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INTRODUCTICN ,

The laboratory rearing of the 1cmonlsole has been hindered by the
lack of a suitable food for its ecarly larval stages which are too small
to ingest Artemia naﬁplii. Although Blaxter and Staines (1970) report
rearlng lemon sole larvae on natural plankton, a mass producfion pro; .
gramme would requirc a food recadily available in large quantltleo.'

The aim of this work, therefere, was to identify anlly cultured
organisms which would support the growth of carly larvae to a size at
which they could ingest Artemia nouplii. Five organisms were tested:

the marine flagellate Dunaliella tertiolccta Butcher; an unidentified

hypotrichid ciliatc, the 'vinegar celworm' Turbatrix sp.; the trocho-

phore larvae of the mussel, Mybilus cdulis L.; and the marine rotifer

Brachlonus pllcatlllu Muller. The latter organlsm is widely used in

Japanesce fish culturc (Ha“ada 1970) and allows growth of plaicc and

sole larvae to mctamorphosis (Howgll, in prop.).

CULTURE ) HE FOOD ORGANISMS

(a) Dunallclla tertlolccta was cultured in sterile sea wator contalned

in 20 11trc ophcrlcal glass flasks and enriched accordlng to the formula
of Provagpll_gg_g;. (1937). 4 pH of 7.5 to 8.0 was maintained by aerat-
ing with-a mixture of aif and carbon dioxide.in appropriate proportions.
Temperaturc was controlled at 21.0 iqT.O?C‘and illumination provided by
groups of 30V 'daylight! fluorcscent tubes.

(v) Brachiomus plicatilis was cultupcd,in full salinity sca water in

60 x 30 x 30 cm open perspex tanks using D. tertiolccta as food, at a .
temperature of 18 & 1.0%. Cultures were gently acrated and continuously
illuminated by light from the flagellate culturce system. Eaéh“dai'fdjpéf
cent of every culture was replaced with a fresh flagellate suspeﬁsion=«

and the rotifers concentrated using a 60 pm mesh nylon net.
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(c) & hypotrichid ciliate of approximate dimensions 90 x 60 um was a
common contqminant of some of the rotifer cultures. A concentrated
suspension of the organism was obtained by further passing the rotifer
washings through a 25 um meésh nylon net.

(d) Mussel trochophores Unripe adult Mytilus eduiis were brought into

the laboratory during late February and ponditioned in tanks of well
aerated, running sca water at a tempcrdturé“Of 10.0-12.0% for a minimum
period of two wecks. Conditioned musscls, when stimulatcd by violent
shaking in a plastic bucket for 2-3 minutes, spawned within 12 hours on
being replaced in lightly acrated static seca water at 15°¢, Uithin
24-48 hours, trochophore larvae developed which could be concentrated
using a 25 pm mesh nylon net.

(e) Turbatrix Sp. Small quantitics of this nematode were cultured in

o vinegar solution. ‘ ’ ’ : ol ‘
(f)"Arteﬁia nauplii were hatched from eggs of San Francisco origin by

a tcchnique'Similar to that described by Riley (1966). Batches were

hatched daily so that nauplii were always less than 1 day old when fed

to the larvaec.

LARVAL FEEDiNG EXPERIMENTS

" Lemon sole larvac were obtained from pond-spawned cggs incubated
under standard conditions in 60 x 30 x 30 cm black polythene tanks.
Eggs incubated at 7.0 £ 1.0°C and 10.0 & 1.0°C hatched after approxi-. .
mately 12 and 7 days respectively. ‘

An cxperiment was corried out in 1 litre beakers to determine
whether any of the available orgoanisms had any value as a food to first- .
feeding larvac. Twelve 1 litre beakers were cach stocked with 25 late
yolk—sac larvac and each of the five foods offercd ad lib. in duplicate
beakers, with the rcmoining two beakers serving as unfed controls.
"Dead larvac were counted and removed daily. Only mussel trochophores

‘and rotifers supported survival:

Food offered Mean survival
after 7 days (%)

