, P 1
yusK, P 2

end loge {E_&%.-;t.
or loge % ,-et.

a-f loge éﬁ;

The natursl logarithm of the retio, suecessive
"spokker® to the originul' “speldie®"” reading at time sero,
is plotted sgainat time to give the filtration rate &t
which the suspended naterial is removed, Since the rate
of removal of suspended naterisl in the experiments with

3.

live snimals is due to a corbination of the amount
actwally filtered out by the animals plus the eamount that
is settled out by gravitational effect, it is necesrary to
estimte thut latter amount, This was obtained from the
esontrol settling experiments, one of which was run in
conjunetion with three live experimentsl animels as
descridbed adbove, From the type of curve derived by
Plotting the amounts settled out against time, it wonld
appear that the amount precipitated in unit time is pro-
portional to the total amount which is susnended, and
eguation 3 above ¢an be used to desoribe that rate of
settling,
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Thue the cctusal rete of filtration by the animals
can be expressed by @

Rate 'i [loge (ﬁ) ~ loge (g%g) ]
when loge iﬁg 18 the tengent of the curve describing the
rate of filtration by the animels, in which is included the
settling rate, and loge g%:; is the tangent of the curve
desceribing the rate of settling to gravistion,

The data is first plotted as 1ng§:% egainst time,
and as In iggg sgeinet time, These curves ere shown in

Phﬁq 28 and 29, In Table 9 are listed the logarithmie
decrements for the first hour of the experiment both in
the animal snd the control experiments, end the rates are
caloulated from the difference between these two walues
and resuced to a unit of time of one hour,

On Plate 30 is plotted the filtration curve
(lower 1line of long dashed), for Experiment 35, dsta in
Appendix 4. The line of short deshes is a straight line
fitted by the method of Least squeres., The uppor line of
long deshes is the curve representing the rate of settling
of the suspension, 8l1lso plotted from the data of Experiment
38, Apvendix 4. The filtrution rete is obtained by teking
the difference of the tangents of the 2 curves and modifying
this by the tims mnd volume ratio as indicated in the
eguation, pege &S . '



Hate |Experi-

Trime
(min- [Litres | mentel
utes) | per Animal .
P11 Y

: I 0.75 : °om7 3 O« X4
. 0.2 0.405h 20 O.jgl‘ X2
4.3262 0.4304 rid 0.932 4
1.30215 0.1304 & 0.992 2
4.3280 0.1304 0.934 3
0.5863 0.2349 60 0.354 4
0.223' | 0.2349 60 0.491 2
0.6832 0.2349 60 o.ug« 3
0.5388 0.2263 60 0.3 |
1.002 0.226% 60 (+ 2
0. 7864 0.2263 60 0.564 3
1.4 Tu4s 0.5159 60 0.6%9 |
1,139 0.5159 60 O.ga 2
"q“ 015’1 60 OC‘ 3
O, 0.3 60 0.20 1
0. 75 0.3 60 0.3 2
a.%as O. 60 0.445 3

0.7056 O. 4143 60 0.295 2,3

1.4077 O.44 60 0.647 1, 11

0.957 | 0.1143 60 |0.422 6, 7
0.3302 0.4278 60 0,202 iy
0. 0.1278 60 0.398 7
0.4216 0.4278 60 0.294 4
G | tun o 15 | ¢
0.6520 0.4878 &0 0.5 10

o8, sanple removed.
ce, sample removed and returned.
ces sample removed snd returned.

nimals used in the one experiment,

4
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Resultg.

The grephs on Plates 28 and 29 show ths relation-
ship between the rete of removal of the suspension end time,
and the tangents of these 1incs sre the filtration rates.
For the first 90 minutes this 18 & straight line relation-
éh:lp: thereafter in & nurber of cases the slope of the
line alters. This may be attributed to the fact that the
rate of filtration hes chonged, 1f the original assumptions
given on pege 66 are correct, On the other hand the change
in the slope mey be due to these assumptions being incorrect,
and the filtration rate has remsined constant, It would
appeay that the former conclusion is the more likely because
in at lesst 50 ¢ of the experiments the straight line
relazionshm holds over the whole period, and in ncarly all
cases for the first third. Also it is not unreasoneble to
assune that the filtretion rate may be subject to change,
especially when the enimels sre in such an sbnormal
environment.

Nelson (1921) found that Q. wirginige continued
to feed under corditions of high turbidity, when the solid
matter in the weter reached O.l grems per litre. As
stated cbove, the maximum consentration of solid in the
suspensions used in these experiments was only 0.1 grems
per litre. No check was made on the possible changes in
i, oxygen congentration, or carbon dioxide temsion which
influsnce ciliary activity (Gray 4928). 1In the relatively
small volume of water, any one or a coubination of these may/
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/may heve caused an alterstion in the filtration rate.

The retes found for Y. pullegire civen in Table
9, vary between & mininmm of 0445 litres to & meximum of
0,992 litres per hour, with & mean of approximtely 0.5
litres st temperatures between 15 snd 16° C.
| In Table 10 are given the meesurements of the
experimental enimels with the average weight of 22.4 grams
the filtration rate is found to be 0.0226 litres per gram
per hour. 1In eoru;iarieon with Jorgensen's figure for M.
sdulds =nd M. galiforpniapus, this value is low, although
t0oo much emphasis eennot be pleced on comperisons of this
sort; first because of the differcnce in gill structure,
and second because of the tempersture differences st which
the experiments were conducted. As pointed out by Galtsoff
(1926, 4928) and Hopkins (1933), the rste at which gills
pump water depends on the temperature which, in turn, affects
other mechanisms sush ss the asddustor muscles which control
the eise of the spertures and so influence the amount of
water that cen be moved, regsrdless of ciliary action. |

In Table 11 are given the rfiltration rates
gdteined by 8 number of investigators for farioua species,
Papt of Table 11 is taken from Fox, Sverdrup and Cunningham
(1937), with the eddition of the results of more recent work.

Rugug Produgtion.

The reduced filtration rate after the first 90

minutes in some of the experiments was thought poesible due/
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Invest- Animal

igateor

Grave Oyster

(1905)

Moore Oyster

(1913)

Allen Freshwater
(1914) Mussel

Wells Oyster

(1916)

Hecht Ascidian
(1946)

Nelson Oyster
(1921)

Galtsoff Oyster
(1928)

Dodgeon Mussel
(1928) (Mytilus)

Parker Sponge
(1914)

Damas Cardium

(1935)

Fox et al Mussel
(1937) M. californisnus

Jorgensen Mussel
(1943) M. edulis

Loosanof & Oyster

Nomejko

?oe Clam ‘
1947) Tivella stultorum

TABLE {1.

Method

Plankton counts in
water and stomach

Plankton counts in
water and stomach

Rubber tube in
exhalent chanber

Plankton counts in
water and stomach

Tube in
etrialsiphon

Rubber spron over
exhalent area

Rubber tube in
exhalent chanber

Clearing of
suspensions

Tube in osculum

Clearing mud
guspensions

Clearing Ca(O0s
suspension
Chemical analysis

Clear algal
suspension
Electrophotometric

analysis

Rubber apron over
exhalent area

Not stated

Filtration of Water by Plenkton Feeders

Average rate
of filtr.
per hour

per enimal
0.167

1.25

1.4

7.5

7.2

5.7 & 26
5&352:3° c.

2.0 - 17° c.

3.2

25-27
19“260 C.

2.5
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/aae to exhsustion of suppliecs of mueus from the gills.
To test this, several experiments were arranged in which
the snimels hed been plseed in a concsntrated suspension
of iron oxide for periods of from two to three hours
previous to the expsriment, During this time they had
all pumped actively, as indicated by the clearing of the
euapension. Experiment No. 34 18 one of thass in which
two animals werc used in the single experiment, the
controls were Nos, 32 and 33, By examination of the graph
on Pl., 29, it is seen there is no significant Aaifference
in the rates between experiments 33 and 34 In expori-
ment 32, one of the two animels was inaetive,

The animal in experiment 35 had previously been
in pure water, The animals in experiments 36 and 37 were
together in 2,5 litres of u concentrated suspension for
thres hours before the experimente and had nearly clesared
this. There is no apprecicble difference in the filtra-
tion rates of the tm-ee animels, In experiments 28, 29,
30, 31, {Pl. 29A), where the suspension wes Aquadeg "S",
the animals in the last two had been plaged in & eoncen-
trated suspension of rouge for three hours previously.

The controls (28, 29) show & slightly higher filtration
rate, No settling control was used for this group, but
previous tests had shown that the initisl settling rate

of Aguadsg "S" is negligible. The charp arop in the
curves after the 90 minmte period is doubtless due to the/
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/the flocculation of the graphite particles, In genersl,
it would appeer from the experiments deecribed sbove,
and from other dests, thet V. pyllastps is sdble to secrete
magus sgteadily for periods up to mix hours while filtering
water containing lerge amounts of suspended materiel,

In Table 12 1e given the retes obtained from
thyree animnls which were used in five groupa of three
experiments, The mean rates of 0,54. 0.59, and 0.54
litres per hour show little difference, although over the
five experiments there is & considersble renge of rates for

any one animal,

S41l Ares.

It is dif'ficult to obtain accurate measuremsnte
of gill sres owing to the extent to which the lamellee
daistend and contract, end from the difficulty of removing
all the gill tissue from the body mese. The experimental
animele were anmesthetised and the gills dissected out with
all possible care, They were then placed on & slide and |
tho outline projected end enlerged on squered paper, Attempts i
were made to weasure the arees with & planimeter, dut the
method was discarded owing to wide variebility in results,
Counting squares give reascnsdle sccuracy and the everage
g1l area of the axpex;imntnl snimels was approximetely
40 nqaaro centimetres. With a filtretion rate of 500 ce.
per hour, one square centimetre of gill is capsble of
filtering 12.5 oce per hour. It would be interesting to/



Animal _ 1. 2. S
Rates in Litres 0.93 0.99 0,93
per houp C
0.35% 0.49 OkiS
0,66 - 0,62 0,96
0.21 0,38' 0.1%
0.”‘ - ‘ -
L ] SIS ]

Avepage Rate 0,51 0.59 0,54
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/to know whether all psrts of the gills are equally
oconcerned in filtering or whether the "escending” lamella
‘of the outsr demibrench beers the brunt, for in observing
the gilils through & window, the demibranchs seem to
approximete very closely to each other and to the viscersl
mases Careful comperizon of the histological structure
of the varisue areasg of the gills mmy reveal & 4iffrerential
development, for Ridewood {1903) has pointed out varietions
implication in different areas of the gills, for example,
in the muber of filawenta in the pliocae. No mention is
mede of function in relation to these variations,

Surxent foeed.
Considering the siphons ar tubes, the mesan
velocity, 8m, of the whole sectionel ares of the siphon
is half the velooity at the axis and the rete of discharge,
V.a in cce per accond is @

VY u D 8 (Cibson, 1925, page 63;
= iyl (G100 Galteofr, 1928).

The meen dlemeter of the exhalent siphon of
the experimcntdl animel is 0.3 om. &nd substituting in
the sbove forrmla, the velocity of the stream at the axis,
using the discharge rste of 1,000 ec. rer hour (the maximum
value), is found to be sprroximately 8 em. per second.
The mean inhsalent aperturse is 0.5 cm. when pumping, end
substituting again the axis ourrent speed is found to be
approximetely 3.0 om. per second, which is oaly § the spsed
of the exhalent ocurrent. This represents an adaptation for/



9
/fop discharging the excrets and de-oxygenated water es
far es possible away from the inhalent uperture. ‘ Coupled
with this, is the pronounced divaricuation of the siphonsl
tips, the minimum angle between them when active is 900 »
The inhslent siphon is usublly directed vertically, while
the sxhalent ie directed backwerds in the direction of the
animel iteelf and approximetely perallel to the suvrface of
the substrstum, This vifurcation must be a great aid in
separating the inhalent and the axhalent currents.

Riscugaian.
The results of this seotion of the work are in

some weys preliminery, for whilec cleer information about
the rates of filtration of adult enimals has been cbtained,
this applies only within & limited renge of temperaturos
snd of size. FPurther experiments enlarging these ranges
would be of value snd would contribute much to en sesess~
ment of the relisbllity of t!w results, An examination
of Tadble 14 shows the wide renge in filtration rates that
heve been obtained by various investigators, The range

is 80 grest that one 1s at & loss to decide even within
broad limite what values may consitute ressoneble estimstes.
Comparisons ere mede Aifficult because of Aifferences in
sizes of the animale used, &8 well as in the veriety of
species, &nd in the wide renge of temperature. Galtsoff
(1928) umed two methods for comparison, but the basis
principle undarlying both methods is open to eriticism,
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The results of Pox, Sverdrup and Cunningham (1937) eppear
to be pound on & conperative busis, The main eriticism
of thelr method is the high concentration of the suspension,
abohkt 3 greme of calceiun corbonats per litre, which is
reich ebove normel. Eelson states that very turbid water,
natural in Barnegat Bey, contains only O.l grams of ary
meterinl, PEstimates of normel water at La Jolla,
Califcrnia, place the 4ry material at 0,05 grams per litre.

Jorgensen's use of the electrophotometer is an
advance, but the use of algae has its disadvantages, The
culturas meat be fresh and since large quantities are
negessary, 4 proper swply woilld ve aiffieult to meintein,
It 1g also poesible that nushers, and thercfore the colour,
may very duaring the course of an experiment.

The work of Looaannrr and Nomejko (1946) appesrs
to be sound, but meen values of 25 to 27 litres per hour
soem extremely high, Coe (1947), on what evidence he
does not state, estimated that a Pismo clem (Qiyells
Ataltorum), 70 mm. long, filtered 2,5 litres per hour at
La Jolln, At this rate i! is capsble of shtaining about
ebout 0.3 grams of suzpended matericl per 4sy, though only
a smpll port of this may be swallowod and digested., On
the other hend Coe helieves that the daily requirement'a of
the clam are very smmll cxcept during gametogenesis,
beomuse the dry organic metter in a clam 70 wme long, and
zhout three yours old, is only 1.5 to 2,9 grams, On this
basis, & speeimen of Qatpes virginiga, four inches high, is/
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/is clsimed to filter at least 25 litres per hour
{(Loosanoff end Nomejko, 1946) and should be abdble to
cbtain 3 grems of potentisl nutriment daily, which is
roughly equivalent to its own 4ry body weight, If
previous estimates of the filtering efficiency in marine
invertebrates have teen too low, this would explain the
disperity botween the nutritional needs indiceted dy
oxygen consurption end the supply of food based on esti-
mates of filtration.

Comparative filtration rstes per unit of weight
of other species, such as Mytilug californisnug, indicate
that the rate found for Y. pullestpa is somewhat low,
The rate is comperable to thet given by Coe (1947) for
the related Piemo c¢lam. Aleo the temperatures of the
experiments here described were rather lower than most of
those quoted, What is needed is a comparative study of
a mnber of species and 1t is delieved that the method
developed here provides a relatively rapid and sccurate
means of determining filtration rates, DBut owing to the
limitetions of this type of experiment, the results will
not be more than good estimates of the true values,

The pressures set up in V. pullsstyrs by the
water currents are difficult to assess because of the
complex route teken from the inhslent siphon into the
pallisl cavity, through the gills intc the suprsbranchial
cavity and out through the exhalent siphon. However,
because of the low filtration rate, it mey be assumed that/
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/thaet the pressures are low end it is doubtful if they
play any pert in the spawning act.

The speed of 8 cm. 1er second agrees gquite
well with Girect observations on the speed of particles
such as clumps of eggse leaving the exhalent siphon,

The gemetes are carried as much se 15 cm, from the siphon
in andisturbed water, although this distance varies a
good desl and spawning snimels have been observed in
which the ove merely trickled out of the siphon, and

sank immediately to the bottoms ‘Thie is snother possible
indisation that the rsate of water propulsion is not
constant even under identical physical and chemical

conditions,
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Shell Movements.

