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In 1979 and 1980 two generations ofturbot larvae were fed ':'1ith
maos-cultured foOd organisms such as 'rotifers (Brachio~u~) a~

" __ •• L ... L,,'.

weIl ßS nauplii, copepodid.s: and adults of copepods ,~(Eur.Yte!t1o:t:~

'and Aca~t~). In thc 1979 'experiments thc larvae re~ched,

metamorphosis after 30 to 36 days and at. a,lengthof 22' mm,
rearing temperv.tures being 13.2° to 17.aoC.In1980, thctemperatures
ranged between 17.0° to '21.8oC and the larvae meta~orphosed

from day 17 to day 26 when they neas.ured 16.8 mm. Survival rates

from day 3 to meta'!1.orphosis werc 50 % for thc 1979 <:md 34 %

for tbc 1980 experiment.

+} ~his study originated fr~~ the cooperative project of thc
I.f.M., Kiel and ~~e G.K.S.S. Forschungszentrun\Gecsthacht.
Thc project 15 financed by the Fcderal Minintry for RCßoarch
anc:l T~chnoJ.ogy, Donn. . " '
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Introduction

Bascd on annessments of the biolcgical and econo~ic factors,
PURDOM et al. (1972) h.:lve demonstrated the potential of the
turbot (Scophthalmus maximus L.) as a species for marine aq'L'!.'l··
culturo. The successful weaning on dry diets and postmeta
morphosia feeding with artificial feedstuffs forfurther fatte
n1ng is described by BRO~~SY (1978), PURDOM et al. (1972), ~~d

KUI~V~liN et al. (1980). The development of turbot production cn

a coremercial G~ale has'been impeded by difficulties in~the

larval rearing process. Almost all experiments concerning
rearing tcchniques used rotifers for initial feeding, followed
by Artemia nauplii and adults ~~til mctamorphosis (JONES, 19721

KING~~LL et al., 1977: HO\~LL, 1979). In trials ~ith exclusive
~omia feeding, the survival rates were faund to be very low
( <: "10 %) and the time span until metamorphosis was very long
(up to 70 d~ys). Thcrefore a key factor effecting successful
propagation was probably the lack of suitable larval nutrition.
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Recently, thc feasibility of weaning early stage turbot larvae
of 6 - 17 mm (2 - 3 weeks old) on to co~~ercial salmen starter
die'ts was dcmo....wtrated cxperimentally, obtaining geod. gro"N'th and
survival rates of 10 to 70 % during thc weaning phase (BRO~ffiEY,

:;'

1978). The partly replacement of Artem~ by foodstuffs with variable
ingredients contributed to an improvemcnt Qf thc rearing proccdure.
&~ alternative cpproach is seen in thc usc of different cultured

plank~cnic invertcbrates right fram the beginning of larval
fccding.•
In the aquaeulturestation Kiel-BUlk, experiments during thc

last years aimed at thc establishment of cultures of algae and
different invertebrates as ü basis for rcaring marine fish
'l~rvac. After n period of testing thc technical and'biolcgical

fO....'l\"ldatians for thc cultivatian and suitability'of green ulgac
(Nannoch'loris), rotifers (Brachionus pl'i'catilis), calunoid ':''U1d

•.._____. -.._ •••• ."'-_ n",,__

harpaeticoid copepods (~prxtemora affini~, ~~~ ~~I

and !~"e.~a~) and mysids (Neornys,i.s ~!!..,q,~).' (NELLEH et al.,
1979: WITT et al. 1980), first cxperimentz were earricd out on
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thc rcaring of turbot larvae as eonsurners of the culturcd

organiums.

This paper deals with the 1979 and 1980 outdoor experiments

on the rcaring ·of turbot larvae on eult~~ed food organismz up

to O-group fish. Some observations on thc weaning and growth

of the O-group fish on different artifieial and patural diets

are addcd.

