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In 1979 and 1980 two genera*ions of turbot larvae were ‘ed with

masgs~cultured £ood organisms such as rotifers (Brachi onuq) }3

‘and Acartia). In the 1979 experlmento the larvae reached

rmetamorphosis after. 30 to 36 days and at a length of 22 nm, S
rearing tcmpnratures being 13.2° to 17.8°c. In 1980 the tvmperaturegz
ranged between 17.0° to 21.8°C and the larvae metmquphesed
from day 17 to day 26 when they measured 16.8 mm. Sur#ivél rates ~§ﬂ

from day 3 to metamorphosis were 50 % for the 1979 ané 34 % .
for thc 1980 experiment. .

+) This study originated from the cooperative project of the
I.£f.M., Kiel and the G.X.S5.S. Forschungszentrum Geesthacht. '
The project is financed by the chcral Ministry for Research
and Technology, Bonn. 3
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Introcduction

Based on assessments of the biolcgical and economic factors,
PURDOM et al. (1972) have demonstrated the potential of the
turbot (Scophthalmus maximus L.) as a species for marine agun-

culture. The successful weaning on dry diets and postmeta- ,
norphosis feeding with artificial feedstuffs for further fatte-
ning is described by BRCMLEY (1978), PURDOM et al. (1972), and
KUHLMAMNN et al. (1980). The development of turbot production cn
a commercial scale has been impeded by difficulties in{ﬁhe
larval rearing process. Almost all experiments ccncerning
rearing techniques used rotifers for initial feeding, followed
by Artemia nauplii and adults until metamorphosis (JONES, 1972;
KINGWELL et al., 1977; HOWELL, 1979). In trials with exclusive
Artemia feeding, the survival rates were found to be very low

{ <10 ) and the time span until metamorphosis was very long
fup to 70 days). Therefcre a key factor effecting successfui
propagaticn was probably the lack of suitable larval nutrition.

Recently, the feasibility of weaning early stage turbot larvae

0f 6 - 17 mm (2 - 3 weeks old) on to commercial salmon starter

diets was demonstrated experimentally, obtaining good growth and
survival rates of 10 to 70 % during the weaning phase (BROMLEY,
1978) . The partly replacement of Artemia by focdstuffs with variable
ingredients contributed to an improvement nf the rearing procedure.
An alternative cpproach is seen in the use of different cultured
planktenic invertebrdtes right from the beginning of larval

feeding. ‘ | ‘

In the aguaculture station Kiel-Bilk, experiments during the
last years aimed at the establishment of cultures of algae and
differcnt invertebrates as a basis for rearing marine figh
‘larvae. After a period of testing the technical and biolcgical
foundaticons for the cultivation andysuitability'bf green algae
(Nannocﬁldris), rotifers (Bréchionus pliCatilis), calanoid and

harpacticold copepods (BEurvtemora affinils, Acartia tensa,
and Tigriopus) and mysids (Neomysis integer)’ (NELLEN et al.,
1979; WITT et al. 1980), first cxperiments were carried out on




the rearing of turbot larvaee as consumers of the cultured
ocrganisms, ‘

This paper deals with the 1979 and 1980 outdoor experiments
on the rearing of turbot‘larvae on cultured food organis 'un
to O-grcup fish. Some observations on the weaning and crowth
of the O-group fish on different artificial and na+ura1 dieta
are added, | o

Material and methods
During the spawning seasons 1979 and 1980 eggs of turbots from
the Western Baltic €ea (Langeland) were fertilized in filﬁered
sen water (15 /oo S). For incubation the eggs were Spread‘

ut on a SOOIMm nylon guuae that was mounted hori zontically in
a partly shaded 2 m3 tank. This had to be dcne as the eggs of this
subspecies of turbot are not buoyant, (KUHLMANN &‘QUAN2313198O).'
A constant water flow of ambient brackish water was set with
salinities of 15.4 (+0.3) % and temperatures of 15.5 (+0.3) °C
in 1979 and 16.3 °/oo § {+0.9) and 16.2°C (+1.3) in 1980, These

bemperw+urc—salin1ty conditions were found to be close to the

O

opblmum for the incubation of turbot eggs of this or*gin
(XUHLMANN & QUANTZ, 1980).