A econsidersble anount of data on the shell
movenents and their significonce in the physiological
activities of various snecies of oysters now exist.
See Galtsoff (41928), Nelson (1924, 1924, 4938), =nd
Loosanoff and NomeJko (1946) on QOgtpes virginigs;
Ropkins (1934) on Q. lurida; end Webb (1930) on Q.
edulis. On other lanellibranchs the research of
Loosanoff (4939, 4942) on Mytilus edulis snd on Venus
mergenaria are the only pepers known,

The primary pur-ose of thisc brief examination
of the shell movements of Y. pullestre was to determine
these for comparison with movements occuwrring duwing
spawning. However, vhen the spawning season arrived,
it was soon observed that shell movements played no
signifieant psrt in the srewning aect of cither sex, as
is the case with the fomele of several snecies of oysters.
Nevertheless, one or two points of interest heve arisen
from en—alysis of *he kymograph recordinge of the shell
movement s.

To muke the conditions g natursal as possible
the recording sp oretus wos set up s0 that the animsl
wes buricd in the sznd in 2 noturel nposition, The
apperatus is shown in PPl.31. A block of sealing wax
'B* is sttached by two metal rins to 2 leed weight 'A%,
The clam 'C' 1s attached to the sealing wax by one of

the valves =nd 8 perforated rersnex pin is connected to/
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/to the posterior cnd of the othor valve. This pert
of the apparatus is buricd in the sand of the aquarium,
with the posterior cnd of the clam just below the surface
of the sznde A po0lid nerspex lever with no whip in it
is swung from a hinge at point 'F'. The hinge arrange-
ment is attached to a heavy adjustsble wcight 'G'e A
length of atiff brass wire 'D' connects the bottom of
the verticel lever at ' ' to the clam through the
perforation in the verspex pin. The recording pen 'JK'
is connected solidly with the vertical lever 'I J', and
the whole hinged ot point 'J's 'I H' is a light
connect ing rod joincd to 'IJ' snd '*TH' by hinge connections.
When the clam opcns its valves, it will be seen by following
the lever system, that the recording pen rises. The tem-
perature in the aguerium was thermostatically controlled,
A sericst of experiments at low temperatures would hsve been
desiredble to round out the investigation, but no equipment
was availsble to maeintein them for en extended period.

A epiticism that mey be levelled at this experi-
mentel procedure is the fact that the animal is in an
aquarium and subject to the composition and variations of
stored sea water. On the other hand the animsl was in
a perfectly normal position. Loossnoff (1942) was sble
to keep hies specimens of Yenus epcenaris in large tanks
which were connected with outside seea wster and in which
the naturzl tidal fluctuations occurred. However, his

clams were cemented to a block by one valve and were/
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/were consequently lying on their sides; an unnstursl
rosition. It is @1fficnult to estimete how mich &
laterel noeition mey interfevc with the dieposition of
metericl a2ccumleted in the mantle chomberes A conbina-
ticn of Loosanoff's ethod end the one used for Y.
Duilestre would huve been ideal,

E.‘%.?.‘Q..%-
Approximstely 300 hours of recordings were

made over the temmerature reange whose lower limit was
governed by the temperature of the ledboratory circulation
asystem axid the upper 1limit ot what was considercd the
meximam the enimels moy be subject to in nature. Photo-
graphs of some of the recardinge are given in Plates 32,
33 and 34. In Teble 13 is given the anclysis of esch
recording and below is given a sumnery of that snalysiss

1« The shelle of Y. pullestrs remain open
nearly 100 ¢ of the time at tempersture between 15.0
and 22,0° c.

2 Shell movements are frequent; snd they
have & mean smplitude equal to hslf the meximum distam

to which the valves are opencda

3. The cloring movement is repid =nd the
following opening movement is elmost instanteaneous,
elthough in the finsl phases of opening the movement

slows down.




¥o. [No. Pl lDa;r
~ pate |onilex remp. Rengs ioal tios |ohe1a mmj& Temp,
nel ﬁ degrees C.|(fra)| open ggn affhot
Lo
L 30,6,L6 | A 14 15.Q 1 19 1100 yee indl nid
| 30,6,46 | B (2 1520 19_1100 Al Indd inid
_2aTeu6 | C 13 16.2 8 (100 | 80 Iyes Iny) (m1)
127,46 | D Il 16.5.. 51100 | 60 lves ini1 [pid
fe2aleli6 L B 15 6.5 | 51400 |80 |vos Ini) Ini)
ool | F 1904121,0 - 22,5! L |900 | 90 nil  Inid
_UeZeli6 | G {108199.0 = 21,0 4 1400 | 95 lyes int Inil
/5, 736) F 1114199,0 - 20,8 9 1100 | 95 ln) Intd lon
| /5272460 G [11B119.0 = 22,0 9 {100 L 75 lyes [nd) lnid
| Se2.46 | ® [424148,7 ~ 20,5 8 1400 [ 80 Int) ini) lpa)
| Se 746 | F 1134118,0 = 3% {100 | 7% Indl Inl) Inid
| 5/6.7,460 F 114A146,5 = 15.4] 8 ]100 | %0 yee |nil lnil
| SaZal6 | F 1154 145,3 - 16,0] 8 —
|_6aZ046 | G 19551160 -~ 16,5] 8 1900 | 80 lyee Imil inyl
| BoZ.46 | B 146A197,0 — 47.0] 74 1900 [ 60 lnyd Ing) lpig
| BaZo 6 | T 1468147, = 18,01 7 | 80 | L5 lves Inid ini)
| 8,7.46 | H [174199.0 = 21,4 7 1400 ngl Intl Ingg
J 48,7 - 21




TABLE 13,

AV
HGo| Hoe
Date gﬂ. gf; Teomp. Range Dga fi:: Kl Rytm Z% Te
mali perli degrees C. &n-s‘ﬂ open! expan effoot aﬂxg‘t
ment sion
Ha.
83706 | §1164129,0 - 23,01 8| ndl nl Lol ol ofl
BLeTalib | 7 14681280 = 24,8, 8 nid] unid | nid [nil Iodd
| 10e7006 | K | 498124,3 ~ 20,31 §3 1 100| £5 | yes Inil Inil
| 10,746 | L | 998149.5 ~ 21,50 43 | 420 ? {nl lng
(14742, 746! W | 18.9 81 4000 90 | yes |nil Inil
11/42/7,16] B 121! 18,0 S 4§ 400, 60 | yee {ni) inil
422 7els6 | ] 22419805 = 12.5) Tk | 100! 85 | yes !nil inil
R/1327.46] W | “ ] -es il atl
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o The degree of sepsration of the valves
over the period is ncarly maximal,

5« There apnears to be no correlation between
type and amount of shell sctivity and tempcrature over
the range investigoted.

6. Chenges in temperature, positive or
negative, over the range inveatigcted, had no apparent
effect on shell movemente,

e Presence or absence of light heve no
effect on the period or degree of separation of the
valves or on genersl activity, ;

8. Shell movements may be dessified es being ‘
associated with digging, cleansing or rendom activities,
but none of these is associated with any chearacteristic
kymograph tracinge.

9, Some snim:ls show & definite rhythm in
their shell movements at one time and not at others.

Individusl snimels may heve s rhythm peculiar to themselves,

140. There ey be considersble siphonal activity;
opening, closing, extension or retraction, without any
gorrelatcd shell movemente,

Riscuesion.

In Pl.32, fig.t, 48 shoen a tracing of the shell
movensnte of Y. pulleptrpn ot e témpemture range of 16 to
48° C. On the bottom of the trecing may be seen the base
line which merks the poeition of the recording pen when/
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/vhen the velves arc closed. Over the period of 4 hours
end 50 minutes covered by the photograph, the shell is
never more than half closed. Cpening movements are
very rapid. Apnroximately every helf hour there is &
period of no shell setivity (indicated by the horizontal
unbroken line) with intervening haelf-hourly periods of
activity. A eertsin rhythm of shell movements is
evident elthough it 1s difficult to determine the border-
line between rhythmic and non-rhythmic movements. While
the closure baseline is not shown in every case, most of
the tracings indicate that the velves are open practically
all the time, An exgeption ¢to this may be seen in Pl.32,
£ig.3, where, for a period, the tracing touches the
closure baseline. Loosanoff (1939) found that Yepus
Dercecneris remeined open 69 to 90 ¥ of the time over a
twenty four-hour veriod at & temperature renge of 44 to
27.9% ¢, while between 24 and 22° ¢ they remsined open
90 ¢ of the time., Nelson (1921) found Qgtpes vipginige
to be active 20 hours out of 2, while Galtsoff (1923)
found the scme species was active for bnly slightly over
47 hours out of the 24. Hopkins (1931) found a diwrnal
varistion in the amount of time Q. lurjds remained open,
but that this could be directly correlated with the
fluctustion in temperature, even though the mean variation
was only 2.42 C. He found the snimels opened for 50 ¢ of/




144,
/of the time at the lower cad of this tempcpature range,
end for 985 ¥ at the up er 2nd. Locscanoff and Romejko
(1946) , working with §. ¥yirginigs found that it remeined
oren for SL.3 ¥ of a 24 h-ar »eriod within a tempersture
renge of 17 to 26° . Thus it ap;eers thut over o
tempersture range of 415.0 to 22.5° C., ¥. rallcetpa
remains open longer than cither Qsotres wvirsipnice or Yenus
Rercenarios eleo compurison of the trecinge for this
speeien with those publicshed by the suthors cited chove
indiostec that Y. ppllestrs is consideredbly more active
on the basis of frequency of chell moversants,

There apseared to be ne correlution between
temperature &nd the asmount or type of chell activity in
Y. pullietrs, nor did chenges in temperature heve any
effect. Hopkine (1934) believed that it is the rote of
change of temperature rather than the amount of change
thet is significant in esusing variation in the amount
of shell opening in Optres lurida. Galtesoff (4928)
believed that Q. virginjce tended to keep ite shella open
as long &8 possidble and could find no correletion between
temperature and opening and ciosing within the temperature
rengs of 43 to 22° ¢,

Nelson {1921) concluded that Q. ¥irzinics tended
to be less ective during the night than during the day,
and thet this epecies fecds lesshetively during the ebb
tide. Both Loosanoff and Nomejko (1946) end Galtsoff
(4928) for O. virginica appear to heve dicproved both of/
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/of these contentions snd,in addition, ebd (1930) found
that there was no difference in the activity of the
adductor uscle of 0. £dulis between day cnd night.
Loosanoff (4939) found thet Yenus mercenspje was closed
faor somewhat longer veriods in daytime than at night.
Ho such effect was found for Y. pullastre which showed
‘a tendency to stay open &s much as possible, regerdless
of the time of day or night or of temperature. Galtsoff
(1928) pointed out that partiel closures of the shellse
of 0. ¥iriinjica mey occur without rejection; elso periodiec
oeontpactions of the adductor musele. This also occurs
in Y. pullastra. The periodic nature of gome of the
contr:ctions has been indicated on the photographs of the
tracings. Repeated observatione chowed that only at
infrequent intervals did shell closures or partisl shell
glosurc coincide with rejection.

Hopkins (4936) was &ble to snslyse into three
groups the movements shown on kymograph recordings of
the shell ucctivity of Q. gigag; those involving discharge
from the branchisl charber, others concorned entirely with
the cloaecal chamber, ususlly resulting in the discharge
of faeces, and a third type which he terms non-apecific,
which may be due to a variety of causess In Y. pullsstrs
the adductor activities have been classified ss being
associcted with digging movements, clesnsing, or rendom
movements. A comparicon between Pl.3h4, £ige.3 showing &/
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/8 trucing of digging wmovemnents (this shouid be viewed
upside Gown for compurison) and of cny shell closure
tracing, shows little fundoaental differences It has
been polnted out thst ths tracings resulting from the
rejeotion of solid‘amterial sre identical with those
in which no discharge occurs. No doubt many of the
partial closures are the rosults of attempts to carry
out daigging movemente., Hopkins (1936) in anelysing the
random contrections in G. giges finds no correlation
between their frequency and temperature over a range of
between 2 to 30° ¢. snd beiieves they muy be tracesble
to some external stimmlation such as 1licht, vibration,
auagended materiel in the water, or to an asscumulation
of sccreted mucus, It would sppear tha? this exnlana-
tion is hardly estisfaotory, especislly for Y. Iullsetyrs,
whien a0 many of these movements are periodic,
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The cdject of this section of the work wes to
detormine whether thers exists in ¥. puliuglras a stimmlus
vhich initictes speswning, &8s thore is iu other marine
fuvortebrotes,. .

Geltsory {19300, 1936b, 1940) in extensive work
on the physiology of spawning of Qutirea virzinies end on
£ Eigsp found thet thers mey be seversl "eriticel®
tompueretures for spawning, diffeprent for mle snd female,
These tempepretures are partly dctermined by the physiologiosl
conditione of the snimml, 0Oclisoff also siwod the iaport-
wmee of chemicel atimmlotion in the initistion of the '
spewning act ond that this lowered the "oriticel” tompere-
turee Greve (1927) made the stetement, "Syewning is
eaused &t particuler timss in nature by various spooifie
stimmli and is not determined by temperature alone.” He
believed that shock or the mere removal of Cumingis
lallinoideg into the ledoratory was sufficient to stimalate
spoeting and thet spermatosos did not stinmmlate the female
to spewn, Morgen (1910) believed that the presence of
sperm in the water incites femmle G. iellinojides to spawm
mtre yeadily. Chemical stimulation hes been deseribed
faor severel species of chitons (Heath 1905), for Foreis
Adketa (11111e and Just 4943) emd for §trongylogentrotus
dizidus (Pox ¢924). Eleey (1936) was abdie to bring ebsut
aprtificisl stimulstion of spawning of Ogipee giges on &
larger seale in Ledysmith Harbour,
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Methods.

During part of the time no thermostat gontrol
waes veailable £0 the tempersture was regulated manuslly,
These experiments were oarried out in breffit jars and
the temperstures mro sdjusted by the addition of water.
When & thermostat begame available battery jers were
usede The lowest temperature that could be controlled
was governed by the tempercture of the stored sea water
used in the eirculetion system of the Merine Station;
therefore most of the experiments were ocarried out et
temperatures considersbly higher than the animels would
ciperienao in nature. However, the tempersatures appeared
to heve no harmful effects, .

The aquarium water used in the experiments
varied between 12,0 and 16.0° C. end wes filtered to
avoid contaminetion by sexual products which mey have
been present in the normsel supply. Egg asnd sperm
suspensions of approximate concentration 1,07, from the
gonads of Y. pullastys, were used,

Animsls were prepaered for connection to the
kymograph by securing one velve to & glase slide with a
mixture of bDitumen and pitoh. With the same meterial
2 wire hook wes attached to the other vaiw. The
glass slide was held to the bottom of the tank by a
weight, and the hook was attached to a vetical lever,
which in turn moved the hinged writing pem, Opening
of the valves, caused & downward tracing.
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The animels were stimlated in the following
ways |

4+ A gradusl rise in tempersture with end
without chemicel stimulstion (egg and sperm suspensions).

2, An initielly high temperature with and
. without chemicel stimlation.

3. Formel water tempersatures with and without
- chemieal stimulation, the latter serving es & control in

every experiment.

