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This paper is trying i to ,give some prelimina~y figtires on food':"

rrition, "increarieo~ w~i~ht end conversion of foodofplaice

(Pleuronectes platessa) 'flounder (Plati,chthys flesus Y and turbot
(Psettamaxima) in the first summer of their life.

Juvenile plaice were caughtby a shrimptrawl in the creek "Sand­
loch" of the Northfrisian shallow off BUsum between June 1 ..:. 14,

)965. Trawling-time was 50 - 60 minutes at a depth of 1,~ -
, , , '0'

,3.0'm.The surface-t~mperaturewas 16 - J7 C. 29' sampIes were
chosen for' my investigations. :Ouring the time of---observation the
population' was very, st~tion~ry witli 1ittle or' no ' exc'ha'il'ge' wi th'

plaice of other areas.
"

The creeks and shallO\'ls of the German Bight offer' good living-
conditions to flatfish in the first' jear' of lif~,'because of the

high water~temperatures and the abundance of food.

24 sampIes of flounder were taken by ~ush netting outside Kiel
F'jord.' The mssh-size of the net was 6 rom , catching time was about
10 'minutes,'. depth 0, 2 ~ -1 ,5 m and,temperatures 18 to 20 0 c. All
fishe's caught were investigated. ; ,

A very good material of' turbot,were kindly provided,by,Mr. O.

Bagge, Charlottenlund. The fishes w~re caught in July an~

August 1959 to 1963 by a' push-net' along' the' coast of Bornholm.

Catchingtime was 2 to 10 minutes, de~th of water 0,2 to 1,5 m.
'Samples caught at various,dayswere anranged,in a daily cycle.
, SampIes taken, at' the same time at different a'-[l.Ys--were joint into

one, sampIe • Thishas been done assuming that' ,feeding periods­
like other biological evemts' - are ste9-dy ,apd characteristic for

'these species. Possiple, d'ifferences in f~eding-time from day to
!dai and from fishin~ g~oun~to fishing g~oundhad to be left un­

considered.
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All sampIes were immediatcly preservcd in 4'% Formaldehyd.:The
, '

juveniles were measured to full mm,adhering water was.rem:oved by

blotting paper, then thefish \lere, weighgo., ..,putt"ing 0.11,- spe6imcn

of 'the ~an,"~ mm;;.group' together on those'ale. So 'th~" 'me an fresh'

weight": \'la~, 'detGrmined'~for'each'mm interyal. Aft'er thät ,th~
stomachswere'eut out, the eontent of whieh was weüghed 'ag-ain by

, \ ' ' '. '. I'· •••• ~ •

putting the fQod eaten hy fishes of the same lbngthtogeth6r 6~

theseale ~', The food animals, were sorted, i:nto hi'ghe'r ,systematical

'~roups arid 'e6untcd.

Food of, JuvenilePlaice.

Investiga-tions by, RAUSCHEIJPLATT (1901), FRANZ (910); EHREN-BAU1I"

(in ·LÜBBERT1925), BREGNBALLE (1961), ARHDT andHEHLS (1Q64) and

HACER (1967) show, that young 'plaiee feed on 0. mixture of annelids e t
(polyehaet es, oligocl~aet8s),erusta;ea (harpaeticids, amphipods, '. "

isopods, eumaeea,) and, mollu'-s es (bival,ves )' duri-nit.'t'h~ first ye~';'

of life.

The main, food, arlinals of: juvenile plaiee (22 - 36 mm long)' from

ereel\: ilSandloeh" are given in table 1.,

\,

... ,'.

Bivalvos: Siphons of Haeoma, and I1ya were, .found on an average

of 6.4 speeimenper stomaeh ('28~4% of the t6tal nuciber of food

animals) •. This kind of food' is' eaten to' a- l~rge extend' 'duri~g ,

late morning [md l[~te evening hou~s.' Intake and,digestion tak?s

a short time only. After one 'hocir up to 80 % of the siphon~ have

passed th~ stpmaeh. ee
Polyehaetes:' 'The naingenus tho;i'ishos ','lere grazing on ,was Poly'dorn~:

Mostly young ipeeimon.or fraetions of bigge~ animalswore'found:

The mean number found in one stomaeh w~s·1.3(29.5 % of tho total);

with thisPolydora outnumbers the siphons of the two bivalves

mentioned above. The highest number of speeimen found in one

stomaeh was 5'2 (June 1, 1965, 14 hr. 26 mm). Polyehaetes are

eaten mainly during late morning hours and in tho afternoon.