After hatching the water flow was stopped and the nylon screen
removed. For the 1979 experiment the newly hatched larvae remalned
in the incubation tank and cultured green algoe (Nannochloris)

were added. For the 1980 experiment the 2 days old larvae were
transferred from the incubaticon tank into a 2 m3 rearing tank which

had been prepared with an algae population.

Lcmpnrutuuw, salinity, pH, Nﬂé, and NO, were measured rogularly.
llows

49

Mean values and range during the experiments were as fo



Trial I. (1979) Trial II (1980)
Mean Range Mean -~ Renge :
°c C . 15014104 0132 - 1708 19.2 & 1.4 17.00~- 21.8
s °/oo 16.9 £ 0.7 15.6 - 18.0  17.2 £ 0.3 16.6 - 17.8

pH ~© 8.74+ 0.2 8.40- 8,92 8,36+ 0.3 - 8.06- 8
NO, (mg + 1™V 7.5 + 6.4 6.6 - 20.3  2.39+.1.4 0.7 - 5,
NH, (ng + 1)) 67.3 £49.5  14.0 -201.6  78.0 £73.8 . 2. .6 = 215,

Tha larvae mere measured for - total lenqth, standard lcngth,‘wet
reight, and dry weight. At the same time the stomach contcn* wa é
examinaed. The density of the food organisms was deterﬂined o
dally. Mortality rates were estimated from numbers of dead larva“
regularly si phoned from the tank bottOﬂ and from the reﬂuxn ng
larvae at the end of the rearing phase as well. In 1980 the
initial numbcr of larvae could be oxactly det ermined duréng .
tranafer,au‘only an estimate could be taken in 1979, The feedlng Ll
schedule was similar in the exgerlmentsof both years:ffeeding ;?“fp
otarted 3 days aftexr hatch when the Following cul ured Food o*ga~{if“
nisms w ere addad to the rearing tank: ; ’ “g .
1) rotifers: (B*achionus plicatilis) and harpact coid- naupli*’ A .
(Tiqriomus) FrOﬂ a2 mj Brachionus culture, fed with algae,: ff“z
2) calanocid nauplii (Eurvfemora affinis (80 %) and Ac~rtia '
tonsa (20 %)) and ‘ A
- 3)  adult calano*d copepods (E. affinis and A, tonga) ‘ané
cladocarans (Podon) (thé latter weare &Vailubl@ cnlj in 1979)

all harvested £rom 30 m

zooplankton pelycultures,

The different food organisms were taken frem the cultures by &
aeleoctive harvesting system using different mesh-sized filtexs.

Resulys
Tom..Crowth - |

Grewth in weight for both year groups is shown as a semi-~log ‘
curve in Zig. 1. The data for dry weight given in Tub " Ia and

Ib are partly nmeasured and partly.calculdted from total length-



"= 5. -

weight-correlation formulae given by JONES (1972), which corres=
pond well with the present data. ‘From the growth curves and from
daily growth rates for different periods it can be seen that |
after an initial gtagnation'of the weigth until the. sturt'of
ieﬁdiﬂg, the larvae were growing quickly with max. qrowth ratesg
of 23.0 % » d”' in 1979 and 32.0 % + @' in 1980_(?ab.;,x),'gq

With approach of mntamorphosis the gronth rates. decreased.p

irst changes indicating metamorphosis were obgerved7 roﬂ day
30 on in the 1979 trials, In 1980 such changes stax ed al*ea&y I
at day 17 Du*ing this time daily growth rates, were 7 2. (1979);L,° ?
”“nd 1.9 % (39 o), reapectively. Later on the both growth cu:vaa~“ﬁ“*:
ware almosts iéentical,zthe dry weightstof theu1980 la“vae bﬁinq~gg"'
littleals “hun the«weigh+s meaaured in 1979. ’ .