In spawning & fine stream of sperm, not more
than 1.0 mmn, in diemeter issues from the centre of the
exhalent siphon. The stream meintains its identity for
e distance of sbout 3 or L4 em. and then begins to spread.
The sperm may reach & maximum vertieal distaneé of 15.0
cm. from the siphon. Spawning is not necesearily
cont irmous, the longest time & male was observed to spawn
was thres hours. A small nuiber of observations indicated
a pefyactory period of between two and three days,
Galtsorr (1940) found no refrsctory period in mele Qgires
yirzipice, which could be stimileted repestedly until the
animel beosme spent or fatigued. The adductor muscles
play no part in the spawning cet of the mele Y. pullestra,
but during the period of spawning the addustor mussles
appear to be less active than normmil,.




The spawning of the femmle is not unlike that
of the male and & steady stream of egge issues from the
centye of the axhaient siphon, The stream does not
extend as far as that of the male due to the difference
in deneity between sporm end oggs, One femmls was
observed to spawn the eggs in clumps of approximately
4,000 eschs, These trickled out of the siphon and sank
immediately to the bottom. Sampling snd counting
diselosed that this femsle spawned & million egge in 30
mimtes, Smesar exsmination of the gonad immediately
after showed no evidence that the animsl had spawned
end this indicates the eére that must de taken in using
the condition of the gonad, other than by examination of
prepered slidee, as evidence of the breeding condition,
As with the mele there appears to0 be a refrastory period
of two to three days after spewning, during which the
female cannot be stimulsted, Geltsoff (1940) founa
the yefrectory period of the femele Qgtres yvirginice to
last from two to five days.

""_‘::‘1"..&‘ “f X ACSAL S WAL EL LR 4t B _HOBULL S

In the summer of both 1946 end 19547 s series

of experiments were carried ecut using tempersture and
egg end sperm suspensions, individuslly and conbined.,

In not more than 20 ¢ of the experiments were positive
‘resulte obtained, Attempts heve been made to sumsarise/
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/sammarise these in teble form, but no satisfactery
mesthod could be devised, 80 same of the pertinent data
is listed below,

May 46th: At a' temperature of 18.5° C.,
50 minutes sfter the addition of & sperm suepension,
a male spawned, The temporature had been raised from
4343% C. during the poriod of 1 hour,

June 19th: At e tempercture of 20.5° Cey
2 mimtes af'ter the eddition of sn egg suspensiom,
& male spawned for 40 minutes, The temperature had
been raised from 15.4° C. during the period of 7 hours.

June 49ths At a temperature of 18.0° L+ T
a ma)e and a female spawned with no stimulation other
than & rise in temporature from 15,0° 0. during the
period of 1 hour.

June 19th: At 8 temperature of 20,0° c.,
e female spawned 85 mimutes after the .addition of &
spers sugpension. The temperature had been meinteined
et 20,0° 0. dwring the period.

June 19th: At s temper-ture of 20,0° C.,
& male spawned 145 minutes af'ter the addition of & sperm
suspension and 30 minutes after a female had npamain
the sams vessel, The temperzture had been maintained
at 20,0° C. awring the pericd.

Juns 49th: At a temperature of 20,0° G,
& female spawned & hours after the addition of a sperm
suspension snd 150 minutes after & mele had spawned in/
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/in the esme container, The tempersture had deen
meintained at 20,0° C. during the period.

Juane 49th: A nele snd & female spawned
6 hours sfter being pleced in water maintained at &
temperature of 20.0° C.

June 20th: Two femals and a mule spswned
4O minutes sfter the addition of & sperm suspensions
Within a few minutes of these, apnroximetely 45 animels
of both sexes bogan to spawn. The tempsrsture was
meinteincd at 20.0° C. from the beginning.

June 22nd: At a tempersture of 23.,0° C.,

& mele spawned 20 minutes after a mixed suspension of

egg and sperm had been added. 10 mimutes later 2 males .
and 2 females spawneds The tempersture hed been meintained
at 23.0° C. from the beginning,

June 23rd: 5 umeles spawned i hours after the
addition of & mrm sugpaneion. The tempepreature over
the period was 20,0° C.

June 25th: At & temperaturs of 20.0° C.,

& male spawned L7 minutes after the sddition of an egg
suspension, The temperature had been maintained at
20,0° C. during the periods

July 18t: At a temperaturs of 22,0° ¢,,

2 males spewned sfter periods of 16 and 35 minutes
respectively. The first spawned for 4t minutes end the
second for 90 mirutes.
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July 1et: t 8 tempersiure of 22,5° C.,
two previcusly spewncd femils spawned LO minutes efter
the eddition of @ sperm suspension,

July 4et: A mele spauned 90 minutes aftep
the addition of sn egg ausﬁemian. The temparature
had been mcintained at 22,0° C. for % hours,.

July 2nd: At lesst helf the animmls in e
group of 400 kopt in en aquarium at & tempersture of
1640° C. spawned togethsr, without any applied stimule-
tion. The smallest femsle found spawning wae in its
fourth summey with 2 length of 2,3 cms The emsllost
male found spawning was in ite third sumey with a
length of 1.9 om.

On Jiuly Tth, a femmle was indueced to spawm
and attached to the kymogrsphs While this was being
done the animel was out of water for sbout 15 minutes,
yet 1t continued to spown as sooh &8 it was repleeed,
Ths kymcgreph trecing of the valve movements of this
spawning female is shown in P1.35, £ige3. At first
there was considersble pedal activity which sppeared to
ke quite independent of either the spewning z2¢t or of
velve movement8a At tlieLli hours the ehelle were caused
to close by ;tizmlatmg the siphons 1n order to teat the
working of the kymogreph poms

o Jil‘.\,v 9th, a female was found spawning in the
aquerium et a temperature of 16.0° C., =md it was/
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/wes immedistely comnected o the kymograph, The
recarding 1s chown in Plu35, fig.5s At 18,52 hours
the enimel was opawning vigeeously.

On July f1th, sfter a latent _nu"ioa of 3 hours,
et 20,0° Cep 8 male began to spewn, After & further
period of 15 minutes a female begen spawning and this
animal was gonnected to the kymegraph, the rccording of.
which 18 chown in 1,35, £igele AT 99.3Z2 hours, puint
Xy, apowning was under waye. At 24,10 the tempereture was
24.,0% C. ©nd spewning wes conpleted at 21,30 hours.

On July 12th, the activities of anothey
spewning femule were recorded and this is shown in Pl,
'35, figelie The mein epawning period oocurred between
21410 and 22,25 hours, and this animsl showed more
sotivity than the aversge during the spawning aet,

Pron these fow recordings, however, in alditiom
+0 numerous direct observetiouns of spawning feumles,
sctivity of the siductor musele has been shown to play
no significent purt in the spawming aot, |

Risouasion.

No definite quantitative oomlunidua mey be
érawn from the above expérimtai dets, However, it
does appear that Y. pullestps is susceptible to both
chemioal and thermel etimlattogl, although the latent
period is often long, The mass spewnings in the
aquarium also indicates the presence of a gommen spawning/
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/spawning stimulus, and points to the sex products as
being the most likely muse, It has been suggested by
Thorson {4946, pege 424), based on the fact that there
appears 10 be a cnrrelation betweon the breeding season
of verious invertebrates end the amount of phytoplankton
preeent, thet this may be the spawning stimulus., He
supports this conjecture by citing the works of Miyasaki
(1938) on the use of elgel extracts, such as from Jlve,
for stimulating spawning in the meles of Ogtrae giges.
Orton {1936, 1937) points out that gravid individusls are
sensitive to varietions in oxygen tension &nd that this
mey be a spawning stirmlus, Galtsoff's (1938, 1939,
191;6) work, stimlation by means of sex produsts and
other chemigals counbincsd with tempersture, has slrezdy
been quoted. That some mesns is required to induce
simul taneous spswning in lamellibranche such as Y.
Ryllastra 1s unquestioned, end it remsins to find the
exaet nature of the stimaluss The sbove sémple experi-
ments heve indiecated thet chemiesl stimmli, especially
in combinatiba with tempsroture, are effective within
limits,

Compared with the ease end certainty with which
Galtsoff (1940) and others were eble to stimulate spawning
in Ogtrea yirginica, as well as the author’s own experience
with Q. giges, Y. pullagtrs is not very susceptible.
Whether this ies a reflection of the reaction of this specics
to life in squsria, or whether it indicates more exacting
requirements for stimuletion, is not known.
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Seasonal Gonad Changes.

In connection with the determination of the
breeding season and its relation to temperature and other
rhysical factors, it is of interest to follow the develop-
ment of the gametes which involves the study of the
seasonal changes in the gonad. For oysters such as Q.
gigas, after spawning, a period of fattening ensues when
the glyeogen content of the body mass greatly increeases,
This "fat" condition exists throughout the winter until
the late spring, when the increase, presumably of tempera-
ture, causes proliferation of the dorment gonad tissues
and gradual replacement of the "fat" by the sex cells,
until the largest part of its mass is occupied by the
gonad. If, for some reason, spawning does not take place
or is incomplete, the residual sex cells are ususlly
resorbed and converted into glycogen.

This cycle is not followed by other specics 80
far studied; such as Teredo navalis (Coe 1936), Yenug
mercenapia (Loosanoff 1937), Mya srenaris (Coe and Turner
1938) and Paphis staminea (Quayle 1943). A comparison
of the sexual conditions in V. pullastra with those of
other animals which have been studied mey be of interest.

Methods.

Samples of 50 sdults from the same area were
taken cach month throughout the ycar. The series was
started in May 1946 and carried on until October 1947/
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/0ctober 1947, during which & total of 923 animels were
examined, In this way, & ecomplete snnusl cycle, with an
additional breeding period, was followedes A sample of
50 animals monthly is not meny for a study of this noture,
and represente the minirmmm thet should be used, dut lsrger
samples could not have been dealt with becouse of the time
required in the preparation »f slides.

A sample of goned tissue aprroximately 0.5 on.
square, w.s remofed fron the mid-region of one of the
sides of the viscersl mass and fixed in Bouin for 2l hours.
The ester wex erbedding technique (Steedman 1945, 1947)
wag uscd exclusively end found to boe most satisfagtory.
All soctions were &t firat ribbon stsined with methylenes
blue end nmounted immediately without counter-staining.

The only operations after the sections had dried on the
slide, wes the removel of wax end mounting in belsem,
Thie goeve all the deteils necesscary for an accurete deter-
minstion of the state of sturity of the gontdes As the
slides were being assessed, those reguired for detailed
study, drawing or photogrephy. were noted, The ester
blocks having been mribered, further sections were out

snd steined with other mothods such as Heidenhain,

This latter stain alone gives & clear p;ctm of the
gonad tissue ond even the thin weolla of the follicle cells
show up clcarly.

In 8 description of the seasonsl chenges in
the poned, *he immcdistc post-spawning period is the most/
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/most suitable sterting point decsuse then the female
begins to develop. Since most of the spawning is
eompleted by the end of Setenber, that month mey de
chosen &8 2 suitable starting point.

Femake.

In normel ycers most of the animels are oompletely
spawned out by the middle of Septenber, though isoleted
individusis may show evidence of having only partly spawned
as indicated by the reletively large nuber of residusl
mature ovocytes, vhereas those animals which ray de
desoridbed as "spent" contsin only a few ovoeytes in the
otherwise empty end collapsed follicles, (Pl.37, fige1).
By this time, however, animels which have spawned esrlier
in the summer hove their slveoli filled or pertly filled
_with follicle cells (P1.37, Tig. 1) which eare reletively
lerge cclls, most often with a thin layer of periphersl
oytoplasm enclosing a vacuole, From the desoription of
"Coe end Turner (1936), the follicle cells of Jiyg arenards
and Y. pullestprs are very similar, except that the
melusim found by Coe and Turnser in }. areperis heve not
been cbserved in Y. pullastppe They esoribe a nutritive
function in the follicle cells and this explenation appears
to be likely in the case of Y. pullaetra, for in doth sexes
the first development after spewning is the formstion of
the follicle cells, and their later disapnearance coineides
with the development and ripening of the gamstes. Thus
the period of follicle cell formation may be descrided es/
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/a8 & recuperstive period, During this period there
appears to be some development of ovogenis and by the
middle of Cetober many of them heve beoome ovoeytes ‘
with a dismeter of 35 u. (Pl.37, fig.h)s By the midale
of Novermber, nearly all the slveoli ere filled with
follicle oells and the ovooytes very between 20 and 4O we
in dismeter. Residual ove are still present and do not
appesr to be undergoing aytolysis (F1.37, f£ige3)s
Development continues slowly during the winter, as showm
by the inereesed size of the ovoaytes which sversge
between 4O snd 45 u. by the middle of Februsry (P1,36,
rig.2)« Development now seems to be aocelerated for,
by the middle of April most of the animale ssmpled are
rips or nearly a0, although a few are still developing,
By June practicelly all are fully ripe with the tubules
axtended with ovoaytes approximately 55 u. in diameter.
The follicle coells have dissppoared, initially in the
centre of the lumens, as the avocytes inereased in sisge
end nurber, until in the ripe animal there ars only single
peripheral layers, or in some cases only single isclated
felliole oells, The ovocytes, at first flat egainet the
germinal epithslium of the tubules, ossume & psar-shaped
form with the thin stalk attachment on the follicle wall
as they grow and develops On becoming ripe they are
dotached and occupy the centre of the lumen (Pl.36, fige.
3. h-): Externally, the Pipe animels appeer pluap and
ereany white in eolowrs A fully ripe anime) is easy to/
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/to identify, but the intermediate stages are more
aiffieult, even with smear examinstion, the seetions are
necessery for an sccurate determination nf the condition
of the gonsd,

The June 1946 semple contained a nurber of snimsls
which were spawned or partly apawned, dut no spent antiaals
wore found in the June 4947 sampls, corrcborating the
evidence from the plankton hauls that infisl spewning in
the latter year was gbout one month lster then in 1946.

XIn this comnection, it must be remerbered that populstions
from differont areas may spewn at different times and it
is this point which, no doubt, partly secounts for the
long breeding sesson. The July samples showed that the
bulk of the population fro'm‘ the Cross Houses Beach had
apawmed ond wore in the reouperative stsge, Varying
saounts of pesidunl ovocytes were found in most enimnls,

the amounts varying even between different follicles in
the same animel,

| Briefly them, the cycle for the fomele is one

of recupeoration followed by proliferstion of folliele

oell tissued ismediately after epawning. Almost
simltaneocus with the preliferstion of the follicle cells
ie the development of the ovegonis inte ovocytes and their
slow growth during the winter months. The higher spring
tamperstures seem to bring on, or are et least soincident
with, an agoeleration in the development of the gonead,

culminating in maturity in May or June. The spawning
process has been described elsewhers, but it mey be noted/
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/ooted here that in comson with the finding of Belding
(1916) =na Coe ard Turner (4938) for lys arsnaria, the
ave of Y. pullsster oannot bs eyrtificially inseminated
wless spawned naturelly through the oviducts, The
fate of the unspewned or residual ovocytes of Y. rullastrs
iz uneertain. Wo evidence of gytolysias has been obserwvsed
which, according to Coe and Turner {4938), is what happens
in Mye apcnaripe Loosenoff (1937) is inclined to think
thet the residusl ove in Yenus percenapis are also spawned
cut by the end of Novembew, such crawning being cerried
on at intervale afier the mein swmmer spawning hes been
finished. Orton {1933) found @ eimilar process in
Outres odulise Siuce in Y. pullegips no evidenes of
aytolysis or recordtion hes been obsorved, and from the
fagt that morphologically neture ove mey be found in some
gonsds throughout the winter up to the time when the new
erop becomes mature, it may well be that these reliot ova
ere spewned along with the new onesi though whether or
' not they may be fertilissd is problemstical. Another
srgunent, too, iz that thece mature appesring cﬁbsually
form only & emell percontage of the ovoeytes pressent
until Merch or April. However, with the present evidencs,
the fate of the unspewned ove remaines in doubt.