Foeding goes fon for about 2 hours, the digestion takes a re­

latively short time. One hour after the lust intake of polyehaetes

only 10 %of this food ean still be found in the stomaeh.
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The speeies. Magelona papillieornis was ~aten too by many juvenile

plaice but ~h~"num~ere~ton by,.one fish was small.
, ,1 :r',

Nematods of·,the famil y Enoplidne' is.' alsoa eöriside~abiY·important

food-eomponent., .1:~8.. speclmen per stomaeh were foun'd'on the '".. - ..

average .. The nUD~er of nemat~d~~aten inererised fiom afternoon

to midnight. .' .

Crustacea: Thi"s group builtone. of tho maiD food eomponents. of

thc fishes. 6.8 spoeimen (30.5 ~) were found. on average in one

stomaeh.B~t beeause of their low individual weight (table 1)

the nutritive vSilue of the erustaeoan' is low 'a~d'öf sub;örcl"ina to

importanee. 'Copepods are eaten mainly whenthero"seems .to _be:a .'

shortage in bivalvos al1d pOlyehaetes .One fiftil of all copepod~
were represented by Pseudoealanus elongatus, 'further Ectinosoma

spee. and Mierosotella spoe; wer~ found.

Pseudocuma 10ngieornis(Cumacea) was eaten during early afternoon

and at night in small numbers, (O.. 4speeimen' per stomneh on nvqragc) ~ .....

Ostracods were iare in'the stomachs, if any were eaten, they

were found in theevcning snmples. Sometimes 3 specimen per,

stomaeh "v'!ere~ounted. Crangon cr~~g-o"n ·3130 was rur.ely eate~ by

the young ~iriiee.···Only.:on90 severnl .speeimen .....,ere fo~~'d'''in'-some

stomaehs , al though there. J..,e;e·- 'alwö-ys --ind.ny· small> shrimps of- 'thc:

first bottom .stage in. thc g~'~~'~ Tho~a~'iß appendages :-of"bn'ianids'

built an cxtremely rnre food fnbt6r~'

The Food of Juvenile Flounders

Crustacea' (Copepods, mysids, nmphipods)· and oligoehaetes are ".

mentioned by RAUSCHElJPLATT (1901), LAIHGES: (1935), HASS (1939),
BREGHBALLE (196;), ARNDT . und . HEHLS (1964) ':':tö··b:e--·the~.main food .

animalf? of .. young .floundors, vJhilE.jmoll~~ses·Hnd polyehaetes 'a';~'-'"''-....
• #. < " ;

of.~ess importanee~

The'main food animnls of' juvenile flounders of'20'- 60·mm eaught

in the outer 'part of t·he' Kiel Fjordfrom July 3, - 6, .. 1.9.65 are

listed in t~ble 2. lJight.catches were less rieh than·day catchos,"

thus statements on thefluetuation i~"fOOd;;"iritako over 80 24~hourci
, .

period may be ~~ong. Main food, ariimnlswerepolychaetes besides
}- ~
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o~igoehaetcs and'~6pepod~~

Polyehaetes~ Hereis diversieolo~'wtis one'important food faetor in
'.

thc ·diet of the flouncJer 0.9 spücimcn (3.2 % ofthe tota~ nur:lher"'~:

of food animals) p~r sto~a6h were found on avaru~G. Usually ~ioecs

1 em long of the polyehaetes are bitten off by the 'fish. Polyeha~tes

ranged to Dore than 50 %in weightof the stomaeh eontent.
Nereis was eatento some cxtcnt in t~e morning but tho bunell ~of:it

was found 'in the afternoon and stilL during early night hOurs. Thc

digestion bf Nereis takes only ashort time.
. '