Ma~eria:l. and methods

During tho spawning seasons 1979 and 1980 eggs of turbots from

the ~iTe5tcrn Baltie Sea (Langeland) were fertilized in filtered

nen wnter (15 %0 S). For ineubation the eggs wcre spread

out on a 500 pm nylon gauze that was mounted horizontieally in

a partly shaded 2 m3 tank. This had to bc done as the eggs of thi~
subspseiez of turbot are not buoyant. (.KUHLYill..~N & QUAJ.~TZ ,,1980) •

A eonstant water flow of arnbicnt brackish water was set with

salinities of 15.4 (+0.3) % und terr.ocratures of 15.5 (+0.3) oe- -. -
in 1979 and 16.3 0/00 S (~O.9) and 16.Soe (~1.3) in 1980. These

tCffipcraturc-salinity conditions ware found to bc elose to thc

optL~W1 for thc incubation of turbot eggs of this origin

(KUHLH,l"\1~N &. QUANTZ, 1980).

.. After hatching the water flow was stopped and the nylon sereen

removcd. Por thc 1979 experiment the newly hatchcd larvac rcmained

in thc incubation tank und cultured green alg~e (N~~~~i~)

were added~ For thc 1980 experiment thc 2 days old larvae ware

~ransfer=cd fro~ the incubation tank into a 3 m3 rearing tank which

had bcen prcpClred with a."1 algae population.

7emperaturc, salinity, pH, NH4 , e.nd N02 were r..cc.sured, rC\fularly.

Mean values and range during thc experiments were as foliows:
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Trial, I, (.1979) Trial. II, (1980)

Haan ~ange Maar.

"
o -': '.

5.6

8.068.06

0.7 -

, 7 • 0 ~ .- :2 1 • 8

; ,2.8 '"': 215~6
'. ':' ,

, ;,'" .

19.2 :t 1.4
17.2 ±. 0.3.

8.36=. 0.3'

2.39=..1.4

78.0 ±73.8

..,3.2 - 17.8

15.6 - 18.0

8.40- 8.92

6.6 20.3

14.0 -201.6

15.1,:t. 1 • 4

16.9 ;t0.7

8.74:!: 0.2

(pg • '1-1 ) 7.5:.: 6.4

(;Ug • 1-1) ," 6 7 • 3 +49. 5-,

Oe
s 0/00

pH

N02
lUI4

.".-.

•

•

The larvae were measured for total length, standard langth, wet,
, (

wcight,and dry weight. At the same time the stomach content was

examincd. The density of the foodorgnnisms was detcrmined

daily., ~1ortality,ratesware estimated from n~bers of dead larvac

rcgularly siphoned fram the tank bott0r:l:,and fram :thc'remn.ining

larvuc at' the end of the rearing phase aswell. In' 1980, the'

initial nwnbor af larvae could be exactly determined during';

tr~.nS:fer, as only an estimnte could be ta.~en in 1979'. 'Tho feed.1ng
schcdul~' wC\o similar in the experiIr.ents of both years:,Feeding; ,.,

started 3 days after hatchwhen the f~llo\'1ing cuitured>fo~d',o~g~':'"
~ '.'. " :

niz.m5 v:cre 'add~d to the rearing tank:

1) rotifcrs' (Bracltl-0nus plicati1is) and harpacticoid:'naupl1l.
, . , 3 ' ' '

(Tiqriopus) from a 2 mBrachionus cu1ture,' fed-with algae,'
...-:.....,..... '. : .~

2) ,calanoid nauplii (~~emora ~fini~ (80 %) ünd~c~~f~

~.9!'~'l (20 S)))) and

3) adult cnlanoid copepods CE.' aff'inis and ~ ~~),·and

cladecerans (Poden) (the latter were availableonly' in, i979)

0.11 harvcsted~ 30 m3 zooplanktonpolycultures~

~ I' "

>.,';... ,

, "
," ~;

Thc different feod organis~ß were taken freT. the. culturcs by a
GcJ.ccti'\~e harvesting system using different r.1esh-nizcd filter::>.