B. plicatilis . 88
Mussel trochophores 87
'D. tertiolecta 6
Ciliates o 10
Turbatrix sp. , 10
No food ) a 10




In a larger scale experiment, cerly larvac were offcred a mixture of
rotifers and trochophorcs. Two standard 60 x 30 x 30 cm rearing tanks
were cach stockcd_withIBOO late yolk-sac larvac, gently acrated and irri-
gated with a flow of fresh sca water at‘a rate of 2+3 litres per hour.
I1lumination was provided for 12 hours per day by 40U 'daylight' fluores-
cent tubes giving a light intensity of 400 mc ot the watcr surfacc,
Temperatures varicd between 9.5 and 13.5%C (Fig. 1). Dead larvac were
counted eﬂd rcmoyed cvery 2 days. Periodically, represcntative sqmples‘
of efefﬁed larvac were prescerved in 5 per cent formaldchyde in a standard
phy31ologlca1 saline, aftor narcotluatlon in MS222, and later Ublghbd and
measured

‘ Fogd, initiaily d mixture of "trochophorcs and rotifers, was first
offered 8 days after hdtching. An cxamination of the eariy samples,
prior to prcsorvﬁtion, indicated that the larvae werc cxercising a high-
degrece of sclection in their feeding bchaviour. On days 12 and 20 all-
feceding larvoe contained only trochophores in their guts, although both
foods had been shoun to be acceptable. By day 29 all larvac were feed-
iﬁg exclusivoiy on rotifers so trochophores verc no longer offercd.

Surv1v1ng larvac were successfully transferred to a diet of Artemia

_nauplll between days 40 and 52 (Frig. 1).

Cumulative survival valucs have been calculated from the mortality
data, a'COfrcction haviné bcon made for those larvac rcmoved in sampling.
The pattern of mortality (Fig. 1) was similar to thosc obtained with.....
captive populations of other flatfish larvac, a 'critical perioed! of
comparatively high mortality being followed by a perioed of low, graodual
mortality (Shelbourne 1970). However, the carly mortalities of lemon
gele.lafvec were'severe compared with those of larval plaice and sole

reared under similar conditions, only 32 per cent syrviving tq day 30.

“fPhereafier, mortalities were low with the further loss of less' than

10 per ccnt over the’ remalnlng 65 days of the ‘experiment.

. The lcmon sole 1arvau grow from a mean lensth of 5.8 mn (O 23 mg)

at the end of the yolk sac stage to a mean length of 19,5 mm (83 5 mg)
Z(Flg. 2)_when-more than 70 per cent had reached stage 5, as described
by Ryland (1966) for plaice larvae. Larval development showed impor-

tant differences from that of the- plaice. Vhereas the 1arﬁae
metamorphosed at a larger size, the migration of the left eye commenced

earlier relative to the de&elppment”of'the heterocercal condition of the
caudal fin. - Asymmeiry occurred before the ﬁﬁturning of the notochord

“with the left eye V1s1b1e from the rlght side before the angle of noto—

chord had reached 45



From these data the relationship between logarithmic transformations

of larval length (L mm) and weight (U mg) is described by the equations:

" 1¢ge U o= 4.9031 log, L

10.2377 (S.E. = 0.1963) (1)

0.03%98) . (2)

it
il

log, L 0.2019 log, W + 2.0904 (s.E.

0.995; n = 317).

il

(correlation coefficient

Bquation 1 is of the geﬁefal form W = a + kL™ whére 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-dimensional growth situations where the matcrial
being laid down is of constant density. Although the data have not yet
been analysed fully, it seems probable that this anomaly is the result
of a continuous change in the value of k produced by changes in the body

proportions of the developing larvae.

CONCLUSIONS ‘ ‘

A technique for reariﬁg lemonjsole larvac to mctamorphosis on cul-
tured foods is described. Futurc studies will be aimed at reducing the
hcavy:losses during the early stages, possibly by the provision of more
suitable foods. It may also pro&e beneficial to incroase the size of the
food offered to the later stages althpugh the harpacticoid copepod

Tigriopus sp. and the oligochactc worm Lumbricillus sp.wcre'unacceptabie

to larvae of 18.0 mm length.
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Fig.1 The cumulative percentage survival of lemon 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 Llines)