Oligoehaetes: Paranais litor(lli~ \\Tas found with, an abundanee of
7.4 specimen per sto'maehon 'u'verage . (33.2 % of the· total). Thc
frcqu~n;y 'distribu'tion' ovar ü ..day .1engtn:p,~Eiod indicates. that

the fish fed on these nnimals thr-;ü tim9~_adny..
• • f "-.. ,_ ••••• ~~, _,_._.•_. ~,

,Paranais was eaten always after the polyChaetesand \\Tas .digested
more slowly tha~poiyeha~'tes·. ..._.."....~..... '.' , '.

Crustaeea: The average of erustaeea fo~rid'per stbmach wns 31.7
specimen (63. 1 7~), this outriu~hers all oth,,"r f,ood animals.

Crustacea (Microsetolla and Harp~etic~s) were eaten all the day
10rig.·A maximum appeared during midnight hours; Ostraeods,. \ ' ,. .
amphipods(Gammarus loeusta, G. sarsii, Corophium Volutator),

isopods (Jaera albifrons) a~d, deeapods ~Crangon erangon)

Nematods were rare in the stomaehs! Not more than 18 specimen
were found in tot'al.Siphons were ';'~'t'-imporinnt· at "all to-:this.,

population of young flounders.

Thü Food of Juvenile Turbot

According to EHHElJBAtm (1936) fish i~' not yet the main diet in

young :turbots. HAGrTEIER [md }, üm:s (1950) deseribe ostraeods and
mysids and oeeasionally'fish to be foOd animnls,ol the turbot.

e t

e.

,; :'-

l1y own 'investigations are based' on turbots '19 to 70 'Dm long, whieh
we're eaught olf, Bornholrn at August 17, Hrid 1'8, 1959, c.t August 20th

" .' .',

emd 22iJ.d '1960:und at August 14th, 1963 during day hours.

The sampIes showed, thnt during its first yenr the turbots 'were
living on crustacean nnd fish food (table 3). Thnt together with
the fnet, that nnnelids and mcluses are laeking in the diet of tho



••

5
,

," " ~ ;~. :;c rr.; (;' ,,"i : '; ,.',:' :.. . I "

turbots indicates striking diffcrcncosto the foeding ~abits bf
plaico·-'I~nd·'fl~tindor. .' . .,.' ) " ' ,:Iii!: ;";;,

'. '. "

Crustacea: In all' thrce ',ye'ars"Q high amount of amphipods \/a9
... '.

found in the,stomachs, particulnrly': Gammarus zaddachi and
G. locusta wer~ euten. The'average content of, amphipods per

stornach was ~.7~pe9imen or 64.6 %of ~h~ tatai food animals.
Corophiumv~lutator'wasrare 'in thQ rmter:lal':Ln-:rcstigated, so
were mysids: (Neomysis.,vulgaris) ,thc latt~; of'which run to
0.6 specimen per stomach on avörage. Isopods as Idoten viridis

. ~ . , ' . " .

und Eurydice pulchra wero preferred to' a sonewhat higher extend

in 1959~

Fish:" This kind of food amounted only to 3',4 '% in number per
stomach." But i ts volumewas high. Two species, werc' eaten:

Ammodytes lancea (30 ~ 36 mmi~ length)"and, to a lesser extent
Pomatochistfts (Gobius) ~inutus. it ~ns aiways hend of theprcy
fish which had entered the st'ooach first., ..Digestion of the 'prey

• , ,." .' "I

proeeeds from' hend to tail, often two th~rd ofa captures.fish~

is still hanging o'ut 6"fthe mouth of ,tho prcdat<;>r while ~ the
other pa:rt is alrendy under dige~tion'. As soon as the. proy is,

~ ..' .. " .
swallowed totally it isturnedinthe s~o~ch, i~ a way.that '" '
finally the hend is near td thööesophagus a'gain.' It see,med thnt
~he turbots after being cnught by ~h~rtei neve~~~~itcd~heir:

prey even when part of i:t was- still hanging out of the mouth •

;'-." ,

In young plaiee ,feeding activiti ~tated some ~q~rs after sunrisc \'
(table 1, Fig. J). 4J.7 ~ of. all stoci~ehs were~mp~i ~t sunriso,