"

Re ßt:',l,t.n.,._...~' .......~

I.. Gro~1th ..- ..............- ...._---
Gradth in woight for both year groups 10 shown as a semi-log

C1.lrvC in ~ig. 1. The data for dry weight givcn in Tab. 10. and

Ib are partly measured and partlycalculated from total lcngth-
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waight-correlation formulae given by JONES (1972), which corres

pond weIl with the present data.From the growth curves a~d from
daily growth rates for different periods it can bc seen that.
after an initial stagnation of the weigth until thc startof
fecding, thc larvae were growing quickly with m~{. qrowth rates

of 23.0 %.d-1 in 1979 a..'1.d 32.0 % • d-1 in 1980 (Tt:U>.· II) • ,"

".';. .'

~~ith approach of metamorphosis thc gro~th ratesdec~eased.

First cha~ges indicating metamorphosis were observcd frcm day
, - -._, . ~ ,

30 on in the 1979 trials. In 1980 suchehanges startcd~already
. '. ". . "

at day 17. During this t~rne d~~l~ growth rat~s_ were? ~~. :'S, .(;~979)

and 1.9 % (1980), respectively. Later on the bothi.growth~~,cu:::ves

\lCr~~ nlmont.;;;j.de.ntical, '.·,th~::.dry<weights~."of the 'l1.980cla::;vae.:~be.ing·.:_..iJ: '

lit.tle(~-1'eszl.t.~a."'l .t..l-t.e~:,..weightn measured in 1979.

Thc growth in lengt..~ (F19~ 2) was also very similar in bo'th·
years with slightly higher values for the 1980 larvacgro~m at

higher temperatures.

", .~.

.,.\

..:~.-

..... ~'

"

•

.II.. Food'._.._-.-_----- .....

I+litial feeding ,-;as startöd, from the third day on byoffcring a:
mixture of rotifers (Brachionus) and nauplii" (Eurvtemora,' Acartia-_ ... .,.. ,. ~ --....,..... ... ..----
and ~~:?pus) to thc larvae. In the courso -of thc cxpcri~ßnt

bigger öraanisms (copepod:Lds, and adulte of Eurvtc~jora and Acartia)
-- , . r·.......~.... - ....,,-.., •• ·~'t

\10re c,dded to thc rearing unit. The daily average conccntrnticns""

of feod organ:!.sms per ml ,,,,ere: .
.,
,',

Drnchicnus
-,..~- -_...
nauplii

i copepodites 1
adult copepodes .",

Podon-.......---.

.. ..

1979

3.2

2.0

0.7

0.05

1980

- .
Thc Gtcmach analysis are listed in 'l'ab. Ia and Ib. In the 1979
exp;)rimont tho ingested food organi'sms shiftcd fron smallcr

i '
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bl<1\l?l.:Li) to bigger ones (copcpodids) fren day 14 on at a

fi:Jn length of 5.7 nU':'l.. Though §!..~hionus was present at high

dcnsity the larvac eid not feed on them during this year.

In 1980 achenge fram nauplii to Brachionus was cbserved bct~'l<~cn
..~ it_~

day 6 ~lnd 10 ~'1hen the fish length meüsured. 5.6 ffi."":\. The cha.'1.gc
to adult cop~pods

thc l~rvae of the

began at day 21 (12.4 rr~). At this length

1979 bat~~ turned to feed on Pedon. Podon--

•

could not be offered in 1960.
. ~}

During daylight,.no distinct rythm cf feod intakc was ebservcd.

':'110 n .........i:lbcr of feod organisms in t..'1.c otcrr.achs of t..'1e laxvae, (

:::ar:\pJ.cd every 2 hours during the light phase cf 3 days in i979,

incr'Slascd tor.'lards -ehe evening. The salne findings werc rcported

by LA3T'(1975) tor ot~er species cf pleuronectiforn larvüe.

'J.'hc stc:i11.lch contents of the larvn.e cxprcDßed in ug' dry \'lcight are

aha.rn j ••l the lOi;JC::: part of E!g. 1. The weights of thc ingested

focd -vmre quitc similar in·the two years u..'1til day 26. Thon thc

;,.l.pt:41kc: of Fadon increased the sto...'1l.üch content of the '1<::'::::""2.0 . fram----.............-
1979 .. During lw..}'camorphosis a decrease in food l..1.ptakc Cati be neon

in bcth oases (rr.ctamorphesis 1979: day 30 ~ 36, 1980: day 17 - 26).