,h‘j

3

The g*owth in 1cngth ( g. 2) was al»o very similar 1n both
years w;th_sl ghtly . higher values for tne 1980 lax vaa»gxcwﬁ”ut~'
higher temperatures. T

ZI... Fogd ' ,

Initial feeding was startaed from the third day on bv c‘ze*lnc a
nixture of rotifers (Brachionus) and nauplii’ (Eurvtemo“a,fucartia',‘
and Tiorlopus) to the larvae. In the course -of the experiment
bigger SHrganisms (copepodiao and adults of Eurvta“ara ana uﬂa*tia)

were added to the rearing unit. The dally avnlagc concentrati nS“F*

cf focod oxrganisms pexr ml were:

1979 . 1980
Drachicnus | 3.2 2.0
nawplii 0 . 2.0 0,5 "
}ce@apcditesf' f »l fLa}‘! o ‘72;63
adult capeyoﬁes} KICIRIEES S 1.3
Podon o U 0405 -

The stcmach analysis are listed in Tab. Ia and Ib. In the 1978
exporiment the ingested f£ood organiéﬁs shifted from smallerx



er ones (copepodids) frem day 14 on at a
5.7 mm. Though Brachionus was present at hich

density the larvae did not feed on them during this year,
In 1932 a change from neuplii to Brachionus was cbserved betwaon

day & and 10 when the fish length measured 5.6 mm. The change:
to adult copapods began at day 21 (12.4 mm). At this lengt

the larxrvae of the 19279 batch turned to feed on Pcdon. Podon
ccvld nct ke offered in 1980. |

During daylight, no distinct rythm of £cod intake was obsgrved.

A

“he number of focod organisms in the stcecmachs of the larvae Y

roo
szmpled every 2 hours during the light phase of 3 days in 1979,
increased towards the evening, The same findings were ~Vportﬁd

by LAST (1973) for other species of pleuronecti:orm larvae.

the stomach contents of the larvae expressed in ug dxry welcht are

shown in the lower part of Fie. 1. The weights of the lngested
fozd were guite similavr in‘the two yvears until day 26. Then the
vptake of gggmg increased the stomach content of the larvae from
127 During motamorphosis a decraafe in focd uvptake can be seen

(43
AT
in bheth cases (n@tamorphouis,1979: day 30 - 36, 138C: ay»17:4,26};

RILEY (1966) described similarly declining ingestion rates during. -
motamcrphesis for the plaice (Pleuronectes platessa). The *acrease 

in focd intnke resulted in a weaker growth, as was. ment lene 2 absve.‘j

The wvizkle hateh during the blccc“ng pexicd undoer “he iy
tomserasura and salinity conditions was close ta'SG % (URLMALR
& QUANTZ, 1230). The 1979 cxperiment was stavtaed thres deys o
moakehing thh‘angrav;x tely 500 larvae which had étayﬂd in the
demz hank aineg hatching. In the course of the mxpcriw"q“ Z00
of the Zish wore token f£or dnvestigations, Thzee lamvac wore
token intce consideration for further caleulations, Highoeot
mortality (41 8) ccourred between éay 17 and 22. This was t
aring which the ﬂwimblgdéer was filled. At the eond of this

it
yae o (
1
W
o))



pericd a survival rats of about 50 $ was estimated. No- further
mortality was obsavved afterwards, In the 1200 experiment

650 larvae ware trans er:@& fLrom the hatching unit *n o the

(5

tanik. This hendling may have induced a high morta lity ln th
following deys, A further moxtality during ﬂxfmbladéar;filling>
was not cbssrved during this vear. 42 larvae were taken Zor

rﬂ‘suremwntsn The ovvrdil nmeortality £rom day 2 to aas

L
e
e
.
=
o
]

IV, Weaning ond _poot

aning_ond postiotamorphesis QYOWth T
Affter metanorshosis the young turbots could be wawne& ea i’} on .
cliferent ncﬁ~living focd such as pelleted trout feed a4d p*ecps
accepted after a ccr$cé of. ‘
d was offe:ed The h ring nipcev

; cn. No mortality occurred

ixents were carried out using erout “QQ§ 
T nm) , herring meat, living mysids (EESQX&&ﬁj'>
intecer) from cultures, and combinntions of herring “xd.mysids”and
treout feed and mvaids (WUILMANY ef al., 1980). Though a1ﬂr§j *
dict was accopt tad, it did not result in as good a growth rate as
was cboerved when herring meat was fed (Fig. 4). Thé Qvexdll"éaily-
tod afier WINBERG 1960)‘varied from 4.07 %
for trcut feed to 4,58 % for herring meat fe ‘

s
a
. . . sl o A ny . gy Lo P . -
conversion exprmogssed an food dry waight puor gain in f{ish wet
I

* . H
woloht was aprimesed to ba 0,.%4 for herring muat7and>1.43 Ffor
~ront food, Whe nddition of livino mynids to tho diots positively
inflivonend thoe growsh aund food conversion rates.