Haleg.
The male cycle is not unlike that of the femsle,
The dulk of the males are slgo spewned or partly spewned/
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/epawned out by the utddle of Septendor and come are in
the reeupersative stage in which the follicle cells
proliferate rapidlye In only a smmll pareentage of the
usles is spuwning complete vith the luminz left devoid
of sperms (Pl.39, figs. 3 and ). There ies much veria-
tion, but on the average, about 40 to 20 ¢ of the sporme
are retuined (Pl.39, T1g.2)e When the pressure exerted
by & full complement of sperms is reduced by spawning,
the yemaining celle in the follicles urs arrenged in
solumner and circuler patternse, as shown 1n P1,38,
Pige2e

Developaent of the male sex cells after spawning
ia apparently rupid snd by Noverder most of the seotions
show the teetis to contain e considersebles nurber of sperms,
arranged in the charecteristic colwmmay mumer (P1,38, |
?igei)e By ithis time, the follicle sells have disupreared
from the centre of the lumine which are now filled with
gporms (Fle38, fig.3). 4 few spermatogonis and spermato-
gytes ere present in the periphersl region of the follieles,
but the bulk of the oells are spermetoszoa, Thore is little
change until April, vhen proliferation begine asgain, and
by the middle of Moy, the lumina are full of cells, the
eontrel ones beiny sperms, and from there to the germinal
epithelium there existe 2 progression of spermstids,
epermatocytes and spermetogonia of both orders (°1,38,
.fig.j). There 18 now no definite pattern except in the
ayrp ngsment noted above, During June males are still/
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/still ripening, slthough some mey hsve spawned in late
ey, As with ths ova, the fate of the retained sperms
is doubtful, but the occurrence of many of these at all
times of the yesr, in addition to the fact that only a
small p-reentage of the meles spawn out completely,
suggests thet they, too, are discharged normally during
the next spawning ssason. Pollicle cells sre not as
apparent in the males as they are in the fcmales, This
msy be because they are not as easily observed owing to
the presence of residusl sperms in such e high proportion
of spewned animels., However, in the snimsls which are
completely spawned out leaving the contres of the lumina
empty, the slveoli become filled with follicle cells as
in the overy (P1.39, fig.1). Spermetogenesis aprears to
be normel, the details of which need not be repeateds

The male breeding season then, consists of a
period of pecuperstion during which there is proliferstion
of felliicle cells, In conjunction with-this, there 1is
s cextain smo:nt of s ermatogenesis between Sertenber and
Hovecber, shen lower tempersaturce anporently curds sotivity,
The znimels go through the winter with the testis containing
roughly & quarter of the possible sperm content, Spermsto-
genesis is rencved with the advent of hisher temperstures
in ipeil, sad by the middle of June moet gonads sre
extended with ripe gametes,

Ssx Rstlie.
Of the 925 snimals sectioned, i32 were femnles/

'
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/femnles end 487 wore meles; the sex of the remsining
four was not determineds Thus the sex ratio is
approximately equal, OGnly one hermephrodite was found
{r1.36, £ig.1), comprising 0.7 of the population sampled,
indicating that the species is normelly untisexual,

- Approximetely 4% of ths population was
parasitized by a trematode of an unidentified species.

Discussion.

A study of the seasonsl gonad chenges in Y.
2ullagtyrs shows thet after spawaing there i1s & period of
recuperation followed by a short period of gametogenesis.
Developnment during most of the winter 1o et a etand_sti.ll
or proceeds very slowly. The advent of higher temperature
in early spring initiates, or accelerstes, production of
gamstes, and most animols are fully ripe by Moy or June,
Spawning ocours between the middle of May and the middle
of Septemdber, Spawning may not be completed at one
@a@étion. but 1% appecars doubtful if a second erop of
gometes sre formed and relessed during the one spawning
season, Completcly spent enimals, especially males, are
seldem found, as residusl ova and sperms in verying
quantities are usually :Sruont. This cycle is similay
to thet found by Loossnoff (1937) for Yenus merceneris of
the Atlaentic coast of Americs, although the goned type of
Y. pullestre resembles thet of Hye srensrip (Coe and

Purner, 1938) more than it does Y. mergcperise The
structwre of the goncd and the sessonsl gonad changes,/
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/chenges, olosely resemble that of the Pacific Cosst
Eaxhis gtapines (Quayle, 1943).

~ In common with Y. mepcsperis, pert of the gonad
development takee place, as pointed out by Loosanoff
(1937) during periods of rethor low temperstures. In
other spesies, notably the oysters, the time of gamete
rroduction is confined to periods of higher water tempera-
tures, us in late spring and sumer, No gamote formation
takes place in Qptres gigeg uwntil the following spring.
Amemiye (1929) end Coe (1932) found thet in Q. luride
alse, the main period of gametogenesis after the last
surmmey spawning, is in the following espring when water
temperaturss begin to rise, and the sams is true for Q.
gommgreielis (Roughley, 1933). However, in Y. pullastrs,
too, the inoresse of tempersture in spring brings on the
final ripening of the gametes. Unfortunstely, the
sampling 4id not go back into the early spring of 1946,
s0 the condition of the gonads then cennot be compared
with their condition at the same time in the spring of
4947, when the water temperctures lagged a full month
Yshind. However, the effect was operative in that
spamning in 1947 oecurred a month later then it 414 in
4946, and no doubt, part of this may be attributed to
retarded gonad development as well as to the late ineidence
of the so-called “aritical" spawning tempersture.

On the gqusstion of the fate of residusl gametes,

Loossnaf? (1937) sgrees with Orton (1933), that they are/
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/ere finally aischarged before the winter, It is
certain that this 4s not the csee with Y. pilastre
end 1t is tentatively suggested that they may be
retained end spawned in the next season, MXisey (1953)
states thet the sexual products of 0. gigss may be oarried
into or throughout the wintepy and meture oggs have dDeen
found in April. Rormally the unspawnsd sexwal produets
ore prosorded auring the fall and early winter,

Her
R




127,
Sronth.

A lerge part of the informetion on growth in
lanellibrenche othor than oycters, is based on obeervations
of North Ameriecan species such as, Tivelle stultopum
(weymouth 4923); S4iligus zatuls (Mol1llin 4923; Weymouth,
HoMillin and Rolmes 1925)3 ¥enus mepcenupis (Kellog 1908);
Rosinis discug (Cromier 1914); Mytilus adulis (Moesop 1921,
4922) end fys spensris (Newcombe 193%5a,b,0; $9368,b),

For Britich specles there are the observations of Orten
(1926) on coraium pdule; Stephen (1928, 1929, 1934, 1932)
on Telline tomiis and several other species; FPord (1925)
on & nwider of sublittorsl species; and Davis (1923) on
Spismle subtrungste and Jeetrs stultorun from the Dogger
Bank, There is need for rﬁrthor growth studies on
lamellibranchs, especislly of & compsrative nature. |

Growth in lsmellibranchs mey be studied by any
ons of, or & covbination of, three main methods,

%2 MNeesurements of individuals from rendom semples of &
poruietion, 2. BSuccessye meesurcments of merked indi-
viduals. 3 Measurement of ennucl growth rings, if
'tnen-, wvalidity as indications of seessonal growth has been
established,

Adequate data ean be obtained from randem
samples only when the dreeding season is short, =o that
cach new brood entere the populstion as a well defined
group with & limited eise range. If the species hes
this charasteristie, csch yesr class will appear as sa
isolated or nearly isolated mode in 2 size frequency/
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/froguency distribution. This is well 11lustreted by
Finckworth {(1931) sho was sble to seperate two well
defined growps in Paphic undulatn, and determins their
age and rete of growth, If, however, the dreeding
peason i8S extanded, there will ‘be & lerge renge in sise,
and the large animels of one yeer clast sy he confused
with the smaller snimels of the succeeding year class,
This, corri:med'm.th individnal differences in rate of
growth and diffepential mortslities, limits the useful-~
ness of this method.

The successive nwasurcments of norked individuels
is the moat direct method of measuring growth, and merking
lamellibrenche is not difficults One disndventage is
that ecch timg the enimals sre removed from their hebitat,
growth stops snd & Jdisturbence ring is formed, Orton
{4926) discussse the formetion of disturbence ringe in
Cerdine edulo, ae does Weymouth {1923) for Tivells
gultorun, end as there is no essential difference in Y.
Pullagtrs further discussion ig unnccessarys The amount
of growth loet by disturbances msy be ealculeted and
sdjustments made, but frequant disturbances may have &
significant effect. |

The measuremsnt of snnual growth rings provides
sn sccurete method of estimating rates of growthe 1In
this cage the animal is unmolested, other than by naturel
dsturvances, The method hinges on whether the rings
which eppear ss surfsce soulpture on the shells of most/
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/most lemellibranchs ave annuel or seasonsl in nature.
¥eymouth (1923) hes reviewed the literature on annual
rings of molluses and Lo sume up 4in these words: Yof
fourtssn papers by thirteen difforeat authors, one
Tietly denics that age oan be told from the sholl, two
are mwilling to comnit *hemselves, five feol that there
iz aome sort of connection hotween age end the linos,
but thet they are of no prectical use even if their
snnual oceurrenee oouid be estublished, and six go on
reoord as believing that the rings are annual, though
only one of these agtuslly makes uee of the method Ain
constructing & growth curve. 1In only two can the oage
be considered se firmly cetaeblished on adeguate dats,”
Weynouth himself goes on to ratsblish beyond doubt thaet
the rings in Tivells gtulicmam ere enmnual ond oan bhe
used aes & means of meassuring age and rate of growth.
He considers in aetail how the chell is laid Gown and
how the rings are formed. Sinee then = nwmder of
éuthors heve praved the vslidity of the rings as measures
of annual growth for = nucher of speclce. Among these
ere MeMillin (4923), Orton (1923), Ford (1925), Froser
end Smith (1923) end Newcombe (1936). It hes been
shown, however, thet in eertain specioe such ae m
aiscus (Crosies 191h), the anbme) ring method ie not
applieedble, and ite validity must be proved for every
epeciess With Y. pullastra, sll three of the above
mentioned methods have been used, one serving as a cheek/
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/ohwek ageint the other,

A lsrge nuxber of animals wore sexed as the
shelle were opened prior to fixstion of the gonad for
the work on scesonel gonad change, dut no striking
differences between the sises of meles and females was
@eerved, Such differsnces would heve Been even more
apparent when choerving spewning snimmis,. Fraser and
Smith (1928) inveetigated this point with Paihis
Bepdnes snd Sexidoane zigantousg dut found no difference
between tho sises of the meoles and fomales of similar
eges, nor d14 Peymouth, Medillin and Rich (493¢) with
the rezor olam §iligus potnls, though they refer to
Chanbexlzin (1927) as having estsblished thet, “In soms
moliuces there is mzrriéient soxael dimorphimm to permit
the recognition of the sexbf un individusl by the shell,”
Tt i poesible there may be & differenco in the growth
rete of ths soxes of Y. pulispire, but it weuld be dstected
only by cereful statistical study, snd for the present work
the squsl sex retlo gives f;qual weight to any possible
differences and no 4istortion should ensue.

Ia this study, length 1s the neusure of growth
that will be woed mout cxtonsively, for this factor
appearstobcasgéoﬁ or better than sny other such as
weight, hcight or thickness. Hoight (dorso-ventral
moceuremont) «nd thickzess (grestest laterel messurement)
are used ooly to cotsdlish their relstionships to length.
Weight 18 not used b@aam it is too verishleo. Ring/
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/Ring nurber and not age is used throughout in the
discunsion, table and grephs, Age may be determined
aprroximately by subtrscting one half from the ring
muiber, 1.¢. sn animel with two ringe is roughly one
and & half years old, the flx.rst ring being formed between
four and seven months, and the second ring one year after
the first, Only sbsolute growth will be treated.

Samples were measured with & dial celiper
resding to 0,4 mm, This instrument is accurate,
sensitive, essy to handle, rapid, and so ideal for
measuring shells, The length of Y. puyllestps is taken
t0 be the greatest distance between the enterior end
posterior ends of the shells; the ring length is the
grectest distsnce along its longitudinal axis; the
height is the distence between & line along the hinge
mergin of the shell and a line parsllel to it which is
tangent to the most ventrel part of the shell, briefly
the dorso-ventrsl meesuremsnt; the thickness is taken
40 be the grestest lateral distance, The spet up to
_ fe.e mm, long were measured either with a micrometer eye-
piege or dy projecting the outline on a scale by means
of & 35 mn. photographic enlerger.

The normsl breeding season of Y. pullastre is
from May-June to Septernber, so a considersble variation
in size will exist detween the snimals spatted early in
the sesson and those spatted towsrd the end, This hag/
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/hae been pointed out by Orton (1926) for Cardium edules
&end it is partly for this reason that EKlsey (1936) sdvo-
sates the sptificlal stimulation of spewning in Qgtres
Zigege By inducing »spammg early in the summer,
edvantage is tsken of the longer growing season, and
as a result the oyster spat are 2 to 3 om, grestey in
diameter than they would be if spawmed léto in the
summey,

In oconnection with the invecstigation of the
mortality of the 1946 spetfall in Balloch Bay, the ‘
Septenber series of samnles wore measured and these data
are given in Taedble 8, and plotted in the graphs, Plates
25 and 26. The highest mesn values for length oocur
at the stations at the higher tide levels, Stephen
(1928) found the rete of growth of Tollins teguim to bde
greater at higher levels on the beach then at lower levels.
The means of lengthe of the spet of Y. pyllsetyrs at the
4O, lie5 and 5,0 Teet tide levels Aiffer from each other
and from the meens at the 1.0 and 3.0 feet levels at the
51 level of significance, Heesns at the 4.0 and 3,0 feet
levels do not differ significantly. ‘Whother those
differences sre the result of single brood settling at
difterent levels on the beach and the oboerved differences
are a refleation of varisble growth retes, or they are
the result of seversl broods settling st different times
and at different levels, osnnot be determined, It is
unlikely that four successive spatfalls in ons sumuey
ahonl,d be distributed in the latter way, -
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An examination of Table 8, pege(3-¢4shows that
these spat vary between 0.375 and 6.%3 mm, There is
the possibility that seme growth occurred efter this
sampling was done., However, measurement of the wintep
~ ring in the following epring end summer, while showing
& higher mean than the Septerber ssmples, have no grester

ranges and the increases in the mean are probebly due

to differential mortality. Thise appears to be so from
the higher value for the lower end of the range in the
spring snd sucmer samplos. In Plates 40 and m are
shown photographe of spat of nearly compareble sise.

In Plate 40 the left hand series is from September 196
samples, and show no marked ring. ‘The right hend series
1s from June 1947 samples, and the winter rings (R1) are
ovident, In Plate 4t the left hand series is fyom Juns
4947 samples, and show the winter ring (R1)e R2 iz the
outside edge of the shell and is the anproximete location
of the future ring 2, The right hend series is from
September 196 samples, end no winter ring hes yet beem
formed. R{ shows the position of the winter ring when
1t is formed,

In Table 1k are shown the mean lengths of new
growth put on in the perioed from the beginning of new
growth early in April end the time of sampling in late

'Aprﬂ. end in early June. The mean increment for the
first month of growth is 0,89 mm. and that for the first
two months 1,98 mm., with a meen monthly inorement of/
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/of 1.0 mu. The increment between the first and the
second rings in large samnles of adults from the Cross
Houses Beach in Millport, is 7.7 mm., with a meen monthly
tnorement of 4.3 mm, for & growing sesson of six wonths,
Hore information would have been desireble from further
samples of animals in their second summer, but the mean
monthly increments derived in the two ways indiosted
sbove, are oliose enough to provide & reasonsble eheek,

In Teble 45 are given the length-increment
frequencss for the various length groups afspat (length
of ring 1) snd it' is important to note that over this
particular sise range, the larger inerements sre gained
by the larger animels. In comparison, Tadle 18A shows
that for the adult size grours the converse is true;
the larger incremnts are gsined by the smaller animls,
Whether this is trus for other species is not known, for
this o#rly period of growth has been little studied in
this way. In Table 16 are given the absolute 1mremi:ta
in length for the various size groups of spet, and the
percentage inorease in length, which aleo increases
éirootly.‘ For complete analysis more date is needed on
animals reanging from 0.6 to 2,0 ems In the marking experi-
ments, discussed lator, the highest mortality ocourred among
the smeller animals, &nd only & single enimel with lees
than three rings survived.
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Nonthly femples,

A series of monthly random sanples veyying in
size from joo to 200 animels, were taken from & limited
ares on the Cross Houses Beachs. This beach hes been
desoribed in another section and as'fer 83 oould be
ascertsined, carried a larger populetion of Y. pullsatrs
than any other on the island, Even then it required at
least an hour to collect a semple of 100 animels, The
sampling technique consisted merely of turning over the
flat rocks, taking the specimons showing asbove the surface
of the sand, and then digging over the area with a small
trowel. A more effictent method of sempling would have
been desirsble, because of the difficulty in finding the
well eamouflaged smaller specimens the samples ere somewhat
Dissed toward the larger eize groups. Owing to the rocky
nature of the habitat, and the compsratively small amount
of loose send, sieving was impoassidle.