RILEY (1966) described similal~ly declining ingestion rates during

I:l;-.;tamcrphcnis f.or thc plaice (Ple.up!..o~.c.!-_~.E pl~\!=-_~1n.s.u). Thc c.ecreas·c

in focd intnk,e rcsulted in a weaker grm-;th, as "",as, nK~:::):tioned abovB •

'rhc ViM:.,~ haten. during the brceding period undn:r.' '.::110 giv(;'n

b~:rr:?e:r:cd:':::.r.o emd salinity conditionn V1(.'~<; cloGe to 50 % Ü:u:t:II;"':Am~

(;, Q(jt.~;y,T.~p ,':30). fJ:~b.c 1979 \'J:(1)crL'1\()11t vlL1ß stc::,t:(;d t.'b.l:'()n ::!i:-:.yri (}f:t.(~j':
, ,

0::: <thCl .fish 'I.'H:n:c tn!wn for invost~gatio;:).s. ThcfiO 1<.\:7'/;).C ·.~·~l."C

tnken into considcrat,ion for further culculutions. High(~::.::t

lT.ort<'11it.y (41 %) occ~.:crcd bet\.veen day 17 and 22. This 'ltms thc

ti::rJ~ d.uring 'V/hieb. tb·; .cwi.mb~adder '\-Jan filled. At the end of this

!
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period a !J'~lrvival ratH of about 50 % vlaS estiraat:.cd .. No: fur':hcr

mortality ~vas obzr~:t°v~~d aftcr;vards .. In the 1900 cxpe:r.:_i:'311t

650 la=va(~\".er;;~ tx:anefcr:Cüd from the hatching unit into t:hc :::7'I::.;;::ing

t2.,nk. Th.:l.::; hi.'..ndling may have induced a high mortalit~r.in thc

follo,'ling dc:y~.! ~ A ft....~:t:her :'nortaJ.ity during swiIr'bl'-'.c1.der filJ.;Lng

was not oba8rv0~ dur~ng this ycar. ~2 larvae werc tnkcnfor '"t, ..
"

:r:::ea3urcr:v.::nt:.::.. The ov'crdll rJortal.i ty from day 2 to c.1ny 10 ",as

calculated to ba 66 ~~

ll>f:tcr mctar:torpl1o::.>in the young turbots could be weaned'easily on

diffm:ent non-livin~}' food such as pelleted 'l:rout feed ,fu""1d .picces

of }'l,.~::rin9 r;~f;:lt .. 'l',Y.'C1.1t feod ".\'0..8 accepted after aperiod· of

5 c;,.y:-. du):in'J Hhlch (mIy ,c.xy feod waD ?ffcred.' The herring pieccG

wcre acccpted f=c~ first' feeding cn. No mortality occurred·

during the \N~~~1ing phase nnd in the ft.")llo"iling weeks. In 1979· compa

rnt~ivc feeding e:~perim.cntf~ ware carried out using trout fced

.".:'

as

und

1980). '!'houah a drv..... . .... ,

did not rcsul~ in as geod a grcwth rate

:;(;:ed 1 !:t-n) , hüx'ring mcat., 1i,.'"lng nysids qJ.~s.rEX..:.~!:.'

frcm cnlt:ures, c,:1d co~inntions of herring aud mysids

(!.1turter

~~cut. ft..;ed RIld In:lsid;:;

d' -! '''''f- '1" '" .,..c-nn'·r,,(", ~ ,<.....~t_ v\ UijI .:.. .. \'",,-1:' ..... ~ ........ t ..~.\..

