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ABSTRACT

'I'he g:.ant scallop, Placopecten magellanlcus, has proven

— N very: d:.EEp.cult to rear undsr laboratory condJ.t:.ons. 'I'his

"_“ '-study a:.rned at-opt;mlzlng th growth and su;ﬂ.val of'

'Placopecten magellan:.cus 1arvae and ju'veniles ' under \

."laboratory or hatchery condltlona. "' DI

; S Broodstock was succesafully condxt:.oned Wlth algal dieta
g :' L. .—--

-'equwalent to 3-5% of their- body weight per day, on a dry .

) welght basxs.\ 'I'he effeﬁ of- condltloning was estlmated by .

) measurlng the. proteu;, 11p1.d and carbohydrate content of the
: . .

~ .eggs and 1arvae.' Ccnd:.tmned adults produced gamebes wlth o
iapproxlmately 30% more energy reserves than starved females. - :
'Alga-]: diet'e resulted in the . product:.on :.'Jf eggs with the /
o7 | .‘highest content of protem (26 -30 mg’ per milllon eggs) arL_/"""
llp:.bld, 18 ° mg per ml\lion eggs). These equalled or-’--
‘exceeded .the _protein and lipid levels in the egga of
y n;turally conditmned ‘females. In all cases, carbohydrate‘
}_ . 'waa a minor energy reserve (2-3 mg per million eggs). ‘ o
i Bothﬂprotein and lipid are. important energy reserves i.n—‘\
' the larvae of bhe giant scallop. The larvae utilized 60% of . |

*

the energy reserves sequestered in the egg duri.ng develpment

.':.‘ . . ‘. . . . “_ -.“ 'I . . f
2 --ii -
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g0 to !;h.g_.D-shaped yeliger stage,' 3 days at 15°C, regardless of
- the total enet'gy content of the edgs. . . ‘
::”:. ) L] . ) . . ' a \
L1 A s when the larvae were fed ‘an apprcpnate diet, (Isochr‘ysis

= / 'galbana Chaetccercs * calgithans  #nd Thalassiosira
= 4 . .gseuaonana) the larvae wh:.ch had l’\:.gher enerqy reserves in

. L ¥ the eggs exhs.b:.ted greater rates of grouth and accumulatxon.
i e ¥ ‘n'h i

Ry

e o

u

ﬂ ‘ " jof - energy reserves. over the first four weeks of p“ag:.c , '
S i /. life.__ e ) ' - il
S T 'I'he effect cf algal ce}l concentration and body sx‘on- 2
":.--. " 4 '...-.‘“ ,.j ~ o »
\ o o Ll filtration" rates ‘was studied using a statlc system. e T
1 ' ; Juvenilés ranged E:}m 5 mg ‘to 400 mg i~c tlssue dry welght,’
N -
P~ S N
N S and the concentratmn of ' Isochrysxs galbana was vaned frcm
T e . :
leo" to 25310-" cells/ml. At the highest cell cencentratmn ,
. ' tested the sﬂallest Juvenlles 1ngested 0% of thezr body
h g , weight per day and the' largest- individuals' .-1_nges$d' ‘
S 7 S Iapproxi-mately 5% oE their body. weight per day. Comparisdns ' '
s / ""‘ wzth other spec:.es :..ndicate that thls ratlcn\ls suEEzcient' 1
g .,"';" A . . )‘ J o7 )
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Chapter I
- . -« INTRODUCTION
).

Bivalve larvae have bee widely studied in recent.years,

T

‘ especially since _l‘.l"lellr: h&.tche_,r_y_.' cr:l-ture_ may .play an

important role ‘ ",'in : p:rovi_di‘nq e-._ééd : ‘fe‘r the -'::hﬂer,cial .

shellfish 'mduatry " The 'success in rearing Placppecten ;

agellamcu (Gmelm) 1arvae J.n the laboratory, however, has -

been” extremely lmlted (Culliney. 1974), 'A_lthough"' larvae '

are. easily -obtaxned. grou_ung them through to -settlement is

difFicult. - -
!

Two phases of 'care_ ;are commonly. present in shellfish

~aqixaqu1?ﬁre:. e‘he'. ﬁ,a't"t:her} and the nursery. The hatchery
_phase is cohcerned with rearing .the' larvae - through to
I_a"e'b.-tlement. This is a less labour intensive method of
obl:ain'in‘g spat, the alternatwe bemg the ‘use of, spat

c‘oliectora. 'An intermediate nuraery phase for” rearJ.ng -

larvae settled in the. laboratory is often 1ntroduced between
r
the hatchery eulture and transplantation of_iuvepil-es to the-

naturaLenwronment (Pereoone and c1aus, 1980) .. The nursgry.

phase is desirable to avoic’l ser:.ous loss due to handlxng,-

spredation. temperature shocks and shortage oE food _(DePauw,

L

1981). For successful commercial .ventures, therefore, it is.

Yt
L
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- Walne, l9§6) and tﬁe- development: . of

2

necessary to understand the nutritional requirements of.

juveniles ag well as those of the larvae.

Treditionally, the general conditign of bivalve larvae
(starved, stressed. or healthy) has been determined by
monitor:.ng_. shell growth and - mortality ratee, '-and by

mlcroscopic examination of feeding'and swimming behav:.or,

'and morphology of the larvae-. _As,Gallager and Mann. (1981)

- pointed out these monitoring systems usual'ly_ detect 'a

problem -too late to save ‘the larvae. A -more imnediate

warning 'system'is needed, one which would "-allow adverse

conditions to be. corrEcted ‘beforey J.rreparable damage is

»c:lone.' By. detiermi.-nlng l'\he gross 'blochemical makeup of the

eggs and planktonlc larvae, it might be ppsslble to predict

the potentlal success of a qlven batch of. larvae. Gallager

and Mann (1981) elaborated a stalmng assay “fo determine the

1lpld 1eve13 m oyster larvae which glves
3 : _

indication of the /c/ondltlon ‘of the larvae.
N

n immediate

The development t:)ff succé%sful spawnihg and reafing
S
technlques -for bivalve larvae (Loosanoff and Davis, 196);

icroanalyt fcal

'techniques (Holland and' Gabbott, 1971; Hollapd and Hannant,

- N

b10chem1oal aspects of oyster and mussel 1 rvae (Millar and

Scott, 1967, Gabbott and Holland, 1973;" Hélm et al..l 19'1{3:

Holland and Spéncer, 1973; Bayne~el:.al: .‘1.975; 1978;

) =T -
1973) led to sEuc‘lies ‘on nutritional (Ult les, 1970) and

- L
R
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\ Holland, 191"8)'. " These studlies’ gought to explain the
unpredictability rof larval success and to determine the
factors which would ensure good 1arval growth .and viability

‘as well as successful metamorphosis and 3ettlement.

Placopecten magellanicus. Drew {1906) dea_cnb’ed the—ahatomy

and embryology of th:.a species. Thombiwn (1977) ,and',‘.'

Robinson et al.. (1981) have descrlbed the storage cycle of

+

‘Maine poPuIations, respecti\i‘e:ly. Naidu’ (1970) _reported-the

i- B o

"reproductlve 'cycle ' cn_‘.’ scallops in Port. ‘au Port, .

Néﬂfoundlqn‘d. - MacDonald (1984) studied 'the partitioning of

n

energy between growth and réprodfction in the gien!: .s"cal‘lpfa.‘

The '9n1y, publighed repcrt- of the «evelopment of P.

magel lanicus through : tc settlement is that® of Culliney

(1974). As a result our knowledge of the reproductive and
'developmental hiology of the giant scaII.Op lags far behmd
that for mussela and oysters. S

"" _ 1. ' L »* 4

1.1 nzmonucnonm mepnsm Lo -

L1

o Males and females of this spec:.es are separate (Drew,

1906} . Animals can be sexed by l_:he_ colour of their gonad
which 15' r.eadily- visible through the gaping shell. Mature
gonads are large end plunnp with the male _gona_d being whitish

in appearance and tue'pva gi'v‘.i.ng a bright orange colour, to
. ) .-.-l— ; ) . ! -

Very little work’ has been dote on the gxant ecallcp,-

nutrlents accompanying gametogenesis for Newfoundland and C

L

A



is high (Thompson, _19??)._ Dur:v.nq Apnl and !-lay Ecﬁd and-,

the female gonad. . When the aduus begin to 'spawn ~ the
gametes are passed through the kidneys and then expelled

into the surrounding seawater. The resultant colour change

olE the kidngys can therefore serve as an early indicatQr of

o

—

spawning.

». 'Plac_pecten agellaniou exhib'its a distinet annual

reproduc@'e cycle. Gametogenesxs begms in March. and is‘

_ completed by 'H.ay when temperatures are_low - and Eood supply

somatic t:.ssues .0of P. magellanicus begln to accumulate llpl.d '

and carbohydrate (Thompson, 1977) Spawnzng occurs dur:xng '

—

. Augusg,_aqd September: in southeast Newfoundland. An earlier,

Y

reported that P. magellanicus has a minor spawn in June in

Port-au Bort; Newfouridland The importance of this spawn is

& - BB
not ‘known. Ammals held at Marine Sc¢iences, Research
Laborato’g (MSRL) have been successfully induced  to spawn

from June to February.

The average dxameter of P. magellanicus eggs is 64.0 .um

(Culliney, 1974) Analys;.s by 11ght and scannmg electron

' mlcroscopy showed that the extrusxon of the first polar body

occurs within an hour of Eertxlization (Powell et al.,

1955). As in other molluscs, cleavage 'is typically spiral
and uneven (Drew, 1906). The stages of larval development’

‘of the giant scallop are shown in Figuf’e 1. The blastula is.

minor spawning is cofmon in most pectinids. Naidu {1970)

- —
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The deve],opment 3 \ ."the — larvae
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veliger, 1 mm = 10.0 pm.
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formed 12 to 14 hours after fertilization at 15°C. The,

embryos become mot’iljs clliated gastrulas-"sixteen _to

tqwenlsy-four hours after ertillzaﬁtlon. Hc;éever tl:ney do not
exhlb/i‘t directiopality p?:t:.l they elgngate into t?ochophore
larvaé, a_;iprqg:irr_late.lf_ 48 hours after feri-:iliz‘ai;lon (Powell,
et al., 1985). \ﬂ' | | '

'l‘hé---.troctiophdre_' is also qiiiatécl -and possesses a lodg

.compound‘ "apii':al. flagellum. (Powel.l--'et al.—, 1985j. As the .
L -
larvae enter the trochOphore stage the shell gland appears

_=-on one sxde. Th:.s gland develo;_:s mto the mantle wha.ch'

i

'-secretes.the pr»odlssoconch I shell. A rmg of cilia, called

= the ‘protol':roéh. appears on l:he animal pole of the larvae.:

" The protot roch develops into the velum, the larval awlmm1ng

an eeding organ, as the larva enters the wveliger stage

. Y~ 15°C the embryos develop mto D-shaped wveligers inm 72

hours.

" According to Cullinef (1974) the average size . of

“étraight-—hlng‘e larvae is 105 micrometres if léng-th and 82

'micrometres in height. As thé.veliger larvae develop, shell

1'? ‘depdaited and the velun and viscéral mass . increase in

size but very little morphogene315 takes place. Culliney

(1974) reported that after 13. days the veliger larvae took

on the more rounded-‘appearance of the u.mbo. Eyeapots were

. obsefved on the.twenty-third day in larvae larger .than 230

pm in length and- 200 um in he’igl&t-. ~The foot appeared on the .

e C [ ,a .
et e e ey . N S
" B A B R S TP -
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" marine mvertebrates. Following settlement, the giils and

(twenty;eighth day. At “this stage the pediveliger begins to
\
isecrete the prodlssoconch II shell. '

- Culliney (1974)-,._:eported a cluster of . long active cilia

\ at t\e tip of the-?fg,__“t of PlacoLcten magellanicus. During
\

the pedivellgeg_, stage the larvae began to show an’ adhesive

tendency, causing them to stick to the cohtatners, to debris
and to each other. -This phenomencn may. be aasoc_lat:ed' with
the £¥est attempks at byssus formation, -

L]

At this *t‘ime the bivalve larvde are ready'_to‘ und:argo

metamorphosis to the ddult form and settle. "Cor_npe"t:e'nt'

+

mussel {Mytilus edulis) pediveligers have a lafrge velum, a

foot with retractor muscles, three to five paired gill

Ellaments which are not: yet Eunct::.onal, a'simﬁle-mantle, an
aq:lmentary system, a sensory system, and a byssus system
(Bayne, _1965).

Dur ing me_tamorphosié most bivalve 1

r\-

aé cease to feed
sinée the larval feeding mechanis;n, the--ve  is t:lasf off

. \') ) * . . :
and the adult feeding mechanism, the gill, Iis not-(y)et
Eunctiorial (Hickman and Gruffydd, 1971). Set:tll.ng involves
a change fr?h the pelaglc larva to a benthic post: larva.

This marks a critical stage in .the life history of many
1

oral palps. become functional and t:ake over the functlon of.

feeding. The inner fold of the ‘mantle begi‘ns/to‘ add bot:h

proteinaceous and ca_llca’re'ou‘s material to the -larval shell,

-

forming the dissoconch shell.
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~ veligers,,

" geparated into three distinet stages

" formation

‘Aa in

* mechanism is

. the adult.

: - - - -— -
il - .

1.2

" CONDITIONING. OF - BROODSTOCK
1

The -li.f'e' higtory of bivelve, larvae can lead to

unde_retanding of some- of the energetic requirements of the.

. The - development ' of bivalve larvae can Dbe

(Bayrie, 1972). The

first stage 1nc1edee fertilization, cleavage, gastrul'at'ion,
the

of a trochophore: and developnent up to,

prp‘dieeo_conch I larvar Wrth the appearance of . the velum the -

’;\“eecbnd stage begi.ne durmg th.ch the larva- 1ncreases ‘in-‘-

foot}‘rhe—peq&\relzger undergoes metamorphoe:.a and se_t_].es.

the per:._od. of

frrst stage. this is a ‘mtense

r'norpho‘g‘enesis and very little growth,

"* .There is a.greater reliance on stored f¢od during staggs

I and III than during stage II sipcé the larval feeding

- Regerves for stage I larvae orl.qxnate from the egqg, whereas

[} L

‘staQe II larvae accumulate the reserves which are needed to

1

carry etage III arvie through to settlement (Bayne, 1972y,

Durlng each of these perm,de the energetlcs of the larvae

are likely to be quite distinct. The success oF stage I

‘_‘,-w

lirvae depends la rgely.

Newly. formed straight-hjnge larvae will -gurvive

if. the proper f'pod and ‘the Optlmurp particie concentrations

are supplied,’

s )

'\';1'-'5“"'.:‘,‘.‘-‘ i ’ RS LA L et :
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the’

The thlrd stage begrne thh the elaboratron of the.

completely fu;'ictlonal only du'ring stage II..

on reserves depos‘lted in the eggs -by\‘
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f’ (Cduring the.\.r pelagic stage.

X [ .
Since thé gametogenic Aycle is intimately pinked with a

i w:.thout t:het

- T =10,

L)

Recognition of these stagge suggests that: two important

7 -
Eactms in obtai:ung healthy larvae are the conditidh of i,he -

- adults dur ing gametogenesis and the’d:.et fed to the latvae i

cycle oﬁ Synthesis' and storage of carbohydrate and lipid,

'Eollowed by their ut:.lizatlon {see Sastry:JJ-Q?S, 1979),' the

physmlogxcal‘ condition of the adult females ~will have a’

profound effect on, the larvae. 1W’aln‘e (1966), Bayne and

;.Thompsen (-1970)‘, éabbott and Walker (1971}, Gabla‘et.t_.* and

™ ' - . e -
Bayne (1973),-Bagne (1973, 197%) .and Widdow%. (1988b) have

shown that: mussels and oysters tend to degline in conditionn

under laboratory t!gndxtmns of hlgh temperature and 1low
ratlon. The. stress caused ‘by such cond{tzons results in the
ut111zat10n of energy reserves which would otherm.se be

;
aval lable

or gametogenesxs. An increase in. tempe;ature

*maf{ lead to! resorption rather Ei'\an proliferation of gametes

L]

{Sastry, 1975). - Bayne et al. (1978) found that as a'result

pe ’

of environmental‘ stres's, the fecundity of mussels, Mytilus

'edulis,mwas reduced approximately in proportion to- the
1

decline in energy avazlable for 'gamete preductiorr. . The

- aF

evidence euggests,« however, that when a/‘t'emperature increase’

15 _not so great ‘as to bring about complete cessation of

gametogenesm and subsequent resorptlon Lf gametes, and when

)ava:.lab111ty of .suf£iclent quantitles oE Eood ,

U

L]
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“ 7a certaingminimum amount of food and nutrient reserves ﬂ're [

- present, ' the animal can continue garrietogenes‘is" and

3 . )
proceed, the qudlity'of the gametes may be affetted.. -

-finput of nutnents from feeding (BaYne, 1976- anflths,,}

,PlacopeCten r'n gellamcus, xs predeminantly sustalned by the

% Algae such as TetraS‘elms suecwa and Isochrysxs galbana

L om— . - . . L L

» . By ; _ -

=

vitellogenesis '(Bayne, 1976). Although gamétogenesis may

yadult ’bivalves, including 'Elacopecten magell-anic‘us:,

accumulate carbohydrates as their major ene:gy store (Glese,
1969; \Haln’b 1970a; :Thompson,: 1977). ' Several stud:.es havé .

shown that gamet'ogenesis'.-'i,n- -so‘me bwalves, ' /Jnclu‘dxng
%

g

u'-w ;
i‘ -

1977; Thompson, 1977; Thompscn, 1.934, Hawkins. et al.,- 1935). g

=,

i Ly

-"'(Parke) have been used as standatd. dyets for condxt:.dn1ng~‘ e

v -

] ._adults s:.nce these phytoplanktérs are easily cultured in the

e conditionmg adult oystera usmg cornstarch as the sole .

laboratory. s Artiflcxal d;ets haue " also been' used
rpermentally .as food Eor some bivalves, Wlth 11m1ted .
SuCCESSt (Castell and Trx.der, 1974. _T:idgr and Castell,

-3

1980) ‘Dupuy et al., (1977) reported _sqme: auccess J.n

»

' componenl: of the dlet. b WP .' A o

-1mpalred to aome degree (Bayne,' 1972) Bayne ‘(1972)

_observed o | .°' hlgh percentage ", of abnormal i cleavages,” #

’ r WD b .oo‘

Under a stress regme Eecundlty is decfeased and the - ¥

-v:.abllity of the gametes and the viggur of 1the 1arvae atr& i

"y

‘trochophorea and prodxseoconch I stages. 1n .1_arvee,_'_'fro;n-

5 stressed adulE‘a of MLllua edulis. 3 i

- ‘: L} L “' 4



. A
'v[-_Ielmre_t__ al. (19'73) observed. that oy'ater la_rvae 1ibe\r'a'ted

EE.?:“ adults which were “held at low r.:ation had a glower: rate L -
ef qr owth “than 1arvae from adults at htgh ration,’ and that
the rat.'e of grow\hnof the 1arvae over the ‘hrst 96 houra was

'predlctlé}:e of spat . yleld ‘Helm et al. 1973) also. found-- -

Sttt

‘_ that mor.'e and earll.er broods could be obtamed fr‘om adult

)Pysters (5§trea edulls) when they were malntamed J.n good e

V.
o cond:.t:.on.' Ev1dence su‘ggests that th’m may be at least

partlally attrl.butable to reduced 11P1d Synthesxs in the
ﬂeveloplng ova: lHelm et a1.,,1973;.\_w”~a:,. ;

T R o " x - '

In ‘the hatchery, the mamtenance oE breedmg atock m the

R best possible condititen du::.ng gonad matu::at:.on,' spawning

and 1ncubat10n of the larvae (1n the case of ].arvxporous

ERET

' ; specxes such as Oetrea edul.l.s} 15 an, important faetor An-
' obtaclnl_ng. healthy,o v199r,ous larvae. '

Ty o - i ]

;1.3 . ENERGY RESERVES IN EGGS AND Lnnvna

~The' most strxk‘lng dlffererrce i.n tne bmchemical

tomposition of the eggs produced by -the adults 15 in their

.

11p1d In most ga*ri.ne mvertebrate larvae lipid is the_,,f--‘
"majqr reserve matenal (see Holland, 1978) The fact that .

L R 1arvae Eeed .on a carbohydl‘:ate rlcb diet, and that .Lt hae been

. 3. . ; I

« . _- well egtablxahEd that the adults uaemogen as their: maJor

. ' energy store (Glese, 1969) 1ed some researchera to etudy -
; o . " v* ot - L
carbohydratea in bi.valve larvae.. 0011yer ('1957) attempted Lo T

- CwT et o . ] - . T e
- T - '."" . s ot N v, : -1' . '
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. : ’ to relate the viability of oyster Tarvae, Ostrea edulis, to

’ their glycogen content upon. release. Althoughv'she found

some- arbohydrate. no correlatlon .existed ‘between

carbohydrate and the survrval of the larvae

“s - Mrllar and Scott -{1967) wete the Eirst to notice the
'dlfference in the energy reserves between ‘the 1arvae and the
' - S -addlts. They observed that 11p1d reserves were the most_

-

1mportant 1nosusta1n1ng oyster larvae, Ostrea edulas, durlng N

that neutral llpid accounted for 41% . of the total organrc
~ : S ¥ - ;
matter 1ost durlng starvation, whereas protern accounted for
i

3 - - _
34% and carbohydrate only 25%. Bayne et al. (1975) found

i . £

i.perlods of starvatlop . Holland and Spencer (1973) reported o

that, for- aytrlus edulis 1arvae, greater -losses of proternn.'

LT _occurred but carbqhydrate stLlL played only a minor role,.
— Bayne et al. 11958)‘observed a greater decrease .in 1lipid
1evels than in other components dufing development of thej1

egg to the llrva -of Mytxlus eduhs. The amount -of neu(ral §

e

¥

- 1ipid Ee11 from 30% rn the eggs to 11% in the larvae. The'
‘ amount of phospholipld decreased from 22% 1n the egg to 8%'
in the laruae. ‘This rnd{cates that in energetlc terms,?ﬁbth-
triacylglycerldes .and phosphohipxds -d be con51dered
lmportant storage reserves., These results agree wrth those N

.
v |

of Helm et al (1973) for qysters, Ostrea edulls."

fi .~ } : Although marrne lnvertebrate 1arvae normally accumulate

e U T 1ipgd s -reésetves dhring thexr 9913910 Jife stage, the

1 " O -, ¥
- ¥ PEE LI

L R . g . . . X
el Ll , ‘- _ e ioy
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biochemical composition of ;‘early' larvae -eeehs o-. be
‘i.mportant'.‘ The Vﬂepehdence of growth on °neutra131‘.{pid
reserves 'suggest‘.s‘that t'he.best batches of larvae may be
‘those which. are prov:.ded mth the most neutraql lipld or,
more spec1f1ca11y, tnaoylglycendes, in the eggs by the
‘ adult.- . | . ‘ } ‘ o
. Dunﬁng_ the pelaglc atage the diet is the most uuportant
| -factor in determmmg the success of larval growth .and
survival. Neutral -1ip1d is accumulated by the larvae dur:.ng-'_"

L]

the™--pelagic stage and . reaches a' peak just before‘

, metamorphosis. Since the larvae afe unable to feed durmg‘
. }gtamorphosis and se‘tt%ément these- reserves are rapxd_ly
depleted_duririg ‘this Qetiod to cover the 'costs of me'taboiiam
and ' morphogenesis ;(Ho'lland and Hannant, . 195{4) .  Indeed
.Holland .and Spencer (1973) 'obse’rved that the . success of. .
setting was hJ.ghly cor::elated w1th the amount of 11p1d:
-resewes accumulated by the lar:vae. Therefore the correct:
. -.dJ.et is r’equllir:ed not onl_y to ensure good growth o? pelagic
. L B "' larvaé . but to accumul;te enough energy reserves to euatain‘
i o larvae\ through metamorphosis. '

. In the case oE Placopecten magellamcus, the larval diet

. Iis,very unpor:tant because of - the length of the pelagic,

-.‘atage. P, magellanicua larvae begm to settle tn their-

'natural env:.ronment in approximately 40 daya (Merrill and

R Edwards,. 1975‘) and in 35 day in the laboratory at. 15°¢

. 1
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" bivalve larvae than others. The nutritional qualities of a°
. large numbet r.;; algal epecie's -hasie been tested foi-_various .

'larvae and juvéniles (Walme, 1963; 1964, 1970b) and some

| - : ;s
{Culliney, 1974). Mytilus edulis will begin metamorphosis

in 18 days at 169 (hayne, .1965). Crassogtrea virginica

c_ompletes metamorphosis in 18 days at 239C and Mercenaria

" mercenaria larvae settle after 16 days at 18°C (Loosanoff
' . &

and Davis; 1963).

~ |

1.4 LARVAL AND ;UVENII:E DIE'I'S

Bivalve larvae are normally present 1n the’ watec column

during times oE h:.gh densities oE phytoplankton. and, havmg
N

hi\gh growth eff1c1encxes, they ate able ta accumulate 1arge

resetves of energy (mostly llpld) 1n a short t:.me penod to- .

-be used subsequently dur:.hg non-feedmg stages.‘. In thxs way
they minimize the time spent in the plankton and the risk’ of

predation but st:.ll have sufficient time for dlépersal
\Holland, 197h¢ '

Certain aljae are known to provide a bet'i:ér diet for .

N

- algae hav'e"beevn found to. provide a much‘better diet than

_"othera. Igochrysis galbana (Pa.rkej, Tetraselmis suec'ica,

Thalassiosira pseudonana and Chaetoceros ’oal'citrana‘ have -

long been recognlzed ae-good food for bivalve larvae (Thai

~ and Hatanka, 1949; Davisi and.Guillard, 1958; Parsons et al.,

1961; Loosanoff and’ Davis, 1963; . ‘Walne, 1974; “Helm and

o
1

‘\1 4y
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Millican, "977; Helm, 1977; Pecbeuii and Pisher, 1979;

Pechenik and Fisher, 1979; Ewart aud‘Epifanio, 1981). Size

“and cellular complexity are two characteristics which can

iﬁitially:serve-to determine the potentialuworth of & diet.

The mean mouth,diameter’ahd the ‘enzyme systems pregsent in

1arvae are also cr1t1ca1 factors. Walne showed that a given .

SpECLES -of alga may not be equally acceptable as food for

dlfferent broods of larvae. There are alao differencea

-among specles oE larvae. ‘The food value of a alngle algal

spec1es may vary w;th the temperature (e g.: Chlorella ‘8p.

Loosanoff and Davxs, 1963), wlth the size of -the larvae and’

w;th the age. of the algal Culture (Walne, 1966).

Mixtures- of algae oEten support a faster rate of Qrowth

than single Species {Davis and. Gulllard, 1958; Bayne, 1965f

Walne and Spencer, -1968: Caldabrese and Davis, 1970;f

- Pilkington and Fretter, 1970; Helm, 1977; Kempf and Willows,

1977; Chia and Koss, 1978). - Gruffydd and Beaumort (1972)

reared the larvae of  Pecl maximus on ‘a , mixture of

Isochrysis galbana ,(mean cell diameter 3.8 'um)-“and

_ o/ _ _ N
' Chaetoceros calclitrans. (3.7 -um). up to 14 days after

_Eertilrzation, after which Pyramimonas obovata (5.6 um) and

later still Tetraselmis suecica (6.9 um) were added to the .

mixture to provide the larger larvae'wlth_;arger cells rn.a

more complex diet.

"/_-; 3 ~ + .

i
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It has- become apparent that lipid is very important to
larval success. The overall digestibility and accessibility

of neutral 1lipids in an algal species may determine its
8 . . .

o —

worth as a diet. Up until recently the food value of

phytoplankters has' been - judged by larval g'rowth lt-ates,‘,'

'“mortality rates, pediveliger production -and aetting success.

- Blochemlcal analyses of phytoplankters: have been used to s

A

j_-.determine the value of one algal sbecies over another.- IJ.‘he ;
- amount of various macronutrients present in algal cells,

'thanges withy the age ~of the culture._ '‘As the culture

advances from the loganthmc phase to the stationary phase

: the cells change from contaming large amounts of protem to
-

mostiy lipid- and carbohydrates (Fogg, 1959). The importance
of lipld as’ an energy source for bivalve 1arvae has led

researchers to beheve that a diet with/high proportlon of

'accessible fafpy acids could enhancd this. storage strategy

and provide essential cpmponents' to the larvae. Results

from Helm (1977) showed that growth-of Ostrea edulis larvae

tends to be greatest when they are fed. cells from dense

cultures. Flaak : and I_-Epi.fani.o: (1979). -observed that a ration

of Thalassiosira: pseudonana:'supported 'maximal growth ©of

"Craasoatrea virgini‘ca; when the algal .eultures - were in the

atationa;y'phese. Hiieon--(1-9793 ' cohcltided that the medla

of ~some - cultures of- 'Isochrjzais" galbana' =dur1'ng_ late

.exponential and early statiohary g;owth'phases :ma'y_-cont'ain a. -

~

P
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substgnce or subetances which stimulate larvae to increase
their grazing rates. quever, Cary et gl. (198l1) failed to
show that there waa‘ény difference in growth rates of larvae
fed exponential or stationary phase algae.

—

1.5 ;EHERGY REQUIREHENTS OF LARVAE AND JUVENILEB

= ,
For aquaculture*ztele important to determine the optlmum

conditions for growth. 'JGrowth can be determined by

measuring the xncrease in protexn, paTboHydrate and lipid_ .

content{ or the totele;ncrease in'dry ticsue weight, of the

organism over a period of ' time. Metabolic rates éme

' "determined directly from measurements of oxygen cohsumptidn

or from the caloric equivalents of the loss of enerqgy durin
stervatioh. Since the neceesary energy for mainteﬂance is

derived from reserves during periods of starvation, . the

" total energy loss can be taken as an estimate of the
metabolic eﬁergy demand. - Thus the energy reqﬁirementS'oE

larvae can be estimated through indirect measurements of the

biochemxcal. contents Of ' the larvae.’ lrlcw.reve::.r -as Crisp
{1976) pointed eut, these meaehrements might be depressed

compared with Eheirates of actively féed;ng_larvae'since

C —— " ‘. . . ]

-H\\
T

o

metabolic rates are lohered“dqting'starvatidng ' “~
" Measurement of the rates at which an individual, filters

the surrounding medium gives an indication of the amount of-
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energy 1s used for growth. The remainder- is lost throﬁgh
inqapplete_dlggsf}oq; excretion and metabolism.

The efficiency with which the'N ingested ration is
converted into body tissue is ‘termed growth efficiency.
Gross growth efficiency (Klj is defined as growth'per unit

of ingested ration and net growth effiqigncy {K2) i défingd

as the drowth_ per‘ unit. of "absorbed 'ra; n. .Since

assimilation-is never lﬂot,'Kz is'always greater than Kl.

_ Blvalves are filter feeders. ”véliger larvae prGEEESIthe-

K
water with their - velum and Juvenlles and a¢u1ts*use the
o

~ ciliated gills for feedlng. Fxltratlon rate is measured as

a
the volume of water cleared of particles by the animal in a

_giééh period of time. Pumping raté(}a defined as the volume
-of water pumped past the gills of the animal. Filtration

'raEe and pumping rate afe equalv when the retention

e55101ency for the alga is 100%.
' Filtration rate in bivalvea is ‘a function of algal céll
size and concentration (Winter, 1570, 1973, :1978; Walne,

1972;", wuson and Seed. 1974- Shulte, 1975; Epifanio and

Ewart, 1977‘ Riisgard and Randlov, 1981). In general,

filtration | rates  decrease with - increasing cell

‘concentratlon. Many bivalvea have the ability Eo'regulate
Eeeding pithln a range of partxcle concentrations in order_

to obtain a constant ration (Thompson and’ Bay,me,r 1872, 1974; '

Hinter, -1973; - Foster-Smith, 1975a,b; Widdows, 1978a;

e
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Griffitha, 1980a:; Palmer and W:.llxams, 1380; élavarro and

- Winter, 1982; Gerdes, 1983° Seiderer Et_'al., 1984). Winter

(1973) observed that Mytilus edulis regulated its Eiltering

rate within the concentrationa'of 1x107 and 4x107 cells per
0 .
"‘ 11tre to obtain a constant ration of. algae.

_ Food. uptake in a denfe algal culture 15 limited by the_
r/ ' capac1ty of the gut and the dxgestxbillty of theL

R _(HcHahon and E_ugler,_ 1965) . Therefore the Exltratxon rate
.decreasea' with an‘ increase j.n algal conCentratJ.on and

i

L . .Lngestxon ‘rates - rema:.n _ constant. At dilute al'gai

[

fxltration rate and an increasmg, i.nges,tion-rate with

1ncreaai.ng algal contentratiop.
In aquaculture it  is important to determine the
maintenance and optimum rat‘ions for a given species.-

Knowing the concentration of pvt,lcles in the water and

having determined the filtration rate of the animal ‘it is a

) -smple matter. to compute the. wexght or number of 1ngested
SN

L

'\' particles per unit time. 'Maintenance ration is the amount

of food which results- in. zero growth. Optimum ration is

reached at the minimum particle concentration which wi.ll'l

result in maximum net geewth.‘ 'I‘he rat.Lon fed to larvae and '.

juveniles must be sufflclent to cover maintenance costs but-
should not exceed the optimum ration I;;ecause of the,high

cost of growing the algae.