3 ~s ' o ’ ) . ) ) - T . e B . +
vethod for wearing £ish lavwvae dg hased on the
shionus and Artemdn nay plii. Inotead of the

SARLEA A REEEESD

3 ey * .y oo - s 2 ymgay -en Y

Lal food oxganism Axbtomia, wo alternatively
W ey ey 6T ey Faks wmpese ] a w‘pri o oan “5 = g; g ""C‘"‘I Y 1-:‘: {f-ah {"QQDC(‘H! 3 *vi*{:!‘l

QI Israd magn-onLiiuy SO0R mti bon orcanisng whie { T WAL

(TN

tha lawveyne i thofraaturol environosont. With tthis Qsibl

nutriticonsl deficlisnecies may best be avoided., In Jeopan, the food

rhase a n the ¢ollcwing weeks. In 1979 c0ﬂna¥




combination of rotifers and copepods is already successfully
enployed in the cultivation of the red sea bream and other marine
fish while in Europe, all efforts to rear turbot larvae up o

now relied cn the use of Brachionus and Artemia only.

The turbot larvae shcowed different food preferenccs(in 1879 and
19EC, In the 1979 experiment almost no Brachicnus were taken

when of feued together with nauplii, In 1980 Brachionus played

a significant role as a food organism after nauplim,W&:efnot?
taken anymore and before ceopepodids were acceptéd._The reason{fgr
this is unkncwn. In spite the walls‘and bottom of the tanks were
engely colonized with harpacticoids, these ccopepods were foﬂnd-

QA

caly occasionally in the stomachs.

The orosvth curves of the larvae of both batches are similar,
differencas are found mainly fcr‘thehfirst 10 days, when the 1580
laxvae grew with a dailly rate of about 30 %, This was O*Ob:b‘v due
to highor rearing temperatures in 1980. Stomach conten s w¢re

fornd to be lcwer in the good growing f£ish larvae, but cheAsmdller
number of larvae investigated have to be kept in rind when '
discussing these differences. The relatively slower weight inczease

during the second half of the 1980 experiment wa liﬂely caunged
%

2l
.

by the lack of bigger food organisms (Pedon) du ng Lh$s~'ea
Podon was also found to be the meost important good ovﬂanigm for
turbot lmrvaé caught 1n the Hoxrth Sca {(LAST, 1279).

Compzrable growth data are avélleble only from HOWELL (1279} and
Ly,
>t larvas ak 177C and

SCOTD & MIDDLETON (1979}, who reared turbho

-0 W - '
167C, regpectively. HOWELL rceportsd a lencth of 8 mm at day 17 -
comparad with 6.9 mm to 2.0 mm in our study. In the growhh experi-

monts of ICOTYT & MIDDLETON wihe added different spoo

1
Q
Fh
— ﬁ
el
‘ 4
w *
e
3
.
f2
ol
“
[N
}—)

to the Zood, tho }(rva& graw tc a maxninum sizc
day 231. In our experiment mean lang%h thean awcun,cd uO 19,6
2)

and 22.0 ma (1980), raspectively.

Contrary to suvival rates of 50 % and 34 % from day 3 to the end

of motamorphosis as we had choerved, XINGWELL et al. (1977)




repcrted an average survival of cnly 15 § for the pericd from
day 2 to day 20 and JONES (1974) achieved maximun survival of

4.6 & from day 7 until metamorphosis.