'i!aC obGcr'\~ed Hhen herring raeat was fed (Fig. 4). Th(~ o·..Terall d<:lily

:::p:o,\~th ::atcs t~D.J.cnlutcd ::1ftcr lUNBERG, 1960)' v,'lricc. fro~ 4..07 %

for treut. fecd t.o4. 58 % for herring meat. fed tu.rbot~}. Feod

D~1. f: C~U~:1~tCJ.1
r·"""""~··"'I'P"·~'lJ\<~~~_'·.o!'''''~''''

rclativcly artif

Art(~n1.t~, na\lplii.. Irlctc:"1.tl of tJ.1fJ
--"",,,,,,,,,,',,"'--,,,, '.

thc :..<:D'..··'iN'f~' i:'). 't;ru::d_;~ :1utll.rl:<l cmvi::-on;1:c:mt. 1;i5.t:.h this pOSGiblc

nutriticn~l ~8fici~ncies may best bG avoidcd. In Jopun, tho food
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combination of rotifers illld copepods 1s already succcssfully

e~ploycd in thc cultivation of thc red sea brean anä other marine

fish \lhile in Europe, all efforts to rear turbot larvae up ·t0

now relied on the use of !3rachionu~ ar1.d Artenia only.

Thc turbot larvae shcwed different food preferenccs in 1979 Q~d

1980. In "t.he 1979 experiment almost no Brachionus were takcn."'. ~

whcn offored together "rith nauplii. In 1980 ~racQ;h0~ played

a significa.."1t :::-ole as a· food organism after nauplii were not

t~~en an~~ore and before ccpepodids were accepted. The reuson ·for
thin 1s unknown .. In spite the walls nnd bottom of thc tanks vlCl:0

(
denc81y colonizcd with harpacticoids, these capepods were faund

~ cnly occanionally in thc stomachs.

'rhe ~p::O',lJth'cürves of the larvne of both batches are similar,

diffcrenc3~ a~c faund mainly for thc first 10 days, when' the 1980

larvac g=(~..'1 .....·ith a daily =utc of about 30 %. This ,"las pro;,zcbly duc

to higher. rearlng temperaturcs in 1980. Stomach contcnts. ~'".(~re

fo~r.d to be lcwcr in thc good growing fish larvac, but the sm~ller

number of l<:trvae invcotigated hawJ to be kept in f:l.indvJhc!l

diGcuGlJ.tng th..~sc diffe~cnces. The relativcly slO\Jcr \'I'cight. inc:::oanc

during thc second half of thc. 1980 experiment was likely cauccd

by the lack cf bigger food organi!:;ms (!,,_odo~) duri~g thÜ~ Yo3.r.

!?2,Q,~tl:. \..'.:l.S ülso found to be thc most importa.'1,t food orr,anisr.1 for

tlJ.rbot l,;:c,rv'ae caught in the North Seu (!...i\ST, 1979).

Ccrr:p~.r<ililo groN't.h data are avt.Ülable only from HOi..;r':;LL (1979) and
\ 1'" '::J,... " .'1::mI.E'I'ON (1979 J t '.,'I,1ho rC<::.r:e<.: -tur:;.)ot le.rvac~ a~: I ..... <.,nt.l.

cc!::t?v.red ~';i.th 6.9 :T,m to 9.0 rn::n in our 8 i;UC.y. In tlH~ gro';,.,-th e:x:p!i;;~ri

r:\cnt:3 of ECO'J:,"l' S: HTDDT..ETON ",:he uc.dcd different sp(~Giec of nl~Fu:~

'::0 t.h(,) focd # tho lar,.,ue grew ~:o a ma~d:mtlm n.izc of 11 ~ 5 :n;nt t:.nti 1

d~>:':f 31. In 0'.1.::: o~q?,:~::: ir."I.cat mann lcng-th th.~:.1. Cl.r:v::mn te.d to 1 9 .6 mrn '

of r.::ot;:h"l:~rpho.;:d_!3 cu; wc had cbnerved, KINGI·\iELL ct al. (1977)

. /-

'0"'.

.'.' "
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reportcd an average ~ur~ival of only 15 % for the pe~icd fro~

day 2 to dny 20 end JOh~S (1974) achieved maxim~~ nurvival of

4.6 % fram day 7 t~til metamorphosis.

The lower survival rates in 1980 may be explained by the strcsc

that was induced by the transfer of the early larvac~~~other

rea30n for bctter survival may have been an earlier bloe~ of micro

algae in the rearing tank during 1979. The high mortality in 1979,

probably caused by difficultics in filling the swimhladder, did

not oceur in 1980. PURDOH et ale (1972) suggested.thatdiffi

culties I:tay oe due to lew oxygen tension, but as the. o~'gcn

saturation in the t\vO years \.rere similar in our experiments further
studios on this pheno~enon are nccessary.