- r v .
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' The optifum ration will be affected by the aESimilation
efficiency of the diet, which is a function of the quality,
of the food {Corner and. Davies, 1971). Therefore the
tation.at which gfowth is most efficient will depend on the
digestibility of the food, the capacity of the. gut and the
N algal concentration available. ' ' ~a__»///f
The @aintenance ration and the Optimum ration are also a
g fFunction of body sxze and-tempeﬂature. When expjessed as a_
percentage of dry weight these amounts are larger‘ for
smaller indiv1duala aithough the actual amount of " food
ingested is lower. This is a ‘reflection of the higher
metaholic'rates of smaller animals.
'I{he 'determilnatic:)n of the minimum food concentf'ﬂtion at
which maximum net -growth iafnrealized is inportant in
- aquaculture since algal concentra}ions above this level w111
mnot result in faster growth—"—Thejbptimum food concentration |
is close. to the paeudofaeces-free ce11 densxty (highest
algal concenttaﬂ&on which does not cause the praduction of

-pseudofaeces} since filtration actiw.ty is reduced to 1ow )

energy coneuming Eiltration rates and all the cells filtered ™~
A

L A  out are ingested (Winter, i978). . :
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Thisg s'tudy aims to determine the energetic requirenents

of Qcallop (Placopecten magellanicus), larvae an& juveniil_és
with a view to increasing the success in‘:rearing the
scallops under laboratorykﬁ hatchery conditions.

From an agquaculture pomt of view J.t is impor'tant to
-.maxlmlze the growth and surv.wal rates of the larvae and
juvem.les. THe*‘hterature indicated that‘max:.mzmg the

energy reserves in mussel and oyster eggs led. to hxgh‘er_-

'survwal rates and better larval growth, . K Thus, I fn'st'

conditioned adult P. magellamcus"' the labordtor'y to

determine:
X . :
1. whether the nutrients in the eggs can be Increased

beyond the levels of the energy resegves in the eggs
of females in’ the natural environment
2. _wheﬁher"hilghen .levels of energy reserves wil; lead to -
“l:fet‘t;er gro{ftth and survival ol'f scallop larvae and
- 3. whe;:her any of the biochemical components of the eqgs -
._(prot_ei'n, ‘lipid or 'carboﬁyd'rai:g) can be used 4as a _,

predictor of the potential suc®ess of a given batch of

_ \scallop larvae. '

The sécérid step in improving lk:l growth'isl déte:minin'g
:the nutritional requiréments of the larvae. The blochemical
components of .the larvae and algae were measured in \er’ to | ‘
determine- . ' . r -

1. the condition of the larvae - L \
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2, , the rate of accumulation of protein, 1lipid and
'carbohydrate

3. a s_imple energy budget. ] '

Finally a study of. filtration rates was undertaken to

-y 3 ey
determine the optimum fe.edinlg- ration for juvenile:. scallops.
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. Chapter II

ﬂ. o MATERIALS AND METHODS

'+ 2l SOURCE OF BROODSTOCK

] ~
Divers collected adult scallops (Placopecten

magellanreus) firom Fox Harbour, «Newf’oundland on March 26,

July 20 and Adgug; 11, 1986 £rom Sunnyside, pewfoundﬁand on
July 17, 1984; and*¢rom an aquaculture’ farm ‘in Little: Bay,
Burin Peninsula, Newfoundland on May 30, June 28 and August
é}' 1984, Animals were transported in flarge polyethylene
tanks, by truck, to the Marzne Sciences Research Laboratory
{MSRL) on~the day of collectron. Scallops’ wereFSexed, and
males and females were placed in separate tanks with flowlnq
seawater at ambxent sallnlty (32 PpPt). Ambient temperaturesi

. were maintained as 1nd1cated in Figyrg~2. Fifteen to twenty
_anlmala were placed in each 200 litre tank 'Eagh oroup of

N
X
animals recelved elght litres of algal culture, Isochry91s

Sp. (Tahitian strain), dh approximately 4xl05 cells ml l
L N o

five times a week. All the males used for spawning. were

obtained from this. stQck. Females used for conditioning

expe?iments were separated'froﬁ'this stock ‘within two weeks

\ S . ;

of arriving at MSRL. Threughout the season the remaining

—~females were used.ﬁor’apawning when their gonads were ripe.
1 _ ' : )
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2.2 ALGAL CULTURE

All 'seawater"ueed for the'culture of algae and larvae was:

passed through a series of five filters: '~ a  prefilter

- deslgned to remove sediment’ and- large -particles; a series of

thrze Gelman cartr:.dge Exltere, pore sizes 10 pym, 1 pm and

0.45 um; and a Hlll:.pore membrane fllter« 0.2 pm pore size.

'When ambient ‘seqwater temperature fell below 9°9C it' ue\s

necessary to heat the flltered seawater (FSW) to '-1'2"-13°C.-

_AJ.r was bubbled through the FSH durmg heating to ensure

\

- proper mlxlng and avold supereaturatlon.

LY

‘A culture collect_lqn of_ .s.rar_.tous algal" epecies was
malntained_ at a coﬁstant temperature of ‘15°c':."- These
cultures ;er“e maintained ‘in .20 ml chltur'e tubes with
modified md;gnreiber algal growth med ium (ES: Ste.l.n, 1973},

and were transferred every month under .sterzle condltzons

k .Although all of the culturee were unzalgal, they were - not

all axenie. Algal species used ln[arval, juvenile or adult
aca_ilop diets are listed in Table 1. B}
Algal cultures used ‘for malntai'ning broods tdck . and.

juveniles were grown in 20-litre glass carboys or 50 lltte

f_ibreglaes tanks lon ES or £/2 algal growth mediums (Steln,

.l9?3).' These were rvested every three or f.our daya and

.Eresh medlum and FSH, were added. These cultures were ...

regtarted . from: the ,culture _collection perlodlc_ally.

Cultufes were Ffiltered through a 40 um nitex screen.once a

1
. .-
[} . -+



TABLE 1

-

Source and date of purchase of algal species usedin

diets of larvae and adults of Placopecten agellanxcu . *

ALGAL SPECIES S 1SOLATOR LOCATION
Isochfzsxs galban | - Pérke Plymouth, Eﬁgiand )
Tetraselmis sueciga , Guillard - Falmguth, MA
1sochrysis sp. ' ) Tahlt;

Psegdo:sochrzs:s garadoxa Kinchelae Mass. Landing CA
. Pyramimonas parkeae - Catalina Island

Thalagsiosira pseudonana. Guillard. Forge River NY
Chaetoceros calcitrans . Ilmebayashi - ) S

*  Bigelow Laboratories, Maine, U.S.A.
** Dalhousie University, -Halifax, Nova Scotia.

SOURCE

- PURCHASE

Bigelow*
Bigelow*
Bigelow*®
- RBigelow™
.Bigelow*
Dalhousie**
Dalhousie**

it

DATE

PURCHASE

02/83

07/83
.11/82
07/83-

07/83

06/84
.06/84

g2
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week t:e remove clﬁmped cells a:rd debris. Daily counts of
cultures ‘were recorded and used to determine the amount
required for feeding the adult and juvenile scallops. | -~
All ~co‘unts on algel cultures were done using Model EF
_J;oulter ‘Countér with a 100 um pore size Coulter tube. s .
T - Cultures for Eeeding the larvae were grown in two. ordfour |
| li.t:re Erlenmeyer flasks on ES’ medium. These cultures were
also harvested every three or four days. The remaining | ' “.:‘,'_
culture, after harveeting, .was filtered through a 50 ,um - |
nitex streen and transferred to a’ clean autoclaved fiask.
Freah medium -and FSW were . added. Daily cell counts venf:.ed
" that "the algal cult.ures_ were continually mamtaxned in the
' exponential"‘ﬁhase ,65 growth, Freshf cultures were started . e

from the algal collection every month to ensure irigorous,

healthy ‘unialgal cultures.
- Algae harvested for feeding larvae‘were centri‘fuged in .
v 250 ml eamp,le bottles im an IEC International cent:r1fuge ‘ .
(Model Cs) et 300 g for fifteen mrnutes. The supernatant |
Y wae discard®ed and the ‘c.;_'elis_ were resuspended in FSW. In
1983, ha-ryested cells were waehed twice in this manner , btlt
S : in 1984 they were only washed once. ‘--Tt’ii‘e procedure _helpea
| J to remeve chelating egehta, toxic. meta;\t_:_oli.tes and excess _
*bacter'ia, - It also had the advantage of coricentrating c'e‘ifi'é"f
‘.arld' thus it was not nec@saﬁ'ﬁy to a.tid"large yolumes of algal
cu;alt:ures to the larval cultures.. The algal cell" count was

_ determined and the appropriate ration was fed to the larvae.
! . BN ' . +
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Dry weigﬁt:s of the algal species used for feeding larvae,
ju:veniles and adults were determined. Five counts were
performed on each of three.'aeparate aliqudts of algal

culture to determine cell cance_ntratlon. Measured volumes

'millilii:res,_' were Eiltered' through preweig'hed,' ashed,

What:man GFC filters using .suction Elltration. ‘Th_é-'.'cell‘a-i.n'

the filtrate were counted on the Coulter Counter, and the

- Filter papers we;e-i:hen placed in aluminium dishes andld&ié.d',

_to constant weight at 80°C (24 hours).

-

L {,‘3,,' CONDITIONING OF BROODSTOCK

Femqs for condltlonmg exper iments were removed from
holding tanks and placed in twenty litre plastic tcays (35cm -

x S5¢m x 1l0cem) with flowing seawater at l:emperatures_l

-in‘d_igatgd in Pigure 2,

The conditioning of broodstock was. undertaken in an

attémpt to maximize the energy reserves in acallop‘eg'gs. I

wished to detérmine if it was’ poasxble to successful
éondition females in the, laboratory by feed/q 'them

ti.l " unialgal, multialgal or carbohydrate dleta such that the

energy reserves deposxted in the eggs would be equal to or.
greater: t:han those present in the eggs. oE females in’ the . -

natural environment., I also wished to determme LE tota;ly_

of the algal so'luti.on.' in the range of ten to fifty .

total mumber of cells ‘caught..on the filter was determined. .’

Nee
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spent animals could be conditioned in the iaboratory over

_the winter,

_ ala'ng

'conditioned" females. 'I'hese two groups served as a negativd‘

"seawater flow was reestablished.

The ration and the method of delivering the diet were

varied between the different experiments in a Ffurther

attempt to 1ncrease the gnergy reserves avallable to the"

H‘callops.' The b1ochem1ca1 content of the eggs/and the
larvae was used as an J.ndj.ca-tio'n of the__j guccess of the

conditlonlng reglmes.

-

Four experiments were . performed between Hay .1983'Iénd '
Septembe: 1984. In- eac;h;expen.ment -females were maintained

at seawater te;nper‘atut_e‘s indieit'ed - in F@:e- 2 and fed

varlous diets as outlined in Table 2. he groups. of

b

”éca,ll'ops. vhich recejved no suppléme_ntal feeding are termed
"gtarved", Additional a‘nim'alls brought into the ;gboratdgyf

at tlt:ii'of the t:é:‘nditioning ‘period vere induced to ébawn .
ik

-

and a poalti.ve cdnt rol, respect:.vely.

-
i

= In E:xper:.ment 1lr Eemales: obbained from Fox Harbour,

‘ Newfoundland 1n March 1983 were removed fron’ the holding

_..—-.-d'

tanks. on May 2, 1983. These animals were batch fed every

- day bg_ drlpping the:vrationr into the trays ‘oqer' ‘a per:.od_. of'

;

two hours. During "th'la -t:'ime the flow-of seawater was éut

of'f'. ‘Once the ani.m{a s had cleared the Eood part:l.cles,

]

approxlmal‘:'ely three : hours after feeding had begun. the
. . .

(. ¥

condltloned females and are termed | "na'ti:rali:if'_

=
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TABLE 2

=

List of conditioning routines for broodstock of Placopecten
—-magellanicug..

EXPT BEGINNING OF
CONDITIONING SPAWNING
D/H/Y

NC

3_%’ T-~Iso
5% T-Iso

[

02/05/83
- 15/08/83  09/09/83 * ST

01/11/83  24/07/84

'29/06/84  03/08/84 - ST

. Staﬁred

wFemales
Expt 2-
Females
Expt 1-
. Bxpt 2-
Females

CONDITION
FEMALES |

DATE OF
D/M/Y

15/07/83 . 8T

2
-

— . tsa N

® A

females : ,
fed cornstarch: Expt -1- 300 mg/
900 -mg/day/s¥allop ’

NUMBER
FEMALES

i

T O O

&t

noaanl vwn

lay/scallop

fed cornstarch '+ TEIsochrysia sp.
150 'mg + 13.5 x 109 cells per day per animal
450 mg + 13.5 x 10° cells per day per animal

NUMBER
FEMALES " -
CONDITIONED- SPAWNED

BN HFN NR&ARE OOOGCO

fed ._'I'-Ié;och;zs ig sp.. . . . .
Expt 1 & 2- .27.0x107 cells/day/scallop (3%b.w./day)

Expt 4-

Females

fed a mixture. of algae: 5 x 10

I. galbana, -P. paradoxa, P. parkeae,

T-Isochrysis, T. guecica J
Naturally conditioned females

]

50, 0x10. cells/day/scal 1°pi 6 5

cells/day) |

N
+

cells/day

Females fed 3% T-Igochryslis sp, per day on
a tissue dry weight basis (31:1(:)10

Females fed 5% T-Isochrysis 8P4 per day on
a tissue dry weight basls (5x10°9

cells/day).

tb.w. /day)
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The time frame fox: spawning was dgtermined by the
facllitles avallabie. Males frorﬁ hold'ing tanks were induced
t% spawn at’ the same time as females to permit fertilization
of the eggs. Additional females from ~Fox Harbour were
brought into the laboratory on July 20, 1983. SiaIE of these
naturally condlticwed females ‘were induced to.spaiwn.
Animals -in subsequent expe_erime'nts' weré- fgd .con_tj.ri.uous];.y“
by supplying algae. ta the adults wit.‘h the use .. of_'ﬁ . .-

\_'- peristaltic pump. The concer_l‘t‘ratibn_ of ‘the Eeedlng

™

suspensién-l and the speed of the pump were adjusted. to

deliver the food over a twenty—four hour period. g
\. Females obtained¥rom Fox ﬁar‘b_our, Newfoundland on August
" 11, 1983 weré used for the secénd conditioning experiment.

Théy were placed in 20-l4itre trays --ln, a constar}-t
'temperature robm at 15°C. The flow rate of seawater wals 5.3

+/=- 0.7 litr‘es'/hou;-: .

Larvae obtalned _by fertilizing éggs in Exper:iments 1 and

2 were fed 25 cellsg/ul of Isochrysis sp. (Tahitian strain) ,
three times per week: o
In ‘the. third experiment, ten female and five male

. scallops from Fox Harbour, Nequundland, which had been .

spawvned | during one of the previous t‘;fO‘ condltioning -

experiments, were placed in 20-litre.trays in a constant
. -temperature room at 159¢. 'Hales were placed in one tray and "
- .- females were divided amoung three other 'tfays.- 'The /fl-l'ow -

rate o? seawater. through the trays was:128.3 +/- 28.3-.1/11. e




o

' .'u‘-_,l.
L

> 34
Each tray of animals received 9 litres of Isochrysis sp.

{(Tahitian strain), at a cell concentration of 3x106

cells.m1"1, _five times a week from November 1983 until June

25, 1984, On June’' 25 the ration of five females was

increased to '5x1010 gells per day per animal. Larvae

- subsequéntly. obtained- from these scallops were malntained on

. a- diet of 25 cells.ul 1 of Isochrysis galbana (Parke) fed

_three times a week .

—_—

N o
Scallops condx.tloned ‘in Experunent 4 were obtaxned from

' an aquaculture farm in 'Little Bay, Ngwfqundland_ on June 28,

1984. On August 9, 1984 additional females were obtained

from Little Bay, -Newfoundland, These anlmals were the
naturally conditioned controls, Larvae from thig group were,

" fed 25 cells..ulf_l of Isochysis galbana (Parke), 5lcells.u1_'.1_

Thalassiosira pseudonana (Guillard) and 10 cells.ul'l. of

Chaetoceros calcitrans, three times:per week.

In all exper;i.ments samples oE the eggs were taken for
counting and sizing with an electronlc partlcle counter,.
Model 2p Coulter Counter with channelizer and plotter. A

Coulter tube of 280 um pore'size was used for counting

eggs. Two‘san_\pljes of Cforty to' fifty thousand eggs were
taken for biochemical analyses, These samplés were kept in
a-:minimum "of FSW and | frozen' at -20°C until ready for

!
analysis.” 'I'otal. protein was. dEtEI.'IIIlnEd usi.ng a micro-l;owry

’aa-say’ (Low_ry et. E-;. 1951), The c;\ha_rtlng method of Marsh

and Weinstein ('1966_) was .used to measure total .1lipid.

1

-+
e % i
. N .
L .. '
x .
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- (;arbo\'lydrates' were measured speétrophotometrically using the
phenol-auifuric acid reaction (Dubois et al.,, 1956‘). |
Samples of one to six nulllon _eggs were used for dry‘. '
welght deternunal:io.n. Whenever the number of eggs avallable
was large enough, duplicatg or trlp%icate- det:egmlnatmns
. were performed. . A neasured volume of eggsl'-was placed ;n a
glﬁs,é beaker and mixed thorou‘ghly with a pérforated plunéer.
- \ A sample was. taken and .counl:e_d.' The qus‘wére then- a‘lklowed
e "to 's,et‘t;le. 'i'.'h'e‘ supe_rnatén;t wag .remod.ed‘wi;:h a ‘p'ipgt;te and
an aI‘igﬁbt of supernatant was cbunted such that the' number
of. eggs pfesent in +the s.ample could be determined. The eggs
were washed twice with iéotonic ammonium formate (Z.5% w/v].,
\ . ' _and alvlowe,d to set tlre between - washings.-_.The excess ammonium
formate was removed by pIpeEt'e. The eggs were then po'urc_ed‘
into preweighed 25 or 50 nl aiumin_ium we‘ighinq pans and
dried ?to!constant wei.giht {48 l'murs). at B80°C. Eggs were
) L _wéii;‘hed to 0.1 mg -ac;:u:acy. . W

T : 2.4 SPAWNING AND REARING

s

The . -standard methods for . growing. bivalve larvae

Lo oo ' -
EA . (Looaa_nptf and'jDavis, 1963) were modlfied for Placopecten

' -magell-anicua (Gmelin] Conﬂitioned females were induced to
f;pawn at the end - of the conditi.onmg period. Males and
Q\fjﬁles which were not selected for feeding: experiments were

st ,‘ ,‘ spawned when  their gonad qas IEu11 and plump in appearance.

e - . - i . . -

o o . s “i R PR . . . . PP
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In all cases methods for spawnhing, rearing the larvae, and- -

‘sampling were the same.

~

To_provide infgrnation oti the growth and survival of

larvae dur:.ng statvation, groups of larvae from Females 53,

54, ~55, and 56 ('I'ahle 3) were malntalned 1n FSW w:.thout

U

'goqd.‘ - Additional groups.of larvae from these‘.female_s were

1

fed 25 cells.;{l’l of Isochryais galbana: .

 “ Adults were r;einc"wed‘ from the I:_anl;cs dnd their shells were
scrubbed. » ‘The scallops we;.;e ‘measm\-gd and _tﬁelr‘ rage was

estimated by counting the number of growth 'rings' on the left

.valve.' They . we-re, then:_ placed in 10-litre pana half-filled

with P ~A reci rculéting pump was .used to play' é jél: of
water ove'r‘ the a_dult'a'. The water temperature was maintained.
at 14-16°C. \
Adultsl about to spawnhcouid-bt.e Ldentlfled smce the

'kidneys take on thie. colour of ‘the gametes mmedlately pnor

‘hn‘.-ﬂ

to spawmng. They were placed in separate 4-litre.
contalners wJ.I:h approxlmately two litres of FSW and ailowed
to 5pawn completely Males and females wnich released a

'1arge number of gametes were transfwerred to clean contalners,x

several tlmes before they Ei.n:.shed spawning. = - % \ «

- The orange coloured eggs were L£iltered through a

" nitex screen and mixed thoroughly with a perf’orated plunger,

A'sa'rliple ,vﬁés. taken for *¢ounting and sizing.

e
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“PABLE 3

W . : . . <
Spawning data for females of Placopecten magellanicus from
Fox Harbour, Newfoundland, not Selected 'for Conditloning” .
Experiments in 1984. (Groups of larvae from these females
were -starved.) 2 i d

FEMALE SIZE AGE DATE - -
' ht{cm) x l(cm) (yrs) DD/MM/YY

53 11.4 & 1 .}11/33 o

54 ) 13.6. 10 13/12/83 :
55 16.0 13/01/84

56 15,1 1L 20/01/84
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Egys~ were fertilized "in 4-litre glass beaker'a with A
280,000 eggs per litre of FSW.‘ Sperm was 'adde.d to the eggs
until the -.active sri_aarm to egg ratio was approximatei.y J:1 as

observed under a Zeiss binocular microscope Using dark, field

microsceopy. Pertilization was'allowed to proceed for ten . .
minutes. . ’ ' 2. P ,:5
i e i of A S
One litre flat glass pyrex aiBes were used as containers 25
% [l * s
: . . . f
for the early development -»f Placopecten magellanicus -

larvae. Seventy thousand 'egqs suspended in 750 il FSW w

provided a density of 100 eggs.cm™2 on t.he bo.tt%;n of the - _
flat'dishes. An antibiotic, neom.ycin sulfate, w-as added at :' ]
a- concentration of 25 mg/l. The dishes were placed in a *;
constant empera?:ure room at 15°C gnd ‘the larvae were
'alloweuo develop to  the straight-h-i;'de—-_ s'tage_,‘"-
_ approxima\te ly 72 hours) - ' A ' -
When larvae first became D-shaped veligers they were
gently' poured through E-l 150 um prefilter and caught oﬁ a
submerged 50 um nitex screen, "I‘he:;e larvae were rinsed
gently with FSH and placed-in‘d-]‘.i:tré plaétio containers at
a density of 10 larvae per ml. Neomycin sulEate was added
to give a concentra;:ion- of 50 mg/1. Thé larvae were fed the
algal diets indicated in Table 2. The co;-xtalners werel
placed in a. wet .bench ‘where the seawater temperature was ‘
mlntai;l‘ed at 12 +/- 1% (Figure .2) by a Ne;lab co;_ling \
unit. ‘ '
’ . ‘ >
; ,E\ @ I '.-i.:«'"i*':‘
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onto a. 50 um nitex screen, placing them in clean containers' |

‘—20°C until analysis.

,\"w,z .

£
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"TQo aliquots?of newly formed straight;hinge larvae were

taken. Five separate counts were performed on each’ sample,
The larvae still remaining afteﬂ the counts {20,000-25,000)
were used for analysis of protein, 11pid and carbohydrate.

Samples , wére obtained by filtering these larvae onto a 50 um

nitexlscreen, washing them ‘with isotonic ammonlum formate B
{2. 5%), an‘d t'hen r1n51ng them 1nto 20 m1 culture tubes..

Once . the larvae ‘had settled, the excess supernatant wasr:

removed by ;upette and samples were capped and frozen ‘at
S

Another sample of at least 20 blarvae. was taken for

. N
sizing.‘ The height of larvae was measured using an ocular

scale in a Zgjss monocular inverted microscope. ,

The protocol for rearing the larvae during their pelagic -

,.Btage involved ﬁiltering them-through a 150 um prefilterf

with Eresh. FSW,~ and .feeding <them. This routine was

per formed three - times a week. ,‘ Heekly samples for L

measurement and determination of total protein, “pld and

-

arbohydrate were taken as: described above for. newly formed

D-shaped larvae thh ‘the exception that .only one sample was .

taken for biochemical anahypif_gnd the number of live larvae -

.present in this sample was
with a counting ce11 on a Zeiss binocular microscope using

‘ mim

ddrkfield microscopy. ) Z

Y A .. X
* * '}4-’1‘;‘. A L "]

termined by two 1-ml counts'
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| ‘ h S 1
As the laryae ‘grew the mesh size of the prefilter was
increaséd from. 150 um to 200 um b'and " then l&o um. When
larvae exceeded 200 pm in hexght the S0 um Eilter“waa
replaced by .a 100 um screen. .

2.5 BIOCEEMICAL ANALYSES

- . The protein, 'lipld,and _'carbofiydr_ate contene of 'a'lga'e!.}'
'eggs,l-'larvae and j'uvenilea'wel'e 'deeermlned I:n obtafn-“t{he:
| relative mportance oE ‘each blochemcal compnnent and aa an ._.. , q\
‘estlmate of the total energy content of an mdiudual.__ The R
energy c'ontent was estimated by .transforming the varions‘.
constituents into energetle "eé;uivalent's_ (P~ x".-2‘3';54'
joules/mg; ‘L x 39,54 5dules/mg: C x 18.17 Jjoules/mé) ‘The
‘caloric equivalents were :hose used by Cnsp {1971). 'l‘o

obtain the enerqgy equwalents in Joules/mg a conversion'

factor 4.184 joules/calorie was used {(Weast et _a_l_; 1984).
All'analyses w-ere d;ne on samples atored' at -20°C. Both
samples of scallop eggs and both samples of newly t‘ormed_

larvae E,rom edch Eemale were analysed in duplicate thus‘ A
gl'(ring: four tepllcates for the - €ggs and Eor the Ilarvaell-

"lnppendix I Tables A-S to A-ll). Samplea of juvenlles- and.:

“algae were alao analysed in dupllcate (Appendix I- 'l‘ables.

,-'_ A-15, A-16 and A-:-l?_} The "algal samplea were taken Erom the:.: :

| -'e:_tponentially g.rowing algal caltutes 'used in the _cultu_r_e, of..

scallop l'arvae .
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All glassware used was washed in chromic-sulfuric acid
cleaning aolution {Chromerge, Fisher Laboratories)  and

. rinsed several times in glass distilled water before use.

L
. . I8 ]
"2.5.1 Fractionation and extraction

The'method used was modified from Holland and Gabbotﬁ
. ‘ _
R ¢ £-1 2§ PR Lo . SRR

'The frozen samples were thawed, .the total volume was

determined and the samples. were homogenized wrthb a ?ml

N  ————

- B Broeck model .ground glass"homogenizer‘ (Pyrex brand,

- -“*;‘Co?ﬁtﬁﬁ)._ A 400 nl aliquot of the sample was placed in a 15

33' ' g . ml agnnical, stoppered_ test tibe for 1lipid extracfron,

| ' Another\ 290 nl aliquot for protein and carbohydrate
'extracfion ‘was_placed in a 15 ml cnltlire fube. .

‘Lipid waskextracted by the Bligh-Dyer'method (Bligh and

~ Dyer, 1959). A volume of 1. 5 ml of a 1'2—Tb v} mixture. of

chlorvo m-methanol was ‘added to the lipid samples. Glass

distilled methanol and chloroform were obtained from Caladon

L]

“minute. Five, hundred microiitres of‘ohloroform and . five

hundred” microlitree of distilled vater were ' added and

ffj'Jgn . samples were mixed thoroughLy for one additional minute.

R '{:;u Samples were then centrifuged at 1000.g in an Internationak

. ﬁ.f jClinioal Centrifuge (Model CL) for ten minutee and bhe top

L] L

e e

Laboratories. . Samples were 'mixed by vortexing for -one -

haee wag discarded | The tubes were placed in a water bath

n'at‘GUQC and- the lower 'phase dried-underlpitrpgen. ' The lipid
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residue was redissolved in chloroform. The sides Bt the
;' ‘tube were rinsed well 'wit:h"gchlorofc;rm to ensure all lipid
‘was dissolved. - These samples were topped with nii:rogen.
stoppered and stored at 4°C if 'analygis was not done
immediately.i ‘ ' |
- Protein and carbohydrate gere exFracted from the same
,sample.‘ Proeein was prééipitated Ey addieion‘éf 2np‘n1fef
,cold (4°C) 15% trlchloroacetxc aciada (TCA) The sampIee were
imlxed thoroughly on a vq;tex mixer Eor Elve minutes, cooled‘
. at 4°C Eor 10 mxnutes and then centrlfuged at a00g Eor:“
| twenty Jnlnutes. ' The ' supernatant, containing soluble
carbohydrates, was: removed by plpette and placed into 25 ml
glass test tubes. The protein pqec1p§tate was -wasbed thh
200 ul of 5% TCA and centrifugeﬂ ior another;fifteen‘minutee
at 800gqg. Thelsuperhatant was removed by_ﬁipette again and
added-fo the prevrous'supeynataqe. ' The pfecipitated preteln

was dissolved in 500 hl of 1.0 N NaOH and heated at 56°C for -
» . - ) ) J , L, .

thlrty mlnutes.

To the comb1ned supernatanta 100 pl of GN HCL was added,
- and. samples were. heated at 95°C for two hours ko break down
. o f\ :_
‘all polysacchar;des, Once the sample had cooled,: 100 pl of

6N’ NaOH was adaed o neutralise the eolution. Total

'carbohydrate was determ1ned on this sample.

-‘5
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- 2.5.2’ Lipid determination ‘

Total lipid'was measurcd by the charring method of Marsh

andiﬂeinstein (1966). ,The convcraion of lipjd to -carbon is

a rapid, sensitive and rcproducible é;ocess;‘_h spluclon of

‘é mg/ml tripalgicin,(Sigma) in chloroform was usec as-' a

standard. The tripalmitin standard was added to test tubes
Blanks wefe'rcn with each set of samples analysed. '

The llpzd 'samples were flrst dried under nltrogen. A

b
buret was then used to dellver 2 'ml of concentrated, -reagent

qrade aulfurlc acld (Fxsher Chemicals) to“reagcnt blanks,

standards and test samples. The unstoppered test tubes were
placed in a 'recanl Dri Block heater (Model DB 3H) at 15
, Second lntervals and heated to 180 +/— 39¢ for 15 mxnutes.

Glasa beads ‘were placed on the test tubes to prevent debrls

e from-contamlqathg che solutions. Testftubes yere removed

at fLEteen'second-intcfvalc,_placed in a water bath at room

-

o

Three " millilitres?”cf distilled water was"cdded very

"?caréfully along the side of the test’ tubes and thé_solutions

were mixed partially. The tubes were cocoled on ice again, . -

ancfher-S'hllof distilled water was added and solutions were
mixed thoroughly by'vcrtexing; The " absbrbance was read at,

375 nm on a SP6-500 Pye Unicam sPectrOPhotometer. ' ":'

43 .

as désc:ibed in.Table 4. A set of_standd;d§ and two reagent-

tgmperaturc for fifteen sedapds -and then on ice until cool.’

1
TS
-
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Standards, used in the determlnation of proteln, 11pld-énd';

carbohydrate.
&,ASTANDARD " ALBUMIN TRIPALMITIN GLUCOSE
! ~ {ug) (ng) B § - )
+ , ' f‘

1 10 - 50 12,5
2 20 100 . 25.0°
3 50 N 200 . 37.5.
4 -100 . 300 50.0 °

-5 - 150 400 - ' -62.5

6. 200 : 500 ' "~ 7540
7 250 _ 600 : - 87.5-
; 5

- !
\ )
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B 2.5.3 Protein determination
/// A modified Lowny method was used for determlnatlon of
crude ‘protein (Lowry et al., 1951). The standard used was
.albumin (crysta{lised and lyophilided, Sigma Chemicals)
dissolved in’'1.0N NaOH, at a concentration of .2 mg/ml.
;fiff: - - Three solutrons were requzred for protein determrnatzon._
f-AIl aolutions were stored at room tenpera(;re. Lowry A
‘-solution contalned 1. g sodium pot sium" tartarate and'50 g
;-sodium -carbonate dlssolved rn_zgiz ml of 1 ON NaOH and
_rurther d11uted to’ 500 ml. with dzstzlled water. fLowry B
v;dntarned 1 g of sodlum pota551um tartarate and 0.5 g cuprlc_,
| sulfate (CuSO4.5H20) dissolved in 45 ‘ml distilled water,and
5 ml 1.0N NaOH. The.third_solntion, Lowry C, was prepared
by diruting _1lml of .- 2N phenol' reagent ' sdldtiqn
.(po;ip-ciocalteau reagent from fisher Laboratories) nith 14‘
ml distilled water. | _ | ‘
-Reéufred amounts nf atandards ;Table 4)'were added to 10
‘tml.test‘tubes. ,Ysjymes ;h the range of 50-fbdhp1-of tne
teat eolntion were added tolmarked test tubes. ,Qhe volgﬁe
in all ‘test- tubes was ad'justed to 500 pl wi’th distille'd.
water., The reagent blank contalned 0.9 ml distllled water.

In the first jtep 0.5 ml Lowry ‘A was added to all tubes

_ and they were incubated “for 10 : minutes at. s0°c. nfter

caoling for 10 mznutes, 50 ul of Lowry B was added to each

AT YA : u
. 4" -

ube. mixed and left at room temperature for - ten minutes.

;
L 1

?
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The final step involved adding 1.5 ml Lowry C to each tube,

mixing thoroughly and incubating *at 50°C for 10 minutes.

' The absorbance was r>‘ad at 650 nm  on- a Gilford
Spectrophotometer 240 usi a reagent blank to set the zero.
Dlsposable cuvettes id Rad) were used for the measurement

to. avold the problem of accumylated dye staining the

cuvettes, ' _

‘'2.5.4 Carbohydrate determznatlon : —

1

-Total carbohydrate was measured using the phenol sulfurlc'

acid reaction (DUbOlS et al.y. 1956). This assay 1s rapid,

sensltxve_aﬂdﬁreproduC1ble.: The. only reagents requ;red-were

80% phenol and‘-reagent grade concentrated’ Wlfuric acid
.(Fisher Chemicals). The phenol reagent was made ing -

10 ml distilled water to 90 ml of 90% liquified phenol from
Fisher Chemicals. “An aqueous solutlon of glucose (Analar),

0.5 mg/ml, was used as a standard as outlined in Table 4.

The total sample was used—for analysis,of carbdhydratelin

eqggs, larvae.and jﬁveniles. When albae were_assayed'only 200

nl of the solution was analysed The volume in all test

tubes was adjusted to 2 ml with distllled uater. 'so‘ul of -

B0% phenol was added to each test ‘tube and mixed tnoroughly.

. Five millxlztres of concentrated sulfurlc acid was dellvered
~directly to the solutzon, not along the sides of - the test
‘tube. The heat created was necessary for the condensatlon

of the monosaccharldes with phenol 1n acidlc solution whlch_

¥
LA
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ylelds a coloured compound. The samples were allowed to

cool for thirty minutes. The orange colour produced is .