The informetion from this series of samples ie
souarised in Tabiles 174, B and Ce A typlecal length-
froquency distribution is shown in Pl.42, where the
domincnce of the lai'ger sninels mey be noted, &s woll as
the absence of & definite serics of modes indicating the
variocus size and age groupss This 18 no doubt s refleetion
of the considersble range in length of each year class
resulting from the comperatively long breeding season and
the overlapping of sizes in the older year classess/
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TABLE 17 C.

‘size
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Varianee
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Deviation
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error
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120 | 8.0 - ol
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Orton (1926) deseribes the growth of young gm iy
as overtsking thet of older animale. Weymouth, MeMillin
and Holmes (1925) found Gifficulty in 14entifying ege
groups in their length-frequency distributions of B2ilicue
- patuls.

‘A striking feature of this series of samples is
the extreme veriebility, s may be seen by eomparing in

Table 17C the means of samples teken in censeoutive months,

as well as in different semples taken on the samne day
(those for Ootober)s The adequacy of the ssuples could
not have been 1mproved without Aifficulty. Bech time
& sample was taken & new gection of ground wesused, 80
the fact that samples were not returned, should not have
influenced further ssmplings The whole beach is &
comperatively smell one and all the Y. m ground
is within the tidal range of one foot or less, &0 that
the growth rates from one part to snother should not vary
| aignificantly. In addition, there is no resl evidenece
of the presence of dominent yesr clasees. Therefors,
other than providing animels for the zeasurement of
grouth rings, & serics of randem ssiples ie of little use
in Getermining the rete of growth in Y. piliestrs ¢n this
area,

The main objeet of the marking experiments was
to provide a check on the information derived from the
measuremsnt of individuel winter rings, and to test the/
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/the wvalidity of the rings es measures of ennunl growth.

The enimels wore marked in severel wayse; the
moet sutisfaotory one wes to murber them with Indie ink
and ocover this with & layer of distrene dissclved In
Xylol. Thin method gave the clearest mark, was sasily
applied snd cnused little disturbance to the animal,

Its use is limited ¢o enimsle having comparatively emeoth
shells. Marking nuibers on the shells by means of a |
dentist'e Arill wes also used, and notching the ahell
odges with a file gave & permenent referenoce merlk,

After being markad, measursd snd the age
estimated by the annual ring method, the specimens wore
replanted in half inch mesh gelvanized wire oages,

Thoee were buried in the beach until the flst top was
flush with the surface of the sand, after which thay were
f1iled with send and gravels The animls were planted
jast below the surfuce of the sand end the tep of the cege
slosed up. The cages were deep enocugh to allow durrowing
to the maximum depth of which this specise is ospable,

The besch on which the oeges were planted was a gently

sloping one composed of sand &nd grevel, snd earried a
emll populstion of Y. pullestre. It wae loceted on the
northern aide of the island and ohosen beocsuse of itse
cemparetive isolation and the suitability of the substyetum
for this type of experiment,

The mein experimental group of animals were
planted en Septeaber 17th, 1946 end first examtned on/

A et S

oo o i



138,

/on April 25th, 1947. The mortality over this perod
wap sbout 297, COnly a few young snimmle showed & fine
sliver of new growth on the wventrel shell mergin and
measurement indicated no chenge in lengihe This showed
clearly the winter cessution of growth as far as the
sxternel diwensions of the shell are concerncd, snd that
nsy growth was jJust begimminy. The tamersture at this
tine was 6,8% C. s messured of the surfacs 6t Keppel Pler,

The aninels wers next exomined on July 16th and
| £imslly teken up on Octoder 20%h, 1947, The mortelity
s :lmeaaéa By thie time tc GO and was centred, as
memtioned iz snother section, on the youanger animals.
Bew cyrowth had csccurred in prectically ell snd was easily
distinguished by the white now shell, in contrast to the
&un eolour of the 01ds At the margin of the shell where
the new growth begen, & groove hed been formed, separating
the new growth frow the olde In &ddition, the file mark
on what was forcerly the edge of the shell coinoided with
the position of the groove., The neen increments for the
summer pericd of growth ape shown in Teble i_s and graphed
on Flate 43, Theeeo dets sre tuken frox 107 animels, the
gurvivors of & total of 299 orizinelly -wsrked, end gave
sL sarusl mortelfty of 627, The high wortelity 1s e
Acoided weekneas in thic type of cxperiuent, sspecislly
vher the monprtelity is selective,

In Tehle 480 15 showmn the riag-inerement
fraquency; GesongtFretivg in snother wey how the larger
incremente are gained iy the smsller animels in this wide/
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/wide reange of lengths. Ring 1 is, unfortunstely, not
included, for animels of this size ere Aifficult to mark
satisfactorily, and sven then there erises the predlem
of keeping them in a naturel cnvironment. It was hoped
to gain this informetion indirectly by the measurement of
spat, but the mortelity was so great, as deseridbed in |
another section, that a representative sample eould not
be obtained after Juns, 1947. However, much of the
required information has been cbtained from the measure-
ment of the appropriaste rings in adults, as will be
desoribed in the next section.

Based on the sbove conclusione that the ring
merkings (Pl.hli), or at least some of them, represent
‘annusl growth rings, or more accurately, winter checks;
thaae were assessed and measured, After some experience
end dasing Judgemdt on the neture of the various rings
and their position ralat:lvé» to one another, reasonsble
estimations were made in the majority of cases as to
which were true checks., Many animels showing nunerous
or ill-defined checks were diacardngs others were
mcasured, but vhen inspection showed they Adid not conform
. to the sigmoid curve of growth, they were put aside. A
nutber of animale were not used because the ring markings
were worn awey by ebrasion. A typicel example aﬁd one of
distortion, are shown in Pl.45. Whether the sbrasions are/
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/8re the result of movements of the snimal against the
rock on which it wae lying; or of the smwvement of the
rock against the snimel, is not known: possibly it is a
eonibination of both. |

Prom a series of 12 rsnfom samplce from the
Cross Houses Beach, sbout 8,000 ring measurements were
made, of which6300 were used in the compilation of
length-frequency distributions from the individisl rings.
During the growing sesson the measurements of new growth |
wore segregeted from the other measurements, so that
only rings formed during the *hibernation' period were
used, All the measurements of each ring nuiber were
grouped together to obtain a mean length for thet ring.
This compilation is shown for each sample in Appendix 2,
The information was further condensed by averaging end
the finel result is given in Tedble 19 and this forms the
basis for the growth curve in Pl.4f, In sddaition to the
arithmetic meens, the mediesn values were calculated and
they are also listed in Tsble 19 for comparisen. It
will be noted that with each ring the two msseures of
oeﬁtrsl tendency sre nearly identieal and indicates thet
the aistributions conform very closely to ths normal
curve,

Examination of the tables showz the laerge
variation in the lengths of any given ring, but this is
to be expeeted, Tor in these messurements are included
not only lengths of comparative rings of animels of the/
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/the same year class but alsoc those of a nurber of yeer
clamses, For mbmlo, ring 8 of the 1938 year clase
wae formed in the winter of 194546, while ring 8 of
the 1939 year class was formed in the winter of 1946-47.
Thus the final mcan length of any ring is derived from
the growth retes of animsls of like ages in & rmaber of
different years, Growth retes are known to wary frem
year to year {Orton, 4926) depending on tempersture,
food supply, ond poscidly to faetors not yet underetood,
Coe and Fox (19}) found thet the everage monthly growth
inorement in the Celifornia seas mussel (Nytilus
galifornispus) showed an amnual variation of more than
%0 €., Thus the growth rate of Y. pullagtys determined
in the above menner, possibly gives a better general
meen velus than the information derived from one or more
years by marking experiments. There is the limitation
that the higher ring numbers sre not so well represented
as the smaller ones because of the normal increase of

mortality with ege.

In Teble 20 are shown the anmual growth increments

Detween the formetion of the various rings derived in

seversl waysi-

Ae The mean iength of rings from & large
sample of snimels (6300 ﬂmmnﬁa) ef various
ages from the Croes Houres Beach. ‘

B. The mesn smount of npw growth during
the 19&7//'@“1::3 season at the Croes Rouses Beach,
"@ealculated »:rtly by mmatim of monthly growth/




TARLE 20,

B

Ce

Aversge lengths of rings from lerge semple (6300
measurements) of animals of various ages from
Cross Houses Beach.

Average amount of new growth duringughe 1947
season from Cross Houses ssmples (45 animels).

Average smount of growth during the 1347 growth

season from marked eagimels on & beach - the nerth
side of Grest Curbrae {409 animels).

Annual inorement in mm,

Betwoen A B c
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/growth increments {Toble 2¢), and partly by the
mesgurement of the totel sumncr's growth (Tadle 24,
20410.47) from khS enimels,

Ce The mean amount of growth daring the 1947
growing sesson obtained from 109 marked individuals
(Teble 48) grown on the north side of the Ialend.

Inerements in A end B are cuite close and
indieate thet from the point of view of growth, 1947
approsched whet might be considered the norm of recent
years, in spite of the delayed rise in tempersture after
the aever winter and early springs In C. the inercments
~are lower and this mey be agcounted for by the fact thet
they were replante in e not entirely typicel environment,
But in the mein, the inerements as derived in the thres
ways, tally elosely and indicate in enother manner that
the annuel ring method is valid for cetimating the rate

of growth in Y. pullpetps.

In amti&n, a total of 4500 ring measurements
from the Croes Houses Beach samples of Oetober {5th eand
46th, 1946 were plotted to show the length frequency
aistrivution (P1l.47). Theoreticelly this aistridution
should give & multi-modal curve, with the modes represent-
ing the lengths of the various rings. However, only the
first two modes are definitely eignificant of the first
snd the second rings The modes thereafter are not
distinct enough, that is, there is little difference in
frequency betwesn the minimum values occurring between two/
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/%w0 peeks énd the peeks themselves, Thie obscuring 1s
no doubt dus to the overlapping sises in the older yeey
oclasees. However, the firet and second rings are definite
enough, and the model lengths correepond well with the mean
values in Table 49.

During the growing season the new growth on the
animals of werious agee wes noted in the monthly rendom
samiples and thie information has already been utilised
{(Teble 20). It is aleo arranged separately in Teble 24
fron which the mean monthly inecreent is cbteined, and this
is plotted on the graph, Pl.48, eleng with thé wean weekly
tomperature for the periods The growth increment curve
follows the tempercture curve very closely until the time
of the first spswning (spe.) when the increment curve drops.
This would be more pronounced if the immeture animels had
not been included. A similcr condition exists in the
Pismo clam (Coe 1947) where there is an inorsase in the
rate of growth with the spring increase in teuperature
up to an opticum when growth falle off to a2 minimum in
August, slthough the water temperztures ere then highest,
Coe considers the dscline in the growth rate as due to
“the requirements of the reproductive system and the
succesae acts of spamning.” The sams trend in growth
takes place in both species of Mytilyg found in California
and in other invertebrates there (Coc and Fox 194h).

They consider that food supply has more influence on rates/




< ke

/rutes of growth then have smell increases in tempereture,
Orton (1928) hes shown there 1s & spring and en sutuam
period of shwll growth in Qetes odulis with 1ittle or none
during the dreeding pericd when the temporstures sre
highests He concludes that shell growth is s function
of tempersture and feeding and sugrests & physiologicsal
antsgonisa between ehell growth and breeding.

With Y. pullogips, at least in 1947, the sumer
decline in growth rate coincided closely with ths onset
of spewaing ond the decrease persists for some tius.
Ageording to Murshall sud Cer (1927) there is the ususal
spring ineresse in diatoms in the Millport region, but
tize sutumn increess does not appc&r until growth has
almoet geused, slthough the tempervtures at this time
sre still highs. It would seem thut there must be a
source of food in sddition to dietoms to permit growth
during the period shen the diatom population is low.
A small mic-summer bloom of distoms is normal and in 1947
1t appeared to be greater then usuel, The Millport
planicton is rich in larvsl forms and other smll orgenisms
throughout most of the summsr., Coo end Pox ( 1944)
consider the bulk of the food of jytilus eslifornionug to
be detrituse Coe (1947) belleves that the egge and
gperms of algee snd invertebrates form the food of the
Pigmo clam ss well as detritus &and iiving phyteplanktem
and sooplankton. No atfempt was msde to investigate the
food of Y. pullagtys, for there is be ressen to doubt thet/
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/thet it is wlike sny other suspension feeding lamelli-
branoh. A correlation between the amount of food
availsble throughout ths growing season and the rete of
growth in various &nimels would be of interest,

In Table 22 is shown the height-length relation-
ghips for spat betwesn the lengths of 0.5 and 5.0 mm., and
in Tadle 235 ia given the height-length end the thickness-
length ratios for snimels vetween 10,0 and 45,0 mn, In
the early part of the renge in the spat, height tends to
approximate to length, but very soon, ut a leAgth of
2,0 om, the ratio changes to that found in the adult,

The height-length retic in the setting lerva is 0,92,

and thope is o gredoal change from & nearly spherical
shape in the ‘arve 4o en ovel shape in the older spat,
The oval shape sdopted quickly by the spat has its
advantages for burrowings It willl be cbserved from the
tables how relatively counstant the height-length ratio is
sainteined in couparison to the more veriabile thickness-
length ratios  This variability may well De a refleotiom
of the varisbie consistency of the substratum, If this
1s hard and unyielding, it uay preveni the shell from
aseuming its normal ahape, <Certainly some of the burrows
heve hod walls of nearly rook-like consistenoy. The
thickness-length petios for Tivells staliorup (Weymouth
4323), a pure sznd dwelling form, epyesr to be more
eoncistent than those of Y. pullagtye. Tiwss retios for/
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/for Y. pullaptpe are plotted in P1.49 and the graphs
zoprsapnt the average relationship which is simple and
direet with no radical change in shape with ags.
Crozier (1944) in his study of Dosinis discore also
found a simvle tangential relationship. The ratios for
the size groups above 40,0 mm. in Tuble 23 indicatcs that
growth in length may be slowing down slightly in relation
to growth in height., This point_ has been observed
directly in older enimels where no new shell growth is
evident on the ends of the shells, although there may be
e spell smount of new growth on the ventrel edge., It
may also dbe noted that new growth in young enim:ls first
accurs on the ventral mergin of the shell,

Disggesion.