~~cthcr iroprove~entrelatedto the feeding of natural food org~~isms

to the turnet larvae is the time the larvae need to rench meta

morphosis. This lasted 30 - 36 days in 1979 and only 17 - 26 days
. . ·0

in 1980. ""heu thc mean rearing temperature lms alr.:l.ost 4. Chigher

thz:.n in thc 1979 e'~pcrimünt. This was much shortcr th~..n thc
period of 45 - 70 days found by JONES (1912) at a =ca~ing tcmpcra
turü corrcsponding to our temperaturen in. 1979 .. He fOu:r'.d that

.metamorphosis secms not to be sizc a~pcndent.

Thc prcscnt duta indicate that the chosen breeding and fecding
"'~'r"""" "'gie~ '"'11...-"1 J-h'''' c:u·11·~ ty o-f tl''''' "::ood o"..t"'tt:J~11rr:··· of;::ered "'lore;;:> ... t:... __e~., Q ~ ",l \.0. ~" ,j ": ...... ~,,.. - _ ",...:,...;.. . .... 'je.. .. ....-.:> ......... '" ".

resp'c~sible fer good gro~th und suvival aswell.as für ashort

.'c.:!..!;v~ peried the lC.r,\,rna necccd to perform mo-:.:arr.crphos in .. This 0.100

m~y b~ n prercquisitc for good growth rates of the O-grcup fiEh
after b",üng 'f,V'sanod to non-living dicts such es f.:l.sh roeat ';.r pcllt:;tcd

dry f(;'cd.

,,';..

. ,,~,

,. .:,

".',

\-:.'



Grc+rth anel stoffi<:lch cont.et
cf turbot lnrvac rcared in

~ -1
(avcr::..ge liul'Ol)cr and dry v·Je! _: of feod organinmr.; • larvae )
1979

days frc:n
hatching

TL
(Pl:l)

dry "\'leight
. (i"g)

BrZ'J.crt.
ntomö.ch ccl1t.cnt (n) . . L 1

! .~~ ..~"' ......-;_ lI1SaCc. arvac
Lauphi ud., COP. tIarpact. Podcn, C" , h )._ .....•........- , " \"-oret.~a .

averago
st.c:a-3.ch cent. •

. (u'] dry \,'eight)

. '- .-

~}'Calculnted after JONES (1972):

0.3 ug
3.5 u

0 .. 5 "
2.5 I1

12.0 11

1260.0 11

1.3

2.6

7.0

4.0

14.4

·11.6

0.2 13.0

0,7 20.6

2.2 54.3 ~

0

12.0 175.2

12.8 290.8

28,0 761.0

217.0

5.0 - 207.0
.. ';

4.3· . 1 1708.0

;' :

;. Eurytcf;'iora a.i:f!:iüo nnnplii
'. ..·.~opcpodH:o + <:Jlul1:;,

.Brachionns plic;;<';-J .i<~

"'harpacticoidcG
:Poc.1011!jpoc.
Corethra (inGect larvci)

", "

0.15

10.5'106.0

. i DrY~'lcights' of' food or'gnnisms:
(9·~m'r;lcnsuremcrits).. . '.'

4.5

8.8

". 14.0 0.8

10.8 0.1

0.1 39.8 0.7

20.0 1.6

0.6 25.0 0.8

32.5 0.7

7.8 3.0 6.6

8.9

39.2

121.4

62.0

42.0

:1 3.30. 0.042

12 3.51 0.040

2') 3.59 OJ,öO

~ 3.82 0.074+

25 4.10 0.101+

35 4.20 0.116+

7 11 er 0.170+.••.>1:)

5 4.63 0.186+

5 5.02 0.268+

<!' 5.70 0.484+•
5 6.90 1.10 +

'3 10.66 3.76

5 15.32 11.4

5 18.52 20.4

5 21.5 26.8
.. -; 22.6 31.6"J

A 29.4 . 70.4

t' .";

.LG695:' lnI.. - 7,,2446 «7 r.i1:l)

3~0575 In L 1~3013 (>7 ~,m)

In U '-
In "i~; •.-

33

30

3

45

4

5

G

7

8

9

10

12

14'

17

22

26

..
~', .

