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INTRODUCTION

The laboratory roaring of the lcmen solo has been hindored by tho

lack of a suitablc food,for its carly larval stages which are too small

to ingest Artemia nauplii. Although Blaxtor and Staincs (1970) report

rearing Ionon solo larvae on natural plankton, 13. mans production,pro

gramme ll'Ould requiro a food roadily availablo in large quant i -fies~' , '

The aim of ,this work, thcrcfore, was to identify casily cultured

organisms l1hich 1'lculd support thc erOiTth of carly larvac to a sizo at

which thcy could ingest Artemia nauplii. Fivc organisms wore tosted:

thc marine flagollato Dunaliolla tortiolocta Butchor; an unidontifiod

hypotrichid ciliatc, thc 'vincgar oelworm' Turbatrix sV.; tllo trocho

phoro larvao of thc musseI, ~Ivtilus cdulis L.; and the marine rotifer

Brachionus J2.1icatilis Hullcr. Tho lattor organism is lridoly usod in

Japanese fish eultuX'c (Harada 1970) und allous grOlV'th of plaico and

solo larvae to motamorphosin (HeweIl, in prop.).

CULTURE OF THE FOOD ORGAHISNS

(13.) Dunaliella tortiolocta was culturod in sterile sea uater contained

in 20 litro spherieal glass flasks and enrichcd according to tho formula

of Provasoli ~ al. (1957). A pH of 7.5 to 8.0 was maintained by aerat

ing with 13. mixture of air and carbon dioxide, in appropriate proportions.
bTemperature uas controllod at 21.0 ± ,1.0 C, I:l:nd il~umir;a~i(;>n provided ,~y.

groups of 30W 'daylight' fluorcscent tubes.

(b) Brachionus .nJJ-cati1i~ uaq cultu:r:ed,in full salini,ty soa "mter in".

60 x 30 x 30 cm open perspox tanks using]2. tortiolocta as food~ ,At a

temporature of 18 ± 1.00C. Cultures were gontly aoratod and continuously

illuminatod by li@lt from tho flagollato culturc systom. Each day 30 per

cent of cvery culturc HUG rcpluccd ui th 13. frcsh flagolla to suspension "

and tho rotifors concont~atod using a 60 ~m mosh' nylon not.
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(c) A hypotrichi<l_cilia~o of approximnte dimensions 90 x 60 11m "ms a

common contnminant of some of tho rotifer cultures. 11. concontratod

suspension of tho organism was obtnine<l by furthor pnssing thc rotifer

mlShings through 0. 25 11m m6sh nylon not.

(d) Mussel trochophores Unripe adult Nytilus odulis were brought into

the laboratory during latc February and conditionod in tanks of well

noratod, running sea 'l'rater at a tcmperaturc" of 10~0-12.0oC for a minimum

period of two wecks. Conditionod mucsels, when stimulatod by violent

shaking in a plastic buckct for 2-3 minutes, sparmed within 12 hours on

being replaced in lightly aorntcd static Sen unter at 15°C. Uithin

24-48 hours, trochophore larvae devcloped uhich could bo concentrnted

using a 25 11m mech nylon net.

~ I ...

(e) Turbntrix sp. Small quantities of this nomntode wero cultured in

a vinogar solution.

(f) " Artemin nauplii \Tore hntchcd from CGgs of San Frnncisco origin by

a techniquo similar to that described by Riley (1966). Bntches were

hntched daily so thnt nauplii '-loro ahmys 10s8 than 1 day old uhon fod

to the larvno.

LARVAL FEEDING EXPERHIEllTS

Lomon solo larvaowore obtainod from pond-spnwnod oggs incubnted

under standard conditions in 60 x30 x 30 cm black polythene tanks.

Eggs incubated at 7.0 ± 1.0oe and 10.0 ± 1.0oe hatched after appro~~-.,

mately 12 and 7 dnys rospcctivoly.

An exporiment ,-ms co.rriod out in 1 litre benkers to dotorminc

whcther nny of tho avnilable or~anisms had nny value as a food to first

feeding larvae. Tuolve 1 litre beakers 'l"1Cre cach stocked ui th25 lute

yolk-sac larvae and euch of the fivo foods offcrcd ud lib. in duplicnte

boakers, with the remaining two boal~ors sorving as unfed controls.

Doad larvao wore countod nnd romovod daily. Only mussel trochophoros

and rotifors supportod survival:

Food offered

]2.. plicatilis
Mussel trochophores
']. tertiolcc'ta
Ciliatos
Turbatrix sp.
No food

Menn survival
after 7 days (%)

8$
87

6
10
10
10
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In 0. largor scaleexporimont, onrly larvao >lere offered 0. mixture cf

rotifern and trochophores. Tuo standa.rd 60x 30 x 30 cm reo.ring tanks

wore each stocked.w~th 500 late yolk-so.c Inrva.e, gently aera.ted und irri

guted with 0. flow cf fresh nea. wa.tor at 0. rate of 2~3 litres per hour.