. \ ' '\ • . ',' • I" \ • '.

one hour ~atc:r;.it,.. ItlaS even 78l·9 ,», two hours Iater i t was still
73.7 '/0. Not enrlier than 7 n.rn. the stomachs got filled ant ut

8 n.m. all fish had started foeding. Fillihg and clearing of
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thel stomnohs'itookplac,e in cIenr-cut intel'vals. The fourth period
." . ':' • ,.,' J ",'~.! ~ 1 , ......,. •

of intense feeding coincided with the' beginning of theswimmung

activity of thc young plaice at night. Food loft the 'stor.mch 'very

quieki;. 'Aii!~r 'tl18 "st~ndch I s contents had gone 'down to, 3. c.ertai~
level",intake bf:fobd started again •. TJiis' showed that f~~'di;.{g., i

activ{ti takes pince within~ev~ral~phases.(fig.1). One ,maximuc
I .' •

can'be observed at 10 a~m:,'ithen polychaets.and few sip~o~; oi;
. : ' . ." . .' '.

molluscs .....lOre enten. Around, noon the sto machs,'" contents rnninly

consisted of small' siphO~S, thc fish:, $tartede'~t'i~g' Pbly-ch'n~tös_. -_. ". .

agairi at ab'o,ut"1 p.rn. At about 2 p.rn.:, they again vrere feeding

almost ~~tireIY on'pcilychnb~d~~ Thcpenk at5,.p.m. contains a ~~w
•••• "-. _._ w ,,_•• _. '. : ' •• :"

siphons end the highest amount of polychaetes found over.n

day's p~riod~' The Iate naximu~ fit ,10p.m."is basedon siphons

mainly~There wa~no indication that some pInice had sp~cialized
,~ • '. ;" ,'., • :. • . , ". < " ,:"," ..' : • .' :. , • ;on .siphons . All' investignted specimen contained the same mix'ture

of food 'anlinais ,-with 'nenatods bQing the only ,ex6Ö'ptioAs~"",So~c=:

tn~ice had eatrm· n lot ,of:. nematod~';'th'~rs'~~:6f~'-ti~e '~~imc'c sn~piG-:­
oniy' a' :tC)\v~ 'Nematods· were eaten - \vl th the,"exc~~if.<m of t'he' ;"
10 p.~. feedirigperiod - alwaYSbetw~~ntwo'mni~·f~eding~pe~ibds.

" '.' " '.. .', ':. ..:. ,,' "

While in ~ost plaice sto~achs'~ere 'empty during the early ,

morning hours, ther~ wa'~1 no such distinct'iv'e' minimum, in the
fiound~'r (table 3'; Fig;.: 2):; The mimlIest 'percent aga ~:r filled.'

, ' . '.- '" i t. . '. .

s~omachs was obs'c_I"ved before sunrfse and cit 2 p.m. (47.1 ~~. emd

34. 9 7~ of all fishos) ~'Fillfrig 'and clearing.of the, stomaehs

took place without m~rked intervals. The main food component of

the flounder, was a nixture of polychaetos:-'<'1~do,1-igoch~~t~s~-.ll,_,
, "-

maximum filling nt'S a.6. was caused' by feeding on rnnny poly-

chnete~ nnd few 61igochnetcs. f1axirm obset-v'ed nt 5 t07 p .m.
~nd at 9 to 10 ·p;m. w~re buil t by m:evennixturo of p~lychaetes
nnd olig'~chaetes. l~o flounder\Yas found specialised tocertnin

.'-. . ..
-food. ; ..

In contrast :to plaice, !lounders with empty stomacns were often

':':found'4uring ·dny~time. ,From 3,a.m. to 5 ~.n. - with one exception

nt 8 ~.m. - nt le~lst' ~one ~pe~irnen wiih empty stomachs 'dIways

were found. Them~~t nctivefociding periodwns from, 5 p.rn. to

9, p.rn •.Snmp:Le? in<:'ld'~ f~om 9 p.i1. to .3, n.m..includea"'önly fcw fishes.