"stable for several hours {Duboi's et al., 1956). Absorbance

was read at 485 nm on a Gilford Spectrophotometer 240 using

disdposable cuvettes (Bio Rad).’

L~

“A.6 FI LTRHTION RATES

In aguaculture it 13 ‘mportant*_t'o determme the opt imum
rathn. Filtration rates of juvenlles were measured in an

attempt to determm_g_ the algal concent-lratzon-whlch would

. provide the maximum ingested ration_without the production

of pseudofaeces.

Filtration rates of juvenile scallops were measured using

a static system. Isochrysis galbana (Parke) was added at

concentrations ranging from \5x103 cells.ml™! to 25x103

cells.m1~1,

Juveniles were obtained from spaQ' collectors at an
aquaculture farm in Little Bay, Newfoundland, in July and
August 1983 .and held in incubator tray§ “with £flowing

seavater. until needed. They were fed coﬁiinubusly on diet

of Iaochrxsié sp. (Tahitian straiﬁ). In May and June 1984

juveniles Efom_the same year class were obtained from Little

Bay,éﬁewfoundlggd. These scallops, although the same age as

‘those held at MSRL for one year, were two to three” times

lhrger. Thus a wide range of sizes was available.
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Juveniles used ranged in size from 9mm in height to 45mm in
height. The-scallops were placed imr 2ﬂli;relcontainers of
FéW twelve to_ fifteen hours before each’expéfiment began.
All dontainers were placéd in a wet bench to coﬂtfol the

temperature. ‘
.

Filtration rates wegé determined by measuring . the
decrease in.cell_concentratioﬁ_with time. - ?iltraéron'rate.

" was 'éalculated ‘accécording to the gquatidn of toqghlanr

(1969). | - x

F=l(M.t™1 x 1n Co/Ct) - (M.t™] x 1n Co'/C ") 1on™h

where, F = Filt;atibn'rate (ml/h/animal)
M =.volume of FSW (ml)
Co = Initial cell concentration I. galbana -

'Ct = Concentra;ion I. galbana-at time t

t = time (hours) °

Initial concentration I. galbana of control

Co' = .
Cg' = C;:gentraﬁlon I. galbana at time. t in-
cdptrol. ' _ ..
n = number of scallops per group. ‘

all algél ddunts'yere:dong on a Hédel Zp Coulter Coupter
using p'loo hm pore size tube.

The .ingestion- raée 'tcélls;h“l) was calculated by
multiplying the Eilﬁration rate -with the approbriate algql

concentration. At the end of each day the faeces p;oduééd
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. and different groups were thosen. .
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'were examined under the microscope for the presence of

pseudofaeces, Pseudofaeces were 1dent1f1ed as being green
in colour and loosely held together whereas faeces were

brownish and formed long .compact strings. s

2.6.1 Experiment 1 A

“-Piltration rites of individuals 15-17 mm and 13-14 mm in-
'heighE were determined on groups'of 10=15 arimals taken from

"‘a pool of 230 Juvenlles.l These Bcallops were placed on. WIIE:.‘

mesh screens 1n 2- litre- plastic containers and the FSW was

bubbled gently. Two °controls were run along wltﬁgfe1ght

. groups ' of experlmental animals. Twenty-flve m111111tre

‘samples were removed by means of a. plpeer every half hour

for 7 10 hcsurs and counted. The samples were replaced atter

'-cogptlng. The volume loss was negllglble (30 ml over 10

hours). 1sochry51s gaIbana cells were edded whenever the

cell ' concentration fell below - 40% of the star‘ing

-

_concentratlon. o | | l ) J _ // <

" The- Elltratlon rate was determined for each group on two
congecutive days. - Scallops were left: in 2 ~litre contalners
overnlght in between “these _two ~ determinations and

transferred to' clean contalners at fhe beginning of the

'Eollowing“day. The animals were then~retufped to the trays

St
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2.6.2 Experiment 2
For scallops 9-11 mm in height,-filtration rates were
determined on individual juveniles in. 25 ml plastic beakers.
These beakers were placed directly in the Coulter Counter.
Hourl} readings were g;ken_for‘3 héﬁrs. Then the scallops
éeké‘ﬁrénsfe;red to clgpﬂ containers and the dxperiment was
Eepeatéﬂ. ﬁhen.caléulating_filtfgtion r;E;;HEhe“volumelwas
-adjusted to compensate for loss during countifg oﬁ..the
C%u;t;i.Codntér.\ S T .
At the enduof‘each day-the-sballops'we;e returned to the
incubator';gays and new juveniles were placed in 2-litre

containers with FSW for the following day.

~2.6.3  Experiment 3

Yearlings for this .experiment were obtalned from én
aquaculture farm in Little Bay, Newfoundland. They were
heis at MSRL and their _natural diet from the ambient

seawater -was 'supplemented with Isochrysis galbana three

times a week. .

‘“\\gg Individual animals were used to determine filtrati&n'

rates - in. 2-litre containers, The FSW was not stirred or
—

- bubbled during the experiment except directly after addition

‘of algae, Two controls as well as eight to ten experimental '

animals were maintained throughout each experiment.
Samples of 25 ml were taken every half hour, for seven|}b

ten hours, to determine cell concentrationg. At the end of

——

L
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the experlment juveniles were returned to the stock and got

1

used again. y, . A

2.6.4 Dry weight determination of juveniles .

. The total organic dry weigh; of juveniles was determined - o
ad the difference in dry weight before and aftef treatmen{
with a 5% solution of sodlum hypochlorlte (Javex). The dry

' weight of body parts alone was also determined. _

The dry wel;htd__hf scallopa were determzned on " 82
scallops oE Efo mm to 20.0 mm in height and 33 scallops 30 . <
mm to 45 mm in height from the 1983 year class and 41
-~ : juveniles or groups of ]UVEHllES of 4.5 mm 10.0 mm in height
from the 1984.year class. The regression equatiohs of shell
height verhus‘dry weight were used to estimate the tissue

dry weight 'of scallops used for Eiltration rate studies. |
P _ The juveniles were anaesthetised in 0.2% phenoxyethanol.
They _were washed with 2. 5% {w/v) ammonium Eormate to remove
a v excess salts and blotted dry. Animals ~were then removed
from the’ shell and both the soft tissues and the the shell
;;f" . were placed in alumlnium welghlng pana. They were drled ko
i ‘ constant weight at 80°¢ (48 hours). , The shells and soft

4

tissues-were weighed separately to 0.1 mg accuracy.

Both the body parts and the shell were then placed in

glass. vials containing 5% sodium hypochlorite solution

(Javex), Eor 24 hours. After this time the‘ushells were

-t

Q__-i removed and washed with distilled water, dried Eor‘another

WV .
l"‘""l"f LI
- e . L
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24 hours and/ﬁewéighéd. The weight of total organic matter
was caIEﬁiéted from the difference (Jespersen and Olsén,

1982).
“ L

2.7 STATISTICAL ANALYSES : .

All Etatistfcalvaﬂaiyses‘were berformed with the use of
SPSS (Statisticél Package for the Social Sciences) - by
McGraw and Hill Ltd. - T

The data on the biochemical ~composition of the eggs and -

larvae of cdnditiohed‘females were subjected to a two-level
. 2

nested analysis of v;¥iance (g?é Appendix IX)., The first

—

level comprised the conditioning treatments and the second .

the females or replicates within a conditioning treatment.

- This analysgs tested for differences among conditioning

treatments and between replicates within a treatment. Where

conditioning differences apﬁeared, mean values were dnalyzed

by. the Tukey-Kramer multiﬁle comparison test to indicate

where significant.differences among the conditions existed.

. !
=

TUKEY~-KRAMER MULTIPLE COMPARISON TEST

MSD = Q " (t,dE) x SEjq

0.05
MSD: Minimum significant difference

Q0.05 . Studentized range at the 0.05 level
t: number of treatments

df :degrees of freedom of ‘MSE

SEij = /MSE (l/ni + 1/n4)

2

""‘{I
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- differences occurred. _, ' B )

C . . \53‘

1

The data on the num!aex_' of eqgs spawned, the egg size and-

.dry weight, and thé success of fertilization (as shown by

the rate of recovery of larvae from the eggs) were SUbjECtEd

to a oneway analysl.s of, varlance to determine differences

" . among the cond:.t:._ons. " Where differences were detected the

mean values were further analysed by the Tukey-Kramer

mixlt:[ple comparison test to.ld'et‘ect where the signifilcan‘t

-

Regressbn“anelysls was performed on the filtration and

’

ingestton+rate data to determlne l:he relatlonahlp between

\
eize, algal‘ concentration and flltration ratea of - juvemle'

f

--ecal-lope. . Regressmd analysus wasg- also used to deternune -

‘ e * . B x
the relatldnehip between the total energy bontent ot' the S
¢ - . o,
Juveniles and theu: dry welqht. ’
- b4
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‘ - RESUL’LS - o a
" S g : |
3.1 CONDITIONING OF BROODSTOCK )
) . O
. 3.141. Bmchemcal compositlon of eggs s - T
: Females were oondxtioned at varmus stages of gonadal ¥
ok . . development. The Eemales brought in fro,m the Eleld Eor the ey i
fust‘ condxt;onmg expenment had immature gonads and were P y
dxff:.cult to dlstmgulsh from the ma.les.- ‘The females used g '
= o .',fot.'.condltxomng durmg the winter had completely empty, -
) f. gonads at the begxnnmg oE the t:real;ments and wefe only '
_‘ i ident1E1ab1e as females because they had been marked as such = g
o i . durmg *prevmus -experxments. The gonads of females’ brough't ___
‘ *;“». mto the 1aboratory for ‘the seoond condltioning expenment ' ® .

v ‘uer,e nearly fu11 thh tipe gametes. 'I‘he last -group- of - ’

1
1

- © e conditffaned scallops were readily sexed at the beglnning of ' ‘
: .' the‘ éxperlment alt’hough theu gonads s;rere not . fq}l 'an‘_d:" L ‘:.
. plnmp.-" ) T Z,- ’ ‘ 3 J K \‘_: L ..-. 5k e Y
L " &' .‘=_' During the spawnmg E o feoéioo " from tiie | fi-rﬁi: _ v
- i : condit:.Omng experlment J.E was note(i 'thau the gonads*of _ .
= | r"“.‘- -’ : starvéo (ST) and starch fed (S) £ema1es had only a slightr'l"-' v .

txnge oﬁ pink colour instead ot' being 4 bn.ght orange ‘
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colour,  Although the eggs from the etarch"md algae fed
(SAI) and algae fed t__A) females were more colou-red they were
still -pale'r than the eqgs released by _the naturally

conditioned females< The -eggs from ST and 9 females in

Experiment 2. as well as " ‘the eggs from ST females in’
Ex_periment 4 wvere a dull pink rather than the bright orange
“cotour c_;f the eggs produced by l:he'_ females of the other
| 'cdnditionj.ng treatmenta.1 The eggs produced by the females
conditionqd during the winter (Experiment " 3) also had only a’

.slight tinge of pink and the \?onads were not ,Eull The

]

' -colour of the eggs J.s the first indication of the l:-zuc:c:ens qf

a conditioning treatment o - 3 L...‘»—.

'Hos_t females ,were readi:]','y indu'ced to spawn {one to two
hours of stimulation) at the :end of the conditioning period
T o, - " ’ , * i
{Table 2):. Females which would not spawn after five or six

hours of stimulation were.rejected. With the -exception of

‘the femdles conditioned duri.n§ the wiqw inability- to

induce certain females to spawn was due their having
previously “spawned in the - tanks during the conditioning
period. ' : ' \ '

A——

Conditioning of the broodsl:pck did cause an increa‘se- in

the organic content of - Placopecten magellanicus eg‘gs..

I

Protein and " 1ipid levels in |the eggs " increased

'aignificantly when the adult females"-.were fed a diet

- gupplemented by cultuted phytoplankton (Figures 3-6). The

, .
-

Tl

P

e ————



FIGURE 3:

[

Protein, 'lipid and carbohydrate -levels in the'
eggs and newly formed veliger. "larvae of
Placcpecten .  magellanicus. = females . Erom
Conditioning Experiment.l, ~ =~ . - o

- ' ' .

SIGNIFICANT DIFFERENCES AT 0:05 LEVEL

-

EGGS: P ST S. SA - NC A e
L ST S SA NC A Y
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Protein, ~Tipid ’-apd ca.rbohydrate levels, in the:

eggs and’ - newly formed ‘veliger - larvae -of - .

Placopecten . ‘.magellanicus: - .females . .from )
Conditioning Experiment 2. 7 . . .
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"' FIGURE 5: Protein, - 1lipid and, c_arb;)hirdr‘ate levels in the
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eggs and  newly formed -veliger. larvae - of
Placopecten - 'magellanicus - females . . £rom

Conditioning Experiment 3. (3%,5%: Females fed ..

Isochrysiis sp. (Tahitian strain), 3% or. 5% of
their body weight per day.) .-
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proportion of protein to lipid, however, did not vary
irrespective of the conditioning treatments (Table 5).‘ The
level of carbohydrate in’ the éggs was very low, accounting
for 5 to 10 percent o_f the total energy reserves (Table 5).
Carbohydrate reserwves were not affected by the wvarious
conditioning treatments in any of the experiments.

_In Experi:nféaﬁ 1 females fedd a diet of 300 mg of

cornatarch per day prodiuced eggs with levels of protein and

lipid which were comparable to .those present ‘in the eggs’

A

. spawned by ST females. The eggs obtained from A Eema’les',

hoi.rgver, had -40% more 'lipid and 33% pore pfoteiﬁ. than jfh'e

e,g;s of 5T and S females and 20% moréllipid and. 1_5%.more.

protein than the eqqs - 'spawned . by SA females. Th'eé;e
differences are significant at 0.05 level (Figure 3). The

eggs obtained from naturally conditioned females ‘hac'l' 20%

less lipid than those obtained from A Ee‘males. but the same .

amount of protein and carbohydrate (Figure 3).
‘In Conditioning Experiment 2 there were no si'gnifican,i:

differences, at the 0.05 lével, in the lipid levels. in the

eggs among the d‘ifferentwsdltionlng_ treatments, even.
though the eggs from the SA £

males, the A females a;nd‘t'h'e
na't_urally conditioned Eemales had 13% ﬁore lipid than .in
those: from-S females and the sta;&;é_d ,controis (Figure 4).
The bipcherical cbmposition of the eggs from the § scallops

still did”not differ from that present in the eggs from

'y
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i S . .
Biochemical composltldn of eggs and three day old larvae of
" "<+ Placopecten magellanicus expressed as a percent of the Eotal
_energy reserves.
. EXPT. QONDITION PROTEIN LIPID CARBOHYDRA‘I‘E , L
e - E‘EMALES . eggs’ larvae eggs larvae eggs larvae s -.{‘,‘»

R _' , ¥ 3 % s . % %

& dn e de

A
M
NC

63,2

63.4

68.6°

66.5

67.5

69.8

31.9
30.56

25¢0 )

1 ST. 53.4  §2.9 35.2 26.1 11.5 11.0
1 s 58.9 66.1 310.1  24.2 8.0 9.7
1 SK '57.3 . 64.6 36.6 28.4 - 6.0 7.0
1 A 54,7 64.5 8.4 27.1 6.9 8.5 o
1 NC 56.9 67.9 34.4 25,0 5.3 7.0
2 8T 8.0 62.4 35.4 132.2 6.6 ' 6.4
2 . .S 56.5 64.7 37.2 28,5 6.3 6.8 -
2 SA 60.3 61.1 313.5 32.5 6°2 6.3
2. A 62,9 67.2 31.5 27.1. 5,6 5.7
3--5% T-Iso 62.7 74.8 30.9 18.5 6.3 . 6.7
.3 3% 1-Iso 54,3 70.1 ig.1 - 25.% 7.6 4.4
." ST 6409‘ T3l9 '29.4 20-6 "

5.7 5.4
26 .4 4.9 5.1
27.2 . 5.9 53"
24.8 6.4 5.4
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'.levels of protEm and l..l.pl.d than the ngturally ‘conditloned

- Y
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-

starved controls e t“ugh the ration of cornst&rcry had .,

- ‘ 7
been increased threefold to 90) mg per day. The amount oOf

protein présent in the eggs spawnéd by naturally conditioned

females and algae fed scallops was 30% greater than in those

fron t:ho soaryed and the S females. , - - .
| :ﬁ these tuo experiments’ it was shown that a diet wf

T-Isochrysis sp. equivalent to J% of their body weight per -

day, on a dry weight basis, was sufflcient to aignificantly\'
) was. .

" increase the level of protein. and; lipid in the- eqgs compared

q

'_to the - star:ved controls. 'The" diet was also sufficient to

"'produce eggs which had the same. levels or slightly hlgher

T

Eemales R ' . e
. . )

Feedmg carbohydrates, which-i's the main energy reserve

Ln the adults, in the Eorm of cornstarch, to the adults did
. .

not produce an\ increase ‘in the protein, llpid' and

'carbohydraté components of the eggs over that present in the

gg’ga Spawned by the ST females. _‘ Neither the increased.
. ‘ - | - .
ration (300 mg to 900 mg per day) nor- the change in the.

‘method of deliver;ng the food to the adults (batch fed vs

contlnuous.’ffOQ} Jhad any effect on the gross blochemical e

compos ition of the eqgs produced by S females. - N

The thlrd experiment was carried out to deﬁermine whether

.scailops spawhed in the 1aboratory ‘the previous year: could Vi

be fully condxtmned Ln the 1aboratory and 1nduced to spawn

L . !
\ s N . g PR .
. . -
- o ) . ' - ' . .
- " ' ’ .
L
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again. Three of the’ ten females conditioned~spawned. ‘Two
-0of these females had received an increased ration for four
weeks prior to spawning. Although the ration - was increased

from 3% of their body werght on a dry werght basrs, to. 5%

..per day four weeks before they were induced to spawn this

" was not sufficient to 'chuse any d1fferenc§s in the levels of

ltpid and carbohydrate of the eggs. However. the amount of °

protein was 26% higher in the eggs spawned by females fed

the increased ration (Figuce 5). The levels—.of_ protem,-

lipid and ‘carbohydrate in the'eggspspawnedfby the females

conditionéd during the winter were similar to the  (levels

~ found fh the eggs of starved females in Experiments 1 and 2.

In the last conditioning experimeht the mixed algal diet

'(Ml ' females produced eggs with a simiian. brochemacal ;

composition as . those spawned by the - females fed a unialgal

gl

- diet 'of Isochrysis sp.’ (Tahitian strain). ! Thgre were :
» l.’ ’z' - . - ¥
significant . differences, at the 0. 05 level, among the

protein and lipid levels of. the ‘starved controls and the A .

h? and M females (Figure 6) The algal diets fed to thel

/
female® resulted 1n eggs, with 10% sore protein and 35% more

lipid than the eggs spawned by naturally conditioned
females, and 30%- more protein snd 35% more lipid than the

starved controls. This shoued that the increased rabion, of

':_ 5% body weight per“day. on a dry qeight basis, (Table 2),

provlded the laboratory-held females with enough energy to

M
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=
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increase the reserves inatheir ‘eggs above the levels present
in -the. naturally conditioned females (Figure 6).

'i The different conditioning treatments did not produce any_

clear effect on’ egg. szze, weight and numbé? ‘over the four ‘

experiments {Table 6) No differences wére detected in thei

egg-dry weights among the different conditioning treatments

in any of the eprriments. Only . in‘the first experiment was_

there a difference in the number of eggs spawned by the

: females of the . various treatdents. The naturally

conditioned females and the females which received an algal
supplemented diet released two to three times more eggs than

the starch fed females and the starved oontrole. . In

¥

Experiment 2 the eggs spawned by -naturally- conditloned

‘females were si@nificantly_larger thap the eggs spawned by

females from othér‘conditioning t{eatments.' In Experiment 4

the females fed Isochrxsig sp. (Tahitlian etrainf‘produced

significantlyLlarger eggs.

K.Y

. 3. 1.2 _ Developmeht of veligera

The initial phase’ of development for bivalve larvae in

-1ecithotr0phio and the larva muet use the epergy reservee

- —

‘fpreaent in the egg to develop into a veliger._

«. In allﬂthe conditioning experimente ‘the ‘eggs epqwned by

‘ femaies fed algal—aupplemented diets and the- eggs from _ -

".naturall?'lconditioned fepaléé _conteined approximately 3q%t

—t

more energy reeerves than the egge'of starved controls and 8

| 1 t
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TABLE 6

- -and the larval recovery rates.

- ST M NC A*

The size, number and dry weight of eggs spawned by
¢conditioned females of Placopecten:

mggsllsnlgug :

DRY WEIGHT

% RECOVERY

'MEAN S.D.

38.45 4 27
50.82 22,42
66.33 5.23
74.95 15.80
62.78 7.32

ST S SA A NC*

¢ EXPERIMENT NUMBER EGGS EGG SIZE
(CONDITION) ?PAHNE? | (pm) . g/106 eggs
x 10 ) - .
!EAN S.D. MEA“ SOD. MEAN s.D'c
\ J
1 (ST) 6.2 5.2- 68.24 1.38 0.08 0,01
1 (8) 4.3 4.0 67.18 1.73 0.08 0.02
1 (SA) 17.0 10.0 67.57 1.15 0.08 0.01
1 (n) 21,0 9.4 67.40 0.68 0,08 0,01
1 (NC) 14.0 9.2 67.39°1.21 0.07 0.01
' ST S SA NC A* e
-2 {8T) 19.0 26.0 - 68.7 0.91 0.10 0.01
) 2 (s) 13.0 4.6 ’ 67.63 -0.52’10 09 0 01
2 (SA) 7.6 6.8 68.04 0.70 0,10 0.01
2 (aA) 12,0 6.2 67.48 1.34 030 0.01
2 (NC) 9.8. 4,1 71.40 2.11 O™ 0.00
. - ST 8 SA A NC*
3(3%T-I20) 0.6 74,24
' 3(5%T-Is0) - 4.2 72,63 0.05
4 {ST) 7.8 ,8.5 68.02 1,58 0.07 0.01
4~ {a) , 10,0 6.4 ., 71.50 0.97 .0.07 0.01
4 (M) 14.0 13.0. 68.75 0.62. 0,08 0,02
4 (Ncg 4.8 3.6 69.52 0.50 0.07 0.00

61.47 5.41

© 57,05 15,65

76.90 15,86
79.52 19.38

-~ 66,50-28,00°

3

14.23

41.36

T

. 8.92 2,67 |

33.03 13,59

38.48 26,19

28,63 15,96

~

+

/

ST ANCM™

% Indicates significant differences at the 0.05 level -
_with ‘the Tukey-B test after onevay analynia of variance.

L] .
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greater ‘the amount; of energy use

70
females. Since lipid is a more efficient energy source,

protein reserves provided more energy for development' than

1ipid rese_ryes only for the larvae obtained fro_m natura’lly

a5

E:onditibned females in i:xperiment 4 (Table 8). ‘ A%
In Experiments
for development of the egg to the straight-hinge stage and

approximately ‘?0% of the total energy required were supplied

by the J.ip:.d fraction (Tables 7 and 8). In Expenmenta 2,

and-4;' ‘however, more protein.reserves were used during early
development although 50-60% of the tofal energy réquirement{s

were meé by the lipid _fract:lon.

The total amount of. energy -used. during development of the

egg to the newly formed 'D—shaped larvae increased

51gn1£1cant1y as the total energy reserves ‘1n .the eggs

”

mcr.eased (Figqure 7)., Almost 60% of the total reserves. in
the eggs were used to cover the cost of development
regardless of the amount of reserves present:. -The amount of

energy supplxed by the lipld fraction was s;milir in all

instances. However the amount of _energy supplled by the

pfdtelin fraction _increaeed”as the'_totel amount of protein

deposited .in the.eggs increased (Table, 7). Therefore the

greater the amoudt Of protein jeserves in the eggs ‘the
'during development of the

egg_'- to the velige'r'larva.

nd 3 .50-60% o‘f the Tesérves Jrequired

-
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Amounts of protein,' Iié;; and carboh?&tate%_and percent
contribution

magellanicus. larvae

veliger larvae):

EXPT.

-

SOeDDd WW NNNNN

lél
‘wj . ST
S
SA
A
NC

ST
SA

A
NC

5% T~Iso

A
M
NC

~CONDITION

, FEMALES

S,

3% T-Iso.-
sT

the —early —developmentr of—Placo
(development of eggs, to newly

S Loss of biochemical constituent

_ . PRQTEIN
mg/10® + %
3.68 7 35.8
3.81 42,k
6593 ‘45.5
5.49 34.8
4,95  40.7
5.68 52.5
4.35 39.9
11.18 :59,1
10.55 57.1
9.58: 47.0
4.77 40.8
4.91 36.2
4.82 45.6
13.97 58.3
14.18° 59.0
13.28 . 67.0
7

LIPID
T mg/l0°—-—%..

5.37
4,82
7.98
9.70
-6.92

4.36
5.99
6.64
6.98
8.33

6.35,
7.11

5.09
9.04
8.18
5.10.

. 52.2

53.8
50.4
61.5

" 56.9

40.2
55.0
35.1
37.8
40.9

54.3
52.4

48.1
37.7
34.0'
25.7

ecten

b ]

ormed

-

CARBOHYDRATE

mg/10°,

© dsdd

0.33..

0.62
0.58
0.28

- 0.79
0.54
1.10
0.97
2.47

0.58

1.53

0.66!
1.14%0

'1066
1.43
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TABLE- 8¢ Y
' .' ' ) . ‘ ..“ . t . : b ] - - -

Pfotéiﬁ, ilpid_and carbohydrate 'in energétic_eQdivaleﬁts and
the percent contribution of each component to the early
development of the ‘eggs of-Placopecten magellanicus.

EXPT. CONDITION Mean loss of energy

FEMALES ' . per million eqgs o
PROTEIN . LIPID CARBOHYDRAT
joules $. . joules - &% joules %
o ) \“ o T . P

1 ST 86.8 27.1 212.4 66.4  20.9 ' 6.5

1 S  89.6 3l.3 190.5 66.6.° 5.7 °_2.0
1. - SA . 163.2 34.2 "303.6 63.6 10.7 2.2

1 A 129.,2 ° 24.7 383.6 .73.4 .10.0 1.9

1 NC © 116.4 29,5 - 273.6 69.3 4.9 1.2-

2 ST 133.6 41.8. -172.3.53.9  13.5 4.2

2 s 102.4 29.4 237.0 68.0 9.4 2.7 °

2 SA . 263.1 48.3..262.4 28.2 8.9 3.5

2 A - 248-2 45-9 27508 51.0 1606 3.1 -

2 NC 225.5 37.7 329.6 55.2 £2.4 7.1

3 5% T-Iso .. 112.1 30.3 . 251.4 67.3 9.9 2.7 -

3 3% T-Iso Q15.7 27.3 281.3 66.5 26.3 ' 6.2
- 4 " er .- 113.4 . 34.8  201.4 61.7. 11,4 - 3.4

4 ‘A 329.0 - 47.1  350,1 s50.1  19.6 2.8

4 NC ‘312.5 67,0 201.8 ‘37.4 . 24.5 . 4.5 .

' N T
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at recovery

o T L R .
It is. poasible to estimate the cdonversion efficiency of
' each biochemical component Erom th{‘eggs to the larvae ‘using

.the ratio: -

w -larvae

L¥Y

“£ T u weggs s L 4 o

where v is the véight (or energy content) of a given

biochemical constituent (Hollend, 1978) - The conversion

efficiencies give an estimate of the relative amount oE each

e

constituent used for structural purposes ‘and for metabolism.'
The higher conversion efficiencies'for‘protein indicate that .
- The -qpmparatively 1ower

efficiencies for lipid indicate its importance as an energy-

protein ish conserved (Table 9)1

source in covering metab; 11c costs.

K

_.The success of fertilization and eériy.development’of the

larvae in the. various experiments renged from 5-95%

(Appendix I: Table A-G, Table A—B, Table A-9, Table A-ll-

'Table 6). The percent of sbraight hinge larvae recovered

Exom. fertilized eggs was not different among any of thé

conditions_in Experiment 2, and in all the treatments the

retes_'verel high. "ih' ‘the firet
’ N

R experiment .the recovery rate of tho larvae Erom SA, A and

conditioning .

naturaliy conditioned Cemalgn was Bignificantly higher than .

:thq recovery rate of vae Erom starved oontrols. The;“

recov?ry .rate of rvae from A females was also
) N 7
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.. "TABLE 9 -

o I\;. , ' ‘ ' _'. .
efficiencies-of protein, lipid and carbohydrate
reserves during’ develppment‘ from the egg to the veliger., -

A Conversion

— .
EXPERIMENT CONDITION . CONVERSION EFFICIENCIES (%)
FEMALES =~ PROTEIN LIPID_  CARBOHYDRATE
- ST 78 50 - 64
1 S 80 52 84
1 SA 69 47 74 -
1 A 78 47 &
1 NC. . .80, . 52 83
—_ . 2 ST 72’ 65 .- 85
' "2 S 77 52 ' 76
2 SA Y '. 60 54 S 6‘1
2 = K 48 . 62 -
"2 NC 7 42 44
—_ 3 5%T-Iso 81 40 68
.y 3 3%T-Is0 68 36 34
. 4 ST 76 47 67
4 A 53 41 54
. 4 M 52 . 42 . 43
| 4 NC - 50 47 42
"~ | w )
; . . [
¥ - '
-, r\ "
l! v ) ‘ ] N
¢ i a ,
a . ]
.
‘_-.
|I-‘.. N :. ""?Ll . -
. .




. : o m
significantly higher than the recovery rate of larvae from 5

females. In Experimedt 4, the recogery-ratea of latvae from

females - of both phytoplankton fed groups'%fﬁd of the
L naturally condltloned females were three to five tlmes
* ﬁf.ﬂ .higher than the larval recovery rates of starved females.
However, on}y the females fed a mixture of algae showed a
slgnificantly- greate;1'1arba1 recovery rate. The larval
‘ recovery rates 1n‘the:1ast'experiment were lower than in the
;‘\t' _ first two ‘experiments. ] Very few larvae (8.9%) were
| recovered from Eertiliration of the eggs of starved females.
R In the third experiment the recovery’rate of<larvae from the
: eggs of females fed an increaaed ration (5% of their'body
2 ._': o welght per day) was significantly higher than the recovery’
: of larvae from the eggs of females fed only 3% of their body

. weight per day.

f There were other factors apart from the condltIon of the-

E' Lo females which affected the recovery rate of larvae._{Therﬁ'
Lo _varloha conditioning 'treatments, however, did have .a .
. eigplficant-affect on the .success of early development. .
i o - e : 3 . | B

- ' 3.1.3 Larval growth

Eﬂ?} o ,;-Ehe_ diet Fed to the larﬁae; was very lImportant in
E?x : S determinlng_the success of Qarval grogth. Starved larvae of °
%;l~ N Femaiea ‘53, .54 and 55 eurvived 'fohrl to " five weeks tn
1§;f‘,' Ilvi'filtered geawater, *Dhr;ng‘thla period of atarvatlon:verg'
%{% R 11tt1a'growth occurred'ana‘a'steadyldeclineola the totai
%;: " . energy reserves was noted '(Table 10).

* " . L}
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TABLE 10 - -

Change in the prb&e 'n,\’m{ and carbohydrat:e levels and the
total energy content the larvae -of -Placopecten’
magellanicus over a period of four weeks.

EXFT FEMALE GROWjH RATE PROTEIN LIPID CARB. ENERGY GAIN

(COMDITION) - _ )
: ' m/day n;_‘g/da_y/los. larvae jogles/day
‘ larvae
L] - T
1 1 (ST) 0.]22 -0,18 =-0.01 : -0.04 -5.32 ~
1 2 (A) a. 89 -0.38 =-0.09 -0.10 -14,22
1 3 (5A) Q. g ~0.42 -0.14 -0.03 ~15,94
1 4 (S) 8 -0.24 ~0.13 -0.13. -11.20
1 5 (AW 0 38 -0.47 . -0.,26 -0.08 -~22,72
1 6 {ST) 0.57 . —0.24 -0.11 '-0.08 -11,137
1 7 {ST) 0.5%4 -0.28 -0.08 -0.02 -10.10
1 8 (SA) | 0.17 -0.40 -0.17 -0.06 -16.31
1 b (s) 0.53 -0.32 -0.18 -0.0 -15.51
1 10 (A) . 0.26 -0.35 -0.26 -0.0 -19.21
1 13 (NC) 0.39 -0.60 -0.24 -0.0 -24.30
1 22 (8S) 0.21 ~0.52 -0.25 -0.0 -22.81
1 23 (SA) 0.13 -0.40 -0.17 -0.0 -16.65 *
1 ~7 24 {NC) 0.24 -0.50 -0.1% =-0.05 ~-18.22
1 26 (NC) 0.21 -0.30 -0.18 -0.04 -14.87.
2 31 (ST) 0.36 0.10 -0.19 . ’?B\Ol -5.33
2 32 (s) 0.35 ~=0.34 . -0.02 _-0.02 -9.14
2 33 (A) 0.26 -0.47 -0.15 -0,03 "-17.15
2 35 (s) 0.45 ~0.42 -0.14 -0.01 ~15,59
2 36 {ST) 0.32 +0,30 -0.13 -0.04 -12..89
-2 37 (A)' 0.22 -0.97 - -0.04 -0.01 =15.17
2 40 {SA) 0.10 -0.43 -0.16 -0.04 -17.14
2 43 (ST) 0.20 © " -0.59 -0.33 .-0.03 =27 .45
2 44 (A) 0.62 -0.71 -0.1%9 -0.03 -24.74
2 45 {SA) 0,53 - ~0.49 -0.13 -0.07 -17.88
2 46 (S) 0.76° -0.58 -0.20 -0.10 -21.73
2 ° 47 (SA) 0.28 -0.51. =0.10:- =-0.01 -16.13
N ’ A
53*  (ST)  0.11 . -0.,18 -0.09 -0.002 ~7.83
S3* (Iso) 1.11 1.,01- -0,09 : # 20,22
/54* (ST) - 0.1l -0.23 ,-0.19 -0.,03 -13.
54* (Is0) 0,21 -0,20 -0.16 -0,03 ~l1.
55% (ST). 0.11 -0.31 =-0.10 =-0,05 ~-12,
55% (IS0) 0.55 -0.12 -0,00 ~-90,03 -3.47 -
*Diet in parenthese refers to larvae, ST:3taived larvae,
Iso: Larvae fed Isochryais ga_].bana. ' 'ﬁ'\
. . . ' . - .
. : - '
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j) _ TABLE.10: CONTINUED ° )
. L S )
. " ) . 3\ 'I ‘ .
3 EXPT FEMALE GROWTH RATE PROTEIN_ LIPID 'CARB  ENERGY GAIN
‘ {CONDITION) ¢ : _
. - ouam/day mg/day/lﬂ6 larvae jogles/day
: 10 larvae
! 3 7 (5% A) 0.26 0.36 0.¢5 0.03 10.97
5 ‘3.8 (5% A) 0.55 0.35 0.01 0.06 9,96
N 3 9 (3% A) 0.63 0.31 0.06 0.05 10.53
E 4 15 (B) 3.16 3.13  0.73  0.42 109.76.
: 4 16 (A 4.10 10.13 2.56 0.78 353.08
- 4 17 { 3.00 0.42 0.22 0.18 ' 21,68
g - 4 19 {NC) 3.21 4.32 0.35 .0.11 117,42
DL .4 20 (NC)  2.96 4.13 0.94 0.41 141.43
Y 4 21 (NC) 3.19 4.04 0.74 0.26 _128.83:
¥ 4 31 (M) 2.85 3.97° 0.92 0.74 7 142.54
bl 4 (32 (M) 2.88 6.11 . 1.46 0.42 208.77
i ' § : - :
&L
.3 It . a :
‘:1 . . \i ' I]
3 . N
£ |
%t : ;oo |

2, Foe
S

. ln" L}
& ' . -
—
g VN : .
L AN = . '
M . 1
{‘ ' mg
L]
i H *
[ ' 4
i % Co
[ 1 - B .
[T . . . .
J‘“ N a ] i ¢ ‘b
L . ”
Boeanl ’ . * . '
Y #ove - - S i
San S N l . . ‘ '*. . |'l
- ! H & PR ET A L ‘.l'.U! "-I_‘ fia] b tl




- Isochrxsi sp. .{Tahitian straﬂ,n-)-\three ti.mes a ,week. Growth

¥ -l .