The mesn monthly growth rate of Y. pullestre
has alresdy been compared with that of other lamelli-
brenchs, Direct comporison of growth is difficult when
dealing with different species from seversl loealities.
From a&nination of the modes of his length-frequeney
curves for Tellins tenuls, Stephen (1929) found that the
sams]l inerement of any one yeer class decresses at a
rate of 507 snnually, which is in egreement with the dese
for Cerdiun sdule (Orten 1926). Stechen points out that
if this rule holds good for ell lamellibrenchs, & meeans
ig &t hand for estimating the ege of numerous small dbut
economiesl species, when only the first full year's
inerement is known, But, as pointed out by Blegvad (1930)/
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/Blegvad {1930) the matter is r;ot quite so simple, fopr
the growth rates of sveral Denish species do not conform
to this rule, nor does the growth rate of Y. pullastrs.
It is interesting to note. however, as shown in the last
colwm of Teble 49, the regularity in the decrease of
the pemgentage increment from year to year.
welford (1946) in an interesting peper

desoribes a method for transforming sbsolute growth
curves into straight lines by plotting the lengths at
age N years against the length at ege N + 9 years, 8Such
linee may be used for studying growth veriation within
and between populetions, and the limiting length of the
species estimmted, When the two sete of date for
Capdjum edyle from Orton (1926) (River Yeslm), end from
Stephen (1931) (Hunterston Sends), are plotted aecording
to Welford's method, the two straight linss so produced,
although there are few points, have the ssme slope of
Oe8i4. This indiceates that the yearly growth insrements
decrease &t the sams rate, slthough the ebsolute values
are Qifferent. The dnta for Y. pullsatre plotted in
thie way, slso give a stright 1ine with the same slope,
but imu more information is aveilsble on growth rates
from other loecalities the full significance of this
slope cannot be determined.
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Suwmeayy.
The problem and methods of identifying lamsllibrench
veligers are discuesed, as well as the characters
most useful in identificeation.
The veliger larva 4s descrided and figured,
The fluctuetions in sbundsnce of larvae throughout
the summer of 1947 have been determined dy quantita-
tive plankton ethods which have been desoribded,
Prom this information, an estimate of the length of
larval life hzs been made.
The exast 1imits of the beginning and endhf the
breeding season in 137 have been determined.
Preliminery information on the vertieal distribution
of larvee in Feirlie Channel has been cbteined,
A diurnsel movement of larvee, being most sbundent at
the surfece in houres of darkness, has been observed
for the area near the Millport Marine Station.
The orgsns of the fully developed larva have been

rhe orgens and their development in newly settled
gpat up to & length of 1,0 mm. have been described,
The changes that occur during metamorrhosis are
discussed and the three most important changes are
oonsidered to be ¢

As The loss of the veluwu.

B. The sctive functioning of the byssal glemd.

C. The formstion of the spat shell or Aisaoeonch./
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The funstional significznec of these events are
considered.
Y- nullestys is found to settle almost entirely om
the upper surface of spat collectors.
There 18 8 relationship between the angle of the
surface of the collectars relstive to the horisontal
and the nusher of spat caught per unit of area,
On the basie of projected arcas, the efficiency of
the collectors inoresses with the increase in engle.
Prom this it 18 concluded thet spatting is not a
parely gravitational effect.
The distridbution of the 1946 and 1947 spatfalls in
the littorsl sone of Balloch Bay, Isle of Cumbree,
has been studied by sampling at vericus tidsl levels
on the beach, The distridbution end the nurbers in
the two years has been found to be almost identical,
The factors causing the type of distribution found
have been discusced.
The rate of mortality of the spat of the 1946 drood yeap
was found to be nearly 1007 within one year. The poss-
idle faptors contributing to this high mortality have
been discussed.
The problem of spatting snd the seleetion of a suitsble
substratum by the larva heve been discussed, It has
been shown that the needs of the spat and of the &dult
are different, and whatever power of selection the spat
mey hove is exerted in the selection of an environment/
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/environment suitable for its immediste nesds. If
thet enviponment is not suitsble for the adult, them
mortality oceurs,
The rate of water propulsion by adults 4,5 cm, lomg
wag found to renge between 0,14 and 0.99 with & mean
of 0.5 1litres per howr in o tamperatm range of
$5.,0° te 16,0° C,
The snimal filters spproximately 400 times its owa
volume in ane hour,
If all parts of the gill are equally concerned in
filtering, 1 square centimetre of gill filters
4245 o0, of water per hour,
The current speeds of water through the two siphons
are daifferent and this prevents mixing of the two
currents,
The gn:u sre shown to be efficient in filtering
perticles down to the size of f .
The seeretion of mucus by the gills docs not appear
to be a limiting fector in 1te ebility to filter
suspendsd mterisl in considerebls concsntration fop
periods up to 6 houwrs.
Eymograph recordings of shell movements have been
snalysed snd the results compared with those found
by other investigators far other speoies,
Shell (Adductor muscle) movements heve Deen found to
play no part in the spawning sote
The method of spawning in hoth soxes is deseribed,/
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¥. pullestpra hes been stimmlated to spawn both by
temperctures stimulus and by a chemical etimilus in
the form of a suspension of eggs or of sperms of the
species,
A long latent period snd a refractory period during
which spawningeamaot be induced, huve been observed.
Y- Dullsgtrs 1e not as susceptible to stimulation as
the “"oviparous” oysters.
Seasonal changes in the gonads of both sexes was
fallowed Dy examination and study of sections of
over 900 meture enimals,
The sex ratio was found to be approximately equal,

Only Q4% of the pop\zlation studied were hermaphrodites.

Approximetely 0.47 of the population studied were
perasitized by an unidentified speciece of trematods.
The length of spat at the formmntion of the first
winter ring varies between 0,4 end 7,0 mm,

The mesen lengths of imPlal of spat from Balloch Bay
appear to indiocnte that a slightly higher rete of
growth msy occur at the higher tidal levels on this
beagh, ‘ .

In the esrly spat up to the formation of Ring 2 the
largest growth increments are gained by the lerger
spat, but thereaftor the growth inerements decresss
with insrease in sige and ege,

The method of model groups from length-freguenay
distridutions of random samples is shown to be not/

\
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/not applicsdle to ¥. pullagtre 6s & mecns of
Getermining sge groups.
Berking experimemts heve indicated thet certain of
the rings appeering as surface sculpture on the
ahelles of Y. pullagtre sre velid as measures of annual
grovth, |
Prom the marking experiments the snnual growth incre-
ment of animols of warious sgen wes determined and
checked ageinst similar measuremsnts determined in
other ways,
Pron 6300 measuremente of the length of growth rings
en snimals from 8 confined ares, a length-on-age ocurve
has deon drswn. Thie curve followe the typioesl sigmoid
form,
The mesn monthly increment of growth for the 1947
growing seacon are shown to follow the temperature
gurve until the onset of spawning, when there ie a
dscreage in the growth rate, Later in the sumner
there is &n inoreane which eennot be definitely
eorrclated with 8 particular factor on the basis of
aysilsble informetion on food, ete,
The height-length snd the thickness-length retios for
various eizes have been celculated and they have been
found to follow a simple and direct tangemt relationship,
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Rixging Novements.

Tas literature on digging movoments of lemelli~
branchs ic not extonsive and other then the work of Drew
(4906) on Enagds directus end Jorden (1915) on Magtrs
4nflata, there 1s little of significence until tlnA
extensivo investigations of Fraenkel (1927) on the
8olcnidses Later, Stoll (1938), geve drief deceriptions
of methods of locomotion in various species. Drew (1898),
Morse (4913), Vies (1904) and Stoll (1938) heve descrided
locomotion in verious protobrenchs. Of all lemellibrenchs,
the Solcnidee lend thomselves best to o study of locomotion
beosuse they ere probably the most active =pd rapidly
burrowing, end it is poseible to induce movement of the
foot by stimulation (Preenkel, 1927). This is impossidle
in spectec osuch 8 Y. pyllsgtre in vhich elmost any type of
stimilation ssuses immedisto contraction, generslly accompan-
ied by closure of *he ehells, Vhilc the nerve-mscle
physioclcgy of movement 11; X: pullastra was not studied, the
general pattern of digging movements was observed and the
results mey de of come interest.

VWhen Y. pallegtyrs is removed from its Durrow &nd
18 sllowed to remein undisturbed for some time on any
surface, the shelle open and efforts ere mede to burrow.

If the substratum is too herd for the foot or ths shell to
penetrate, horisontal movements result; bdut if the
substratum is soft enough for penetration, then the sams/

A
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/cone ssquence of movemonts allovs themimel to burrow.
Unless the snims) is moved from its Durrow, it eppears
that ths amount of movement in neture is reletively little.
The typianl habitat is under rathor flatiish angular stonss
(moe Pla23, £ig.9) covering shalloy pockets of sand end
grevels, Neerly all animels are attached to some solid
ohjest, a atone or a shell, by & byssus, This thread
1s single preximlly whera it leaves the faot; distally
where 12 18 attached to the holdfast, it is divided inte
several strands, There is an affinity for aerevices, or
ageinet overhsnging rooks whose base is duried deeply
enoughe Nost animels sre buried an inch or two below the
surface, Dut a nurbey may de found with at lsast part of
the shell shawing and some msy have Pomatooeros triguster
growing on them. |

In nature the orientation is verisble. The
snimale lie with the trensverss sandlongitudinal axes in
various plenes. Vhen they sre allowed to burrow into
pure sand they assume & position with the dorsal margin
of the shell nesrly parsllel with the surface,

The digging movements have been observed meny
times in all sizes of animmls from the youngest spat to
the largest adult in send, mud, gravel, powdered gless
and on flat surfaces. In every case, regardliess of the
position end the emvironment, there was an inevitable
sequence of movemsnts,
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Using the medium of send, in which the movements
are best exesuted, assuming the animsl to de imbedded just
deeply enough to prevent 48 falling over, snd with the
long axis parsllel to the surfece of the send; the
sequence of movements i3 as follows:

4« The walves are opemed.

2+ The foot is protruded, pointed with a probing
motion, This buck and forth secrching motion is
continued until the Toot is fully extendeds The tip of
the foot may extend to & length equal to that of the
aninale The dsgres of vertical penstration in this phese
ey very considerably and is partly dependent on the type
of subgtratums (P1.50, figet)s |

3« The heel of the foot is protruded ventrelly,.
(P2.50, rigeb)e
4 e The heel expands both laterelly amnd posteriorly,
so that, eoupled with the enterior extension of the foot,
s anohor is formed, If the substraiua is firm enough,
the foot meintains this position and the shell moves.

5« The valwes opei alightly.

6. The two siphonal aperturses elose, and the
sddustor muscles contrast redusing the voluoe of the mantle
eavity forcing out the exsess weter in e stream from the
saterior end just Delow the addustsr muscle., Preswmbly
the pallial owrtain mmintsins & soal around the foot and
the renmsinder of the mantle edge Suring this operation,/
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Almost fmmcdiately the anterior pedsl retrectors contrest
and the posterior retractors relax, osusing the anterior
end of the shell to 44p down and ths posterior to rise
weard, It is prodable, and this dcseription of the play
of the mngsles is only conjectural, that sontraction of
the anterior retractors is confined to that part neapr its
imssption into the shell. (P2,50, fig.c).

7+ The final movement now takes plaes as ths shell
moves forward and down, The foot remains in its position
of anchorage and the more distal portion of the anterior
retregtors now comes into asction end the body is arawn
forwepd, At the same time elements of the posterior
retractors running downward and forward to the base of the
foot gontract, so ascisting in the movement, (P1.50, £ig.d).

In Plate 50 the lines 'XX' and 'YY' are vertieal
and horisontal reference lines respectively. In figs. b,
@ and 4, the foot is in relatively the same position and
the shwll and body hove moved in relation to this., The
figures are dicgrammmatic.

This sequence of movemsnts is repested until
the aniael reacches the required depth. Kymogrsph record-
ings, sn example of whieh is shown in Pl, 3l fig.3,
substantiate the anslysis given above, The recording
reads from left to right and the kymogreph esrrengement was
Mtbtnmmmt of the animel is shown in an /
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/en upward movement of the tracing pen, The sttachment
of the shell wee on its enterior lateral area, so the
mximam downward movemsnt is recorded, It 1s Aiffiecult
to compare the kymograph trecings of digging movements in
Yo pullegtys snd in Solcp (Preenkel, 1927), for the letter
was held in a elamp and vertieal movements of the foot
recorded,

* Xn the trecing Pl.3h, £1g.3, will be noticed
a' slight dip of the pen just prier to the long upstroke,
This is inteyrpreted as a slight relexation of the asdductor
maseles, allowing the valves to gape slightly end in this
way loosening the sand around the shells, Then follows
the sharp-npmvp of the pen showing the downward movement
of the "nose” of the snimel (Movement 6), (P1.50, fig.e).
The "nose" very rapidly tips up agein allowing the pen to
" 8rope This upward movenent slows down in its leter stages,
snd the beginning of the next sequence may be under way
defore the snimel hag come to rest, as shown by the horizon-
tsl lines in the first fow sequences of Pl.3, fig.3. One
vertical sweep of the pen up and down, plus the following
horisontal line, constitutes & sequence, Thie term is
analogous to the "Orebstufe” of Preenkel (1927). The
initial probing of the foot he terms, "Gradbschritt”, and
& nuider of "Grabschritt® form 2 "Grabstufe.” In tum,
s nurber of "Grabstufe” form a "Grebperiods”, which
presumsdly ends when the animsl resches the required depth
in the sand./
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In the deseription of Movement 6 is mentiocmed
the stream of water that is forced cut of an sntericr
separation of the palilal ocurtains, The wvalve alosure
responsidble for thie i1s not rerrescnted on the tracing
because it appears to be coincident with the downward move-
ment of the "nose", and as closure of the velves would
result in en upward movemont of the pen, the two movements
are no doubt incorporated. The purpose of this current
hes been interpreted, first by Drew (1306) for Epnais
Siregtus, end later by Jordsn (1915) for Noctrs inflats,
Fraenkel (1927) for the Solenidse, and 8toll (1937, 1938)
for sevorsl lamellibranchs, s serving to loosen the sand

in front of the enimal to allow casier penetration,
Certaindy in Y, pullegtrs the jet is powerfal,for a
oconsidereble disturbance is orested in the sand even vhen
the animel is at somo depthe There appears to be no good
peason to doubt the interpretation of the edove authora,

An anslyeis of six kymogreph recordings of digging
movewmsnts, given in Tadble 213. shons that once &igging has
begun, the average time for each sequence is 2,42 minutes,
The everave numher of consecutive sequences is 17, and the
mean extent of the initial domnward movemsnt is 4.8 mm,

The effective downwerd movement is apprecisbly lessthan this
due to the 1ift of the emterior end in the second phase of
the sequence, but the extent is varizdle @epending on the
type of substretums

Herisontal Kevement./
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When Ve pullastra in first pleeced in an
aguariun tank with suitable mibstretux, the first resetion
is to burrow which it does rapidly. During the first
poriod of darkness, however, meny of the smaller animals
return to the surfoce snd move sbout conaidersdly, os
shown by the long furrows cut on the surfase of the ssnd,
Whother there 18 an actual 'darkness' effect is debstadle
for the animals mey have returned to the surfsace in any
event, but this point wes not investigateds The trawed
movomonit is apconplished by the name sequence used in
aigaging, exeept that the initial dip of the anterior ead
i2 not 80 extensive, If the sand ie very loose many of
the larger animsla have difficulty in obteining the initial
snchorege for the anterior end of the shell. Thst 1s,
once the *nose™ of the clam is buried, the rather flatitensd
Junule region forms & preasure plate, and the weight of the
sand on it holds it steedy as the posterice end is pulled
dowm. If the initial anshorage is not obteined the animel
will plough elong the surface for soms dlstence before the
"nose" gots & grip.

Rigsuceisn.