, ' .
,....

;' .

\'•

••
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Nothing can be said'how feeding aG~ivity went on during this part
. . ,. ',\ .

of the·day.' The 'turbotä I got showed such·a heterogenity with

regard to their stomach's'content thatno analyses,oftheir

feeding'activities 'can, be r.:tfide.

Growth Rates

For determination ,of growth of juvenile !üaice' I used seven sampIes

from the creek "Sandloch". One smaple' consis'tsof several cai6h~s

made during the same day. The gr6wth rate can'bb det~~minGd .from

the s~ifting'ofthe menn le'ngth values (table 4, fig. 3)'. I'"

calculat ed thG me an' gro\vth' rate in two different ways. On one'

hand by determining tha in'crease' in length from one c'atching'

day to thc next and on trio other hand by determining the' incroase .

in length from the day" when the first samplewas taken, that'is. ,

Juno 1, 1965, to thc day when aech of the following samplewore. ,

taken. The second' wa'y of ~oursesh6\vs'the 'smallest varianee in'

growth rate, iis'a~~uraeyhowevar'dependshighlyon:the reliabili­

ty of tha e'stimate of iriitial length distribution and average

length in ~he population (Juna 1; 1965).

The ayerage growth rate within the whole period of investigation

was determined t~ 6.62 mm p~~ .d.äy. Taking this figura for a baek

caleulation of me~n .length fro~ June 8 and' 9 baek t'o june 1 '

(8 .days.= 4.96 mm) on.e arrives at 28.4 mm for June 1, thevalue"

aetually, measured was 28.3' mm. Tho smnll differenee makes it

likely: :that sampling was unbiassed. Tho steeprise hciwever, of tho

growth curvo at Juno 1 may be eausod by an unproporti'onately high

number of plaice tl:J.at measured atout '25 mm' in len.gth·.:An 'i'nere'ase

in varü,:rice cf. the lengths distribution was 'correlat'ed wi th 'an

increase of age .111hile the length~ of tho plaice caught during

early Junev~;iedwith:l..n· a limit of' 21 ~ , variation' range' . '
, . . ~' . . -..

inereased to29 mm,one week laterand t6 48 rn.rn in August.

Daily" Increasein Vleight
. . '

To determine how thc food isused by' thc young fishes i t iso

important toknow how mueh is eaten·by a'fish.daily· andhow

mueh body length and weight inerease. In young plaiee from the

shall~ws of the south eastern North Sea the daily growth rate

was 0.62mm; in young flounders from Kiel Fj~rd it was o.i'rum
(APSTEIN '-"1905);; in y.oung turbo,ts it was d~termined t~ 0./'7' mIn

aeeording to length measuremonts given byJOHANNSEN (1915) and
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KÄNDLER (1944). Increaso in wei~t~l~~B ft6ternined as nean

differenee in \~eight 9f':fishes groüped in 2., Dm length ,intervals .

.The daily' food 'eon:~~nptioh w~~· determi'ned aeeording-t'o the
',- .~ - . . ,- .

.\ max'imum stomaeh eontent fourlu in the "best 1I speeirnen' oi ea,eh of

..:the 'different length groups investiga.ted. Even the seleetion

of the best speeimen gives oometimes not a very.reliable estimate of
, .. ~ , ,\ .'

of.maximum feeding eapneity,.becau~e of the few:speeimon of the
smallest length: ,graups. .'