-
»

".starvation period protein reserves were the main sbu‘rce'of'

- ) ’ - ' "t ) T 80
In Experiments 1 anq 2 -the 1a1-vae were ged 25 cells/pl of

»

- on this d:l.et ranged Erom 0.1 3t per day to 0.7 pm. per”‘“day

L 4

_'and\was not sigmficantly different Erom the growth rates bﬁ o _i'

L I

, starved larvae Erom Females 53' 54, 55 (Table 10) \A\steady. .

~ o -‘:-' :
de ease in all energy reserves was arso seen in, theee .

-'1~a]rvae (F:Lgu;re 8). Although the 1arvae were ingestmg the

algae Eﬁt&them ;,n-«the Eust week or two of their pelaixcv,

life it was doubtful that they were capable 14 a931m11-at1ng ‘

N . u

the ration. After: two weeks the larvae ceased to.,faed_

altogéther. The larvae reina-ined o or nlle'ar the bottdm'of

1y -

the contaliners ins)read of actively swimming in the vater T

.7 column after the Eirst week -of pel-agic liEe.' The larvae di’d

not’ 11.ve any 1onger than the starved 1arvae. On average the e
larvae lost 0.41 ng of protem, 0.16 ng of lipid and 0.04 ng
of carbohydrate per day per.- larva (Table 10), ‘Dt_u'ing the

PR T ..r,..\
. .
Te

: energy for metabolism providing 50 "to '65%- of the total ° =N

energy required.” - _ oo

The growth rates of ,'Larvae £ r'om uncondltioned femalee

" (53, ¥ and 55; Table 3) vhi.t:h were, 'fed Isochrysls gaLbanJ

IParke),j vari.ed. Larva? Erol\,Female 53 hdd an average..
. growth ‘rate of. l.11- nm/daly but ¥id pot gt‘ow paat 130 Mm }.’n .
height. Although therewas a loas of 0.09 ng of li.p'i.d Jper.

day per larva the lnc:\é‘a'ae i.n; protein cont,ent of 1.01-1 ng pp:: .
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r FIGURE 8: Protein, - lipid and carboh.’ydrat:e content of the
' ) larvae of Placopecten magellanicus from females in .
' Conditioning Experiments 1, & 2. A
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- 1
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i . . , - ' 3
day per larva indicated’ a definite increase in body
N ’ ’ * ' L
structure. . 9 Y

Unfortunately “the larvae of the other unconditioned

Eemalee, although they were also fed 25 cells per pl of Ig

_galbana three ‘times a week, did not grow and followed the

same“-pahtern of loee of energy resetves. as . larvae fed

T-Isoéchrysis. S e ~N
. R ' . IR |
"In 1984 thé larvae from Experiment 3 were aggin fed on.a

diet of 25 cells per nl of Isochrysis galbana three timee a’

ueék; Although growth rates were. negligible the larvae did

accumulate some energy resgrves (Table 10).:
o

In the last “egnditioning experiment the larvae were fed

“Isochrysis galbana; Thalassiosira pseudonana and Chaetoceros

calcitrang three times per week. This' diet -was very

successful in promoting growth.’' An everage growth rate of
3-4 pm per day*® was ei}p;ﬂ!hed by *the' larvae ovpr the first

folir weeks of pelagic-life (Figure 9). - Thig'growth rate 1is

sufficient Eo allow the larvae to reach, in 40 days, the

size (250 nm in height) at which they settle in nature.

The increase in protexn ranged from 0, 42 ng per day per
larva for larvae obtained from a starved female to‘%o.%B ng

‘per day per larva for larvae obtained from females which had

been fed T-Isochrysis sp. (Table 10). The iipid cohtent of

e

the larvae increased as well with 2.56 ng per day per larva

being the greateet increase (Table 10)..

LY
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*FIGURE 9: Growth and the content of protein, |lipid akd
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™~The increese in protein, ylpid_ and carbohydrate of the

M and naturally conditioned— females . was
L

) .

At the '~ beginning- of larval growth protein levels

' [N
larvae from A,

gréa'ter than in the larvae of ST females {(Figure 9

increased very '.:apidlg}. "~ Thes levels of 1ipfd reserves
st':arted tr;: 1ncr%ase‘dram§tic;j.ly 1h thq third or foﬁf-th week
r;)f p.elagic-life. This 'is cor\t-siatentl with the th.@ht that
.lipid ;Q’lesseqtial for. successful metamorphosi. | ‘
in' the..f‘.’ou'rth cpn;!ij:tidning' e'xpefimént -“E.he ‘d-iff*r_u:es in
"g‘r'ow!t“;&)‘ratels and the fatjls of. accumulation of protein, lipid

- and'c'arhéhyd'rate were related to, the energy present in the

-eqgs. When the total enérgy in the egg was mdximi—zed.and an
: L

adequate phytoplankton diet was supplied, survival, growth
[ | I I v Tt T =

and the accumulation of energy }eserves were enhanced..
' i

“,_.!!heref'ore maximizing.the energy reserves in the egﬁ will

not pnly increase the number’ of straight-hinge larvae

praduced but will also improve the. chanée;of' successful
metamorphosis by. .i‘ncreasing' the ,rate of accumulati‘o'n, of

energy reserves by ﬁlanktonic lqar:v.fae.- - .

ENERGY REQUIREMENTS OF LARVAE -
N i o
The algal species used in larval or juvenile diets varied

3.2

significantly in the':.-biochelﬁj.cal composition (Téble 11).

The mosé_notable difference was the high ca‘qﬁéhydrate_

[ H
nt™wof Chaetoceros calcitrans. Isochrysis., &

*
'

con

—
—d
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2 TABLE 11 .

. ~ & o

, .
Biochemical composxtlon of phytoplankters used as dxets for

o larval and adult Placogecten magellanicus. .. - 4 :
' ‘ : . 7 . \
ALGAL  DRY WEIGHT pROTéIN : LIPID - CARBOHYBRATE -
- SPECIES o ug per million‘cells ' . -~
Co {n) ug.loscellg ‘{% of total organic matter) -
o . : : MEAN 'S.D MEAN S.D.. .MEAN Q_D. MEAN S.D.

}ho(m)' 24.2 2.9 10.79 1.9 5.7 1.37 1,23 0.43
5 (62.2) (30.7) (7.1) .

t TE 0. 485 Joules per million cells

. .. T~Iso(6} 30.8 5.9 13 55 2 41 © 8,61..1.71 6.91 1.,39

o L, __(46.6) (29.6) {23.7) '

T TE 0,778 joules per million cells

Tetra(4 '6l.3 25.1 33.13 4.24 10.63 3.21 . .29 3.27

: - “' (6.002) (1903) ' 005)
- , ; . TE 1,394 joules per million)cglls .
- 3H(6) 11.52 2.30  8.0770.93 12,74 1.44
- _ , (35.6) (25.1) (39.4)
- ' ’ TE ,0.811 joules per million cells
Chaet (6) » 39.4 19.60 15.69 5.35 52.02 11.63
e ~ (36.8) (14.7) (48.6) : .

TE 2.442 joules per million cells

S

. . *, Iso  Isochrysis galbana - L ~ S
T-Iso Isochrysis sp. (Tahitian strain) ) I
Tetra Tetraseimls suecica '
3H Thalassiosira pseudonana St e

Chaet Chaetoceros galcitrans

n Number of samples
TE Total energy content

.yf’—"

A
-t

e
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S X | . :
tParke) arld Is'ochrxsi’e)spff“(Tahitian strain) had relatively -

‘ hlgheépr'otein and 1ipid levels than the other algal species

but hagd, ‘very ‘low ctarbohydrate levels. - Tetraselmis suecfia

-

also had high protein levels but 1lipid .and catrbohydrate

levels were moderate..p‘ Chaetoceros calcitrans \and

R Ch

Thalaesioalra pseudonarna both had hlgh carbohydrate levels 'j.
! . -

and moderate Prétem 1eve15 €. calcitrans was espe'clallly :
‘ ~ , | - . I i " " .

low in 1ipid content.
The energetic requirlements of the larvae can be divided

inte ‘three .categories: _metabolism, growth and swimming' -

Metabolic -costs are oovered by ,energy reserves in the larvae .

when they are not Eeedmg. A measure of the decrease in \
. enerqy reserves durlnq starvation therefore '-gives an

estimate of metabolism.

e

The. decrease in the energy content of 'gi:allop larvae of

{ .
\g})’ ‘ ¢+ platopecten magellanicus from Conditioning Experiments 1 and -
. 2 and starved 1arvae from unconditioned Females 53, 54, and
o . o '
\ . . 58 tas used to estxmate the metabollc costs to the larvae. .

-The following ‘evidence’ suggests that the ‘larvae obtamed

- from condltioning experiments 1 and . 2 were esspentlally

' starqings i . ) f

. o "

1, shell growth was negligible

! . . . ) _',--'-"""
E.;-, 2. the decrease in protein, 1lipid -‘and carbohydrate levels '

5 ' S o

oo during pelagic life was equal .t r greater than that

S . of .starved larvae obtained from Females. 53, 54 and 55 J

. {Table 10)




~ \ -
v\' ‘.
- ‘ : ‘ . 8
3. the larvae ceased to feed altogether after one or ‘two
weeks of_)Eelagic life —=l) T
4. larval activity decreaged ‘dramatfcally .during the .

second week of eflagic llfe.
These larvae lost an verage of 368 Joules per day per
millzon larvae duringlthe first three days of pelagic life
(Table 12a). During the followlng three wqeks the metabolic
costs A decreased. to oAly 15 joules per day per million
larvae. In e tfourth\ week " the energy._feguiremente

R ,
deereased even further to '9.3 joules ﬁer day per million

larvae, - . . \\ 3
The energy content of the tissue-incorporated into growth
can also be determined by analysis of proieiﬁ;ﬂllpid and

ca_rbohyd'ral':e."' 'I'alell.]le indicates the energy gains of
c

Placopecten magellafiicus larvae over the first four weaks of

pelagic life’, Accumulation of energy reserves increased

exponentially with .time.
-~

&puthena (1947) estzmated the swimming costs of ‘mussel
"

larvae (Mytlilus Edullﬂ) at twice the metabolic costs. Using

this estimate the total engrgy requirements-for 3-13 gay

old scallop larvae, P. hagehlanicue. would be 166.2 joules

per day per millio&ilarvae (#able 12¢c).
fhe.net;growéﬂ-efficiency_(K?) oan be'estlmated as:

K2 = . enerqy in growth “x 100;‘

total enedgy requlremgpte

| —

P
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TABLE 12 .

Energy required for growth and metabollsm the larvae of

Placopecten magellanicus.

a. Energy 1loss . | larvae from
Conditioning Experiments 1 and 2. -;g- .
- \_
: Age . Sample ‘ ﬁnergy Loss
i {days). . - size (Joules/day/lﬂ larvae)
L . ' . ,o;'
3-6 ¢ 16 - 36.8 [
6-16 . 116- s 15.9
-13-20 16 "15.8
20-27 N 13 16.8 °
27-31 e 12 9.3
. \F
] .‘ - . ]
\ b. Energy gain by the larvae of Iﬂacogecten magellanlcus
. . from Conditioning Experlment 4.
Age Sample ' Energy Gain
<« (days) gize .{joules/day/10 1arvae)
3-13 8’ “ 55.8
i 13-20 . 6 190.4 -
20-27 - 4 - 304.,1
27-31 4 2549.3
! . 1,
L] #_ ! \
i €. Total energy - requxrementa for 3;\13' day old .larvae of
i Placopecten magellanicus. T o oL
(joules/d_ay/lo6 larvae)
, Resting metébolism 36.8 =N B
o ‘Swimming coata . 73.6 :
= Growth 55,8 \ .
;Total 166.2
N )
. L
. /
| - " ‘ /%
>

of P. °*magellanicus

?“'-llfl“
L
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" which would'be 33.6% for '3-13 day old larvae of aaaGOpecten

magellanlcus.

3.3 éNERGY REQUIREMENTS QF d:bENILES

. The biochemical oonient of sﬁveniles was -detefmined by
analysis o! brotein, lipid and carbohydrate. The juveniles
were obtained Erom Little Bay, Newfoundland in July, 1984.
Proteinr levelam gn the eggs, threo day old veligera,
tyfenty-eight day old pedlvel1gets, 9 month 3ld ]uveniles and

23 month old scallo;:s were all very high, accounting for

J

,r*\so 70% «of the . total organlc matter (Flgure 10). In the

twenty three month old juveniles carbohydrate acigunted for
almost 25% of thgﬂtotal organic material and lipid reserves
accounted ‘for only. 6%. ; The re?erde was true in a11~;2unger
scallops. ILipid is’ the more important energy reserve in
_ﬁcallop larvae wherfas carbohydzate is more 1mgqrtant In the
adults, | _

" The organic content of the shell was calculated to be

10.61 +/- 3. 21@ of the total organrc materral (dry tissue

) weight plus organlc content of the ahell) for Jjuvenile

' scalIopa Placopecten magellanlcus.

Regredsion of weight -(W:mg) against total energy

{TE: jo lesj.gave the relationship indicated in Equation—%.

/e

TE (joules) = 14.30 (W)9:%7% (mg) (1) v
RZ2 = 0,825 |
L] ; '
B ¢
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W_?v, - he.filtration rate of juvemnlile PlaGOpecten magellanicus
L
T ,:‘fi < was significantlﬁ uffected by the sizr of the . individuals

and by the algal concentrat:.ons. The fxltrat:.on.ﬁ‘a-tes of

juveniles increased with the t_m_sue dry we:.ght (Figure 11).
"Fl._i._tration ratesrincr-eased more rapiarly-;.\t'i;he lower algal
k‘., - -congentrations asv ,i.ndfcated by the slopes of the r}egressi'on

A-‘l-i:nes. The game trend is present in the :.ngestlon rate data

/

' (l-"-igure ].2) mthln the range of concentratlons studled the -

t —

. _ 1ngestion rate 1ncreases rap:.dly w:.th size,

: 'I'he group of the smallest scallops studied, 5~ 8 Jg t:.ssue )

o . dry. wei@nt. incr’eased thelr f:.l\{:er.mg rate rép:.dtl-y as the:

cOncentrat:.on of Isochrysis §Jbana increased (Figure 13)..,

- The"® largest mdiv:.duals decreased their Eilter.lﬁg rates as

-concentratzons mcreased Erom. 5x103 cells/m to 25x103'

-cells/mls- In scallops we1gh1ng 20-40 iy tissue.dry weight
. L] ,,:\_)

there wis nQ :e_lat ionship betw_een filtfation rates and algal

-

.cell concent ratien'.

.Inges'tio_n rates .incr.;eased signifizantly with lncreé-sing

b

ce;‘:l cenc_qntration (‘Figure':4) at all scallop siz'es' studied.
ed mere rapidly for smaller-

The 1ng‘es'tion rate incre
Y
'=¢allopa than for larger ones. {

iy The daily ingesl:ed ration (Tablee 13) increased from 0. 2'?%

tissue’ dry weight -per day at 5x103 cells Isochrysis galbana

'per‘ ml to 568% tissue dry we:.ght per day “at 2x104
colls.m" for juvenile. scallops weighing 5-8 mg tissue dry

L B B

4
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FIGURE 1ll: Regression *

FIGURE 12:

S\

magellanicus at various ¢éll concentrations of
Isochrysis galbana (see TaleS}. :

!

(—) 5x103 ceiliiélall . )
IR = 3.7‘5x10 =0 340\
(===} 1051:104| cal&iéml .

R = 2.973x10% W = 0.859

(==< 15x10 ce 1 1

IR = 1.206x1Q°> WY %E, R? = 0,634

(—) 20x10° cellg/ml ]

. IR = 8, oaxlog wﬁ-bg , R? =.0.790
(----) 25x103 cellg/ml :

: = 9.87x104 wﬁ‘h%. RZ+= 0,600

-3

e ¢
”® ) )
‘__\f
equations demonstrating the
relationship of, tissue dry weight to ‘the
Eiltration rate of - juveniles of
Placopecten magel lanicus at various cell
concentrations of Isochrysis galbana {(see Table
13) o
LY -/1/ \\
4 -
(—) 5x 03 gellaéml \ ! )“;'—
" F=0.505 W 0.854 [ - ‘y;'
(---). 1 cell /ml { i
F=2.513 Wii 372 a2 =" 0.882 \,\ /
(~=~e) 1+ 15x1 cell / - . . R
FBlBZWﬁggo 3-0646- TN T
(—- 20 133 cel‘ls/ . A )
=4.353 wl-831 = 0817 | v
{=+=+) 2531 ce11 /ml .
F1.435 Wo- 855 L 0.570. o,
* nl ’
Regression equations demonstrating the
relationship = -of - tissue dry weight to the
ingestion rate of juveniles of Placopecten
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FIGURE 13:

FIGURE 14:

Regression equations demonstrating

relatlonship of the cell concentration
Isochrysis galhana to the Ellt:at:.on rate of

(--
F
C(--- 2040m edr Hiht
=) gﬁﬂﬂﬂ = R
(

juvenlles Placopectien mage].lamcus

vanous s1zes (see Table 13).

-2}, S-B_mg tissye dry weight = -
= 2. 2x1076 f.‘cmc)’f g E = 0,561
-33.82 (Conc) = 0.025

(—=) 200-6Q0 mg tisgu i"y weight ,
F = 9.78x102 «(Conc) 3 552 5 = 0.404

2

Régression equations ' demonstrating

relationship of the cell concentration o
Isochrysis galbana to the ingestion -rate’

juveniles of Placopecten magellanicus-
- various sizes (see Table 13). . )

(==} 5 mg tlssge gry u51gh
F = 243x10~% {conc) 0.767
(---) 20¢40 mg E'Bgue d5y welght
F=33.78 (Cong)~* = 0.272
(~—) -200-6Q0 mg ti a dry eight -
F 2 '2.21-310g (C@;)nc}a uf ! = 0.492

. )

-t Che
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welght. Pseudofaeces production was observed at this cell

- ~ .
concentration when the scallops were filtering at the

maximum rate observed. The other groups ingested a maximum

. ration of 3-5% of their body weight .per day, on a dry weight

basis, = at 2x104 cells.ml"l of Isochrysis galbana.

,l?seudcifaeces production was noted in juveniles.scalﬂops of
20-40 mg tissue dry weight at a -cell c;:nr':ent.ration of

2.5x104 cel_l,s'.’ml'l-. Pseudofaeces prodyetion was not

'.observed in ‘thial scallops weighing. over 200mg at the célll

concentrations tested. _ ) .

-

The. ingestion rate (IR) For t‘hé scallops studied can best

be dete rmined from the Eollo\f'i.ng regression equation:

- e,

IR = 0..066 {conc]l',?'sg (?eigh't]°'932 ‘t2)

R2 = 0.797 _ ' o

o :
where the aTgal ‘concentration is in cells/ml and the weight

is measured as mg of tissue dry welght and ingesti' n rate s

1 71
measured in cells.h™ *, .

Using this -equation it is possible to ' detérmine the

“ingested ration for Placopecten magellanicus juv n::.les at a

given concentration‘of algal culture.

Juveniles held in the laboratory all year/ .had a mean

tissue dry weight of 28 mg (Table 13). Using Equation 2 it

is possible to estimate. the ingested ratlon n cl:essary for a
f

. 5 mg scallop to grow to 28 mg tissue dry" weight in ené year

at a cell concentration of %104 cells/ml. /

e
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- " TABLE 13

!;!ean filtration rates and daily ingested ration at varlous
concentrationa of the alga Isochrysis galbana. for ]uvemlea

0f Placopectenv agellanlcu .

TISSUE ., - ALGAL n "FILTRATION DAILY "INGESTED .

DRY WEIGHT - CONCENTRAT ION . RATE - " -.RATION
{mg) -+ ' - (cells/ml) ml/h/animal "ftissue dry wt
'"MEAN © S.D. MEAN S.D., MEAN  S.D.

. [ - R
6.58 1.13 5x103 40 3.9 2.5 0.27 -0.21
5.93 1.42 1ox103 32 17.2 5.9 2.20 ° 1.05 °
6.75 . 1.09 15x103 30 ., 30.4 18.4«  ‘4.98  3.10
6.58 0.85 20x103 20 25.8 16.1  5.68 3.52
28.30 9.32. 5x103 32 111.3 88.2° . 1.26 0.77
28.09 10.07 10x103° 32  73.8 40.4 1.94  0.85
28.89 B8.89 15x103 32 185.0 98.5, 6.96 2.96
27.61 9.42 25x103 32 106.8 75.5° 5,38 3,36

479.58 210.21 ° 5x103- 30 914.4 674.0 0.82  0.47
357.37 153,56 - 10x103 26 913.8 770.9 1.88 . 1.20
359.35 73.50 15x103 30 850.4 946.1 2.56  2.65
306.74 91.01  .20x103 20 674.0 484.6 ' 3.47  2.55

© 357.13 126.55 25x103 ' 200 647.9 612.6 . 3.42 3.91

. ¢



IR (cella/year) = 0.0%6::(‘2:104)1'339 x24x365:(welgﬁt)°°932

-—_ . . J! L
If we assume that the Juveniles fﬁter '50% of th¢ time
(Rc;dhouse, 1979} then-

R (cells/year) = 2.72 x 109 (weight)?-932,

For a scallop which increased from § to 28 mg in tissue dry

welght the mgesl:.&d ration {R) would be determined by l:he

1nteqra1. - ) ‘ ' -

: ' 28 ' '
R (cells/year) = is- 2,72 x 108 (veiqht)|°'932,,

o

Thus the ration ingested by the juveniles would be 8. 48x101°

cells /year. Furtl;t.ermOte if we assume that the: energy
content of the ingested cells is (.4 joules per .million

cells (approximately that found for Isochrysis dalbana) we

can determine the total ameunt of energy ingesi:n;d as
3.41::104,j'5u1es. |

Tt"t";"total ene;éy put into growth can bhe eatlmated}from
Equat ion (:;). The increase in enerqy will be équal to the
total energy in juveniles at zamg minus the total energy in
. the Juvenilea at 5 ng.

'I‘he qross growth efficlency can he determined now that we
have estimates of the energy put dnto grbvl:h and the total
" energy ingested over a year. For the juveniles held at MSRL

for a year the gross growth efficiency Is 0.9y,

»
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Chapter ™
DISCUSSION

4.1 © CONDITIONING OF BROODSTOCK L

Maintenance of the :-bfoodétock.&gn good physioldgical

R . Ll )
condi £tion has been shown to _hg-ﬁmporl:ant for the'growth and

_survival of .mussel and oyster larvae (Helm et al., 1973;

a:ayne et al,, 1975; Bayne et al., 1978). For femsles of the

fant scallop a dally. ‘rlat‘i;on of _:;—Et of-\their bod'y wei:ghl: on

a dry weight basis was required to prévide the eggs with
'lgvels OF protein and 1ipid equal to or 'qr.e'ate'r than those
presen.t in i_a—::rally conditioned animals and offset tl::e
detrimental effects of heolding the scallops in the
laboratory at low rat ions. '

The four experiments performed ~“indicated €tHat the
condi tion of females ca-ri be -ameli.c;)rated at most-times during
the gametogenic cycle, The first experin;ent vas started
just as éametoge.n'esls began. These cdnditloninq treatments
produc::ed the greatest Increase in the levels of lipid

- .
reserves although the protein levels were slightly  lower

. than in other experiments.,” . The second conditioning

—

exper iment demonstrated that r\he reserves in the eggs differ

with . the amount of food supplled to the females even wh o

o

: S -"102- ' ~
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Que to the beginning of resorption of the gametes in starved

-
-~

or stressed Females. ) 5
't . -

The third experiment was important - in showing that
females and males can be held in the laboratory all year

round and still produce vidble gametes, The gonads of the. e

females were exanined every month. They appeared fullér fin

-

. February and March than “at the time of spawning in late

July. Greater success might have been attained had these

scallops been. J.nduced to - Spawn dn Harch rather than July.

Resorptron of the gametes appeared to have taken place-

after -three of four months of conditioning, or the females

ma;,have spawned in the holding tanks. This is consistent ’

with the work of othervresea'rchers. Helm et al, (1973) and‘

Lannan et al.  (1980) observed .a decline in the overall

cpndltion of oyster (Ostre;ab edulls and Crassogtrea gigas)

females and the resulting larvae wilt_I} {ncreasing length of

the conditionlfiq period. " Therefore the most é&fficlent

method of condlti?'ning the adults would be to Eee’d'mhe

* adults 1ntense1y for a short period of time 1.n order tp

bring them into 0ptimum spawning condlition as quick1y~ as
possible rather than conditlonmg then over longer perlods
~of time at lower ratlons. - .

The . 1ength of the condltroning peri.od will depena upon

the stage of gonadai- development when condrtio__n_i_ng is

- \"4* . “"'“-‘_\ /
. . . . ~I

- . . b . - \‘
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- gametogenesis was nearly complete. This might be partially

TereRe



started. This requjres c}eteiled knowledge of ] (E'he
géﬁnétogenlc cycle of the species such as that available for

Placopecten 'magellaﬁtcus (Thompson, 19'17; MacDonald, 1984).

Although we not feed the males as intensely as the‘

4 -
females 'their physiological condition alsoc Seems to be

important. Lannan et al. (1980) 'noted that uhen both
.females_ and males were=induced to spawn ‘)when fully rlpe they
broduced maximally viable dametes. When exther the males or
femidles were 1nduced to spawn outslde oE thelr optimum

[ ) condlt:.cmed perlod the viability O\f the gametes and success

- ’ would be most suceessful when- both males and,_.females vere
brought into optimum spawning condltion together.
f . . .
The wvarious conditioning experiments., clearly indicated

khat the algal diets .we;e the most successful in providing

the_energy required for gamete prqduction. It 1ls avident
t:hat the nutrient content of the raw seawater at MSRL was
inez{fficlent for #the enertjy requicements of the adults.
- . Because of the greater suc‘cess"c?f' mixed diets ,in promating

_latval growth (Helm, 1977), it was oricjiﬁally thought that a

-mixed algal diet might prove more effective in goVering the

energy demands of the adults. However, a unialgal diet of

- ' . Iscchrysis sp. (Tahltian atrain) was equally. successful in

conditioning — the females as the multialgal diet in

-~ 'cdhdltiqning Experiment ¢ (l_?icjure 8). The nutrient

=

e -of "the larval settlement was reduced. Condlt:.om.nq regunes .'

x/
I
.
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requirements of the adults may not be as stringdent as thosge

of the 1arvae and ds long as the correct balan of protein,
lipid and carbohydrate is prov:l.ded the adulta cah lngest and
assimilate the djet. .

) Ll
The best nﬁ;algal feeds for bivalves have Dbeen

carbohydﬁges (Haven, 1965; Gillespie et al., 1964, 1966;
Sayce and Tufts, 1967; Dunathan et al., 1969; éastell and
Trider, 1974; Trider and Castell, 1980). Dunathan et al.
(#969) repcgted that diets con_téining 60% carbohydrates
resulted ‘'in maximum glycogen production in ‘oysters.

Caestell and Trider (1974) also observed greater glycogen

4productionb with increasing levels of glycbgen in the diet'.z

—

However Castell and Trider.(1974) found that lower levels o‘f,'
starch and highér levels of lipid in the diet resulted in
mc;re rapid weight gains followed by enlargement of the
gonads. ’

The cornstarch diet was not succegsful in increasing the
levels of profein, 1lipid and carbchydrate abov'é thev levels
in '.the'gggs of starved c‘éntrols_.. Thif could Ibe % to the
fact that the cornstach tended to aéi:tle out of suspension
very r/a'pidly and would therefé)re be unavallable to. the
adults. It could also be that the particles in the raw )0
seawater and the added cornstarch formedia dlet deflcient In -

other '‘nutrients such as protein, essential amino acids,

fatty acids, minerals and vitamins, _
. | | j

Rl a2
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JThe mediocrity of‘the combined cornstarc¢h and Jsochrysis

8p. (Tahitian gtrain) diet would also seem to indicate that

the cornstarch was efither not being ingested or_ was lacking

in eggential nutrients. The females under this conditioning

treatment might have been recetlving only the a’lgal portion

.0f thelr diet, approximately 1.5% of th;/i’r dry body weight

)
per day.

Maximizing the .energy reserves in the eggs results in
b v H

greatér larval recovery rates. However, the presence of

" high protein and lipid levels in the eggs was. not, by

itself, " sufficient —to  ensure good lafvab growth and =

B

.}}qlvﬁltvﬁﬂowever. when an adequate diet was pro'v'ided to
e,

. the larvae, those which had higher prote:.n and lipid levels

did accumulate energy reserves at a ‘greater rate and had-

lower mortality:rates. Therefore maximizing the e_nergy'

reserves in the eég’s of the giar}t scallop will lead to

greater success in rearing the larvae. .

&

4.2 ENERGY RESERVES

As in o}zl@*\ bivalve larvae (Collyer, 1957; Hillar and
Scott, 1967, Bayne, 19?2, Holland and Spencer, 1973; Holland

"and Hannant, 1974), carbohydrate is a minor reserve material _
in the egg\., larvae and spat of acallops. _In the eggs c;f -.‘~
the giant scallop, the prot‘e'in':lipid:'carbohfdrate ratio wag
c.onabant (60:30:10) :’egarﬂlesa of ‘the ccnditioning

T

*

»
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treatments of the adults (Table 5)., When additional enerqy
F
‘regerves were ava:..lable to the' adults"fﬁese reserves were

deposited J.n - the eggs -and partitioned equa]:ly be tween

/

protein and 1lp.l.d fractxons This -is an indicatich ‘of _the

J.mportance of both proteﬂf and lipid ‘in the succeasful

devellopment of scalloptlarv‘_ae. Py .

Li\pid has been showrn to be the muajor source of energy for
growt and rr'letamorphosis; in. .-most 51va1ve larvae (see.
~E|‘.?31_lancfi,‘1978) . -Since survival time "fs vefy i.mportant and

there is an upper limit to the amount of reserves that the
adults can de;;;-it in  the egg 'or‘ ;l:nat .tflie larvae ¢« cpn
< ‘accurulate dur in'g theitl Ipel’agic life stage, it ;s lrriportal{t
f;r them to use the most efficient energy r"serue (Cr_isp,,\.
1976). In the oyster,'_:astr;ea edulis, Holland andg ’Spenc'Er

(1973} reported _that neutral 1 ipldﬁaccounted for 4I% QE the

total organi.'c' matter lost during starvation, whereas protein

account"d for 34%. ' During development of the egg ‘to the

/ levels (Erom 160 ng/rng i’ the eggs to 17 ug/r&g in

- the larvae) than in the other components-: Proteln levels gp

-

decreased from an average, of 350 ug/mg in the qus to 86

——— T

- ng/ng. in the larvae. Although they found that for Mgtilus\‘

edulls larvae, greater losdes of protein occurred than in

"Ostrea edulis larvae, carbohydrate still plaved only a minor
EO].E- ) ’ . T I - . ' . .

- s =
Kl
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. In the larvae of the g:.ant: ecallop both llpld ax%d protein

\
are important in prov:.ding energy for morphogenesis and

', e

- growth. Pfotein l.s a much more lmportant energy source in

Placoﬁe'cten 'magebllanicus larvae than"-’in oyster lacrvae,

) ‘ .. providing 50-60% of the total '-organic rjmatter reqdired for
| \energy durzng development of the eqq to the vel:.ger and 40%.

i ~ of the tota], energy ('I'ables 7 and 8) -Other manne larvae
- yae - prote:.n as an energy store. ’ Bartlett (1979) suggested'

" PR b

that the Pacific oyster, Crassostrea g:.gasmuse‘d prOtEln.