It hes been shown that the digging movanents
eonaist of strict and undewieting sequence of novements,
whigh involwe fins synohronisation of the adductor muscles,
the retreetor muscles and the muscles of the foot, The
role of the blood system in contributing to the pedal/
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/pedsl activities hss not bBeen investiguted. Drew {1906)
snfl Preenkel (1927) have shown thst the blood ascists in
podal movements, dut the latter author has shown that
blood pressure pleys only & minor role in comparison to
the musoulature in inducing changes in the form of the
foot, Bm. in Y. pullsetre, there 18 not the repid
and extensive chenges such as occurs in §olen, smd the
extension of the tip end heel of the foot forms an anchor,
sether than the exclusive swelling of thes tip as in Sglen.

The stimuletion which causes burrowing has not
been determined, other than that it oeccurs whenever the
animel is pot duried. \ Also, what ig the etimulus which
esuses the snimel to stop burrowing? Fraenkel believes
A1t is not noeessary to sssume & nervous inhibition, but
that the cessstion of digging movawnté occurs s a result
of fetigue, but this is hardly likely with Y. puliestre,
which will burrow repeatedly, though the period of shell
slosure caused by the removal from the sand may serve for
recuperation. However, the emount of musculsyr activity
in the two species is hardly compeaereble, nor is the time
required for burrowing, Preenkel (1927) rfound that Sgoleg
orientates itself in a direction which correeponds approx-
imately to the dirsction of the resultant of the centrifugal
force and the force of gravity. Y. pillzstra msy be found
orientated in nature in necarly every conceivable manner,/
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The sams sppliesr ¢o their orientation in an agquartum with
& hosogensous subotratuwa such &s sand, N9 experiments
with oentrifugil force were tried. | |

Stimmletions of the siphons and muntls in Y,
Zadlegtrs inveriobly cmuse shell closurs. Similar stimale-
tion in §glgp, sosording to Fracnkel (1927), necrly slweys
faitistes digging movoments, ond he dotermined by elimina-
tion experlaents that the visceral znglion plays aa
importent rele in the ieloaps of digging movemsnts, bud
the cowedral ganglion was asgertoined to o the actual
nerve centre for the movements, With the differont effect
of mantle and: siphonal stimmlation, it would de interesting
to investigate nervous control of the movemonts in Y,
P TYY W
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Figure 1. Larva just out the amight hinge stage.
463 u. = thl u.

Figure 2. Larva., BEarly ucho. 204 u. x 480 u,
Pigure 3, Larvea just before matamorphosis 260 w. x 240 u.

Figure 4o Internal view of right valve of a veliger

showing the hinge srea and teeth,
256 u. x 238 u.

Figure 5. Hinge areabf right velve of larva. 227 u. \ o
. X209 u. Internmsl view, .

Phgure 6. Iﬁnge area of left valve of 1am. 227 u.
X 209 w. Interoal view.
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Figure 7.

Pigure 8.

Figure 9.

Figure 10,

Flgure 1.

Plate 2.

Photomicrograph of complete veliger from
the left side. Length 240 u.

Photomicrogravh of the external view of
both valves of a veliger, 225 u. 4in
length. Prod, 4 is the light wnringed
area inside the hinge snd unbo,

Photamicrograph of the intermal view of
hinge area of the right vaelve of a veliger
showing the hinge teeth and ligement. x hﬁé.‘

Fhotomicrogravh of the externel view of the

1];133-,‘ valve of a spat O.4 mm. leng by 0.35 mm,

Phot omtcrograph of the externsal) view of the
right valve of a spat 9.3 mm. in isugth.
Note the aifference in density detween
Prod. 41 and the dissoconch, '
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Blate 3.

Map showing Little Cumbrae Island and Great Cunbrsae
Islend, with some of the landmerks and Stations

mentioned in the text. The 10 and 20 fathom depth
contours are shown.

Legend.

A -~ Location of spat saupling stations.

B -~ Keprpel Pier.

C - Shore pumping Station on Keppel Point.

D - Plankton 8tation off Keppel Pier,
August 26th-28th, 1947.

E - Approximate location of the Lion Roek,

F - Sampling Station for Verticel Series,
August 22nd, 1947.

G - Hunterston Perch.

H - Location of Cross Houses Beach.
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Graph chowing the seaeonel variation in the nuvber of
larvae as ghown by pump samples from Keppel Pler ond

Keppel Point during the breeding season of 1947.

The mean weekly temperatures at the surface at Keppel
Pler, and the tidel sepries I'nr the period, are shown.
The tempercture data wes supplied by the B.I.8R.A,

axgxg_rthe Tidal date is from tho Admiralty Tide Tsbles,
1947.
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Graph showing the numnber of larvacin pump samples of
2 cubic metres, taken at verious depths down teo IO

metres, from & Station in Pairlie Channel, August 22nd,
1947. Deats from Teble 2.
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Plate 6.

Graph showing the nurher of larvae per 2 cubic metres
of pumped water from the Keppel Point Shore Statlion,

44th-16th August, 1947. The periods of Garkness and
the rise and fall of the tide are shown. Dsata from

Table 3,
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Graph showing the murber of larvee from 2 cubic metres
of pumped water from a Station off Keppel Pier in
Fairlie Chsnnel, August 26th-28th, 1947. In addition
are shown the rise and fall of the tide and the periods
of darknesr,

The broken line represents the 12 meire
samples, snd the s0lid line the surface samples, Dsata
from Table k.



PLATE 7

= - T T T — s v
] L
w9
z
w
9
+=
7S
(¢]
F—
I
o
w
e o4
PERIOD OF DARKNESS PERIOD OF DARKNESS
L] L]
200
w
£ 150
a4
<
-3
[T L
) 120
14
w
[13]
p3
ol
Zz 80r
40
(e} L b"'--g--(' A r i 4 ;L n 1
1200 1800 2400 0600 1200 1800 2400 0600 120C

TIME IN HOURS




Graph showing the nuiber of larveze per 2 cubic metres
of pumped water from the Keppel Point Station,

August 29th to Septeuber 6th, 1947. The periods of
darkness, and the rise and fall of the tide, are
shown., Dsata from Teble 5.
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Bey to lettering.

8.8, ~ anterior adductor muscle,.
8ePe =~ apieal plate.

Dege =~ Dbyssel gland.

b.gr. - byssal groove.

CeZe = cerebral ganglion.
dede =~ digestive divertieuls.
fc - fOO‘t.

g8 =~ gastric shield.

i.8¢ = inner gill.

1.1. =~ intestinal loop.

ko8, -~ crystalline style sag.
noe - mouth.

oes, =~ oesophagus,

Oefe ~ oral flap-

P.8le = Dposterior adductor musc»le.
Pe8s =~ ©pedal ganglion,

. - rectum,

8. .= stomach.

st. - statocyst.

Ue - mo.

Y. +~ Visceral ganglion.
Vele =~ lobe of wvelum,

Figure 44. Semi-disgrammatic reconstruction of &
full growm larva from sections, vhole
mounts and from the living animels. Xx m
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Plate 410.

Q.84 -« anterior adductor musele,
Befle - apical groove.

8¢De - apical plate.

Coge - cercbral ganglion.

€aDe - mantle epitheliun,

f. - fOOt.

1.8. - inner gilll,

Mel. - muscular lobe of the nsntle,
oes. - oesophagus,

Ps€o - periostracum.

Pele - pedal genglion.

DPele - secretory lobe of the mantle,
Pale - posterior retractor muscles.
Te - rectum.

ste - statocyst.

st.l. ~ statolith,

V.Co - velar cilis.

VeEe - visceral ganglion.

Vel - velar lobe,

VeDlslls = velar retractor muscles.

Pigure 15, Frontal section of a larva to0 show the

retgtionship between the various organs
x 400,

Figure 464 Slightly obligue croass section of 2 larve
to show the relationahip of the various
organs x 300,
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Pla e !!o

Key to lettering.

Ge8s - anterior adductor muscle.
8aDe - apical plate aresa.
-V - anterior retractor musecle.
CeDegs - cerebro-pleural ganglion.
Cofe - ecerebral ganglion.
d.d. - digestive diverticula.
€eDe - mentle epithelium,
ge 14 =~ larvel gill filaments.
- 9% -~ inner gill.
j.m.pe - mouth - palp junction area.
l.p. -~ lower palp.
Me€o - mentle edgee.
m. - moutho
0€8. - oesophagus,
oe8e ePpe~ oOesoOphagea spithelium,
Pele - posterior adducte muscle.
e Do - upper palp.

Figure 17.

Figure 19.

Figure 20.

Figure 24,

Sagittal section through the right side of
a larva showing the gill filaments x 4§75.

Sagittal section through an 0.35 mm. spet,
to show the deeply staining mmltinucleate
tissue of the apical plete area in relation

to the cerebrsl ganglion, mouth and anterior
adductor muscle, x 1000,

Sagittal section through the mouth region
of a 1.0 mm. spat, to show the lower palp

ang its relationship to the mouth region
x 600,

Sagittal section throughthe mouth region of
a 1.0 mm, spat, to show the Aivision,and

the attachment between, the lower palp &nd
the 1ip of the mouth. x 600

L ]
Sagittal section through the mouth region

of 8 1.0 mm. spat to show the upper palp

and mouth and the proximity of the gills
x 500,
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g lette .

BT, - anterior retractor museles.
C.DPefe =~ ecerebro-pleural ganglion.
Cetre - e¢iliated tract.

d.4. ~ digestive diverticula.
€eDPe - mantle epithelium,

1.8 - inner gill.,

leTe -~ lower palp.

MaCs - miecus cells.

Me€s - mantle edge.

mo; el mutho :

oes. - oesophagus.

We Do - wupper palp.

Vol -  visceral mass,

Figure 22,

Figure 23.
Figure 24,

Pigure 25,

Frontal section through the mouth region
of an 0,35 mm. spat, showing the mouth
and the upper palps. x 320,

Cross section through the mouth region of
an O.4 mm. spat, to show the lower palps
x 300.

Cross section through the mouth region of
an 33(.;; mm. spat, to show the upper pelps
x »

Drawing of a ivhole mount of the uprer sad
lower palps of a 1,0 mm. spat. The view

given is frontel, looking directly into
the mouth. x hm:
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zlazg 1}.
‘; ey to lettering.

e‘ - c’.liai - )

8sDe - mantle epithelium.

Mmele - mascular lobe of mantle.
m,s. - nmuscle strand.

n' haad nel've.

PeCo - periostracun,

DPale - gecretory lobe of mantle.
Peleme. ~ pallial line muscles.
PePelle -~ pallial retractor muscles.
Bho - Bhell. .
B.lq -

sensory lobe of mantle.

Pigure 26, Cross section of the mantle edge of a

larva to show the two mantle lobes
present at this time. x 1500.

Pigure 27. Cross section of the mantle edge of a

1.2 mm, spat, to show the three mantle
lobes and the siphonsl retractor
miscles. x 450,
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Key to the lettering.
1.8 - inner gill.
m, - mantle,
M. - mantle edge.,
Mmefe - mantle fusion.
Mels - musculsr lobe of mantle,
Me 8. - mascle strand.
DeBloe ~ posterior adductor nmuscle.
P.ee . =~ Dperiostracun,
Pele - sBecretory lobe of mentle.
PsTem. -~ pallial retractor muscles,
SeBe - siphonal septum,
si.ts ~ siphonal tentacles,

Figure 28, Frontal section of an Q.4 mm. long speat,
to show the formation of the siphonal
tentacles. Section is through the mid-
line. x 700.

Pigure 29. Drawing of & whole mount of the right
posterior ventral mantle region, to
show the formation of the siphonal
tentacles asnd the gills, from a spat
0.50 mm. x 400.

Pigure 30. Internal view of a whole mount of the
right posterior mantle edge of a spat
0.75 mm. in length, to show the siphonal
tentacles. Stained with methylene
blue. x 250.

Pigure 31,

Frontal section of an 0.3 mm. spat, to
show the fusion of the mantle x 350.
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Eey to Jettering,
aq . - anus,
€sDe - mentle epithelium.
e.s8i, - exhalent siphon.
b o ~ Toot.
1.8 - imner gill.
M.€» - mantle Qﬂgﬁ 2
R Be - mascle stranda,.
Bt - maatle thimm‘i
Pa8s - posterior adductor muscle.
Dra - yperiostracun.
Delem, - pallizl line muscles.
Pa - rectmo
B.ls .= s8ecrstory lobe of mentle.
a8, - sinhonal septum,.
g.t. - gensory tentacles.
si.t. -~ 8iphonal tentacles.
Vale - viscoersl ganglion,

Figure 32, Prontal section of an 0.35 mm. spat at
the approximmte level of the anus; to
show the siphonsl tentacles, the
exhalent siphon and the siphonal
retractor muscles x L0O.

Pigure 33. Prontal section of an 0.45 mm. spat, cut
at the approximate level of the mouth, to
show the exhalent siphon x 300.

Pigure 3k4.

Drawving of & whole mount of the posterior
rogion of & 4,0 mm. long epat, to show the
aiphonal septum and the siphonsl tentae¢les.
Stainad with methylene blue x $70.
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Plate 160
‘Kgx to lettering.

C, - eilia,
dede -~ digestive diverticula,
Gedede - duct of digestive diverticulas.
€eDe - mantle epithelium,
To -~ foot.
1.8 - joner gill.
1.8.00 -~ origin of inner gill.
k. - Kidney.
k.S, -~ eprystalline style sac,
Dl - mantle.
e Ce - mnmuntle edge.
.l. - umscular lcbe.
m.t. -~ thiekening of mantle.
03 - ogphradium,
OCS, - QesophaguSQ
De€e - periostracum,
pe.l. - secretory lobe,
Dele - posterior retractor muscles.
; J8 - ©ractunm,
Se - sgtounsh.
Voo -  visceral ganglion.
{

Figure 35. Frontal section through the posterior region
of an O.i4 mm. spat, showing the gill origim
x 400,

Figure 36. Frontal section through the posterior dorsal
region of a 1,0 mm. long spat, to show the
specislised epithelium which is described
as the osphradium x }50.

Pigure 37. Prontal section through & 4.0 mm. long spat,
to show the relationship between the gills,
mantle end siphonel retractor muscles x 50.

Prontal section through an 0,35 mm. long
spat, to show the ducts of the digestive
diverticula leading into the stommch x 200.



PLATE

16



au.

Plate 47.
Rey to the lettering.

-~ auricle.

8,V.0.~ atrio-ventricular opening.

d.d.
Qe De
€e Po

hem.
int.

i.g.
me
Pe
Pele
Pelo
b o
e Do
Ve
VeEeo
VePo

F igure 39,

Figure 4O,

Figure L41.

Figure 42,

Figure L3,

Pigure L,

digestive diverticula,
dorsal pcricerdium.
mantle er#helium,

heart,

heart muscle,

intenstine.

kidney.

inner gill.

meantle.

pericardiun.

posterior adductor muscle,
posterior retractor masecle,
rectum,

reno-pericardial duct.
ventrical.

visceral ganglion.

ventral pericsrdium.

I T TN T T T N TN N I N B IO B

Diagramiatic reconstruction of the kidney
of an 0.5 mm. long spate. The figure on
the left is in frontal view, and the dotted
l1ine marks the outline of the lumen,

FPigure 39A. is a cross section at point A,

Figure 39B. is = cross seetion at point
B. x 900.

Prontal section of the posterior dorsal
region of an 0.5 mm. spat showing the
heart, kidney and pericardium x 1000.

Lateral view of a reconstructed half kidney
of &8 4,0 nm, long spat, Dotted line indi-
cates the reno-pericardial duct. Top of
the diagram is dorsal and the left is
anterior x LOO.

Prontal view of & reconstructed right half
of s kidney in a spat 4.0 mm. in length x 40O0.