IIIUminntionwas provided for 12 hours per dny by 40lT 'dnylight' fluores

cent tubes civing n light int~msity of 400 mc at the unter surfo.ce.

Tempor.ntures vnried bot~lCen 9.5 und 13.50 C (Fig. 1). Dead larvue '"lOre

counted and removed every 2 duys. Poriodicully, reprosontativc snmplos
.. " .':

of st~rvcd lurvue were preserved in 5 pür cent formo.ldellyde in u sto.ndard
" .,-

physiologicul suline, ufter nurcotizution in MS222, und Inter woighod und
, :

moasurcd.

Food, initinlly 0. mixture of'trochophoren nnd rotifers, "fUS first

offered 8 dnyn nfter hntching. An oxnmina.tion of thö cnrly snmples,

prior to preservntion, indicnted thnt the lnrvne were exercining u high

degroe of selection in their feeding behnviour. On dnys '12 and 20 0.11·,

fooding la.rvae conta.ined only trochophores in their gutn, ulthough both

foods hnd boen shoun to be ncceptnble. By day 29 0.11 Inrvae 1'lOre feod

ing cxclunivoly on rotifors so trochophorcs Here no loncer offerod.

Surviving la.rvuo were succensfully transferrod to u diet of Artomiu

nnuplii botwoen duys 40 and 52 (Fig~ 1).

Cumulative survivnl vnlues hnve been cnlculnted from" the mortnlity

dp.tu, 0. correction ho.vinC been mnde for those Inrvae romovod in sumpling.

The pattern of mortnli ty' (Fig~"1) ..ms similnr to those obtaincd with .. , .

cnptive populntions of other flatfish lurvae, a 'critical period' of

compnro.tivoly high mortc.lity being followcd by aperiod of 10iT, gra.duul

mortality (Shclbournc 1970). However, thc cnrly mortnlities of lemon
'\." ,

so~q ,:I;nrva.c uqrc severe compo.rod uith thone of larvul pluice and sole

rearod under similar conditions, only 32 per cent surviving to duy 30.

,;; Thcrenfter, m~rtnlities i'TOr~ low ..Tith tho further loss of less than

10 per ~ent ovor:thc romuining 65 days of the experiment •

. The iomon solo lurvno grew from'a meun'lcngth of 5.8 mm (0.23 mg)

nt the end of the yolk sac stage to a mean length of 19.5 mm (83.5 mg)

":~.,(Fig. 2) "Then'more than 70 per cent hnd reached stage 5, as. described

by Rylri.ild (f9~6) for plaice larvae. Larval dovelopment shovled impor

tant differences from that of thc·plaice. Uhereas the larvae

metamorphosed at a larger 3ize, the migration of the 10ft, cye commenced. '

earlier relative to the devel?pment'of"the heterocercal condition of the

caudal fine 'Asymmetry occurred before the upturning of the notochord

. with the' left eye 'visible from the right side ~efore the angle of noto~

.' 0chord had reached 45 •
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From these data the relationship between logarithmic transformations

of larval length (L mm) and ,,,eicht (U rog) is described by the equations:

loge 'il = 4.9031 loge L - 10.2377 (S.E. = 0.1963) (1)

log' L = 0.2019 log W+ 2.0904 (S.E. = 0.0398) (2)e e

(correlation coofficiont = 0.995; n = 317).

Equation 1 is of the general form 'iJ = a + kLn uhere k is the ponderal

index and the 'y-intersect', a, is assumed to be of negligible value.

The value of the exponent, n, differs appreciably from the value of 3

applicable to three-dinlensional growth situations uhere the material

being laid dOlm is of constant density. Although the data have not yot

been analysed fully, it seems probable that this ano~aly in the result

of a continuous change in the value of k produced by changes in tho body

proportions of the devcloping larvae.

COHCLUSIONS

A technique for roaring leIDon sole larvac to mctamorphosis on cul

tured foods is dcscribed. Future studies will bo aimod at reducing the

heavy losses during the early stages, possibly by the provision of more

suitable foods. It mayaIso provo beneficial to incrcase the sizo of the

food offored to thc later stages although the harpacticoid copcpod

Tigriopus sp. and the oligochactc ,.TOrm Lumbricillus s:p. \'lore unacceptable

to larvac of 18.0 mm length.
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Fig.1 The cumulative percentage survival of lernon sole larvae
and mean temperatures.
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Fig.2 Growth In length and weight of lemon sole. larvae. ( 95°/<;

confidence limits shown by vertical lines.)
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