. rather than neutral llp.l.d _ag -an - energy store 1n Lhe late
’ v Lt . . o ) <

.-.stages of larval*development. S ‘|
'I"herve is evidence of a protem 5parlhg effeck, m the
A ,‘ giant scallop. Conversron efficrencles show that proteln
“Erom the egqg is conserved .when the amount of proteln is very

1ow. Relatlvely greater levels of llpld are used Eor f,

/l v —
develoémeﬁt in thi_s 1‘nstance... On average: the relatlve

amounts of lipid decreased from 30% in-the eggs to 25% in :»
the ve].:.gere whereae prote:.n levels increased ﬁrom 60 to 65%
('I‘able 7) Therefore although protein 15 a very important o
energy source in scallop larvae, lipld appears to be the
more important energy reserve. - ° - a o .
) LT " ' In all of the condltioning experiments 1t was noticed -
' ',_ * that the totel enerqgy used to cover: the costs.o‘f development
' ... Erom the egg to the larva i‘hcreaﬂed as- the total qmoun-t-'of' S
: _‘.energy ‘reeerve; depoeited '1nu‘the_ egg increased ;E‘igure{";').'_'

. a \
1 . ' f
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'producmg a stronger shell - "The shellh' o'r'Eers the 1a'rva'e-

a the larvae and the 1ength of thej@tarvatron perlod“‘ dver a

tho—day starvatlon .pertod, Ostrea edulis larvae <lost-

*

) N ' _ .o 109 °
This was mainly due to an ificrease in the loss of protein

during earl? development. "It is poisible tgat this prbotein’

19 either -directly “urorporated into,the shell or serves to
cover the costs of producing a better shell.

é%Ery little 15 known about the energy requ1red to secrete

L]

the shell. . . There are, -howeyer,_ deflnrte advantages to

hsome protectlon agarnst mechan;cal Eorces and helps .in

1ocomotlon.- 1In an aquaculture altuatlon where the 1arvae

are,. by‘hece551ty, handled several times a week th13 mrght'

£
be an important Eactor Ln survival. -
‘ : ‘ .
Durlng starvation of ‘the larvae, §rote1n again seems to

' be very 1mportant. contrl.but'mg 60~ ?0% of the total energy

required for metabolrsm.. Thrs is probably due to-the fact

that protern levels are threé to four t1mes greater than

T

.11p1d levels in theiiarvae.'. I / R .

: Vgt .

: Durrng starvatlon, protein and 1xp1d are both 1ost from

bivalve -larvae Ln proportlons that depend upon the age of

<

approxlmately'equal amountS‘oE-protein and Iipid; although-

more enerqgy came Erom the: liprd than Erom the proteln

ﬁractlon beoause <JE the gréateé calorlc "yield per unit
nd

weight of ll.p].d (Millar a cott, ' 1967; -Gabbott and

“Holland, 1973} Hﬁlm.ﬁi al.”1973y. In ‘some bivalve larvae

-

1

L]
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protein is spared duriagnthe }nitial stages of‘starvation
.(Helm.'gt. al., 1973). However, during longer periods of
starvatlon 1Proteiq becomes the major* source of energy.

During Seven  days ‘_of starﬁation the ratio of

protein:lrpid:carbohydrate losses for Mytilys edulig larvae

. was n.o:o.24=0.11 (Bayne, 1976) and Eor'nza arenaria larvae
'fwas'=1¢0 10.30:9. 04 (Gustafson, 198%) For Placopecten

magellantcus .larvae the'_ratrés were observéd  to be B

i o _ ';1 0:0.36:0. 07( No protezn sparrng effect was noted even in |

:the Eirst week of starvatron. I1f-such an effect is presentﬁ

in P. magellanlcua 'larvae it might only last a'few days in

a

which case my analysis would not have detected it.

L -In oyster ard mussel larvae the amount of neutral lipid -

-

13 predlctrve of larval success (Hollapd and Spencer. 19?3-

‘.Bayne et al., 1975- Bayne et al., 197§; Holland, 1978). 1In

Lacopﬁpten magellanlcus the total energy contS(; of the

eggs rs a more accurate predictor of the potent1a1 auccess‘

> v of larval- growth and survival since both’ protein and ‘lipid

ot
' are 1mportant ener sources. .‘
-’

When both protern and‘lipid levele in ‘the eggé are low,
,the recovery rate of 1arvae. the accumulatmn of energy"
reserves and survdval are decreased. However if either
't~ L protein or i&pid levels are high there does not appear to be\
- any aigniﬁicant detr1menta1 effect on larval growth and

- ,Sqrvlval even though the other energy reserves may be

» ' - . " .
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rate, survival rate and rate of accumulation

present in relatively low amounts. For exampleiithe growth

f protein,

'lipid and carbohydrate of larvae from haturaliy conditioned
females in Experiment 4 (Table 10) were not sigﬁificantry

different from larvae -obtained from females fed algal:

supplemented diets although the level of lipid in the eggs

was aignigicantly iower (Figure ﬁf.

LY

"+ The growth rates of . larvée obtainéd €rom starved females

did not differ from the growth rate of the other larvae in o

Experiment 4 {Table 10}. VElxger larvae have been shown to

‘1nG§fase shell length even during starvation. ‘ regigula -

fornicata larvae grew approximately %0 um in shell length
when subjected to high tgmperatures‘but decreased in total
carbon'contént indiéqting a deciine in body tissues (Lucq;
and Costlow, 1979). Guséafson—)(igaO) observed ' that the
an;ibiotic, chlorampheniFol,.inhibited'body tissue growth in

Mya Areﬁariatla:yae, qu‘allowed Eor‘shell growbhqu 145 um

» -y
in 12 dhys. ,We observed growth of 15-20 um in shell height

in Placopgcten magellanicus larvae whiie the protein, 1ip1d

_and carbohydrate levels. declined ateadily. The " “shell

1ength/body wexght relationship is made more complex by the

,capacity of velxgers to. add new shell ih spite of 1oas of

'body tissue. A measure of ‘the change in body tissue ia

» .
therefore a betterupredictor of growth and condition of the

‘larvae, ' ‘ '

- . . ° . v ‘

-
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During the pelagic stage, the scallop larvae accumulated

-— protein very rapidly. Lipid levéls; however, did not

increase dramatically until the third or fourth week (Figufe

'9).. This increase in lipid towards the end of larvgl life .

" {8 an indication that lipid might be important in providing.

energy for metamorphosis in Placopecten magellanicus larvae.

This would agfeelwith data on q;trea edulis (Holland and
Spencer, 1973) where neutral lipid reserves in the larvae

are increaséd fromta'iow_of B.8% at releagé to a maximum of

. 23.2% in pediveligers. Bolignd’and Spencer.11973)‘reported

that half of these. reserves we;e' used to satisfy the

metabolic requirements during metamorphosis and that there
. . i ) " : .
was-no evidence of protein or carbohydrate being used for

energy. However in Placopecten magellanicus we were unable

to determine the main energyrsource-during ﬁethmorphosis‘due

to the Failure of larvae to settle successfully.

}

4.3 LABVAL DIET : o
The larval diet is more important than the level of

energy reserves in the eggs in determining the success of

growth in Placopecten magellanicus larvae, The larvae

_obtained‘ from eggs spawned by, females in Conditioning}
Experiments 1 and 2, which had high protein EEB_ lipid
levels, did not survive any longer thﬁn the larvae obtained
from starved Eéﬁales or the starved larvae from Females 53,
54 and 55. ° -

——

-

-

-
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When the diet is inadequate for’ gro?th the larvae must
utilize body -tissue to cover metabolic costs. The increased
energy in the larvaeibf females fed algal sapplemented diets

is not sufficient to increase survival rates. '
 The algal cultyres fed to the larvae changed constantly
in unpredictable ways. These changes may have been ﬁarmful

to the larvae. For example, the moderate success obtained .

-with feeding Isochrysis galbana to Ehe larvae from Female 53

(Table 10) was tqi':qlly absent when the same diet was fed 'to

the larvae of Female.S54 two months later. Also even though

"the larvae from Female 53 .grew ciuring the first three weeks

they were fed Isochrysis galbana this alga was unable to

suppoi’t Eurther growth. This indicéteS'that some change,;
unfavorable to the larvae, occurred whiéh transformed a
potentially good food. into an inadequate one. L
Researchers have reported that Eeeding larvae on a mixed
algal diet may enhanc? growth as compared to feeding them
unialgal diets_(Calabi and Davis, 1958; Bayne, 1965
Walne . and Spe'pcer.r .1‘ ;  Davis and )Guillard.. 1970;
Pilkir’ng;‘on and Fretter, 1970; Helm, 1977;/Kempf' and Willows,
19?7:-. Chia and Koss, 19;}8). The greater success of

multialgal diets might be due to minimizing the detrimental

-effects of any given phytoplankter. When more than one

gpecies of alga 1is present in the diet any minor - tokic

effects of one phytoplan‘kter might be masked by the others.

v -
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Also any nutrient deficiencies in 'one algal species may be

corrected by the . others. Larvae in their ﬁatural
énv.ironment will normally encounter a large variety of cells
from which they can: presumaﬁ]:y, obtain all necessary macro
and micronutrients. -

It. is generally accepted that the nutritignal value of

various phytoplankters 'is 'not equal. In addition to )tl-{'e

- biochemical composition of the ialgaly dells, other factors

‘auch as the diges-tibility of the cell walls, the

as.Bimi'l‘at.ion\ eEE,iciéncy of each component and‘,the—'ceil size

must be- taken into account when evaluating the suit*abili‘ty' ’

of an algal species for food. '

Sevbﬁi_ atEemﬁEs have been made“ to correlate th% gross
bischemical content {(protein, lipid and carbohydrate} of the
algae to- their suitability as food (Parsons et al., 1961;
Walne, 1270b; Epifanio, 197?1./ . ‘ S |

Walne (1970b, 1974) shon;ve'd -that - the differénces in

chemical composition of Dunaliella tertiolecta.,

© Phaeodactylum tricornutum and Monochrysis lutheri varied

more within an alga because of chemical and physical culture

changes than between species.

Webb and Chu (1985) observed 1l:'h,e futri€ional value of an

alga to.be correlated to its protein content and not its
. 1.
lipid or carbohydrate levels. Carbohydrates, which have a

high nutritional vélue for :.juvenile'_and_adul,t oysters

,‘3.'

LI
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{Haven, '1965; Dunathan et al., 1969; Castell and Trider, °

1974; Flaak and Epifanio, 1978), do not appear to be as
important as lipid in determining la;:val success {(Millar and
Scott, 1967; Holland and Spencer, 1973; Helm et al., 1973;
Holland, 1978; Chu and Dupuy, 1980).

The diet of Isochrysis galbana, Chaetoceros calcitrans

and Thalagsiosira pseudonana provided for good larval
* N

growth. The main difference between the diet of I. galband o

and the mixeéd diet was the 'high carbohydrate -levels in

Chaetoceros calcitrans. The success of this diet might be

due to its hi@hvenergy content.

*

Chaetoceros ‘species have been underutilized -in bivalve
aquaculture (Enright, 1984). Walne (1970b) reported that C.

calcitrans was a good algal species for larval oysters and

Langdon and Waldock (1981) used it in their studies.
.Enright (1984) found C. calcitrans to be the best algal
species,. .of thoSé tested, for juvenile oysters.

‘As Chu et al. (1982) pointed out it is possible that once
the balance of protein, lipid and carbohydrateb required in
a diet has been reachéd then other minor‘components and
trace nutrients such as minerals and vitamins are the

determining factors. The presenoe of Chaetoéérps calcitrans

might be. responsible for the success of this diet because of
certain micronutrients which might be absent in éther

specles,
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The grgwth rate of Ostrea edulis and Crasggsostrea

vlrginica larvae was observed to be unrelated tc the total
amount of lipld in the diet (Waldgck and Nasélmgnto, 1979;

v

Chu and .Dupuy, 1980} but was ré?ated to the triacylglycerol
s .compoaition of the 1lipids 1in the;.algae (Waldock erd
Nascimento, 1979). » N
Essentlial Eaﬁtf acids have been related to the success of
oyster 1arvae.--Chg and Webb (1984)Ifound an accumulation of °
20:5w3 and 22:6@3_faEty acids in older oyster larvae. ' This
is consistent witﬁ_the idea that accumulation of- these fatty
acldg is from the diet and thét,the primary energy regserve
in bivalve larvae is lipid (Walne, 1970b; DeMoreno et al.,
1976a; Sargent, 19376; Holland, 1978; Holland et al., 1983).
Langdon and Waldock (1981) rﬁaorted that the d;;zciency of
- 22:6wd 1n the diets was the limiting factor in‘;he growth of
C. ﬁiggg larvae., Enright {1984) suggested that when optimal

ratlons were ptesented to juveniles oysters, Ostrea edulis,

fﬁhthe best diets were those with high levels of 22:6wl fatty
acids. '
Older bivalve larvae have a - limited ability to
biosynthesize long qhain w3 fatty acids de novo (DeMoreno et
-éla' 1976b; Waldock and Holland, 1984). Chain elongation of
18:2u6 or 18:3uw3 is, however, not sufficient to produce |
Taximum growth. Either 22:6w3 orZ;O:SmB or both of thesge

faity acids have been found to be essential for the growth

"k
.
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of oystersg (Langdon and Waldock, 1981* Ackman, 1983;

Enright, 1984). These fatty acids must come mainly from the
diet. If 22:6w3 and 20:5w3l are both essential fatty "acids
for scallop larvae then a diet of C. calcitrans and I.

galbana would afford a good source of these nutrients, the

first being high.in 20:5w3- and the second containing large .

o : :
species which lack these essential- fatty ac

_amounts of 22:6w3 (Waldock and Nascimento, \{?9). A.lgai

provide an adequate diet for bivalve larvae (Ackman, 1983).

Therefore when a limited number .of algal species are used in

'hatche;ies and nursgries“sevgrg Eatty acid deficlencies aie

more likély to occur (Enright, 1984).
" The importance of both protein and tlibid as energy

sources in Placopecten magellanicus larvae -might explain

the difficulty in finding a suitable diet. Placopecten

- magellanjcus larvae have been -observed, by me, to grow
better on exponentially, growing algal cq;tdres which
generally posseas high protelh levels iFogg, 1959). However:

growth in the pedivelijer stage and successful metamorphosis

have-proven.unreliable at best. This could be due to an

‘increased need- for 1lipid at this time, Multialgal diets

would be more likely to satisfy-the energetic needs wof ghe
larvae.

It is important to optimize growth and reduce the time

required for bivalve larvae to set. Thus it is essential to

».might not ,



LN —

- ‘ ' 118

determine the nutritional requirements of the larvae in_

order to provide them with the proper diet. This can be

aqhievéd By supplementing algal diets with carefully

prepaéed microencapsulated diets (Jones et al., 1979).'

Further. work should be done on' the nutritional requirements

of Placopecten magellanicus larvae in order to develop a

good dtet?’ﬂ_ﬁ : '

L. . | ‘t

4.4 ENERGY REQUIREMENTS OF THE LARVAE

st
The net growth efficiency for 3-13 day old scallop

larvae, P. mageilanicus, *was estimated at 34% (Table 12).

This value ‘is at the lower end of net growth "efficiency

values for 'bivalve larvae. Jespersen and Olsen (1982)

—

calculated a net growth efficiency of 43-73% and a gross

growth efficlency of 19-22% for Mytllus edulls larvae.

Gabbott and Holland (1973) estimated that during resting

metabolism the k2 values fé’; Oatreg edqlis larvae might be
as high as 71-88%, They determined:" the net growth
efficienéy‘for Qﬁimlng oyster larvae to be 78.6% on release
and then 55.5% on day 1q,-usin§ the same method as employed
in this sll:pd'y., Bayne (1976) Ife.stimated a net grqgth
efficlency of 65% for Mytlilus c'adull'is larvae. Walne {1965)

estimated a net growth effictency of .68-80% for Ostrea

edulis larvae. Jespersen (1981) calculated a k2 of 60% for-

Mytllus edulis larvae. However the net growth efficlency of

.
i,
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Placogecten mageilanlcus is comparable to those obtained for

gastropod larvae {Pechenik, 1980).

L When calculat1ng the k2 values for Placopecten
magéllanicus larvae, the energy reﬁuired for swimming was
estimated as twice the amount found for metabelic costs.
However during thé‘LLfgt t;o weeks veligers were geneqally
observed to be quite active and swimming in thé 'water
column. In starving larvae the energy fequifed for swiﬁming

would necessarily be obtained from reserves. Therefore the

loss of reserves during starvation is a measure of metabolic-

and- swimming costs. If.this is true then thefk2 value would
[} h |

be cioser to 60%. This estimatd, hbdwev mdy be high since

metabolic rate and activity decrease during s ation as
indicated in Table 12a. l

The dramatic decrease im metabolic costs after two weeks
might lndeed result from the decrease in swimming rate as

-

well as a décrease in resting metabolism. Therefore the net

gtowth ~ efficiency of Placopecten magellanicus larvae
probably lies between 34-60%. This is closer to the
Einathgs of other researchers for blvalve larvae. -
Figﬁre 9 shows the élgmoldal .growth curves for larvae
obtained from females Uohdltloning Experiment 4.
Loosanoff et al. (1951) anngprunq (1984a) reported evidence

of slgmoidicity in growth curves where the growth rate is

decreased by low temperatures or reduced ra on. Since
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Placgpegten magellanicus larvae were reared at 11-12% the

low net growth efficiency, as compared to other bivalve
larvae,.might be caused by lower culturE‘temperaEures.

1t is also possible that although the ration fed did
produce growth it,_gas still not sufficient for maximum
growth rates.. If less than the optimum raton is available

to the larvae tﬁen'growth efficiency will be decreased.

e ‘

Ostrea edulis and Mythlus edulis lérvae exhibit greater

larval growth rates than R, magellanicus. Using the

conversion of 1 ml Op at NTP is 20.08 joules {Crisp, 1971)

~ we can calculate tHe’oxygén uétake for P. magellanicus as

0.07x10"6 ml 0 /Hour/larya. This is ten times lower than

the rate of oxygen coﬁsumption for Mytilus edulis and Ostrea

edilis larvae. Part of the difference results from higher
culture teﬁperatures for- oyster and mussel larvae. The

higher metabolic rates will. lead to greater growth

. efficiency as long as nutrients are not limiting. Therefore
1 it

lower growth efficiencies might be expected with Placopecten.
' -

magellanicus larvae. -

Welch (1968) suggested an inverse correlation between

absorption efficiency and net growth efficiency (k2). This

relhtionsbip would prediot low absorption efficiencies for

. ,, »
‘bivalve larvae whidh Have high k2 values. This i3 supported

by -several studies. Walne (1965) £found- an absortion

——

efficiency (AE) of 15-45% for Ostrea edulig, and Gabbott and

-

) ".i

LB

kS
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quland'(1973) determined an AE .of 28-52% for oyster larvae

and Helm (1ln Bayne, 1983) observed an AE of 29-46% _for

Ostrea edulis; Sprung (1984c) measured AE as 18-44% €or

Mytilus edulis larvae, and Pechenik (1980) ca;culated AE of

Nassarius obsoletus to be 17-58%, of Crepidula fornicata to

H]

Corner and Davies) (1971) have pointed out- that absorption

efficiency is greatly influenced by the gquality of the food.

Different components of the food are not abserbed with the

same efficigncy. Sprung (1984d) _found high absorption

efficiencies for mussel larvae ?t low food concentrations,
’ -
Low absorption efficiencies in bivalve larvae might be an

o

artefact of high algal concentration fed to the larvae.

If -the absorption efficiency for P. magellanicus larvae

—

o is approximately 30% then the larvae would only have to feed

at a rate .of 45 .cells of Isochrysis galbana per: hour.

Riisgard et al. (1980) calculated ingestion rates of 30-80
cells/hour/larva for mussel larvae. !hccording to Jespersen
. ) 3

and Olsen (1982) mussel larvae 125 um in.length will ingest

Isochrggis galbana and Monochrysis lutheri at a rate of 175

cella.hour'}.lqrvaf}'at a concentration of 40-60 cells/ul.

-

Sprung (1984b) calcqt?ted the ingestion‘of Isochrysis cells

for mussél larvae, Mytilus edulls, of 141 hm in length, to

be approximately 47 - cells.h™l at 129 and an algal

. L3
— —

’
sconcentration of 40-cells.pl™l, N "
\

’

bé 69% and of Brittium alternatum to be 35-45%. -~
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Therefore® it seems gquite likely that Placopecten

N A

S magellanicus larvae may feed .at a rate of 45 cells h =1 and
N y
thus obtain the requored enfrgy Eo‘r growth and metabolism.

Feeding the 1arvae Ca 3 ration Jof g let'l3 FO, sx104

it ce.e_lls_l.lélrv.ré'1 of Isochr‘yszs galbama evéry two days would

"b'are].? satisi‘.’y the energy requzrements of 3 :to 13 day_o-ld- '

- >
. and metabolism mcreases as the larvae grow. Accordmg t

larvae of P. magellanicus. The energy requlred for . gm{{,\

these calculatJ.ona a diet of Isochrysxs galbana» frould not

'provi.de su’ffic:.ent energy £Or growth after the second or
'R " third deek of pelag:.c life. This comcxdes with the first

plateau observed m the- growth of ‘Placopecten magellamcus

'1arvae. Placopecten magellamcus larvae often reach a size

" Of 130 um in height and then c\ease-to grow (Dabinett,l'pler_s

;.‘ g comm'). Jhe second - plateau in larval - life occurs _durihg
Y _ metamorphoszs. \ '
o \ * . '

1)4 Occamonally some diets support larva'l growth durlng the

in.ltial three weeks of 'larval life but- not thereafter. Thls
might be due to insufficlept endrgy 1E the ration is low.
The ration sghould be incneased with growth of the larvae.
'I‘h_em mixed diet fed to the scallop larvae had a much higher
energy content which would'ha've-.satisfled the requirements

for metaboli.c costs ahd grouth even as larvae grew.

_h'u
Theretore to ensure good qrowth J.t is essentlal to determine
ik
the energy requirements of the larvae -as they increase’ in
§ ¥ e '
U"
f:' )
"}, | i . d
-P_.,-,: g J‘A-.". . dg. . K '.' * ’ 0.'! ot "—L- l-",: i

i
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size and the amount. ofr food -which 'they,,cen poten‘tilall_ir

1nge{9‘.'t. In order to obtain maximum growth rates it is

L

. .essential to provide the Larvae"with a "rati,or\. which will

allow for maximum ingéstion rates. 'I"he ingest‘ed ration must

cover the costs of metabqllsm, swlmming and grouth. .since

. absorptlon efficlency is hJ.gher at low food. EOncentrationa o 3 .
. . '..l"-it 19(1mportant ot to overfeed the 1arvae. Especially , R
e " .' since the -nursery culture’ OE juveniles is. cost P'-'Ohibltwe .
v 'I',he .mabihty to obta.m good- ‘larval’ ‘growth a‘"d.-‘
RS successfully Lnduce --settl‘ement .

with- an'y Cegree of

pre ctabzlity is a major obstacle to the commercial cﬁlture

. 0f the giant scallop. This study has’ shown I:he rmportance .

- © of i_ntensely condltlonmg ‘°the females held in

—— L

Also the total energy content of the eggs can

the

laboratory
,5erve aq an mdu:atron of the potential success of any given

.batch of larvae.

the ° pelagrd larvae

essential

N

HOWEVEL’

a r E.!

to \ setermine

the nutritional reqmrements of

Lt
the

%

still largély '

macro

and

unknown,

It

is

m.ieronutrient

requ;rement:a of Plac%’pecten magellanicus m order to b'e able

. 4.5

o N
mencw neg_urgenr—:ﬁrs OF Juvzurr,es

—

~
'to rear the larvae wrth any degree of sucgess,

1

The major energy store in- bivalve larvaer is 11.p1d.

L

In

"

the adults, 1nc1uding P. agellam.cu carbohydrate is a more

imporbant:-‘sou-rqelof energy {Giese,’

-

1969;

——

Thompson ,

l

1977).
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The glant scallop" switches from lipid to carbohydrate as the

main energy reserve betbtween "the ninth and twenty—third

, -month. Holland and Hannant (1974). found that oyster spat

changed from 1lipid to carbohydrate as the major energy
reserve five months after settlement.,

The- different Ib_ioc'hemica'l £eserves of the larvae and 'the
adﬁ;ts, ma_y.‘ be "related tg‘:the‘ir t:]iﬁferent _life styles.. In
the free-sﬁimtniﬁg lg;vée the use’ of 1lipid as ‘an energy
reserve will give them added buoyancy. \-A'lsd.‘_since lipid s

. i -, ¢ , )
@ highly compact and efficient energy reserve, having almoat

-

twi-ce the enetgy value of carbohydrate per unit weigh_t-,. it_

allows wmarlne organisms to survive periods of starvation

which may be’ imposed' because of developmental changes during
certain stages of their life histories (Holland, 1978).
Since barv:ae are continuoualy.swiming‘in a Qell—oxygenated

environment the lipid rferves may be wused by normal

pathways of oxidative degradation; The adults on the other

-

therefore have o resort i:o anaerobic metabolism.

Ca.rbo' dfates. however, can_bﬂ-'readily handled vla the

——

.g'lyc lytic pathway lland and Hannaant, 1974}. Therefore

g

it can be concluded that the ‘different energy neserves in

the adults and the larvae afe due to the metabolic and

physlological requirements lmposed by their different life

' hand may have to withstand periods of anoxia and-ﬁwquld. v

,

LY
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Filtration rates can beé determined us:!.n-g a closed system

or'a flow through system. When using a &losed system folur
basic assumpt':ionq are made: ‘

L. the reduction in cell concu}:ntrati.or'l is due to the

filtration activity of the animals and are not to

gravitational sett ling

2. Ehe animai's pumping rate is -c.:onstant:
a, the particle nretent io'n‘i:;: 100% or a known percentage
" a. ‘tl';e suspension is horﬁogene‘aus at all tlmes (Coughlan,
1959).’.

With the proper controls it is possible to assure that these
conditions are met. To ensute that the solution was
homogeneous ?ce measured the particle concentration of three
different samples. from each_ﬁontainer during the initlal
exper infents. There was no difference in concentfa,tion, thus

{ndicating a homogeneous solution. Isochrysis is within

_the size range retained maximally by mussel larwvae and spat

(Rlisgard et 9_1_._. 1980 ; Sprung, 1984b). The time period
betweén Qamplés was deemed short enough t:'o,er;sure that tﬁé
pumping rate of the anlrﬁa,s was accurately measu'red. . ’
Many bivalves display some abillt;r to requlate feeding in
;eaponae to short-term changes in £ood - avallllabillty
(Thognpson and Bayne, 1972, 1974; Winter, 197); Foster-Smith,
1975a,b; Widdows, 1978a; Grifflths, 1980b; Palmer and

Wialliams, 1980; Navarro, and Winter, i982; ‘Gerdes, -1983;

Y
vl
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Seiderer et al., 1984), This appears to be the case for

juvenile scallops at the higher concentrations of Isochrysis

galbana tested (1.5x10%-2.5x10% cells/ml). The juveniles
adjusted thelr filtering rate to obtaln .a ration of 3-6% of2
.their'body welght per day .(Table 13),

The maintenance ration, expressed as a percentage of .
tissue dry weight, was found to be {:pproxlmately 5% at 129
for ‘sma.ll nussels of 3 mg tissue .dry weight and 1,5% of
tissue_dr}.l weight for 1 g mus.s‘l_els (Bayne, 1975). - Therefore

the ingested ration of 5410&.‘0E their body welght per day

for 'Placopecl:en magel lanicus juveniies 'of 5-8 mg and 3-~S%

for acalloéa of 200-400 mg tissue dry weigi-ll: would appear tb
be sufficient for metabol i sm and growth. ' The
prop::arti;on_ately higher daily rations required by smaller
individuals are an indication of their higher metabolic
rates.  »

For a scallop with a tissue dry weight of 6 mg to ingest
10% of Lta body weight it y_c;uld have to ‘filter the water at
171.2; ml/h if the concentration of algae was 5x103

rells/ml, but only at 42.8 ml/h if the algal concentration

_vas 2x109 cells/ml. Scallops of 40 mg and 400 mg tissue dry

welght would have to filter an a1§a1 solutidn of ’5x103 .
cells/ml at a rate of 11'40 ml /hour ‘and 13 litres/hbur,
. : ® 4 :

teapectively, to obtain 10% of their body weight per day but

at 2x10d cells/ml they would onlky have to filter at a rate

b
—
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of 285 ml/hour and 3 litres/hour, respectively. The maximum -

filtration rates observed for Placopecten magellanicus are

sufficient to provide a ration of 10% of body weight per day
at the highest algal concentration tested. It would seemn

that these scallops would require 2.0x.104-2.5x104 cell's/ml

of Isochrysis galbana on.a continupus basis. The scal l ops
would thus be able to maintain a constant ration of
approximately 5-10% of their body weight per day.

-

The £iltering rate of scallops 20-40 mg dry tissue weight

was not correlated to the concentration of Isochrysis

galbana present. Winter (1978) pointed out that it is.
difficult to detect a significant -effect of particle
concentration on filtration rates in a static systen.
However our analysis was done on individual‘measurements_l;

P “instead of ‘mean Filtration rates versus initial cell
copcentt:atipn. thus taking into account the changing cell
‘concentrations. In this manner we were able to detect a
signlficant relatxonshlp between filtration rate and algal

‘o concentration for the smallest sized scallops {5— 8 mg) and
the largest sized juveniles (200-400mg tissue dry we{ght).-
The determination of Filtration rates was done on individual
scallops for these two groups. The f;ltration rate of thé
group of juveniles weighing 20-40 mg tissue dry welght was,

however, measured with groups of 10 to 15 scallops. The

filtration rate of these juveniles was not related to algal .
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conc.entration. In thls instance the flltratlon rate would
be altered if not all the scallops vwere pumpin-g.
Differences in pumping rate could thus easily be masked..
Although the scallops were obsefved to be open during'the
experimental l-periods *this only indic.ates the possibility
that they 'were filtering. _

* ' The fiitratmn rate n.ncrea'sed rapldly with the size of
the acallops, espec:.ally, with the smaller Juvenlles as seen
by the exponents of the regresalon equations in Flgure 11.
Rilagard et al. (1980) observed the same trend. The smaller
mussels (up to 10 mg dry tissueqelght) had a welght

exponent of 1.03; whereas, measurements of Mytilus edulis

ranglng from 10-1000 mg in dry tlssue weight had a weight
.e::ponent of 0.72 (P—l\gard and Mohlengberg, 1979). Gerdes
(1983) also 'found that withln the wetght range of 5~ 811 m&

the weight specific Filtration rate of small. oysters,

v oL ’ . .
‘Crassostrea virginica, was approximately 3.3 times higher

than that of .the-lhrgér specimens,

P

The filtration rate of small juvenile scallops was very
lov. at ,low al‘.g'al' concentrations. A decrease  'in the:
_Filtration rate at very low particle concentr‘ati.c.:.ns has been
.discubsed Icontroversially in the literature, since ‘it ‘has
been Eirst deacrtbed by Adams and . Steele (1956)(({0:
copepods. Fil;ation is an energy—consuming process. If

Eiltenlng activity 1s only enhanced when a certain
/ . ) ‘ M .
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concentration of food particles is pregent '‘in the water,

. -~
then this would be an energy=-econcmizing behaviqr (Lamand
Frost, 1976; Lehman, 1976). This could explain the low
flltration rates for small scallops at Sx103-1%104 cells/ml

of Isochrysis galbana.

Riisgard et al. (1980) observed filtration rates for

Hﬁftilus edulis spat weighing 5-10 mg tiégue dtfy weight to be’

five times higher (100-200 ml.h"l) than the Hlghest

filtration rates observed for Placopecten 'magellanlcué

juveniles of the same weight, :'I‘he algal species fed to the

mussel larvae was Dunaliella marina. This phytoplankter is

a larger alga (5.6 um) than Isochrysis galbana (3.5 pmj),

which was. used in our experiments. Generally filtration
rates for a species will decrease when fed a 1arger algal

specdies.- The filtration rates for Mytilus edulis juveniles

‘100-1000 mg tissue dry weight observed by Rilsgard and

Hohienberg (1979) are only twice as high as i:he filtration

r—

rates observed for Placopecten magellanicus jt_xveniles of the

" B
same size. Mytilus -edulis, being an intertidal bivalve,

might be expected to. exhibit higher filtration tates than a

sublittoral species to compensate for _being unable to feed:

vhen exposed during low tides.

At 5x10%-1x105 cells;/ml of Isochrysis g'alba'na', juvenile

‘ .
oysters, Crassostrea virginica, f}lter at rates (Gerdes,

1983) comparable to those’ of Placopecten magellanicus fed

1
.' -
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P

. 2.5x10% cells/ml of Isochrysis galbana over the same size

range.
b Food uptake in dense algal' concentrations is

characterized by a constant ingestion rate over a wide range’

of food concentrations and a decli_ning' Eiltration rate with

increasing food concentration {Sprung, 1?84bj. This

constant i::gestlén.is limited by the passage of Eood Ithrough

the gqut. The ingestion capacity d.épgnds upon:' thé

\ ‘digestibility of the food- the rate at which the gut can be

‘clea:ed (McMahon and Rigler, 19(5). Food uptake in dilute .

'Ilfood ' coricentratiions is characterized .by a constant

filtration 11'-}1!:19 and an 1ncréase in ingestion rate with

increasing food concentration (Sprung, 1984b). For mussel

larvae, Mytilus edulis, Sprung (1964b) found that the

transition between dilute and dense cultures occurs between

5 and 10 cells.ul™! of Isochrysis galbana. At higher
' concentrations ingestion‘rates can- be accurately estimated
'bﬁt filtration rates will be underestimated. -

When ingestion rates 'are below the level \Hh::I.Ch results in
intestinél fecal production, abaorptibn __efficient":y: defined {
as the energy uptake from the food in the digestive system
(Crisp, 1971), is at a maximum (sée Newell, 1983). If the
stomach capacity is ‘ecxeeded these cells will not be
ingested. Furthermore. they wsuld: be unavailable for other

\ ' larvae and to all purposes would appear to hgve' been .-
: . F

£
1"

}
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ingested. Other particles ‘could be ingested but only
partially di_gested or totally wundigested and excreted as
[:»se.'udofaecmv..~ It can therefore be concluded that the

’ optimum ration- the ration at which growth is most

efficlent- will depend on the digestibility of the algae,

the stomach capacity of the larvae and the concentration of
. food*pa.rticl'es preaer;t.