Sagittal section through the posterior dorsal
region of a 1.0 mm. long spat, to show the
heart, kidney and pericardium x 600.

Frontal section through the posterior dorsal

region of an 0,35 mm. long spat, to show the
heart x 350,
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ao - an‘m. ]
8.8, -~ anterior adductor muscle.
C.pg.~ cerebro-pleural ganglion.

fe - footo

i.g. - inner gill.

1. - ligament- A

m. - mantle,

oe8e ~ 0eBOphagus.

Pe8e - posterior adgductor muscle.
DPeTe -~ posterior retractor muscle.
Te - yectum,

U.Pe = uUpper palp.

Figure hS. Drawing of a whole emount of &
4.0 mm, spat from the righ%
side x 400.
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ate .

8.8, -~ anterior adductor musecle.
a,b. - s&nal bush.

8,re -~ anterior retractor muscle.
b.ge =~ Dhyssal gland.

b.gr. - byssal groove,

C.gr. - eclliated groove,

dedde ~ digestive diverticula.

f. - foot.

g.8. =~ gastric shield.

e - gonad.

h. - heart.

1.8+ -~ inner gill.

int. -~ intestine.

k.s. -~ ecrystalline style sae.

me - mantle.

MeC. - mUCOUS cells.

Me 0o hd mouthn

oes, - oOesophagus,

P.8s =~ posterior adduetor muscle.
Pefe =~ pedal ganglion.

DPers =~ posterior retractor musele.
PeCe =~ Dperieardium.

Be - stomsch.

ste ~ s8statocyst.

Y.g€+ =~ Visceral ganglion.

Figure 46, Sagittsl section through the approximete
- middle of a 1,0 mm, spat, to show the
relationship of the various organs at
this stage x 100.
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Blate 20.

Graph showing the efficiency of the plates held at
various angles as collectors of spat. The broken
line represents the catch per sguare inch of
projected area, and the s80lid line represents the
actual area exposed. The data are taken from

Teble 6A and are the combined figures for glass and
Tufnol.
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Elste 21.

Graph showing the nurber of spat oa l4 ineh square
ground glass and Tufnol plates, held at wvarious
angles from the perpendicular through 360 degrees.
The 80113 line is Tufnol, and the broken one ground
glasgs. Data from Tadble 6.
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PLATE 22

FIG. 2



Plate 23.

Figure 1. Photograyh of the Cross Houses Beach,
Millport, looking south-east across the
mouth of Kames Bay. Note the numerous
rocks and stones and the attached
littorines. The high reef shown in the
upper right affords consideraeble protection
from wave action in southerly gales.

Figure 2. Photograph showing the pleankton pump apparatus

at the shore station on Keppel Point. The
intake pipe running up the rocks from the buoy
may be seen on the left. The two ¥ cubic
metre measuring tenks are seen on the right,
with the plankton net in the outer one.
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Graph showing the distridution of spat from the
spatfalle for the summers of 1946 snd 1947, at |
various tidal levels in Ballech Bay. The solid
line is the September 1946 distribution, ana the
Broken line that of Octcber 1%7. Deta from

Tebles TA, B, C.
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Elatg gﬁ.

Graph showing the length-frequency distributions of
samples of spat from various tidsl levels in Bslloch
Bay, Septenber 1946

» The station nurbers are marked
on each curve, which has its own base line, so the

curves are comparstive but frequences must be
calculgged by estimetion and subtraction. Pata from
Table 20A. '
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Graph showing mezn lengths of samples of spat frem
verious tidsl lovels at Ballech Bey, Septesber {946,
Lata from Table B. .
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ate 27.

Graph showing the percertsge mortality of spat from
Bolloch Bay, at werious times, from Septeuber 1346 to
June 1947. Data from Tables 7, 7B, & .
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Graph showing the rate of remcval of a coloured
suspension. The ordinate is on & sliding secale,
in order to secommodate sufficient auwsber of
curves, znd represents the natural logarithm of
the retio of the "spekker" reading at say givem
time, to the original "speikker" reading. Dada
are from Bxperinents 3 t0 44 inclusive, Appendix X.






Blate 29.

Graph showing the rate of removal of a ccloured
suspension. The ordinate is on a sliding secals,
in order to aceommodste sufficient curves, and
represents the natural logerithm of the ratie of .
the "spekker" reading at sny given time, to the
originel "spekker" reading. The data are takea
from Experiments 45 to 38 ineclusive, Appendix X.
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Blate 294.

Graph showing the rates of filtration in sxperimnta
28 to 31, in which the suspension mediun was
colloidal graphite, The animals in Experiaents 30
and 31 had been fed for three hours previous to the
experiment with a concentrated rouge solution.
Description of the experiment, page 92
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Riste 20.

Graph showing the rate of filtration as shown by the
relative changes in concentration (4n ££) of a

coloured suspension with time., The lower line of
long dashes shows the plotted logerithmic ratios, amd
the line of short dashes shows & line fitted by the
method of Least Squares. The upper linc of long :
dashes iz the plotted logarithmic ratios of the contrel
experiment which shows the rate of settling of the

suspension. Date from Experiment Ro. 35, Appendix I.
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Plate 3%.

Disgram showing the apraratus used to obtain kymograph
recordings of the shell movements.

Legend.

Anchor vlock.
Sealing wax.
Animal,
Wire connecting animsl to vertical lever,
EFH - Vertical lever gwung at F.
& - Bliock supporting Hinge?®.

JJK ~ Unit lever conbination swung at J.

M - sand,

R ~ water level.

P - wall of aquarium,

gaw»>

I |
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rac 2.

Iracing 3.

Plate 32,

8hell Movements L. 7. 46. i hours and 50 mins.
recording shown on the tracing. Open 100% of
the period. Mean degree of open-ness T5%
A eertain rhythm apparent. Temperature
16.6 ~ 18.0 degrees C. .

-

Shell Movements /5. 7. 46. 2 hours and 30 mins.
recording shown on the tracing. Open 100f of
the period. No definite rhythm apparent.
Temperature 19.0 - 20.8 degrees C.

Shell Movements 42/13. 7. kb. U4 hours reecording
shown on the tracing. Open 90% of the perilod.
Mean degree cof open-ness 90%. Rhythm not

apparent, Temperature 49.3 degrees C.
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Iracing 1.

Tracing 2.

Iracing 3.

Tracing L.

Shell Movements 5. 7. 46. 3 hours recording
shown on the tracing. Open 1007 of the period.
Degree of open-ness 90%.. Closure at 4-minute
intervals. Some evidence of rhythm.
Temperature 18.5 - 20.4 degrees C.

Shell Movements 5. 7. 46. 3 hours recording
shown on the tracing. Open 1007 of the period.
Mean degree of open-ness 75%. MNo definite
rhythm, Temperature 16.6 - 18.0 degrees C.

Shell Movements 12. 7. U4b. 2 hours and 25 mins.
recording shown on the tracing. Open 100% of
the periocd. Mean degrece of open-ness 80%.
Definite rhythm. Alternate activity as shown
and insctivity at hourly intervals.

Temperature 18.0 degrees C.

Shell Movements /5. 7. 46. 2 hours and 30 mins,.
recording shown on the tracing. Closed shells
for several short mtervals. Rhythm evident.
Temperature 19.0 - 22.0 degrees C.
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Tracing 1.

Tracing 2.

Tracing 3.

Shell Movements 40. 7. 6. 3 hours snd 25 mins.
recording shown on the tracing., Open 100% of

- the period. Rhythm not definite,

Temperature 19.5 - 21.5 degrees C.

Shell Movements 10. 7. 46, 3 hours and 25 mins.

~recording shown on the tracing. Open 1007 of

the period. Mean degree of open-ness 85f.

Some indicstion of a rhythm. Temperature
203 ~ 21.3 degrees C.

Digging Movements, soft sand. ¥urber of
consecutive sequences is 418, and the mean time
between each sequence is 2,0 minutes. The
mean extent of the downward movement {upward

movemcnt of the kymograph pen) in the first
phase is 2.3 mm, with 28 maximum of 4.0 mm.

Mean effective (finsl result) downward movement

231 eash msequence i8 4.3 mm, Note the slight

dip before the upstrcke of the pen. Movement
from left to right.
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Iracing 1.

Trecing 2.

Tracing 3.

Iracing 5.

Flate DO,
L

Spawning Movements 44. 7. 47. Temperature 29
degrees C. Spawning by this female began at a
point X at 419.32 hours and continued steadily

until 21.33 hours. ©One hour of recording is
shown on the tracing.

Not eignificent in relation to spawning.
Ordinary shell movements.

Spawning Movements 8. 7. L7. began spawning
14.20 hours. Harnessed to the kymograph after
several difficulties by 14.38 and restarted
spawning at 14.40 hours. There was considerable
pedal sctivity but no associated shell movement
as c&n be seen from the tracing. Shell closure
by stimulation was carried out at 41L.lLls hours.

8 minutes of recording is shown on the tracinge.
Temperature 418 degrees C. ’

Spewning Movements 12. 7. 47. TFenmale spawned
between 22.410 and 22.25 hours. One hour and
20 minutes is shown on the tracing. 0.1 mm.
0.8 min. Temperature 16.1 degrees C.

Spawning Movement 9. 7. 47. Female began
spawning vigorously at 18.52 hours. First peak
thereafter caused by & stimulated shell closure.

One hour of recording is shown on the tracing.
Temperature 16,0 degrees C.
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Pigure 1.

Pigure 2,

Figure 3.

Pigure 4.

vipte §§.

Photomicrograph of & gonad ssetion of &
hermaphrodite, October 24st, 1947.
Rezidual ova are seen among the follicle
cells in the femsle section (left). '
Heidenhain. 7 u. x 540,

Photomicrogravh of developing fermle,
August 20th, 1946, A considersble
number of residual ova are le#t: - The
ovocytes and follicle cells are seen

against the siveoll walls. Heidenhsin,
T u. x 540.

FPhotomicrograph of & gonsd section of &
ripe female, June 23rd, 1946. The
large ova are seen, somc free in the
lumen snd some still attached@ to the
follicle wall. Heidenhain, 7 U. X 1200.

Photomicrograph of a gonad seetion of &
ripe female, June 23rd, 1946. Young
ovocytes are seen on the follicle walls,
Heidenhain. 7 u. x S540.
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Plate 37.

Figure 1. Photomicrograon of a gonad section of a
spawned out femele, July 26th, 1947.
A few residual ova are seen, and some of
the follicle walls appesr to be broken
down. Heidenhsin. 7 u. x 540, '

Figure 2, Photamierograph of a gonad section of a
spawned out femsle, July 26th, 1947.
A few residual ova may be seen,
Heidenhain. 7 u. x 4200.

Figure 3., Photomicrograph of 8 recuperating female,
Septenber 21st, 1947. The follicle eells
end a few young ovocytes are seen. The
residual ova are still present,
Heidenhain., 7 u. x 1200,

~ Pigure L4, “Photomicrograph of a gonad section of a

- recuperating female, November 23rd, 1946.
The lumens are filled with follicle cells
and numercus ovogonia are seen on the
follicle walls, Several residusl ova
are seen. Heidenhain. 7 u. x 540.
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Pigure 1.

Figure 2.

FPigure 3.

Figure L,

Plate 38.

Photomicrograph of & gonad section of a
male, October 1947. Shows the columnar
arrangement of the sex cells, with the
primery gonia along the folliele wall,

eand the sperms snd spermatids in the lumen,
Heidenhein. 7 u. x 540.

Photomicrograrh of a gonad section of
recovering male showing a typiesl
"pattern" formation, October 21st, 1947.
The sex cells appear to be arranged around
the periphery of the follicle cells.
Heidenhain. 7 u. x 300,

Photomicrograph of & gonad section of &
male, June 23rd, 1946. The lumina of
the follicles are nearly full of sperms.
A few developing gonia may be seen along
the outside edge of the follicle,
Heidenhain. 7 Ue X 5’-}00

Photomicrograprh of a gonad section of s
male, May 25th, 1946. The spermatogonia
and spermatocytes sre scattered loosely
throughout the lumina of the follicles.
A small nucleus of spermstids and sperms

may be seen in the upper right.
Heidenhein. 7 u. x 540
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Figm‘e 1.

Pigure 2.

Figure 3

Figure L.

Plete 3C.

Photomicrograph of gonad section of spawned
ou.zl:"6 and recuperating male, Septerber {18th,
1946.

Note the follicle cells andthe thin
walls of the tubules.

Heidenhain. 7 u.
thick x 1200.

Photomierograph of gonad section of & msale
a;lrf;st completely spawned ocut, August 9st,
1 .

The few sperms are lying in the
ce161tre of the tubule. Heidenhain. 7 u. X
2160,

Photomierogranh of & gonad section of a
spawned out mele, August 1st, 1947. A few
sperms still lie along the walls of the
follicle. Heidenhsin 7 u. x 1200.

Photomicrograph of a gonad section of a
spawned out male, August 4st, 1347. Note
the strands of muscle outside the follicle
wall on the right. Heidenhain. 7 u. X 1200.
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Pla Ee LLQ .

A series of photographs of spat of various sizes from
Balloch Bay. The sizes are given below in the same
relative positions. The left hand series 4o not show
a winter ring, as it has not yet been formed, but will
be in the position marked R1. These were taken
Septenber 3rd, 1946. The right hand series were taken
June 2nd, 1947, and the winter rings (R1) are shown,

Note the prodissoconch (Prod.) on the small spat in the
left hand corner.

1.63 1. 75
3.48 3.70
1.36 1.75
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2}5&6 kj .

Photographs of spat of the brood year 1946 from Balloch
Bay, the sizes of which are given below in the same
relative position as they appear in the plate. The
left hand psir, taken June 2nd 1947, show the winter
ring (R1)e R2 shows the position of the second ring
which, of course, has not yet been formed. The right
hand pair were taken Sertember 3rd 1946, and the

winter ring (R1) isstill in the process of being formed.

6.82 5.52
5.u46 435
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Graph showing a length-frequency distribution of 8
June, 1946 random semple from the Cross Houses neaeh.
Data taken from Table 1M
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Graph showing the length increment gained by the various
age (Ring number) groups, merked and planted on a beach
on North Cusbrae, for the period September 47th, 1946 to
October 20th, 1947. Data taken from Tsble 48.
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Riste ulh.
Phot ographs showing the winter rings on z2dults.
There is an indication of a disturbance ring at ,
the location of the injury in the lower photogreph,
otherwise the rings appear to be true winter rings.

The upper animal is in its seventh year, and the lower
one in its fifth. ‘ -
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Plate L5.

Photograsphs of adults from the Cross Houses Beach.
The upper photograph shows the mark of an abrasion
caused by the friction agrinst 8 rockse The
sbrasion has penetrated te the nsereous layer.

The lower photograph showe the distortion that may
be, and quite often is, ecauveed by the cramped
position, typical of the Cross Houses Beach habitat.
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g;etg ﬁ .

Graph showing the length-on-age {Ring mmbar) grevth
curve. Data taken from Table 49.
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Plate L7.

Graph showing the length-freguency distribution of &ll
the ring length measurements for the October random
sample of adults from the Cross Houses Beach. The
data is taken from the initial ring messurements and

;h%g information 418 not given as such in any of the
aples,
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Graph showing the mean monthly increment of all sises
for the period April to Septender, 197. The dsata
is taken from Table 24.

The broken line is the mwan
weekly temperature over the period,
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Blate ho .
Graph showing the height-length {unbroken line) and
the thickness-length (droken line) ratios of yarious
sizes of adults from the Crose Houses Beach 4946,
The deta ig taken from Table 23, and the lines are

drawn as theybest fit by inspection only. The dots
reprecsent the plotted data,
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Diagrammetic representation of the digging movements
as described in the text. 'XX' and
vertical and horizontal lines of mremm.
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