~ .'.
'" "

" .:~"J.'



.'.. .'
"~. ,.. , .

Tab. In:_.,;"-,.._.,..'"
Grc·":Lh and starr,ach content (average m:irnber and dry ~.I!r.d.ght of LcJ(yl O1:gdnisF~.s • Jarv.::,,-;-1)
of turhot larvae reared in 1980

days f:rorn.
hatching

larvae
invest.

TL
(mIn)

dry vicight
(mg) Brach. Ua.upli. i. Copepod. Polj"chaet lWert1LJC:

larvaa st~na~h cont.
. . .. . . (uq dt"v "10)

~__.,.,._...._ .•__Jll:«'V.__~~"-_~;;:4""~~'_~~ """""_.__""_"_._",,,,,,.~~~-,_'__~,,-,.,~~,~ __··~RJI:_'!.....J'U<<i.~~) ·."';t<-"'-.··-'.__ A""_"fI:\.c.'Y"<"'·'-·.r"."""~'_"""-"""-'-=-';'<_"""''''"'''''''-~.'".=__"__S04",,...-:.,, ,.. ....;,!:~ .•.~

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 t1.31 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 cXor1ir1ed -.....___ ~~."-.c.iP,-_..,,,....-<.W>__~~~~-"'~·..·.<:=.;·~u<_

•

Dry w(;ighta of food or']c).nJr;r::G:
(c~m r"casuremüntt;)

•

!\.ÜUlt cop0pod~;,

. CopE~podi ten
l~ aupJ.ii
Brachionus plic~tilis

Polychaot Inr'V'ac

4 .. 5 ug
2.5 11

0.3 n
0 .. 5 l~

14.0 11
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'l'ab.. 'II:__-,,-,.,ClIO','_ Grm'i't:,b. of turbot larvae from hatching until end
of rearing cxperirr.smt. The dcdly growth rates
v-lere calculated from dry ~leigl1't.s (Tab. Ia + b)

Growth oeriod
(day~ after, hatching)

Daily growth rates
(% wcight increase per day,
nfter. WINBERG, 1960)

e '1979

3 - 4

3 - 5
5 _. 10

10 - 17

17 - 22

-4.9

8.7

23.0

20.3

21.9

22 - 30 17.2

30 36

36 - '15

7.2

8.4

--------------------------------------------~---------

1 -

21 - 26

26 - 31

,-5.8

32.0

20.0

2.4

16.0

9.7

4

4 - 10

1310

13 - 211980

31 - 40
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~.~.",,~ aht g~"".rh (v_-,') nn rl .':" J'nM~ch cont""n'~<~ (o·_·~--o)f.'"'J_ .._ ~,~" -... V'",if ........... ".... ,.r,'.. ("............. k,J~...... ,i... ",~-" i,.;..J,. -,-", .......

(rnq dry \lciqht) of ':>;10 aenerations of t1.:.rbot l'>'i.r~v"a0
in-1979 (fuil line) mld

J

1980 (brokcn linc)

dry wcight
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ij. I

100~
-Ij i',

50-' ' ' .

1O
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'-. 'JI 7;~'···.·. .'-, -

. , I

0.1 -I / ....

~ . :
. ~.05~.,/)< . . ,:

.' l'~ i..-
1 '

. ~ /'
~ ,

, . ! ,/. J _/o~__o//
0.01 ? . /P---_4

::t 0'," .

0.00,51 . /t'
~l ,/ j
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•
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.. ,-
i:.J

lfie1ght increa.f3c ·of O-qrcup tu:~bot during 1979 fcedi:19'
e,:;:perim,,;~nts. (Daily r.a"t.icns: herring T.;:.(.;o.t. 25 % "Jet. \1"12 :.gl1"t
cf food por total '\.lcight of fish, t::,out :toed· 10 'f; dr.-y
'~.;cighi; cf f'ood per total woight. cf 12i811)
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