Rearing'lle.pat in 8 nursery is an expensive endeavour

" (Persoone and Clays, 1980). The juveniles req‘u'i.ré large

' amounts of phytoplaﬁktpn as feed every daly. It is important

J not only to determine the optimum ‘ration but also to

determine ‘the best method of delivering the food on a dally

bagsis. The production of pseudofaeces assumes critical

importance in an aquacultur_e system because frequehtlyone

b

The juveniles.heldl in the laboratory were considerably

. e of -the largesthbperat-ing costs is the algal food.

smaller ;than'juveniles of the same age left in the natural
environment. The reasons for this are unknown. ’
| Epifanio and Ewart (1977) found that for continuously
_Submerged oysters, C. virginica, there were perlods . of
T feeding activity ard periods of quiescence. They concluded
’ °  that when reariﬁq bivalves it would be advantageous to add..
fqod disconiinuously. Thig would ‘ent'i'aln the feeding and
digestive activity of the animals ta the feeding regime and

hence prevent excess food being lost during perlods of 'S

. A
¢ - 7
. e

b L} . - - -
LA T - Ll . . . v L. . ) BRI
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'ngn-feedlng. Langdon “and Mckay (1974, 1976) found higher
Ve -

growth rates when the same total amount of algae was fed

discontinuously to the oyster, &'gigas, ‘'compared with

.continuous feeding regimes. . This was attributed to the fact

that the continuous additidn of algae would have resulted in
a low food concentration that may not have fully stimulated

the oysters' feeding activity,’ whilst the discontinuous

_feeding regime resulted in higher initial concentrations

lNggell, 19813}). If it is necessary to reduce the ration,
one tfiay would be to adopt a diécqntinuous i.feeding regime
where the daily'feeding pe’riods are balanced between
economic restrainté and achievement of maximum growtﬁ
(Newell, 1983). A more effective solution might be the
maintenance of optimum ration _levels during seasc;nal growth
and a reduction in ration quring the quiescent period..

Low levels of. part‘icqlate inorgaﬁic matter (PIM) ha've a;
posit ive -lieffect on 'Ifeeding and grc‘mth' of bivél;res
(Loosanoff ,- 1962; Winter, 197§; Riorbos et al., 1981).
Winter‘ (1976) demonstrated that this enhanced growth.was due

to the aElmulatory effect of low levels of PIM on filtration

-rate, :and a decreasa in pseuddfaecal production, which

resulted in an increased r?te of ingestion. Experiments by

'.Ali (1980) confirmed the stimulat‘orxl,effegts of PIM on the

fgrowth of the . oyster C.  virginica. Recent research

indicates that both the mussel, Mytilus edulis, (Kiorboe et

14
"
4
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al., 1980) and the oystér, Cragsostrea virglinica, (in

Neu.!ell, 1983 ) preferentially ingest algae and }'eject PIMN In
.the pseydofaeces. Possible explanations for the effects of
PiH 1nclude: ) ‘a |

‘1. ' addition of bacteria or organic matter which enhances

£ood levels

¥

2. érovlsion of a large surface area Ffor dissolved
organic material (Hurk'en, 1976 ) ) .

3. ' addition of uhl;noun'qrowth factors {(Winter, 1557'6)

4. improﬁatﬂent of digestion .through mechanical action

(Murken, 1976)

5. stimulatory effect on filtration rate (Winter, 1976).
),Mfffereni:es between the PIM concentration-in the seawvater

at MSRL and. the rl-atur.all environment could explain the poor
~ growth of juveniles in the laPoratory. -Algal concentrations

Ear exceeding those found in the natural Environinent are

:équired to prqduce~ similfa‘;: growth in laboratory he'ld
animals. The slower growth rates of juvenile scallops *in-

the laboratory need to be explored further.

4.6 CORCLOSIONS

conditioned animals. v o
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2) . In thé eggs and_ the' larvae of theigiant scal lop both
protein and lipid are important sources of energy. Tire
total e_ner.;gy content of the eggs is the?;fore a be?ter"
Ipredictor of the potential Ssuccess of the larvae than the
leval of any individual. biochemical cornponent.

- 3) The higher egergy content of the eggs from females fead

: alqal dlets resulted -in greater larval tecovery rates and
‘higher rates of accumu_ia't' on “of protein and 1ipid hen an
ade:quate diet was provided. /

4';) A m¥xed "diet of I. galbana, C. .calci._t-rans and T.

pseudBnana ~ provided for better larval growth than the

unialgal diet Of Isochrysis galbana or Iséchrysis sp.
(Tahit ian strain).. This might be dye to the higher caloric
content of the diet, - o
5) In the larvae, piotem is accumulated very rapidly and'
. serves as a better indicatLon of t‘k condition of young
larvae, Llpxd levels tend to lncrease dramatically in the
.third or fourth week of pelagic life,
. 6§) Three to thirteen day old ‘\lawae have a net growth
efficiency between 31-60%, This is compafabl& to net growth

{

Efﬂcieqcles of other marine larvae.

A

.7 The conceatration at which = juveéniles produce

pseudofaeces lies between 2.0-2,5x10% cells/ml of Isochtys is )
.galba‘na.'- .+ The Eiltration rates. observed at these

concentrations provided the smallest scalléps (5-8 mé tissue

eyt L ' Vo . T .
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dry weight) with a ration of 10% of their body weight per
o .
- day and the largest Jjuvefiiles (200-400 mg tissues dry
—‘-\-_-_. “
. weight) with a ration of 5% per day. This ration should
provide the yjuveniles with sufficient energy for metabolism
- El
and growth. ' - .
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APPENDIX 1: RAW DATA

TABLE A-1 .

Data obtained from eggs l«.pawned by £emales of Plécogecten
magel lanicus, in Conditioning Exper iment 1,

FEMALE NUMBER EGGS DRY WEIGHT* EGG DIAMETER (um)

SPAWNED g per million- eqgs
MEAN S.D. MEAN RANGE . .
| 2.5x106 '0.028 (2) 69.05 59.68-73.83
2 4.6x106 0.086 0.00& (3) 67.22 _ 54.23-73.36°
3 14, 9x106 0.079 0,006 (3) 68,86 58.97-76.5 :
4 2-&106 0.091 2) 66.65 58.97-72,. 41 -
5 20 . 2106 0.079 0.009 €(3) 67,78 55.90-73.36
6 3.1x106 0.083 T €2) 69.91 58,97-76.52
7 5.6x106 0.085 05805 (3) 67.22'°58.97-73.36 — -
8 25 .4x106 0D.077 0,008 (3) 66.08 50.54-75.64 7
g 10 . 7x106 .0.061 0,011 €3) 65.50 54,23-73.36
10 30.5x106 0.088 0,008 (3) 66.65 §9.82-75.20
11 15.0x106 . 0,078 0,011 (3) 66.65 '53,35-74.29
12 2.3x106 0.083 {2) ., 67,22 56.70-73.41
13 9.4x106 - 0.060 0.007 (3) ™~ 66.65 655.08-72.89
14 24.1x106 , 0.107 0,011 (3) 66.65 48.47-75.20
15 15, 3x106 0.072 0.008 €3) 66,08 53.35-72.47
16 8.9x106 ° 0.065 0,012 (3) 68.32 55.08-74.29
17 - 10 . 4x106 0.084 0,009 €3)  67.78 55.90-74.29
18 15. 6x106 ‘0,070 0,009 €3) 68,32 - 55.90-71.83
19 16.1x106 0.073 0,002 (3) 67.78 56.70-73.83 .
20 1.3x106 0.070 (1) 70.43 . 4.92-74.29
21 28 . 2x106 0.077 '0.010 €3) 68.32 55.08-76.08 ‘
22 8.0x106 0.05¢ 0.009 (3) 66,08 56.70-71.93"
23 32.5x106 0.069 0,007 (3) 67.22 55.08-73.83
24 1.2x106 0.070 (1) 67.22 58.97-72.89 - ,
25 1.6x106 - 60.86 60.39-74.29
26 15, 7x106 0.09¢ 0,011 (3) 65.50 55.08-73.83
27 1.5x106 0.117 (1)  67.22 - 58.97-71.93
28 29 ,1x106 .070 0,006 (3) ~ 67.78 55.08-74.75
29 - .,3.3x106 .084 (2) 68.86 6l.75-72,90
30 11.7x106 0.068 0,002 (3) 68.86 60.66-72.89

* { ), indicates the number of replit_:at_es

L}

fu
.
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TABLE A-2

'Datn obtained from eggs spavned by females of Placopecten
" in Conditioning Experiment 2. :

FEMALE NUMBER EGGS DRY WEIGHT* EGG DI AMETER (um)
SPAWNED g per million eggs i
MEAN S.D. MEAN RANGE
31 16.0x106 0.112 0.017 (3) 68,32 58,97—71.93 .
32 18.8x106 0.083 0.011 (3) 67,78 55.08~73.36
33 12, 0x106 0.091 0.004(3) 67.78.55,90—73.83
35, 9.2x106 0.074 0.013 (3) 68,32 55.08—75.20 -
36 ' 1.0x105 0.091 (1) 67.78 55.90—75.20
37 3.5x106 0.106 (2) -68.32 54,23-74.29
39 56.8x108  0.094 0.010 (3) 69.91 56,70—74.75
a0 “3,2x106 0.088 (2) 68,32, 58.97—73.86
43 3.1x106 0.088 (2) -68.86 59,68—72.41
44 18, 2x106" 0.114 0,009 (3) 68,32 59,68~73.83
45 3.1x106 0.093 (2) 68.66 60,39-73.36 %
&6 13. 9x106 '0.090 0.021 (3) 67,22 56,70=73.36 .
47 "6, sxlu 0.09 0.016 (3) 67.78. 58,97~73.36 SO
40 9, 2::10 v 0,101 0,014 (3) 67.22. 58,97-71.93 -
49  14.5x106 0.108 0.011 {3) €5.50 55.08—~71.4& .
5Q 1T. 6x105 0.107 0.009 (3) 67.22 %5,08—74.29"
51 6.9x106 0.207 0.011 (3) 69.91 55,90-74.29
52 12.-7x106 0.108 0.008 (3) 72.89 £3.05—81.39
. . 3
* { ) indicates number of replicates. - .
s

- “.‘

. LA * i
r ' -
[ , . . 1 - * . . . .
[ - "
N . -,
- L
. . . J K
! * .
L] L)
.
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TABLE A-3

L

Data Qbtained from egg . spawned by females of Placopecten
magellanicus in Condiyioning Experiment 3.

. a .
FEMALE NUMBER EGGS DRY WEIGHT™* EGG DIAMETER {pm)
SPAWNED per million Eggs
_“MEAY  S.D. MEAN RANGE
7 © §.33x106  0.053 (2) 71.43 64.08-76.08
8 082106  .0.056 (2) 73.83 66.,08-80,62
9 02\G0x106 74.29 69.39-78.62
. L)
* { ) indicates number of replicates.
L} ‘_ ~ ~
‘f o
L
=
|
V)
»
bkt
3 1
. / .

\ -
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TABLE A-4 .
’ ) Data obtamed\ f rom’ eggs spavned by females of lacogecten (
N magellanicug m C’onditlonmg Experiment 4. ]
'FEMALE  NUMBER EGGS DRY WEIGHT* . BEGG DIAMETER“(nm)
A B . SPAWNED , g per-million eggs .
- - °  MBAN §.D, MEAN RANGE
e S 17.42x106  0.088 '0.002 (3): ' 71.93 60.39-80.62"
R | T12 . 34, o7x156 0.093 0.004 (3) 68.86 58.23-76.95
. 13 26. 2ax10 . 0.109 0.009 (3) 68,32 -55.90-75,20
14, - 24.28x106  0.091 0.006 (3) 68,32 55.08-76,52
S . 15 - 6.39x106 * 0.068 . . (2) 70.93 61.75-76.52 . -
- 16 17.96x106 . 0,070 0.005 (3} 69.91 60.66-75.20
17 3.50x106 0.064 (2) © 67.78 56.70-75.20
18 3.10x106  0.066 (2) 68.86 60.34-76,95
19 4.32x106-  0.066 (2) 68,86 60.66-74.29
20 5.46x106 0.070 0.005 (3) ' 69.39 61.75<75.64
21 9.12x106 - 0.072 0.005 (3) 69.91 63.05-75.64
22 0.48x106 69.91 60.39-76.52
° 23 - 11.10x106  0.072.-.0.008 (3) 72.41 64.29-77.79
v, 24 4.66x106 0.083 0.b04.(3) 72.41 64.92-78.62
-~ . . 25 .9,61x106 0.061 0.004 (3) 70.93 61.75-79.43
26 3.42x100 0.071 (1) 7143 63.05-76.95 . -
: . 27 2.06x108. .0.073 " (1) '68,32" 58.97-73.36 .
T 28 - ,1.59x106 0.072 (1) . 66.65 58.23-73.36
- ~ 29 . 3.,58x106 - 0,075 . (2) 67.78 $58.23-73.83
- {1 4.05x206 °  0.081 0,002 (3)  66.65 57.47-71.43 .
- LA 3 9,63x108° "0.084 0.003 (3) 69.91 60:66-75.20 Y |
- o 32 8.66x106 .0,076:0.003 (3) "68.32 58.23-73.83 -
e ; e .‘ { ) indicates the number of replicates
. - M. - Q . | .
] & ‘
N | , |
‘ v - 4 . |':‘ , "’.’/'- .
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TABLE A-5

Protein, lipid and carbohydrate coﬂtent of ag?s

.obtaxned from females of Placope magellanicus
- in Conditioning Experiment

FEMALE CONDITION . PROTEIN LIPID CARBOHYDR&TE
- . T mg per million eggs
1l ST 11.9% - 9.44 - 7.62
1 ‘ST 12,42 11.13 3.28
1l sT - 11.44 10.85 4.63
1 ST 9.58 9.57 7.26
2 A 22,94 13.17 6.56
2 A 23,56 14,64 4.87
2 A - 24.23 15.26 4.84
2 A 21.85 14.78 . 6.58
3 SA 21.14 16.09 2.02
.- 3 SA 22,01 13.79 1.94
3 SA 22,01 :3.07 4.86
3 SA 20.14 13.82 2,11
4 5 . 17.94 ° 13.47 2.08
4 s 19.04 "11.71 2.14
4 S 19.03 10.89 1.89
4 s 20.23 11.03 1,94
5 A - 21,11 15,23 ’ 3.85
5 A 21.26 18.67 3.64
5 » A 21.25 15.63 3.11
-] A ~21.89 19.09 3.91
6 ST , 12.46 13.53 4.67
6 sT 12.82 11.56 4.69
6 ST 12.89 12.14 4.10
6 . ST 10.15. 13.02 4.45
7 ST 23.05 "™ 9.61 1.64
7 ST 23.19 9.57 1.46
-7 ST : 22.25 - 9.41 ) 1.32
.8 SA 22,15 16.04 » 3.61
8 SA 22,28 13,48 /3,09
8 . SA 22,34 20.98 2.63
8 SA 22022 17.53 L . ' 2.76
g ’ S 24.28 ' 9.12 N 1.64 '
s < 22,07 11.04 1,89
. 9 S 26,65 g8.16 1.71
10 A . 24,56 " 15,06 . 2.87
10 A 24,34 13,34 2,76
. . :'
" .
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TABLE A-5: CONTINUED.

FPEMALE

10
10 -
10
10
1
b 11
111
11
12
12
12
12
13
13

o= 13

13
14°
14
14
14
15
15
15
15
16
16

16 - .. ...

16
16
16
17
17
1?7
17 ?
¢ 17
: 17
18
18
18
18
18
18
18

L]

PROTEIN

[ 4 .
CONDITION
A . 23.17
A 23.11
A - 24.27
A ' 23.46
SA ) 20,54
SA 20.37
8A - 25.09
SA 25.13
5 18,95
s 18.78
- s - 20.29
s 20.07
NC 24,92
NC 25.08
NC 23.58
NC — S me——
A . 30.78
A 30.74
A 31.28
A 29.75
ST 23,73
sT 18.29
ST 23.33!
ST 2 » -
st s0.7
ST . 21.14
8T 20,35
8T - 20,15
ST ' +" 19084
ST 18,77
* SA 18.60 *
SA 18.92
SA 17.45% -
SA ., 17.39
‘8A 19.73
SA 17.90
NC 27.64
NC 28.04
NC 24,97
NC 28,07
NC 27.78
NC 24,89 ’
A - 25,45

LIPID

17.46

15,24

- 16.14

17.37

15.41

18.00
20.39
‘20,57
8.74
-8,80
11,05
10,08
19,67
19.75
14.90
14.92

19.00

19,05
20.71
20,27
14,26

10,87

11,32

7,90
7.67
7.

7 X
11,06
10,03

9.84 .

9,32
8,67
'B|13
9.47
9.13
10.73
10,79
11,35
10,00
10,05

h 11.87
1¢.67

166

CARBOHYDRATE
mg per million eggs

2,64
. 12,64
2.75
. 2.45
0.85
0.87
0.99
2.45
2.43
2.59
2.51
0.89
0.93
1,42

2.92

2,90

3.01
2'0 96
1,78
1.92
1,84
1,84
1'. 9‘
2.08
2,42
2,72
2,58
2,63
2,94
' 3.08
2.70
2,63
2.57

2,53

3.14
2,52
2,65

2,74
2.65

2,96

.
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TABLE A-5: CONTINUED. )
FEMALE CONDITION PROTEIN LIPID CARBOHYDRATE
mg per million :ggs
19 A 25.68 - 13,20 3.38
19 A 21.64 13.82 3.26
19 A 21.86  17.66 931
19 .. A 26.19 - 14,23 2.94
19 A 27.19 14,78 2.84
19 A 26,15 . 13.15 2.08
19. A 27.85 °  14.96 3.07
20 s 14.52 9.35 - 5,32
20 S 15.79 . 9.24 5.09
20 s 17.47 7.13 5,07
20 S 17.03 7.54 4,268 .
21 A 26.84 . 23.46 ' 2,22
2] A 28.28 - 23,22 2.08 :
2] A 31.78 26.63 2.13{/’
21 A 31.35 26.57 2.21 -
21 A 25.91 24.82 1.87 .
21 A 26.41 24.44 1.7¢4
21 A 26.26 25.88 l1.68 .
21 A 27.25 26.90 1.81
22 s 2.33 11.31 1.51
22 S 2.34 12.29 1.57
22 & 14.74 11,46 1.85
22 S, 13.72 10732 1,57
23 SA 28.22 12.82 1.02
23 SA 28,24 13.17 .. - 1483
23 SA 22.24 , 14.28 1.5 —-
23 SA 24.75 14.73 . 1.27
23 SA 23.10 13.57 . 1.87
23 . SA 25,57 14,22 . 2,09
23 X SA . 25.78 + 13,07 2,17
23 SA 23.90 14.82 : 1.96
24 NC .- - 30.34 8.54 1,66
24 NC 31.45 8.60 1.67
24 NC 27.20 011,83 2,35
24 NC 28,42 10,83 2,30
2b ST 8.64 11.63 4,95
~~ 25 sT! 10.10 10,32 - 3.99
25 ST 13,20 11,046 ° 3,85
26 NC | 24.12 14,19 . 2.55
26 NC . 23.91 14.78 . 2,41

i
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L4

FEMALE CONDITION PROTEIN . LIPID ) CARBOHYDRATE
_ , mg per million eggs

26 NC 24,63 — ~-18:46 "~ +—-2.63

‘ 26 NC 23,87 14,58 2.14
. 26 . NC . 25.11 -- - 15.92, 2.78,
26. . NC 24.55 * 17.81" - 2,43
27 S 20.32 . 12.07 2.01
27 gf“ 19,56 11.78~- 2,09
27 21,04 10.15 - ~- 2.14_ ..
. 27 S 15.57 * 9,90 1.99
« - 28 . 'NC ' 42,56 20,95 3,25
23 HC 42.35 20-64 3.30"‘
28 NC 38,53 16.44 2.74
29 SA 24.93 18115 1,56
129 SA 25,05 © 20,68 - 3,37
29 SA - 22.18 13.14 - 2,46
29 SA 20,12 . 18.84 2.72 _—
30 NC 21.11 16.92 3.58
30 NC 21,34 19,04 3.32
30 ©NC 22.09 18.96 2.58
‘ - ¥
k'. ) Ll
)

. Sy ..
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TABLE A-6. - .
A ! :
Protein, lipid and carbohydrate content of three day old

larvae Pbtained from females of Placopecten magellanicus
Conditioned in Experiment 1. - ) ‘

FEMALE CONDITION % RECOVERY PROTEIN LIPID CARBOHYDRATE .

o . " mg per million ¥frvae
‘ 1T~ st . '36.6 14.86 - 4.46 2,23
1 ST 36.6 14.88  4.74 . 2.15
1 __§T 36.6 15.62  5.62 2,86
) 1 ST 36.6 14.94  5.08 2.55
- 2 \. A 70.7 . 18.86  6.97 3.72
2 A . 70.7 - 18.46 6.84 3.82
2. A 70.7 18.04  7.06 3.82
3 SA 58,7 14.24 - 6.95 1,59
3 . SA 58.7 14.66 - :7.95 1,63
3 SA 58.7 15.02 6.74 l1.76
s 3 SA 58.7 15.01 7.04 1,47
4 s 42,5 12,32 6.13 1.68
4 S 42.5 12,85 6.22 1.67
. 4 s 42.5 13.43  6.04 1.25
4 S © 42.5 13.66 5,95 1.46
5 A 47.9 16,92  8.14 3,46
5 A : 47.9 . 15.44 7.46 3.29
- 5 A 47.9 17.62 8.25 - 2,93
6 ST 45.5 8.25 7.26 . 2,96
6 ST 45.5 9.34 6.35 2.84
6 ST 45.5 8.86  7.34 2.42
6 ‘8T - "45.,5 10.00- 7.46 3,05
. .I ST ) ' 39.8 15.63 : N 5.61‘ . 1.31
7 2 8T 39.8 . 14,27 5.02 © 1.26
7 ST 39,8 15.08 4,97 1.30
8 SA 69.0 18,25 T.40 1.38
8 SA , 69.0 - 17.46  6.95 1.23
8 SA ' 69.0 .17.03 . 5.92 1.24
9 s 84.8" 17.16  7.17 2,25
9 ’ S . 084.8 16.87 6.84 2.13
s ' s 84.8 17.95  6.45 . 2.02
9 S . 84.8 1824  6.53 2,27
10 . ° A 94.0 ®» 18.25 8.4l 2.24
10& A . 94.0 . 17.42  7.05 1,95
. ‘ ‘ . . . ) - , ’
L % ‘\ [ - i
N ' .



' TABLE A=6:CONTINUED,

FEMALE CONDIfION % RECOVERY PROTEIN LIPID CARBOHYDRATE

P

BNV

-

»

94.0
73.6
73.6
73.6
73.6
46.3

[ ~46+3

-

L,

46.3

55.0
55.0
55.0
82.4
82,4
82.4
82.4
32.6
32.6
32.6
32,6
32,6
32,6
32.6
32.6
63.8
63.8
63.8
63.8
63.4
630‘
63.4
63.4
71.5
71,5
71.%
. 28.4
28.4
20.4
28.4

83,2

83.2

46.3 '
-5500' hd

170

B

mg per million laryae

13.65
13.96
12,35
14.43
14,87
14.93
13.46
15,09
24.04
22.65
21.46
20.89
24.65
23.75
25.62
22.99
15.64
16.74
14.39
14.97
14.64
14.73

14.84.

15.76.

12.64
13,76
13.24
14.01
20.74

19.84

21.47
20.05
20.46
19.64
18.43

'18.98

11.46

11,94

12,46
13.00

24.40

24.96

QI D i i S a3 O €O O =] b i AT U o o e

Il-;.-l

6.98
7.43 '
6,67
6,95
6.42
4.62

4e59"

4.27
4.97
9.27
8.74
B.43,
8.39
8.74
8.76
7.95
9.04
6.43
6.94
5.87
6.24
4,12 -

L

DMWY PROWDEOWUN NN

2 & = & & 9w ¥ K ® ¥ s & 0w

~NMDNWOVOVNOWER-INOO-]WW

1.87°
0'57 .

0.85

0-63'

0.65
2.04
2.14
1.75
1,94
1.57
1.47
1.49
1.36'
2.06
1.74
2.00
2,14
1.48
1.54
1164
0.54
1.53
1.49
1.40
1,87
2.25
2,38
2.15
2.34
2.08
2.08

"1.94

2.12

2076 *

2,95
2.55
2,46

3.43
3.39
3.25
1,46
1,47

. .3.75
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. TABLE A-6: CONTINUED,

FEMALE CONDITION 3% RECOVERY PROTEIN

21 ¥
21
22
22
22
22
- 23
23

]

NC
NC
NC
NC

- 83.2

83.2
3l.1
3l.1
31.1
31.1
64,0
64.0

- 64.0

64.0
56,0
56.0
56.0

-37.2 .

37.2°
37.2
37.2
70.1
70.1
70.1
70.1
43.6
43.6

72.5
72.5,
72.5
72,5
68.9
68.9
68.9

. 68.9
59,3

59.3
59.3
59.3

43'6
43.6~

24.87
23.00

- 16.44

15,94 -
16.79
17.00
16.69
15.43

15.46 -

16.87
18.83
17.92 -

18,76

7.46
7.26
8.95
7.84
12.94

"~ 13.87
14,62

15.84
14.64
14.67
13,82
15:47"
30.15
30.24
27.46
28,05
18.4

17.6

15.48
16.62
17.46
18,94
16.48 ¢
15,99

171 ¢

L

LIPID CARBOHYDRATE

12,65 1.54

12,04 1.58
5,94 2,07 - .
6.24 2.00
6.74 - 1.95

. 6.85 1,87
7.97 2.14
7.05 1.84
6.57 1,44
6.65 1,42
5,76 .. .-2.28
4.95 1.87
4.88 1.96
3.5 3.05
4.32 3,00
3.75 2,93
3.66 2.85
6.87 2.25
7.91 2'-15
B.34 2.06
8.46 225
i.63 1.4dy "

.. 4,73 1.58 .

4.58 T.96
4.59 1.87
9.38 2.88
9.46 2.96
9.56 2.44 _
8.83 . 2,35
8.46 2.39
8.87 2.46
8.76 2.57
9,44 2.43
8.46 1.87
8.57 1,92
7.63¢ 1,44
7.03 2,05

Ry

1."-
Hy

3,2
YLy



Protein,
Placopecte

L

TABLE A-7

conditipn ng Experiment 2f

FEMALE CONDITION"

a1l 5T 14.64 12,42 2,44
31 ST 14.83 11,28 2.49
Jl ST 14.14 12.06 & 2.75
31 ST | 12,81 11,68 2,81
32 s . 18,67 12.55 3.25
32 S 18.89 12,03._. 3.04
32 S 19.63 13,56 2.84.
32 s 19.09 13.53 2.88
33 A 30.15 . 13.46 2.63
33 A 30.85 . . 13,56 . 2,59
.33 A 31,28 1a.24 . 2,90
33 A 32,43 14.28 3,00
35 8 22.46 12.07 2.09
35 S 22.64 12,14 2.29 -
35 s 23.12 . 11.14 2.34
35 S 22.76. N 13,04 - 2.29
36 - ST 26,54 12.69 2.11
36 ST 24.79 10.85 2.243
36 “Eg + 26,54 13.47 1.99
36 . 24,92 10.16 2.08
37 A 27.43 12,38 3.10
37 A 25.47 12.35 3.19
37 A 26.05 11.59 3.27
37 A 26.15 11.53 3.43
39 5T 23.15 12,57 2.15
39 ST 22,49 10.04 2.27
39 ST '22.76 11,24 2.44
39 ST 22492 11.76 2.15
40 SA . 24.03 -10.38 2.43
40 SA 23.10 11.48 2.67
_ 40 SA - 24.57 11.53 2.43
43 ST ‘19,15 12.21 2,30
a3 ST, , 1964 15,25 2.22
a3 - . st . 18.9¢  12.83 . 1.84
43. 18467 13,46 1,707
44 33.87 14.73 + 1.75 . ';_
44, ;- 35.43°  -16.67 1,65 LT
* v P e . Fl
. v . . ’ - "'ib .
A &N ' ' N -7 ‘;‘.P
L4 . . M £ .. LIS - =
. - ' B
( ﬁ/" g-"' :’: ‘ ) f

PROTEIN

1ipid, and carbohydrate content of eggs in
magellanicud obtained from females in

' .LIPID : . CARBOHYDRATE

mg per million eggs



TABLE A-7: CONTINUED.

FEMALE

[

CONDITION °

i.
Y

PROTEIN

LIPID

P

173

CARBOHYDRATE

mg per million eggs

36.78
33.49
26,83
26.82
27.15
27.10
22.34
20,57
19.90
23,47
27.30
26.82
27.14
28.66

. 19.04

13.18
13.18
14.17

20.35
26.01
22.74
22.49
28.57
24.76
22.38
23.61
28.35
27.63.
30.72
34.64

28.79

27.83
26.01
28.77

4

15.28
14.63
14.03
13,46
13.25
13.31
- 14.26
13.68
- 14,04
13,78
13.05
13.87
14.82
15.17 .
11.54
11.76
11.35
12.13
16,038
15,39
15.78
15.89
20.48
19.49 °
-20,02 -.
“17.79
13.14
12.23
19.01
17.01
12.48
12.26
214,74
12.84

.l
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* TABLE A-8

174

protein, lipid and carbohydrate content of three day old

‘larvae of Placopecten magellanicus obtained from
females in Conditioning Experiment 2. '

FEMALE CONDITION % RECOVERY ‘PR

31
31
131
31
32
32
32
32
33
33
33
33
35
35
35
35
36
36
36
36
37
37.
37
37
39
39
39
39
40
40
40
40,
43"
43
43
43
a4
a4

" ST

sT
ST' T

_ 8T

N

L

}

61.8
61.8
61.8
61.8
73.7

73.7 "

713.7
73.7
94.9
94.9
94.9
94.9
67.1
67.1
67.1
67.1
57.1
57.1
57.1

'57.1

60.5
60.5
60.5
60.5
69.0
69,0
69.0

- 69.0

97.2
97.2
97.2
97.2
58.0
58.0
58.0

;5.0
5
97.5

13,91
12.87

9.74

9.74
14.59
14.94
13.85
13.87
14.87
18.63
19.66
20.20
15.87
15.96
14.87
16.42
13.84
14.96
15.23
13.85
15.87
16.87

. 15.94
17'. 03 N

12.94

13,83

14,20
14,22
13,93
11.68
14.47
14,99
19.42
16.61

22.28'.

17,46
22,21
22,83

-

7.24
7.04

5.95

6.24
5.67
5.94
5.02
5.25
6.96
6.85
6.24
6.14
6.87
6.96
6.43
6.98
7.35
6.44
6.56
6.05
7.38
6.41
5.99
5.98
6.23
6.39

6.94°

5.96
7.17
7.39
6.91
7.04

11.95

11.44

12.05

10.42

10.33
7.81

S\

OTEIN +LIPIP CARBOHYDRATE
mg per million .larvae

1.23
1.26
1.30.
1.99
2.36
2.43
2.39
1.62
1.74
1.42
1.70
1.84
1.95
1.74
1.83
1,58
1.94

© 1,67 %

1,78
0.99

15

1,24

1.30
2.05
2.05
1.87

+1.80

1.51
1.68
1.70
1.18
1.18
1.01
0.90
1.66
1,73

i

LR . _.,?‘4
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. 175
TABLE A-8: CONTINED. * ‘

FEMALE CONDITION % RECOVERY PROTEIN LIPID CARBOHYDRATE .-
. g per million larvae .

44 A 97.5 24.28 6.80 1,85 v
44 A \ '.9705 N 23.97 6.71 1.92

45 SA 78.%6 14.36 8.18 5,33 »
45 SA 78.6 16.07 7.05 1,94 <
45 SA 78.6 15,87 6.72 1.84 .
46 s 43.4 . 18,75 8,62 1,33 -

46 S 43.4 19.19 ' 8.18 1.35

46 S LA - 16.46  7.64 1.22. v,

47 SA 58,9 13.96 6.38 0.95

a7 SA 58,9 14.34 6.64 0.95

47 SA 58,9 12.35 5,94 ° 0.48

47 SA /58, 15,30 5,89 ~0.48

48 S 44.0 10.58 6.43 0.51

48 = S 44.0 12.76 6,26 0.76

49 A7 65.2 14.63 8,03 - 1,33

49 P 65.2 14.47 0.08 1.61

49 AN . " §5,2 15.36. . §7.46 -  1.55

49 A 65.2 15.42 7.02 1.76

50 * SA 72.9 13.73 0.28 0.82

50 SA 72.9 12.84 8.65 0.70

50 SA 72.9 17.85 1.44 0,95 -

50 SA 72.9 17.94 12.05 1.23 0
51 NC 86.3 13,48 . 4.26 2,84

51 NC 86.3 12,1 3.63 . 1,90

51 NC 86.3 15,44 5.44 2,45

51 NC 86.3 16.09 5.91 2.57

52 NC 46.7 24.43 6.74 1.65

52 NC 46,7 26.36 . 6.77 1.24 y
- 52- NC 46,7 24.03 7.57 * 1.19

52 NC 46.7 24.19 6.70 1.41

1 ) LY
, !
¥ -

i
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TABLE A-é

Protein,'11pzd and carbohydraté content of eggs {a) and
three day old larvae (b} of females of Placopecten
m ggllan cgs from Conditioning Experzment 3.