. ..
. "":':-:"'"

..,.e'

••••

In ease ·of theplaiec Cl potential timeof feeding'aetivity of'
\

"16' hours per d?-y (light period ) ean bo assume d. Thc elear intervals

'ln feqding aetivity of this fish during'a 24 hours' periocl s060

to indieate ihat,the stom~leh of' eaeh speeimcn gets fillcd to it~
J.. ,,: . .' ' .... (

oaximum four times a day .. Thc total intake, resul ting from 0.:"

maximum filling four tioes a day, was assumed,to be·thc daily

need ~ffood forthe~plaiee: .Turbot mightfill its stomaeh twie6

0. day. It· takes 3. 2days for the young plaiee ,to '. grow 2 on in

length, 4.0 da'ys for the young' flounder.,and 2.8 dayo for the \
';' ' . ,-

young turbot·~· These data wer~·r.1ult'i'plied \by the aoount of food. ." . .. . '

eaten, whieh was estimated by taking the maximun filling of the

stomaehs into aeeount. That rough caleul~tion ~ives the amount

of food required' for fishes d5f the·, diffe~cnt len:gth-gr.oups to. , ,

grow 20m in Tength. Inereas'e in yeight, "qas e.stir.mted from thc.

observed inerease in length (table 5 -' 7' )., .Conversion faet~rs,for'

the three different speeies of flatfishes amounted to 3 to 9, t.he·.

average being 5. They coineide with data found in. experit1e~'tai,."
. ' ,.... " . .'

investigations by other authors. Hith exeeption of data given by

DAWES ('1930i31) (which are vory lQw, pre~'~mablY for t9chnie'~il . '

rea'sons) all' average eo'nversion factors" ?-re r[mgin~' from' 4 '.0

to 8.5. BÜCKHANN'~ '(1952) investigatiorts found eonversion:':',

faetors being5.8 ici 8.9 when"t~e fishes were fed w~th mdai ~f

Hytilus. HAT;ANAKA 'ot- al (1956) found food quotionts of 'T.6 to

6.2. BREGHBALLE (1'961). showed an inerease in wejgth of~:it least
. .

10 %of the body weight for young plaiee by theoretieal ealcula~ions.

Thc eonversion effieieney was 5.2 in those plaice bu~ 4.0 in

young flounders.

Ny resul tswhieh ar~. b'asod on flounders, plaieo and turbots living
\'

undor natural eondjtions and living on amixed diet are very

sioilnr to those gained in feeding experiments. Further in­

vostigutions would bc necessary to'proof whcther thc increase of

thc eonversion faetorwit~ body length is realistie.

', .. '

.~ ':
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Figure 3: _. J)istrib\..-~o"", of Length or Plaicein Nori;hiri~ian 3hallow.. , S",.mrner 1965
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Tab 1 e 1
- ··f

Nean Number and W-eight cif Yood Specie$ of Juvenile P,laice, caught in .the NorthfrisianShallow

("S andloc1.l"), fine sande Sunrise == 3~51 HET; Sunset == 20.51 HET.,.,.

I'1ean
.. . .- ,

Time Date Number·of I1ean r1ean Number offood spe.i~,fi per stomach.
plaice, length weight of Hematoda MolluscaPolychaeta Ostracoda Copepoda Cumacea

1965 in () wi th food per (Siphons) ".' :
empty plaice

~. -- -~ .. ~., .--~

(h) s t 0]na.c.hs.._.. ' ..... ( mm.}.. .... I., ,,, ..'., (mg )..... -. -,. .-... --~ _.- - ...~- ...~...... ,._-;' ......... . .. , ,~ ....-_ ..... ~ ...

-_.-
24 13.6 53 ( 4) .... 29,8- 2,0 11 ,3 ... 3,0 2,0 0,9 8,5 0, 1

.'

1 13.6 35 ( -) , 30, 1 , 2,5 3,8 2,8 t,2 33,8 1, 1
\ ,-,

2 13.6 17 ( -) .. ' 34,9 ' 1 ,9 2,8 1,3 4..,5 5,7 0,5
3 13,6 43 ( 14) .. 29,7 ' " 0,8 , 0,8 0,9 2,4 0,4 0,2
4 2.6 44 (21 ) . 24,4 ' .' 0,4 0,7 1,4 0.,5 0,1
5 8,6 66 (52) 29,2 . 0, 1 0,3 0,8 0,2 1,°
6 8.6 57 (42) .. 30,7 0,3 0,8 0,3 . , .0,3 I .' -
7 8.6 38 ( 8) ", 29,5 . 1, 2 0, 1 1 ,° 9" 4 0, 1 2,2 ,
8 8.6 71 ( -) ,- 27,7. - 3,5 ,: ". 0,8 9, 1 5,6 2,4 { .-