The lower survival rates in 1980 may be explainea byfthewstroas
that was induced by the transfer of the early larvae. Another

reason for better survival may have been an ear ler. blocQ;CE micréf_ :ﬁ
algae in the rearing tank during 1979. The high ﬂortali n 1979, -
probably caused by difficulties in £illing the gw4ﬂbladdar, did

not occur in 1980. PURDOM et al. (1972) suggested .bat d*iﬂi-

culties may be due to lcw oxygen tension, but as the: CYYGGR

saturatidén in the two vears were aimllar in our expnr ments fu*ther
studies on this phencmenon are ncceqsary. '

Ancther impreverent related to the feeding of natural rO“ﬁ o*gan¢sm"

to the turbot larvae 1; the time the larvae need to ‘reach meta
morphosis, This lasted 30 - 36 days in 1979 and cnly 17 - 26 days
in 1980. when the mean rearing temperature was almost C hiuh&”-

than in the 1979 experiment, This was much shorber»ﬁhan,the

pericd of 45 = 70 days found by JCONES (1972) at a rearing tempora=

ture corresponding to cur temperatures in 1979, We found that

w

metensrpheosis seems not to be size dependent,




Tab. Ia: OGrowth and stomach corxi.t {average number and ary wci‘; of food organisms * larvae
of rurbot larvee reared in 1979

N . R Caverage
v stoma onte: : :
o TL dry weight . »tog-:chtch content (-P’#-)v:- insect larvae stenach conts o
, 2 Brach. Rauplii ad. Ccp. ilarpact, Poden ~ .
mate: L (mm) o fmg) L e T ( ornthva) (ug dry weight)

hatching Y
" : ¥ m— : > -
O - JERT SE R S TP U AP .

g2 - 3.51 . 0,080 - e s e - -
22, 3.59 0850 - 45 - - = - 1.3
| 3.82 0,074 - - 8.8 - - - - 2.6
25 0 4.0 oJ101F - 7140 - ‘O.B,A - e - ' 1o
35 . 420 . OJl6x - T10.8 0 o 0.5 - - 4.0
4.55  0.70F 0.1 3.8 07 T T
4,63 0,186+ - 20.0 1.6 = = - 11.6
s.02 0.6 0.6 250 . 08 = 02 G = . 13.0
5.70 . 0.484+ - ps o1 =07 - = : 20.6
6,20 1,10 + 7.8 3.0 . 66 - 22 . - 54.3
10.66  3.76 - = .89 - 120 - - 175.2
15,32 11.4 - - 2 - 12,8 . - - 290.8
esa 04 - =t = om0 = 8L
: ;2155 . 26‘8,’>. ?;_ - . 62.0 ;f.;  7 : f\34;'” S - 217.0
) 22,6 3.6 T ;,*f7f'1557*42 0o - 50 - 200
s A 290400 7044 S ;"" 106, 0 {5-;“ 10.5  fz;g,4}3;j;p7ﬁ i 1708.0
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Tab, Ih: G

B e

rowlh end stomach content (average nunbex and dry weight of food ovganisns - larvoa
of turbot 1arvan reared in 1980

stomach content (n)

days from larvae TL - dry vweilght . it o ren. o tint 4 o Averags
hatching inveat, (H ) (rg) Brach, uauplLit Cepepod, adult Copen. stomant cont.
' e e {ug dry w.}
1 7 2,64 0.050 - - - - - -
4 3 3.49 0.042 _ - 9 - , - - 2.7
6 3 - - - 13 - - - 3.9
10 5 5,65 2,33 16 3 1 - - 11.4
13 5 6.45 4,31 11 - ~ 2 - 9.0
18 5 10,2 5.24 13 ‘ - 11 2 : - 43.0
21 4 12.4 5.23 17 - - 43 2 230.0
26 4 16.8 12.2 - ' - - 57 - 256,5
31 3 22,0 20.0 - - - 116 4 578.0
40 54 27.8 36,2 not examined o o
Dry weights of food orgonicms:
(cun measurenents)
réult copn :in 4.5 ug i
»Copeprd1% 2,6 " .
Nauplii 0.3 " -
Brarhlanus plicatilis 0.5 ° L
Polychaat larvac 14,0 °




Tab, IT: Growth of turbot larvae f£rom hatching until end
of rearing experimant., The daily growth rates
were calculated from dry weights (Tab. Ia + b)
Daily growth rates
Crowth veriod (% weight increase per day,
(days after hatching) after WINBERG, 1960)
3 - 4 -4.9
2 -5 8.7 (
5 - 10 23.0
1979 10 - 17 20.3
7 - 22 21.5
22 - 30 _ 17.2
30 -~ 36 ' 7.2
36 - 45 8.4
1 - 4 .~5,8
4 -1 32.0
10 - 13 120.0
1980 13 - 2 2.4
21 - 2 16.0
26 - 31 9.7
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