L3

FEMALE CONDITION % RECOVERY PROTEIN LIPID CARBOHYDRATE

0

rl FY - . \ . .
7a 5% T-Iso a 20.92 9.82 2,40
7a £% T-1Iso 21.86 .10.19 2.53
7a 5% T-Iso 17.03 9,99 2.72
- 7a 5% T-Iso _ 16.86 9.12 2.62
Ba 5% T-Iso . 23,28 11.44° 1.68
5% T-Iso 24.45 11.18 1:64
5% Tyglso 22,93 11.1§ 1.50
: 5% T-1s0 24,25 Ll.é4 1.72
9a 3% T-ls0 ° 14.79 12.13 2.14
9a 3% T-Iso 15.65 11.47 2.43
9a 3% T-Iso 156.09 10.43 2,09
7b 5% T-Iso 40.0 16.63 3.03 1.13
7b 5% T-Iso 30,0 15.76 3.41 1.09
7b 5% T-Iso 40,0 18.36 3.86 0.94
7b 5% T-1So 40.0 16.35 3.46 0.99
8b 5% T-1so0 42.9 - 18.71 5.19 2.83
Bb ° 5% T-Isp. 42,9 15.43 4.72 1.85
8b 5% T-1 42.9 15.36 4.44 1,94
8b 5% T-1 42.9 16.87 5.06 1,42
\gg 3% T-10" 14,9 19.88 3,92 0.70
3% T-Isg 14.9 10.73 3.64 0.75
9b 3% T-=lso 14.9 11.56 4.43 0.64
9b 3% T-Iso 14,9 10,34 3.87 0.62
A .

/

o

—
1

mg per million -

4
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TABLE A-10
: . " !
Protein, lipid and carbohydrate Content of 'eggs spawned

by females of Placopectepn mageilanicus in
Conditioning Experiment 4. T _

.

L Y

'FEMALE

CONDITION \ ~PROTEIN

-

LIPID

" CARBOHYDRATE

mg per million eggs . /’
. ) .M .
L ' \ . - - . '
11 A 33.45 ., 16.14- 3:66 ®
11 A 31,03 15.56 : 3.45 *
11 A 30.48 13.74 % . 3,75% .
11 - A 30.73 15.68 . 3.46 o L
12 M 30.79 °  13.97 2.54 . . .
12 M 31.52 13.87 2.67° 7.
A2 M ~30.43 12.81 2.65
12 ‘M 31.30 13,52 2.59
¥ 13 M , 31.10 12,03 2.61 .
. 13 - M 30.18 10.80 2.68
: 13 M 31,36 10..90 ©  2.45 - ‘o
13 M 31.41 10.54 2,57 ._°
. 14 ST 23.70 9.35 .. D.84 .
14- ST 23.99 8.98 0.86
14 ST . - 21.98 9.4% 0.91
14 7 ST 23.17 9,09 0.98 /
15 A 29,62 19,38 1.;0 \
y 15 A 29.53 19,11 1.61
‘ 15 AT 32.36 19,10 , " 1.46 '
15 A 31.06 18.46 1.52 .
16 A 31.51 14.02 2.20
16 - A 31.72 13,189 2,27 ,
16 A 31.29 12,30 2.45
16 A 30.52 - 14.24 2.57.
17 ST 20.03 . 11,58 1,.03
17 ST 19.87 "11.02 1.03 o
17 ~ 8T 20,57 9.80 1.15 w2
£ 17 - 8T 21.00 ,9.55 , 4 1.18 -
18 - . M 24.62 14,56 1.32 ’
18 M 27.02 15,03 1.36 .
18 M 25.47 14,1 « o 1.36 o~
18 M- " 27.38 15,0 1.57 <IN
19 NC 22. 64 9.01 1,95 N
19 NC + 24,97 8.59 . .- 1,97, ,
19 NC . 25.17 9.43 2,27 7
19 " NC N ’34.78 9'43 N ' ! 2-21 -
20 NC 26.71 7.70 3,00 ‘
20 NC ; ° 26.71 7.11 2,93 A
[ .\._ - .
. . ~\ N
‘ ar
4 i
. .
o " ‘“ : ’... ) /" » o
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TABLE A-10: CONTINUED,

'
FEMALE

CONDITION

i

\

BroTEIN

® LIPID

‘4

TCARBOHYDRATE

mg per milli'on eggs

29,12
31.26,
30.36'
28.85
28.55
23.51
23.35
24y
25.10

24.79 {.

26.06

+25.37

25.83
35,69
36.68
37.01
26.13
24.04
25.97
24.38
25.29
25,27
23.92
23.61
26.42
29.36 -
30.41
: 30.50
31.63
20.06
20.07
20.14
19.88
18.62‘
18.64
18.78
19.06
17.62
18335 ‘-

6.96

. 12.49

13.44
12.83

12.92
8.71 ..
9.80°

10.01

8.98
13.68
14.08
15.81

14.33 -

15.63
15.44
15.06
14.82

1 10.91

11{54
10.62

11,06 -

13.15

13.02.
12,60

12,85

WAL
-17.87

17\.89

18.00 .

9.41
9.86
9024
9.03

A 8.\36‘

9.03
7.95
8.35
8.09
8.61

’ 3.14
S 2.46°
©2.45
12.43

- Y2.40

L~ 2.20

T 2:22

v, "eadl

. .3
1.88
1,96 ..
2.02
1.97
2.137
L 2.40
2.44
. 2.30
1.71
1.73. .
1.88
182 J
2.01 -
1.89
2.05 .
2,15
2.36
2,43
2,48
2.51
2,48
2.86
3,00
2.92
2.95
s 2.99
&6

2 2.84

1.71
1.55

. 178 .
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TABLE A-10: CONTINUED.

l\\n@us Emmnwm,

, 30
.30
) |
31

31

31

32

32

33"

XXX

-~

n

PROTEINA.

18\ 56
16.94

'26.29

26.59
26.06
26.62
29.52
32.46

32,37
. 31.08

LIPID

7.83

7770
12.86
13.03
14.91

13438 .

13,79

. 15,25
" 15,40 -

\\

CARBOHYDRATE
mg per million eggs.

1,31 .

1,00

1.64 -

1.77
2,38
2.42

. 5.76
5.96

5.65

‘5.63



. % TaBLE A-11
’ : ‘
: ’ . .-
Protein,” lipid.and carﬂ!hyrate content of ¢hree day old
larvae obtained from females of Placopecten magellamcu

in conditioning gxperiment 4. . ot
FEMALE CONDITI QN % RECOV,ERY PROTEIN LIPID CARBOHYDRATE
. . . “mg per million larvae
. .. . . c ™
11 A . 15,7 -1P.29 7.91 0.90
11 A 15.7 - 18,41 6.56 0.98
- 112 . A oF 18.7- 19,67 6.98 - 1.04
/11 A 15,7 , 20.34 7.32. 1.10
12 M 13.4° 18.92 . 6.24 - 0.82
12 M - 13,4 - 10.24- 7.35 N 0.90
12 M 13.4 17.31 £.85 0.93
.12, M f 13,4 19.04 * = 7.04 10,98
13 - - H 9.8 18,46 5.22 . 1.32
13 M 9.8 -17.88 5.84 1,44
13 M 9.8 19,06 6.04 1.04°¢
13 M 9.8 18.72  5.77 " 1.83
14 . o ST 6.6 13,38 5.79 0.92
14 ST~ 6.6 15,37 5.43 _  0.98 -
14 ST - 6.6 16.67 4.91. 1.02 . .
14 ST 6.6 16.03 5.82 1.14
15 A 23,8 16,22 5.44 " 0.69
12 A %3.8 12.34 5.33 o.ag
1 A 3.8 16,97 6.8 0.3
15 - A 23.8 16.70 5,84 0.83 :
16 o A 24.6 . 14,41 _.5.82 0.99 +
16 W o2 PP 14,96  )5.30. 1,05 -
16 A 24,6 ° - 13.87 . 4.87 1.02
16 A 24,6 " 14,59 4.96 0.95
17 8T . 11.3 21,94 4,25 1.40
17 8T 11.3 20.88 4.67 . 0.98
17 . 8T, 11.3 18,35 4,87 0.87
17 _ST 11.3 16.39 5,21 0.93
18 ¢ M, 21.6 - 18,53 6.00 0,62
18 M 21.6 16.47 -  6.74 0.74
18 M. 21,6 17.87 5.32 0.82
18 M 21.6- 16.38 5,40y 0.75
19 NC 32.4 11.25 ,- 5.03 ° 1.07
. 19 NC < 32.4 - 12,35 - 4.41 0.93
19 NC 32.4 -, 12.75 3.89 0.93
20 NC 20,6 14,05 3.21 1,01
. 20 NC . 20.6 15,07 3.46 - 1,07
20 " NC 20.6 16,33 3,87 1.15
20 NC 20.6 15.87. 3.15 1.27

—

..4?
.

'f.- . .



TABLE A-11: CONTINUED 181
E 7

FEMALE. CONDIT‘ION % RECOVERY PROTEIN’ LIPID CARBOHYDRATE
, - mg per mllllgn larvae

21 NC 41.2 - 9,27 6.07 0.80

21 NC - . - 41.2 12,36 5.46° 0.91 ’

21 . NC 41,2 14.36 5.87 . 1.06

21 NC 41.2 14.36 5.39 1.00 -

23° " A 38.9 14.67 6.78 1.27 .

23 A . 38.9 14.78  7.20, . '1.34 - .

23 A 38.9 15.24  6.94 i 1.19 '
23 - A 38.9 15.84 .: 6.54 - 1,24

28, A 45.6 ~ 14.58 -4.88 [ 1.63

24 LA 45.6 ‘23,68 4.74 . 175 .
. 24 A 45.6 14.96° 5.43 ' ).44

26 © . A . 45.6 15.83 ° -5.06 11:53 .

25 ST, .5.4 - 12.65 4,12 .. 1.10¢

29 ST T " 5.4 12.96 4.30 ~1.03

25 . ST 5.4  .11.46 3.54 ) 0.96

25 ST 5.4 2 11.56  ,3.55 - 0.89

26 A " 49.6 ©15.73 . '6.34 -1.35

26 A 49.6 15.84 - 6.63 1.46

26 A _ 89.6 16.27 7.02 1.44

26 N YN 49.6 16.34 °7.06 . 1.48°

27 M 66.3 13.52, 9.78 ’ 1 134’

27 S ow 66.3 13,50 8.64 | 1.46

27 "M P 66.3 14.47 8.10 1.36

27 M 66.3 14.38 8.05 1.30

20 - ST 12.4 14.08 .4.18 0.89 :

28 ST 12.4 14.64 4.38 0.93

28 ST 12.4 13.69.. 3.99 . 1.03 e

28 /ST 12.4 13.43 4.07 1.07

29 ST 8.6 18.74 3.81 ~1.55

29 ST ' 8.6 16.44 4.03 1.64 \

29 ST 8.6 15.78 4.08 1.84. -

29 ST 8.6 14,70 3.78 1.45 .

30 ST 9.2 24.83' 3.45 1.38

30 ST 9,2 23,94 3.63 1.38 .

30 ST 9.2 13,66 4.05  1.05 ,

30 87 9.2 13.43 . 4.33 - 1.10

3l oM 58.9 8,16 4.38 1,23

31 Mf 58.9 ' BI35 4.46 1.32

31 COM 58.9 10,67 - 4,85 1.46 g

31 . M . 58,9 10,68 5,23 1.50

32 M 60.9 15,66 3.54 0.86

32 M &g.s 15,88 . 3.85 0.94

32 v M 60.9 16,07 4,65 1,24

32 . M 60.9 14,99 5,01 1.25

A

[
¢TI
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" TABLE A-12 "(x' j . e

Filtration rates of groups of juvenile# of Placopecten °*
magellanicus at variocus cell concentrations of Isgghrxsm
gélbana (container volumes= 2000 ml).

(s

TEMP  INITIAL CELL DRY WT* DURATION FILTRATION
T CONCENTRATION . . " RATE
‘ . ~MEAN  S§.D, _ MEAN . S.D,
o¢ - cells/mly,, = (mg) hours ml/h/animal
9.0 /71002.6 324.6 36.50 8.0 . - 116.6 ..32.7
9.0 10876.4 567.8 "' 36.60 = 8.0 . §3:9 18:9
9.0 10563.2 259.5__,  39.13 8,00 . 120.2 - " 13.9
9.0 10721.0 894.2 44.16 8.0 # 74.3 38.4 .
9.0 .10643.2 342.8 14.78 8.0 8.8 4.
9.0 '10546.3 . 365.8 19.55 8.0 - 49.9 8.
9.0 10835.1" 26.9 19.94 8.0- 4 . 44.8 74
9.0 10974.0 572.5 18,99 B0 <% 57 4.
10.0 1E231.7, 329.9 - 36.52 9.5. 130.6 38
10.0 ,11000.6 712.:3 . 36.62 9.5 71,5 16,
“10.0 11128.0 915.4. 39.13 9.5 164.6 30.
10.0 10027.3, 138.5 . 44,16 " "9.5 103,5 12,
10.0 . 10624.6 784.6 14,78 9.5. L8 ¢ 34
10,0 11032.6 1145.3  « 19.55 . 9;5 7 - 88,9 8
10.0 10934,6 673.5 19.94, 9.5, 64,1 . 21,
10.0 10734.9 238.1 - 18.99 9.5, 12.0 .10,
» 19,0 12721.9 1349.6 35.38 9.0 124.6 28,
/9.0 10387.4 395.1 35.07 9.0 112.5 . 31,
/9.0 10826.7 39.7 37.26 9.0 - 84, ﬁ_,//u2'
9.0 10954.7 925.0 = 39.08 9.0 “106.8 25
1 9.0 11547,0 4 259.8 17.88 9.0 52.8 . 30,
| 9.0 10563.6 ‘349.1 19.78 9.0 . 36.6 By
| 9.0 10627.9 953.4 16.44 9.0 64.9 T4
19,0 11673.9 1369.6. ° 18.77 9.0 80.4 "9,
1 8.0- 10359.0 213.7 - 35,07 9.0 74.3 8.
| 8,0 10763.9 927.4 35.38 9.0 143.,7 49,
| 8.0 10359.2 67.3 37.26 9.0 106.4 17.
| 8.0 11306.9 982.3 © . 39.02 -~ 9.0 83.8 14,
.| 8.0 10264.8 36.9 17.88 9.0 5 19,6
-J 8.0 .10097.3 643,3 19.72 9.0 | 497 22,8 .
.8,0 10578,3 218.0 16. 44 9.0 20.4 8.0
8.0 11025.8 879.4 18.77 9,0 © 26,3 14,6
9.0 5238.1 79.4 31.08 10.0. * 148.6 27.6
9,0 5340.7 129.4 35.17 10.0 119.9 20,1
9.0 5265.0 63.3 *36.62 " 10.0 205.7 ° 14.3
9,0 .. 5523,9 82.6 — 42,91 10.0 - 55.1 8.7
9,0 5061.2 99.1 19.16 10.0 3.0' 0.3
L 1 ! ) _‘
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TABLEsM\-12: CONTINUED. - 183
TEMP  INITIAL CELL DRY WT*  DURATION FILTRATION e
CONCENTRATION . S \.  RATE ]
oc ‘cellsyml (mg) hours = ml/h/animal '
. ° MEAN, . S.D. MEAN . S.D. .
J .. . . L . v
9.0 ' 5629.3. 267.2 22,77  10.0 ;371 9.4
9.0 “5529.5 357.3 , 18.24 10.0 55.6 9.0
9,0 .5086.9 981.4 17.12 . 10.0 3.6 0.8 )
9.0 4874.3 209.1 31.08 7.6 . 276.0  32.6 A
‘9,0 . '2996.1 638.2 135,17 7.5 143.9  27.7" ;
9.0 - 4638.5 498.6 0 36.12 . . 7.5 200.4  43.9 .
9,0 4895.3 129,5 . . 42,91 7.5 79.3 20.1° _
~9.0 4904.9 398.4.  19.16 7.5 g 210 2.0 _
. 9,0 --4884.8 294.0 22,77 . 1,8 41.7 g.a ‘g_‘;‘ .
. 9.0 , 5019.3 ,106.9 18.24- 1.5 66.6 . I R
., .9.0 " 4873.8 £129.7 1712 1 15 gy 1420 2.1 "
¢ 10.0- .4719.2 598.0 42.66 7.0 212.6 " 39.4 S
/7 .10.0 ' 4934.5 94.8 36.41 7.0 184.8° 40.6
'10.,0.. "4893.2 490.6 38,79 7.0 136.5 . 21.9
10,0 5023.9 104.7 33.40 7.0 175.6  28.8 3
10,0  4970.1 249.5 )17.37 . 740 _42.9  19.6
10.0 4948.3 403.2 21,74 740 38.6 12.4
10,0 5106.7 293.4 . 20.06 7.0 19.4 . 8.5 .
;%.o 5174,9 329.4 |, "19.60 - 7.0 54,6, 4.9
- IU, . 0 . » . _Sﬁt_g_ ]
.10.0 5197.4 ' 320.5 36.41  10.0 288.4  .40.6
©.10.0 5301,1 560.6.  "38.79 - 10.0: ®26,4 369 T T
10.0 5248.2 390.4°  33.40  10.0 ™184.7 39.4
~ 10,0 5164.9 264.1 » 17.37 10,0 . ~ 53.3 8.9
“-10,0 5238,7 305.2 21,74 10.0 40.5 - 2,9
10.0 5199.3 . 286.7 20,06  10.0 69.0  14.2
10.0 .!5236 8. 395.3 .19.60 - 10.0 —sB.2  10.4
'10.0” '159' .5 934.6 37.69 - 9.0 272,6  31.1
10,0 16b0¥,2 1035.0 42.41 . 9.0 - 208.9  39.6
110.0 15433;5 1 527.3 38.13. 9.0 , 258.9  68.9
10.0 .16230,8 1098.4 = * 33.69  .9.0 115.6 - 20.7
10.0 15433,0 “345,7 - ..18.77 ~ - 9.0 ¢ 88.4. 12,9
10.0 15835.9 739.5. 19.21 9.0 92.4  20.6 ' ..
10,0 16215.4 834.6 °  19.72-  9.0. 15.6 2.8 X
v 10.0 . 15552.8, .793.2" - 16,21’ 9.0 114.9  24.8 '
9,0 15932.0 déa 2 s . 37,69 9.5 . 306.9 .. 41.4 .
9.0 16024.6 739. 4‘\ - 42.41_ " 9,5 246.8  "36.7
9.0 15290.4 :376.7° '  38.13 9.5 272.9 .29.6
9,0 *15349.3% 532.8 33.69 9.5 188.5 '63.8
90, 14983,7%765.3 . 18.77 9.5 *h‘1os 4  21.0 ,
.. 9.0, 15185.9- 386.5. . 19.21%. 9.5 .11 1"90.8  12.5 )
T
. p ] o i "
j. ) k)

._.
T



TABLE A-12: CONTINUED. ¢ ‘ 284
. l ) PO s L I
TEMP = INITIAL CELL DRY WT* DURATION .~ FILT'RATION
. CONCENTRATION ‘ RATE -
°c = cel¥s/ml (mg) hours #l/h/animal
MEAN  S.D. MEAN" ‘ §.D.
9.0 14873.2 297.4 . . 19.72 . 9.5 ,133.8 7.9
9.0 15398,5“°667.0 16.21 9.5 1435 18.9
9.0- 15344.7) 592.6 _29.09 9.0 386.9 41.6
9.0 15648.9 309.4 _ 27,14 9.0 '«  208,1)  64.8-
9.0 16103.7 1103.8 *- 38.79 9.0 272.3\ - 69,1 -
9.0 .15834.9 821.5 . 34,17 7 9.0 300.4 ! .- 39.1
© 9.0 14993.6  246.2 -  19.72. 9.0 81,7\  24.1°
9.0 .15395.1 654.9  23.64 9.0 © 78.8 29.3
9,0 15249,4- 378.2 . 20.35 9.0 . . 101.4 ' 31,0 .
9.0 16023.9 891.3 21.81 . . 9.0 . © 23,9 . 8.6
.+ 10.0  15209.3, 104.6" 29.09 . 8.5 . 346.3. T 72,1
.~ 10.0 15934:8"° 870.3 -7 27.14. 8.5 . 258.4 63.6
10.0 .16032.7 994.0 .. 38.79. 8.5 268.8 56.7
10.0 16103.6 885.5  34.18 " 8.5. 196.5 28.0
10.0 15349.5 409.6 19,72 B.5 84.3 W 16.9
. 10.0 15634.2 193.2 . 23.64 8.5 101.2 20,9,
- 1023//14935.9 652.0 20,35 8.5 74.4  18.8y
- 10.0,/°15673.7 723.9 - 21.81 8.5 150.5 59.S
(Np’g 25402.1 2002.3 _ ° 31,98 _ 8.5 214.9 © 26.7 '
10.0  24965.4 104.8 30,63 8.5 134.7 14.3
..~ 10,0 25934.9 566.3 38.24 8.5 238.5 22.6
10.0 25749.0 399,5 35.68 8.5 65.3 10.5
10.0 24864.3 229.2 19,21— 8.5 44.4° 7.8
10.0 -25003.4 34.6 21.13 8.5 47.8 9,9
10.0 25443.9 409.4 18.29 8.5 51.7 8.1
10.0 25736.3 632.7 16.26 8.5 6.5 5.6
: 9.0.g 24568.1 660.2 31,98 9.0 . 196.1 42.7
S 9.0 25390.2 227.6 30.63 9.0  ° 97.8 15.4
9.0 25087.3 115.8 38.24. 9.0 - % 205.8 44,2
9.0 25534.8-745.9 . - 35.68 9.0 .. . 'B6.2 5.8 -
9.0 24886.0 492.5 19,21 9.9 5.9 2.4
9.0 25340.7 287.4 21,13 9.0 * 94,9 ~ 21.8
3,0 25984.1 1104.7 18.29 9.0 94,5 36.7 .
. 9.0 25379.3 320.6 -  16.26 9.0 . sts‘“EHHQA;H ‘
*.10.0 25901.7 766.0 _39.47 8.5 247.3 - w217~ -
10.0 24885.5 330.4 44,93 8.5 184.4 © 17.3
8.5

10,0 25003.5 100.8 . 43.28 136.5 40.4
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 TABLE A-12: CONTINUED. ‘185

<o (- '

, . TEMP INITIAL CELL DRY WT* DURATION FILTRATION
.a CONCENTRATION RATE
oc . cells/ml . (mg) hours - ml/h/animal
ot MEAN S.D. ME S.D.
10.0 25443.8 298.6 35,68 8.5 137.1 11.
10.0 25632.0 568.3 - 19.05 8.5 .- 21.5 4,
10.0 24560.2 743.3 21,74 8.5 - . 83y3 . 8.
J10.0 26109.4 _997.1 ‘18,72 8.5 24.1, 3.
L0100 25395.7  395.3 20494 8.5 . 7.5/ 3.
10.0 25009.3 230.5 39,47 8.0 ;2361 29,
10.0 25492.6 802.5 44.93 - 8,0 . 178.6 29.
10.0 26038.9. 208.4 ¢ 43,28 8.0 159.4 31,
10.0- 25600.2 “304.6 35.68 8.0 189.4 8.
10.0 25304.6 2Z09.8 19.08 8.0 .29.4% i
* 10.0 25093.5 “459.2« 2,74 - 8.0 38.4 .
10,0 25993,5 309.8 ~ : 18.72 8.0 s1.4/ 12.
10.0 24985.0- '201.1 . 20.94 8.0 . 7.6 3.
I ' ( s -,
- \'. * Dry weight estmated Ly regressmn equatmn. -
ln DRY WEIGHT? = -1.16 + 0.143 (HEIGHT) + 0.144 (LENGTH)
R2 = 88.1% - -

ru



«  TABLE A-13

¢ -
Filtration rates of -jumgn'ﬁ.es of Placopecten magellanicus
at variops cell concentrationg of. Ischrysis galbana’
{containes volume= 25 ml)>~ ~ -

|

- t

TEMP  INITIAL CELL - DRY WI*: DURATION- - . FILTRATION
CONCENTRAT : RATE

oC . cells/m% {mg) hours ml/h/animal
MEAN .. S(D. - . MEAN S,D,

12,0 '6397.0 L 8.9 J.0° » 1.8 0
12.0 - 5771.3 1\ 67 3.0 2.8. 1
12,0 - 5783.73 |\ 8.2 ' 3,0 1.4 .0
12,0 568§.7 : [-\ 8.4 3.0 1.5 1
12,0 5669.3¢ I \5.4 3.0 5.0 3
12.0 . 5935.3 6.3 3.0 , 3.6. 2
2,0 §020.7 7,5 3.0 3.6 2
12,0 5636.0 ° 6.3 3.0 6.4 3
1200 . 6256.7 N\ 8.9 3.0 4.5 2
12.0 - 6496.0 6.7 3.0 \ 1,9, 1
12,0 6028.0 5.1 3.0 . 0.7 0
12.0 6171.0 8.4~ 3.0 2.4 1
12,0 6164.0 . 5.4 73,0 2.6 0
12.0 6110.7 6.3 o 3.0 2.8 1
12.0 6060.7 7.5 . 3.0 2.5 1
12.0 6092.7 _ 6.3 3.0 . 4.4 1
'12.0 5533534”50.0 7.1 6.0 3.1 1
12,0 - 7064.%, 48.1 6.7 6.0 13.3 6
12.0 -64B85.4" 278.0 5.6 6.0 - 2.6 1
12,0 5B805.0 279.6 6.8 6.0 2.2 0
12,0 5067.3 82,7 6.6 6.0 3.9 1
12,0 5013.0, 92.9 B.4 6.0 3.2 1
12,0 5363.5 423.§ 5.8 6.0 8.4 6
12.0 _6500,0 93,3 b2 6.0 2.7 1
10.5 '6045.0 73.9 77,4 6.0 ' 3.7 1
10.5 15930.7 ' 214.9 | 8.7 6.0 2.7 2
10.5 ‘6162.7 116:.9 6.6 6.0 a2
10.5 5768.0 79.2 4,7 6.0 3.0.7 1
10,5 '/ 6091,7 116.5" "5 . 6.0 7.6 4
10.5 ' 6615.3 17.0 7.6 . 6,0 2.3 1
10.5 | 6221.7 512.4 6.4 6,0 2.0 0
10.5 /| 6193,0 245.6 5.9 6.0 2.4 1
10.5 [ 5209.7 154.2 5.4 6,0 2.2 0
10,5/ 5931.7 93.8 "5.0 6.0 3,7 .2
10'5. 6‘60-0 77.4 | 7.4 \6,0 5.5 ’ 3
1005; » 5894-3" 52.3 ! 5.5' 6!0 3-4 1

‘ =g

L] L [ ] » » L ] [ ] L] [ - - L] -
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TABLE A-13: CONTINUED.

TEMP
oC
10.5

10.5
10.5

10,0

10.0
10.0
10,0

10.0 .

10.0
10.0

" 10.0

10.0
10'_0
12.0
12.0
12,0
12,0
12.0

h R 12.0
12,90

12.0
12,0
12.0
12.0
12.0
12.0
12.0
12.0
12.0

r 12.5

12,5
12.5

12.5.

12.5
12,5

. 12.5
12.5
© 12.5

12.5

»

L

B

IRITIAL CELL
CONCENTRATION
cells/ml

MEAN

5968. 4
5740.0
5623.7
5637.2
5916.,9
12137.7
10830.7
11473.5
9636.7
11008.0

-11117.0

104.0
10154.0
11872.0
11653.0
10558.7
10764 .3
11863.0

10800.0°

11537.3
10755.4
11653.3
10558.9
11082.4
10088.2

10696.5

10600.7
11749.8
10154.0
12120. 4
12155,8
11863, 3
10314.0
10906, 6
10764.8
12186.8
11030.2
16974.7
15491, 3

ScD-“
403.9°

411.9
240.9
178.6
-472.6
24.9

106.6

1007..6
'128.7
5587
594.4

375.3
154.7°

150.7
. 88.3
213.4
186.0
791.2
226.1
453,2
366.8
246.1
362.6

88.9

72.6

184.8.

1-[2.2
344.0

. 586.5

120.8

300.5.

751.4
'806.5
86.2
442.9

156.7

59.3
'238.1
7186.7

. DRY WT*

" (mg)

- . i

b

- L} " . - * v @ L] L ] -

WHYUOANW OUWONVODNNEDBEWDORWLROE W -

e B -

4
-

\h\pcna\crq ~J = U
-

@O ~Jnd o

i

DURATION .

- hours,

-

OO NANRNANRNNN

4

RGBT

N

o

LEE I [ ] - L] L] L] - -

- - - » - L3 &* *" - » » - » -, L] » L} Ll L] LJ [

Fe

187

FILTRATION
_ RATE.
ml/h/animal
MEAN  S.D.\
. 2.9 2,9
4.2 3.0
' 3.8N. 1.9
. 16.2 10.0,
10.8 5.9
6.9 . 3.2'
25.5 .
17..6 -’%4.9
©20.8 , 12,7
20.1° 15,6
-13.4 ° 9.5
14.4 103
12.7 12.7 -
24,9 9.7 ~
15.9 14,6
23.4  .11.6 -
9,7 5.6.
19.1 17.4
™11.6 8.3
16.6 7.3
29.1 13.9
13,8 6.7
18.4 5.2
16.6 8.9
26.6 17.4
3.5 - 1.8
19.3 5,7
26.89 . 15.4
4.6 2.8
18.6 9.3
16.2 9. ;
7.3 58
20.9 ° 15.9",/'
10,5 7.8
9,2 8.6
"12.8 4.1 -
'30.8 8.3
6.0 1.4

b
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TABLE A-lq:uFONTINUED. = '! : - 188
- . y

¢ ’ i s
TEMP INITIAL GELL DRY WT* DURAT ION FILTRATION ’
CONCENTRATION o RATE : /._J
oC cells/ml - (mg) - hours ml/h/animal '
‘ MEAN  S.D. _ , MEAN  S.D.
12,5 15717.5 862.2 8.0 6.0 12.1 8.9
12,5 14656.7 ,b429.3 6.5 6.0 67.5 28.1
12.5 15991.8 672.5 Ve .5 6.0, 9.1 5.8
12,5 15337.9 528.2 / 4.8 6.0 17.5 9.5
12,5 15932.6 469.6 6.4 . 6.0 59.4 33,2 :
12.5 16325.3 602.4 9.1 ° 6.0 46.7 19.2 -
12.5 15994.2 86.1 6.6 . 6.0 - 14.6 2.4
12,5 15829.1- 954.8 5.0 , 6.0 42.8 46.8
14,5 15829.6 954.2 6.6 '6.0 s 44,6 30.9
14.5 15300.8. 765.8 6.3 6.0 - 32.2 ..6.8
14.5 16024.9 594.1 7 7.0 o 6.0 9.4 3.3
14.5 15461.2 639.8 9.4 6.0 13.4 . 9.6
14,5 .16099.1 728,2 .‘/ 6.1 © 6.0 19.3 9.1
14.5. 15563,0 228.9 -/ 6.3 6.0 - 40.8 25,2
14.5 -14934.6 244.4 6.5 6.0 49.5 28.2
14-5 ‘161‘33.4‘ 815.5‘ f‘, 6.7 6.0 59-9 13’3
14.5 15392.6 749.5. 6.3 6.0 14.6 8.3
.14.5 15736.3 826.5 6.1 6.0 o 2.8 1.2
13.5 15196.3 104.5 6.1 6.0 26,3 12,7
13.5 15104.2 749.8 8.5 6.0 35,2 17.1
13.5. 15749.0 374.2 6.2 _ 6.0 12,8 8.3
13.5 15375.9 454.1 * 7.2 6.0 68.4 36.6
13.5 15467.7" 367.9 . 6.2 6.0 46.4 2.7
13.5 15154.9- 857.5 5.8 6.0 . 27.5 14.3
13.5 15375.1/ 607.2 6.9 6.0 -  17.6 7.3
13.5 16026.3/. 960.2 . 6.8 6.0 28.4 16.7 =
13.5 16960.2 “862.7 7.2 6.0 20.5 22.5
13.5 116645(5 999.0 7.0 - 6.0 36.4 17.7
13.5 20790.1 662.2 6.1 6.0. 22.3 9.5 .
‘13,5 19662.4 8I0.4 4.7 6.0 33.0 17.5
13.5 '20826.5 696.0 6.4 6.0 26.1" 5.6
- 13,5 22340.3 486.2 7.4 6.0 - 52.8 11.7
13.5 21323.2 276.6 6.6 - 6.0 61.0 15.8
13.5 ,20788.7 202.9 6,5 6.0 23.6 17.9 ‘
- 13,5/20918.8 953.7 8.1 6.0 37.8 . 26.5
13:;f 20855.9 1664.5 6.8 6.0 58.1 37.1
/S .
/)
B * . 1
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TABLE A-13: CONTINUER. . ¢ \ 189
A p - 4 . ' ;"
TEMP  INITIAL CELL DRY WT*  DURATION FILTRATION .
CONCENTRATION RATE
oC cells/ml . {mg) Raurs ml/h/animal
. MEAN ° §,D. . MEAN S.D.
. g ~ | — S
13,5 21158.7 1223.4 8.4 6.0 13.8 2,6
1¥.5 20767.6 540.3 5 6.0 190 8.9
14.5 21002.5 89B.5 6.0 6.0 31.1 13.4
14.5° 21130.2 972.2 6.6 6.0 21.3 10.4
14,5 20743.9 1323:3 - - ,5.9 6 .04 34.4 24,0
14.5 21000.5 334.2 6.1 6.0 12,0 7.
14.5 20748.8 881.7 7.7. 6.0 7.8 2.
14.5 29672.0 836.9 . 6.9 6.0 4.7 6.
14,5 20767.4 918.,6 6.3 6.0 24.2 1.
14.5 2071426 855.1 7.1 -~ 6.0 3.9 2,
* 14.5  20720.7 1158.1 . 6.6 . 6.0 9.3, 7.
14.5 20583.3 767.4 5.9 , 6.0 10.3 9.
w Dry'weight éstimated by fégééssioh équafion.-‘
ln DRY WEIGHT = ~1,16 +-0,143 (HEIGHT) + 0.144 (LENTH)
R2 = 88.1% '
_ ' o
x it v
; \ Ll g2 ‘
. _ .
a— "-—j — ‘v .
] ‘ - ' \
. ' ‘
I S -
’ = v v I~
;~l[\"l . ~
P N
‘ =
e
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TABLE A-1 4.;

Piltration rates of juveniles of Placogecten Magellanicus

at various ‘cell tdﬂcentratxons of Isochr251s galban

tcpntainer volume= 2000 ml) \
»"I_'EMP XINITIAL CELL - DRY WT* .° DURATION FILTRATION
ONCENTRATION ) S » RATE
., 0c cells/ml > {mg) | hours ml/h/animal
- + ' MEAN S.D. a , ' MEAN  S.D.
R S o co e '
10.5 " . 5689.4 540.7 779,.1 2.5, 1182,6 . 533,8 ,:
~1045° 5532.3 329.8 , 639.7 6.0: . 1638.8, 801.7
10.85 5877.5 697.7 579.6 6.0 2050.,2 1148,7
.10.5 5774.2 525.8 740.6 * 6.0 * ¢ 759.9 333,2
10.5. . 5533.3 284.0 = ~250:4 6.0 T408.5  417,7. -
10,5 5523.7 904.4 231.9 6.0 268.1 -
10.5 ~ 5272,7 11 . 276.4 - 6.0 612,2
10,5 ~ 5729.,0 541, , 135.5 6.0 . . 367.7
P~ + 10.0., 5482.0 268.4 642.5 9.5 1032.3
. . 10.0 - .5743,8 372.4 693.7 ° 9,5}~ 812.2
© 10,0 603.8 450.4 575.6 + 9.5 535,1
' 10.0 5724.3 - 625.3°  588.6 ,, 9.5 996 ./
- 10.0  5408.7 : 264.4 9,5 .208,2
-10,0, 5564.0 172.7 190.3 9,5 290.3
<« *10,0 5872.9 381.8 " - 285.4  ~ 9.5 ,» '615.4
" 10.0  p126.2 636.4  288.6 . 9.5 478.8
12.0 6259.0 491.8 635.4 7.0 - 2078.7
12,0 6 53 7 331.0 224.3 7.0 534.9
12.0 —393:3--.__, 701.4 7.0°" . 2604.3
1240 5793 gk 108.9 315.0 7.0 872,5
» 12.0 6543.5' 808.0" 562.1 7.0 1284.4
© v .yl2,0. :6744.9 771.8 ~  264.4 7.0° . 983.6
- 12,0 - 7178.9 1166.4 315.,0 7.0 1229.4
.8.0 "6332,0 .334.8 845,2 " 7.5 #™04.9
. 8.0 5120.8 316.2 701.% 7.5 . 26,9
. 8.0 6339.,2 317.8  635.4 7.5 +550.0
- 8.0 5667.9 608.1 - 835.,9 - 7.5 1388.8
. 8.0 - .6338.2 312.9 452.4 7.5 240.4. 126, 3
B.0 .6495.9 281.2 - 371.,3 ' 7.5 4 296,7 174.4
B.0O 6410.4 75.7 412.8 7.5, 305,4- 350.7
8.0 6208.7 208.7 412,8 7.5 . 687.7  350.7
10.0 12621.2 1307.2 493.9 8.5 .2388.5 . 833.4
10.0 11488.7 1101.6 = 693.7 10.0 - 1605.2 B896.3
10.0 10972.5 572.0 409.8 9,5 e~ 955,3 378.3
10.0 12020.8 1116.7 ~- 635.4 10..0 2672,0 1392,3
- 10.0 10.0 261.0  284.9

11135.7 1161.7 .242,2

1
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e R
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TABLE A#14: CONTINUED/ 191

- _ .
TEMP  INITIAL CELL DRY WT*  DURATION FILTRATION
CONCENTRAT ION . : . RATE
°oC . cells/ml (mg) - hours ml/h/animal
( MEAN -S.D. .. o MEAN S.D.
10,0 11473.2'1343.3 ° 244.9 10,0 . ' 1562.6 1016.3
10,0 10924,% -815.6 190.3 10.0 321.2 187.7
10,0 11854.7 1816.2 264.4 10,0 390.2 216.4
., 10,0 .10379.3 473.3 447.4 8.5 . 816.9  309.9
©.10.0 11380.2 1130.5 # 447.4 ‘8.5. 675.9  455,3
.+, *10.0 10559.3 356.9" . 412.2. 8.5  602.7. 382.7
-, 10s0- 10905.0 822,5 322.1 8.5 * 1141.4 752.6
: 10.0 ‘10658 . e 190.3, " 8.5 242.9 213.7
10.0 10646.0  34.7 188.2 . 8.5 343.3 . 299.3
10.0 - 10313,4 .290:4 - 224.3 8.5 501.8 307.3
. 10,0 - 9714.2 176.9 .- 242.2 « 8.5 ©708.3 323.2
MO,.0 10247.7 25.9 156.2 9.0 1170.1- 1184
-10.0 10921.9 825.9 452.4 = 9.0 1492.1 663.9
:10.0 10015.9 778.9 488.4 9.0 2803.9 555.9
10.0 11853.5 2632.9 409.8. 9.0 791.,4 508.6
10,0 10556.4 222.7 533.2 9.0 501.4  253.9
10.,0°~10837.4 441.0 499,9 _ 9?2) 1730.4 935.3
1.0 10558.7 -152.5 156.2 % 9, 442.2° 223.7
10,0 1#M36.0 '323.0 188.2 - 9.0 144.9 96.5
*10.0* 10066.0 121-0 150.3 9.0 158.9 85.0
10.0 -10330.2 276.7 172.4 9.0 334.4 164.1
11,0 14610.9 954.4 267.3° 9.0 594,7 354.5
11,0 13781.4 915.4 409.8 9.0 353.4 360.8.
11.0 14691.0 928.9. "379.6 9,0 ¢ 720.8 521.2
11.5 15895.4 1558.1 _ 313.9 9.0 2075.3  790.3.
+ 11.0 14322.6, 824.6 17.4 = 9.3 147.7 . 118.3
11.0 15213.0 "996,1 ~ 409.8 - 9. 4164.0 .462.1
11,0 '15924,2 .2596.8 371.3 9.0 662.4 337.2
11.0 14978.0 1430.1/ 317.4 9.0 742.4 371.9
11.0 14678.4 118346 . 264.4 9 &0 ‘554,7  379.7
L 11,0 14264.7 674.7 205.5 9.0 860.7 624.8
10 18110.%7 328.7 - .- 488.4 4.5 2405,0 1027.5
~ 10 :  16716.5 1301,2 447.4 9.5 2456.9 668.9
.10.  '17302.0 1497.1 317.4 9.5 2133.6. 1390:6
10 16073,7 1497.0 447.4 9.5 646.1 512.0
*10-  16073.7 952.9 379.6 9,5 1278.0 741.9
10 . 15078,7 .480.0 . 347.7 - 9.5 282.,3 209.3.
~-10 . 15348.,7 2197.9 447.4  ,9.5 1508.2 1159.7
10 15176.0 809.7 347.7.. 9,5 219,1 161.3
10 14052.7 616.7 . 317.4 9,5 58.4 41.9
s
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TABLE A-14: CONTINUED.

TEMP

oc

COOCWVWWOWWWWWOWLWLLD
- L] - L ]
COCOoO0COOOOOoOOOO

=

INITIAL CELL
CONCENTRATION
cells/ml
MEAN . S.,D,
15736.0 504.0
16991.0 1315.0
15678.0 . 2.8
15302.0 214.7
15628.4 293.7
16209.0 891.7
15200.0 168,2
15199,7- 287.1
15166.5 142.2
r14835.7 - 346.5
21833.5 1062.0
22809.0 7e66.1
23741,7 2652.9

22010, 7 '
. 22612.7 274.4
021240.7 1024.9
22260.7 )
22365.2 1366.1-
21464.4 480.3
21565.3
21557.7 1212.3
21815.3 905.3
21630.4 648.4
22388,9 1781,9
22715.0 1367.1
" 23618.0 504.4
23231,0 1290.5
.20708.0 =
21364.0 467.1
23302.9 20Q08.9
- 28140.0 .
26390.5 1887.3
2B064.7 )
27709\3

DRY WT*

(mg)

414.4
447.4
375.4
488 .4

347.7

© 26448

318.5
264.4
244.9

379.6,

244.9
447.4
457.5-
288.6
347.7
242.2
313.9
156.7
188.2
193.9

©\0 WD \O 0 W0 W WO \0 A0 W0 07D \D A0 \D WD WO \D W3

L]
hours .

cooclccocoouimatiunnn

DURAT I ON

195

FILTRATION
RATE
m}¥/h/animal
MEAN S.D.
271.6 206.6
150,1  141.7
185.5 102.8
261.8 188.3
197?3 147.1
299.5 189.9.
115.4 8l.8
187.8 206.6
~132.6 '181.0
- 246.5 15%%.3 .
1625.8 1070.6
1625.8 1070.6
1160,5 473.9
168,.5 204,0
284.8 147.9
501.5 263.2
272,.7 264.7
1002.6 472.9
263.7 164.3
" 91.9 60.7
534.8 362.4
667.4 590.2
1324.8 956.2
1156.8 706.6
988 -7 -+ 782.1
472,2 388.1
525,4 496.4 -
128,23 101.7
146.6 87.3
535.6:. . 327.1
‘157.6 78.8
754, 2 730.7
255.8 - " 10.6
260.4 -310.5

!
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TABLE A-14: CONTINUED.

TEMP INITIAL CELL

e

-

CONCENTRATION
n¢ cells/ml
MEAN §S.D.
10,5 27837.9 174.2
- 10,5 27641.4 403.5
10,5 28099.3.
10,5 27873.3
10.5 27906.0
10.5 30643.3
10.5 27344.4 2059.9
10.5 25757.6 1059.2
10,5 26725.2 2440.7
10,5 26845.5 1658.8
10.5 27136.0 231.9'-
10.5. ©26763.8 162.8.
10.5 "-26524.7 2831.9
160.5. "26532.7 |
10,5 © 25%90.4 .579.1
10.% 27017.4 1650.3

DRY WT*

(mg)

347.7
343.9
188.2
318,6

188.2
" 15%7.9

452.4
582.1
588. 6
533.2
533.2

%47, 4

375.4
267.3
291.8
294,0

* Dry we1ght estlmated from regression equatlon
2. 53 + 0. 0766 (HEIGHT) + 0.0111 (LENGTH)

1n DRY WEIGHT
RS = 97,2%

L 193
DURATION FILTRATION
° RATE
hours ml/h/animal
MEAN S.D.
7.0 415.2 137.1
7.0 857.5 675.3
7.0 , 90,5, 72.1
7.0 % ‘411,1 328\8
7.0 45.2 48.8
7.0 /900.9 6566.4
10.5" . 700.1 575.5
1045 510.8 248.3 .
10.5 .° 1475.4 .1200.% .
' 10.5 700.1 575.5
10.5 * 242,9 . 201.5
10.5 . 470.7 " 266.7
10,5 1810.6 B822.8
10.5 “150.,9 | D1l1l.6
10.5 - 256.5 247.3
10.5 ©2492.8 1717.2

A



“ S TABLE A-15 - 194

Protein, lipid and tarbohydrate contént of Placopecten
magellanicus ‘juvefiiles obtained from spat collectors in
Little Bay, Newfoundland, on August 31, 1983.

HEIGHT LﬁHGTH ESTIMATED - PROTEIN LIPID CARBOHYDRATE

DRY WT*
mm/, mm mg ‘ mg per juvenile

15,65 . 14,25 22.87 13,34 1,21 3.55)

. . 13,18 . . 1,19 1.40

16,80 15,55 . 32,51 ° - 6.30 1.02 . 2,55
o : - ' 6.68" 1,10 2,45
© 15,40 _ 13.65 20.24 9,24 0.90 2,00
R . 9.42 . 0.85 2.0G
13330 12,15 . 12,08 . 7.70 0.73 2.30
. . 7.94 0.80 2,30

11315 10,50 . 7.00 6.02 +0.51 I‘ 1.33

. - 5.91 3.-54 1.35
12,10 10,90 §.50 5,76 .35 1.32
’ 5.78 0.35 1,22
11,20+ 10.30° 6,85 4,12 0.54 1,13
4,96 0.54 1,08 .

10.50  9.50 5.53 3.46 0.26 78

, . 3,20 0.29 0.95
18.40 17,20 ,  51.83 15,84 "2,23 £,57

- . 16.22 2,19 4,99

18.40 16.10 44,24 14.62 1,52 2.85
14,26 1.61 .35

15.60 14§50 23,54 5,44 0.74 1,37

: T 5,76 0.70 © 1,30

© 9,90 Y.0p §.72 3,36 0.26 , 0.95
A g ' 3,43 0.27 1.19

11.00  10.15 6.52 2.54 0,17 1.01
. 2.66 0.17 1.01

- 11,50 . 11,00 7.91  4.66 . 0.37 1.36
\ : 4.68 0.35 1.13
12,60 11.25 " 9.46 3,20 0.27 2 1.13
T - 3,14 0.26 1,12

10.60 9,50 .  5.61 2.06 0.22 '* 1.09

: : 2.19 . 0.23 1.00
11.00 10.40 6.76 3.20 0.33 1.01

- ‘ 3.23 0.29 % 1,11

10.80  9.90 6.11 3,97 6.39 . 1,09
4.14 0.38 0.99
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TABLE A-15:

HEIGHT LENGTH

| mm
11,45
12.15
11.70
'10.10
-'suisl
10,10

10,05

15.45
9.1
10.00

. 8.50

9.20
8.00
8.20

B.4Q_ .

'8.06
16.50
16.85
lh.OO
16.10
17.05

15.45

15,70
‘15 . 45

16.55
14.80
15,35

- 14. 30

CONT I NUED.

- 'L\s

ESTIMATED
DRY WT* .

mg
7.21

8.20

PROTEIN

4,40,

4.44

3.58°

3.60
5.95
4,72

1%

2.28

2.0 34

2.84
2.75

. 4.44

4.49
6.86
6.72
. 1.70
~1.60
2.66
2.66
1.44
1.88
4.39

' 4.56

1.35

1.33 -

1.92
1.82
2.59

- 2.68

7.35
7.68
13.74

12.48

9.46
8.76
11.98
12,32

9.02-

9.26
10.12
10.42

6.32

6.62

195
LIPID CARBOHYDRATE
mg per juvenile
0.32 1.49
0,31 1.39
0.39 1.18
0.40 1.48
0.43 1.75
0.43 1.86
0.18 “0.86
,18, ' 0.86
.22 0.95 "
0.23 . - 0.86
0,19 0.86 .
0-20 0.98‘
0.21 . 0,74
0.21 0.84
0,71 2.15 "
0.66 2.24
0‘1& 0.94
0.14 0.73
0.20 1.05%
0.20 1,12
0.16 0.37
T 0.)6 0.26
0.25 1.13
0.26 0.82
0.16 0.56
0.16 0.56
0.15 . 0.47
0.14 . 0.37 .
0.15 0.63
0.16 0.70
0.34 2.24
i 0.34 2.20
0.86 . 3.25
0.81 .3.35
0.76 2,86
0.77 2.98
1.Q1 . 3.86
1.01 ‘ 4.49%
0.78 2.51
0.84 2..50
0.80 3.37 &
0.89 3.33
0.47 2,48
0.49 2.49



|
TABLE A-15: CONTINUED. 196

. | N

#

?IEIGHT LENGTH ESTIMATED = PROTEIN LIPID CARBOHYDRATE
DRY WT* :
™M mm © mg mg per juvenile
16.25 14.50 25,84 15,94 0.70 2.36
4 A 15.56 0.70 2.25
13.20 12.20 - Y1.99 4.40 - 0.35 1.24
’ p - B5.82 0.35 1.36
13.20 * 12.60 12.70 ' 8.88 0.44 1.63 '
. 9,08 " 0.44 1.76 .
15.43  14.00 21.38 . 6.96 - 0.49 1.99 -
: ; L 7.12 0.49 - 1.89° e
10.20 9.50 T 5,29 . 3,00 °  0.14 L 0.8
. * - ; j 3.2& 0.14 - 0.85
14,20 12.85 - 15,20 8.20 0.19 . 2.01
1 ' 8020. . 0.22 '1-90
9.50 ° 9.20 4,86 2,60 -0.14 0.62°
v o . 2.72 0.15 . 0.73
ﬁ4‘35 13.40 16.80 5.40 0.36 ; 2,48
g =7 5.80  0.39 + 2,38
16.85 * 15.50 32,51 7.96 0.76 2.87
- N7 .44 0.75° 2.87
‘(0,40 9,65 5.57 5.34 0.24 1.24
J 5.15 0.25 1.25
3,60 12.40 13.07 -  4.52 0.55 1.87
- . 4.76 0,54 - 1,77
8.30 7.80 3,20 - 1.22. 0.11 0.63
8.50 7.80 3.20 1.32 0.10 0.73
8.55 7.70 3.26 1.58 0.09 - © 0.4 L]
8.60 7.80 3.26. 1.55 0.11 0.5 4
10.05 9.10 . 4.89 2.62 0.13 0.6
2.75 0.13 0.52
118.45  17.20 52,20 ~ 11.97 1.10 3.86
AN " 1.09 . 5.87 °
12.50 11,00 / -9.13 2.92 0.25 , 1.25
- ® ’ 3.01 0.22 . 1.27
13.60 12,60 ©  13.45 4.05- 0.31 , 1/51
' : 4,20 0.32 1439
9.40  8.70 4.2 0.87  0.10 »0.38
: 0.99 0.10 y 9.49
13.20  12.20 °  11.99 2,83 0.21 / 1.03
: ~ 2.96 0.21 0.63 o
* 1n DRY WEIGHT = -1,16 + 0,143 (HEIGHT) + 0,144 (LENGTH)
RZ2 ='88,1% ¢ '
| / a ‘
- ¢ ' /
: i
. ]
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TABLE A-16

L)
e i

»,
Protein, 11pid and carbohydrate levels in groups of two or

three juveniles of Placogecte magellanmds obtained
from spat collectors in Little Bay Newfoundland on July 5,

1984.

ha ]

HEIGHT LENGTH /° ESTIMATED PROTEIN ~ LIPID CARBOHYDRATE

Dry wt* . .

.mm mm mg ' ug per spat

5,50 - 5,40 1.3 672.49 143,34 . 50,15~
5.40  5.25- 1.32 648.93 136,10 51,78 -
5.70  5.50 1.41 T |

430 4,20 _ 1,02 72,20 60,01 © 21,10
4,50  4.40 ° - 1.0 74.57 56.00 20.89
4.15  3.85  0.95 - 54,59 41.78 . 29.97
'4.00  3.95 . 0.9 '57.36 41.78 - 30.58
3085 3.80 0.92 ’ ‘ o ] !
6.10 '5.70 ° 1.51 797:87  147.36°  51.60
5§.90 - 5.85 - 1.51 876.76  136.01 52,99
.60  3.60 0.88 127.13 61.82° 18,16
3.80  3.70 0.91 142,68 5¢.23, - 19,60
3.90 3.80 .  0.93 a :
7.30 . 7,00 2.06 521,79 _ 200.58 69.25

N - 472,02 " 187.58 75.61

4,000 .00 0.97 . 158.24 - 72.71  23.94 \
4,20  3.70 .. 0.94  ,1a2.68 82,46 27.69
6,75 .6.50  1.80 922,72  221.64 -  87.71

| - ' 874.50  215.57 79:16
3.90 4,00 0.96 144.36 58.67  27.64
4.00  4.10 0.98 . 168.36 59.11 26.89
4,00 4,00 °0.97 168,36 73. 46 26.92 -

4.30 4.10 1.01 160.12 72,04 29,22

L]

- 1n DRY WEIGH‘I‘ '~ —0,998 + 0. 0878 (HEIGHT) + 0.153 {LENGTH)
RZ = 6g.7% :

s -

»



- TABLE A-17

w

- . * . ., - . R
Dry tlssue weight and protein, lipid and carbohydrate
composition of algal species used for larval and adult

diets. -
SPECIES DRY WEIGHT
> *  mg ‘per million
cells (x 1075)
MEAN §.D. -

I. galbana 2,42 0.29
t.

PROTEIN

&8

LIPID CARBOHYDRATE

F]
-

mg per million cells

8.31
8.24

- 8,01

8.13
12,52
12.24
12,08
12,42

9,09

8.64

8.76

9.20
10,90
12,28
12,18
10,490
12.89
12.89
12,59,
12,82
10.36
10.43
10,33
10.59
14.68
16,74
14,76

16,28

14,84
14,49
14,56
14,56

[

4.65
4.82 ’
1.74
4.69
t3.16
3.09
2,97
2.84
5.89
5.97
5.95
6.17
6.97
6.78
6.73
6.59
6.24
5.947
6.16
6.02
?! 56
7.33
7.33
7.10,
10,42
10.63
11,36
11.20Q
7.69
7.48
7.62,
7.65

1

’
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TABLE A-17: CONTINUED.

SPECI§S DRY WEIGHT,
ng per m1111on :
. cells {(x 1073 ) o
' MEAN S.D.
-\_/ T, pseudonna
T ]
.C. calcitrns
. 4
T. suecical6.7l 2.50

L]

. 199

e

PROTEIN LIPID . CARBOHYDRATE
mg per million cells

13.04

13.78 8.13
14.54 7 .69 13.28
13,97 7.69 12.82
14.16 8. 46- 12.91
13.41 9.46 12.46
12.02 8.72 13.73
8.71 7.36 10.41 °
9,24 8.41 . 11.52
10. 38 7.38 10.56
© 9,46 9.57 15.38
8.73 - s 24 . 12.41
9.90 - B.48 . 14.36
12.67 8.39 ‘& 40.15
12.96 9 19 - 39.53
. 14,04 .39 38.02 .
14.13 3.79 © 38.95
51.38 13.32 66.17
47.12  17.713 - 67.36
48,83 17.313 64 .40
47.12 18.02 64 .45
58.73 .- 19.02 53 .70
50.46  19.86 50.73
60.03 22.41 56 .38
55.40  20.73 44,39
29.86 14.17 9.09
29.86 13,89 8.96
28.96 13.26 10.35
29.12 - 14.43 9.85
18.25 . 6.}4 14.63
37.68 6.57 16.42
38.81 6.8 . 15.06
39. 9% 6.84 16.31
l[ T,
/

N
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APPENDIX II':
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TABLE A-~18

STATISTICAL ANALYSES

4.

]

I‘t )
Experiment 1 (Eggs): Two level nested ANOVAS
testing for differences among conditions and

females.
Source varigtion DF
Among groups 4

ong subgroups 112
Within subgrouPs 25

Among gTroups . .4 .

Among subgroups 112

Within subgroups 25
|
Among groups . 1&:I.
Among ‘subgroups 112

Within subgroups 2 5

" Among groips li

Among subgroups 112
Within subgroups 25

Experiment 1 {(Larvae):

Among groups. q
Among subgroups 90
Within subgroups 25

Among groups 4
Among subgroups 90
Within subgroups 25

Among groups 4.
Among subgroups 90

Within subgroups 25

Among groups ' 4
Among subgroups 90
Within subgroups ' 25

Among groups (conditions)
Among. subgroups (females)

- Fithin groups (error)

MS

544,74
2.59
85.73

314,62
2,36
53.79

. 6.28
" 0.27
5,76

'1346157.4

29547.46
108956.16

266.12
10.26
44,61

44.46 -

0.22
10,48

2,24
0,04
1,80

413162,86
1060,11
55470,43

7 Sig F
6.35 0.f011

200

s

.B81
504

- 5.85 0.0018 7483

.22.79 ~ 0.0000
0.92 0.4694
~22,50  0,0000
12,33 0,0000
3.69 0.0000
0
5.97 0.0016
61.41 0.0000
47.81 0,0000
50.56 0,0000
7,45 0.0004
52,32 0

0000

.834

128
.834

.664
.447
.488-

.945

+404
930

.166
. 934

.544
«936



_PROTEIN
L1PID
CARB.
TE

PROTEIN

_LIPID

TABLE A-19% .

-

ExpedMiment 2 (Eggs):
testigg for dlffesences among conditions and
fefjj}s.

Sourch variation

Among groups
Among subgroups
Within s?bgroups

Among groups
Among subgroups
Within subgroups

Among groups
Among subgroups
Within subgroups

Among groups
Among subgroups

Within subgroups

Experiment 2 (Larvae).

I
Among groups
Among subgroups
Within subgroups

Among groups

~Among subgroups

CARB

Within subgroups

" Among groups

Among subgroups

_ Within subgroups

. TE

Among groups
‘Among subgroups

Within subgroups

DE

4
54
13

4
o4
- 13

4
b4
13

4

v 54
13

53
13

53
13

53
13

13

Among groups (conditions)
Among subgroups {(femalées)
Within subgroups (error)

.9

?Mﬁs
288.18

2,33
62,75

17.93
1.25
16.81

7.69
0.04
2.04

341531.06

4137.99
60120,52

60,99
2.17
45,23

7,83

0,68
11,65

0.28
0.19
11;1

20392.,38
-2927.685

67481.32

o

I

4,59
26.94

1,07
13.43

1.35
20.89

0.67
17.25

0.163
9.12

0'30

J -

Two level nested ANOVAS

0.3452

0 L] 0000.

0.6231
0Q.0000

0.9533
0.0000

5
0.8713

0.0000°

201 -

866

’01’247

;754

et -
.837
.920

636 .
"278

.291
.837

171

8097

.048
.691

085
.850



TABLE A-20
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Expe‘fi_ment 3 (eqgs): Two level nested ANOVAS
testing for differences among conditians and

females. .

e
“S8urce variation

DF MS
L oriar Koy B
PROTE IN% g groups 1 85,28
- Among subgroups 9 2,63
Within subgroups 1 41.59
L'IIPID Among gr;:)ups 1 0.8B
Among subgroups 9 0.34.
Within subgroups * 1 4.19
V‘ )
'CARB Among groups 1 0.03
Among subgroups S 0.02
o Within subgroups 1 1.74
TE 'Among groups 1 31454.76
Among subgroups 9 1971.23
Within subgroups 1 44137.89
Experiment 3 (Larvae).
~ PROTEIN Among groupé 1 89,90
‘ - _;JAmong subgroups 9 1,33
‘Within subgroups 1 0,07
LIPID Among groups 1 0.88
Among subgroups 9 .0.11
< Within subgroups 1 B 3.99
CARB Among ‘g roups 1 1,90
. Among subgroups 9 .12
* Within subgroups 1 1,89
}ﬂ-: Among groups 1 66824,98-
Among subgroups 9 1646.89
Within subgroups 1 9319.3

Among groups (conditions)
Ameng subgroups (females)
Within subgroups (error)

4

E
2.05
15,81

0.21
12.46

0.17
102,81

0.71
22.39

sig ¥ R2

0.3830 .672
0.0032 .637

09,7267 .173
0,0064 .581

0.9167 .017
0.0000 .920

0.553W.416
0.00118),713

0.0173 .999
0.8278 .006

¢.9063 .021
0,0002 .796

0.4895 .502
0,0033..636

0.2274 .878
0.0413 .386



TABLE A-21
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- Experiment 4 (egigs):Two level nested ANQVAS
" testing for differences among conditions and

females. >
Source variation{ DF MS
PROTEIN Among groups 3 418.54
‘Among subgroups 66 0.87
Within subgroups -18 40.53
LIPID Amomg groups 3 192.78
Among subgroups 66 0.38
Y- Within subgroups 18 15,76
CARB Among groups 3 4,03
Among subgroups 66 0.02
Within subgroups 18 - 3.99
TE Among grdups "3 1054892.7
Among subgroups 66 1211,70
Within subgroups 18
Exi:»eriment 4 (larvae).
PROTEIN Among groups ° 3 28;00
. Among subgroups 63 4.03
Within subgroups 17 27.32
LIPID .Among groups .3 20.05,.
Among subgroups 63 0,21
Within subgroups-——17 — $4.99
CARB ___ Among groups 3 0.08
/‘\Amon ubgroups , 63 0.19
Within subgroups 17 0.28
TE Among gr‘oups 3 59299,99 |
Among subgroups 63 2185,85
17

\ Within subgroups
T

" Among groups (conditions)
Among subgroups {females)
.. within subgroups (error)

g )

25642.63

E

10.33
46.38

12,24 °

41.08

1.01
172.57

16.34

53,12

AN

.79

4.01
24.05

0.08
15.29

2.31
11.73

.633
.927

.671
.918

0.4063 .153
0.0000 .647

0.0249 .4)5
0.0000 .86

0.8387 .047
0.0000 .80S

0.1126 .290
0.0000 .760
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Onewvay analysis of variance testdng for diffetences in
dry weight and size of
eggs spawned by fefales of Placogecten agellanxcus in the

laryazl r @ecovery rate, and the number,

various condmtnomng reg imes,
RECQVERY RATE

" Experiment 1

e

\_,Expe,rime nt 2

' ‘Experiment 4.

.
Source
Befween groups
within groups

Between groups

Withj,uroups

Between groups
Within qroups

NUMBER OF\EGGS SPAWNED

Experime nt 1

" Experiment 3

Experiment 4

1
by
{

* !
)
yxperiment’ 1

-
-

Experiment .2

ar

Experiment 4

Y WEIGHT OF

Socurce

Between groups
Within groups

Between groups
Within groups

Between groups
Within groups
EGGS
Source

Bet ween groups
Within groups

Between groups
Within groups

Bet ween groups
Within groups,

Se M

=
[« - I PURN U R *
L .

1

5

.2

1

1

[

D

r—

|

4
25
4
3
3
1

a8
i

Wi  ids Ul
. . .,

-

0.
0.
0.
0.
0.
0.

L]

-

) -

MS

1216.81

170.30

‘\
374,56

26 .35
995.5

5153 90

.ﬁ..

291E+15

6538+14

729E+14
1818+15

756E+14
816E+14

%
H§P

©0.02
.02

2:332
0.00

o2
0.02

F - sSiq F*

2.49 - 0.0072

\\“
0.303

Q. 927

F SigF
0.935 0.4603

- v
0.112

' 0.305( 0.5081

0.8032

0.4480

."



W/

’
EGG SIZE'
Experiment 1
. , o

./) T ~ Experiment 2
L} . ‘

_ Exper1ment 4

h 1
TABLE A-22: CONTINUED,

Source '
Between gréups
Within groups

Between groups

. Within groups

Between groups

Within groups

25

13

18

MS

0.99
1,62

6.15

1.13

13.48
1.10

.,

F

0.609

5.449

205

-Sig F

0.6598

0.0084

12,247 . 0.0001
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TABLE A*23_

-

Regresﬁbon analysis of the #fect of dry tissue weight and

algal cbncentration on the filtrationrand 1ngest1on rates
of juveniles of Placopecten .magellanicus, 2
. S .
FILTRATION RATE VS ALGAL CONCENTRATION .
F=a concb ) . . .
WE'IGHT SOURCE . : D.F. . MS"- - EY
5-8 mg - Regre551on 1 76,21, 154.59 .
a=2. 2x10‘5 . Residual 121 . 0.49. . =
b=1.66, - - _ . : e
.20r40mg Regression. 1+ 0,348 0.32 .
a=313.82 : Residual 1016° 1.107. Co y
- b=0.089 ., \ - R
200—600mg Regression 1 2487.668 1096.37
a=9,78x10% Residual , 1617 2.269
b=-0.856 . . ' ' :
i- .e
INGESTION TE VS ALGAL CONCENTRAtION .
IR = a concP® - .. . C
WEIGHT Q;P SOURCE ' D.F, MS F
t . * . \‘ ) -
‘5~8 mg Regression 1 196,062 397.69
" a=2,3x1076 - Residual - 121 " 0.493
b=2 65 : : ' . . o i
'.20~40 g . Regreéssion © 1 © 52,231 47,18
a=33.78 ' Residual " 1016 1,107 C
b=1 009 (’ : ' ' '
200-600 ng Regression 1 2870.72 1569.95 -
a=2.,21x10 Residual ., 1617 . 1.83
b=0,818 - o :
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- TABLE A-23: CONTINUED.

FILTRATION RATE VS TISSUB DRY WEIGHT

F- a Wb

CONCENTRATION SOURCE D.F. MS . E
5x103 cells/ml Regression: ~ 1  502.620 599.36
-a=0.505 _ Reszdual 102 - " 0,838

b=1,245 . -

- 10x103 cells/ml Regression 1 .,222.413"660.89'“
a=2,513 Residual - 87 - 0,336 _
b=0.972. . . .
15:(10rr3 cells/ml “Regression b 1 13f;434 164.18
a=g,182 . . Residval . 90 - 0.807
‘b=0.730 - CL s R _
20x103 Cells/ml Regréssion ! 101.441 169.48.
a=4,383 Residual 38 " 0,598
b=0.831 . : -

4 ‘ !
25x103 celis/ml Regression 1 62.078 66.21
a=3,436 _ Residual 50 0.938
b=0.855 o T
INGESTION RATE”VﬂﬁfISSUE DRY WEIGHT
IR = & WD

' CONCENTRATION  SOURCE b.F, MSo” F

. oL . -
5x103 cells/ml  Regression 1 475.524 535.68
a=3,75x103 Residual = .102 0.888
b=1.19 -
10x103 ceils/ml . Regression 1  .,214.409 531.37
a=2973x10% cells/Residual 87 Y 0.404
b- 0 - 9 4 3 ' ' 4 ‘
15x103 cells/ml - Regression 1 129.724 155,78
a~1,206x105 Residual 30 0.833 - :

. b=0.728 S . -
20x103 cells/ml Regression "1 103,324 143.11-f‘
a~8.80x104 "Residual 38 . 0,722 -

b-o - a 54 - l ’ ) =
25x103 cells/ml Regression ' 1 59.695 73,39
a=9,87x104¢ . Residual 50 0.813

b=0,837 S ‘ ‘ |
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TABLE A-24
7
Regression analy51s of the ‘combined effect of algal

concentration and tissue dry weight on ‘the ingestion
rate of juveniles of Placopecten magellanicus.

IR =.0.066 (W)0.939 (conc)1.388. ' B
Source of variation D.F. ' MS ) F RZ
Regression o 2 637.789 °  7.334 0.797
.Residual 373 . '0.869
- ’ * \‘ \-‘ .l
(_ '
I W )
A / v
- . ]
- a
N , [
‘@
. . <
¢ & ' --.‘ -
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