9 8.6 40 ( -) 29,1' 6,5 1 , 1 '16,7 11 ,4 1 ,9
10 8.6 61 ( -) 28,2 7,8 0,3 2,2 14,4 '0,4 . 7,2
11 8.6 97 ( 8) 27,7 1 ,7 0,2 7,9 1.,3 0,5
12 1.6 56 ( 9) 28,0 1,° 0, 1 ' 5,5 0,3
13 L.6 27 ( -) 31 ,7 14,6 0,9 '30,6 111 : ,Q, 1 0,6.,
14 1.6 37 ( -) 32,7 16,5 0,7 ' 2 1 34.,7 '0 3 6, 1· , ., ,
15 14;6 41 ( -) 29,8 . 6,0 1,4 8,0 4~4 '. _34,2 0,3
16 14.6 50 ( 1) 28,4- . ' 3,5 1, 1 . 1,9 3',2 '27,9 0,5
17 9.6 27 ( -) 30,0 19,0 1,7 3,5 45.,8 . 0,6
18 9.6 60 ( -) . 30,0 4,0 1,7 · . 5,2 2,5 '... 0,5 4, 1 . 2,3
19 9.6 53 ( -) 29,3 2,5 2,3 ' 8, 1 0,3 : : 0,7 .1 ,0 4,5
20 9.6 27 ( 2) 29,3 3,5 1, 1 · . 5,2 4,,2 3,2
21 9.. 6 20 ( -) 28,7 3,5 1 ,° · 15,3 1-,2 - 0,6
22 12.6 30 ( 1) 32,4 .. 12,° 4,3 14,4 9,8 2,0 7,8
23 12.6 34 ( ~). ..3J,O .... .4.,4 ·3,8·· -·6,5' . . '5,9 --..... 1 ,8 12, 1 - .

Total 1084 (162)
!penn length 29,3 _..

; "" .
mean filling/hour 4,9 . " 1,8 '6,4 7,3 0,3 6,8 0,4

-# e e
• •



Table 2
1e.ou"",,~,y

Mean Number and \Jeight of Food Species of Juvenile Plaioo caught in Kiel Fjord
muddy fine sand.Sunrise = 4.10 MET; Sunset = 20.40 MET

Time Date Number of ~\lean 1'1ean l\l~nn Number of food species per stomnch
flounder, length weigth of· NematodaPolychaeta Oligochaeta Copepoda Amph~poda

1965 in () with foad'per
empty flounder

J ,.,'

(h) stomaehs (mm) . -' (;mg') ..
I;

24 6.7 '-7 (- -) 31 ,9 . 9,2 0,3 1 , 1 111, 5 0,1
1 6.7 5 ( -) . 36tß 3,6 0,4.. 0,2 3,4 .8;3',8,
2 6.7 6 ( -) 45,8 23,8- .0,3· 21.,3 76,.6 0,1
3 6.7 17 ( 8) 39,0 4,5 . 5,° 17,2 .-. --

4 5.7 41 ( 2) 33,2 7,9 0, 1 1.4,° 14,9
5 5.7 37 ( 3) 33,7 4 1 2,9 27,3
6 3.7 41 ( 7 )... 36,4 . 8~8'" 0,8 1, 9 26,0,
7 -'5.7 40 ( 10) 32,5 3,6 _! 0,5 3,4 22,3
8 5.7 47 ( -) . 3~., 7 8,6 . 2,6 ".: '0,9 12,5
9 5.7 54 I ( 6) . 34.,5 7,8 1.,5 '0,6 23,4

10 '4.7 41, .(14) 33,9 8, 1 0, 1 .1'0,5 26,0
11 '.4'.7 44 ( 1) 35,2 7,2. 0,1 7,3 8;2

. 12 4~7 46 ( 2) 33,7 7,4· 0,5 '1 ,6 20,7
13 4.7 46 ( 11 ) 33,9 2,1 . 0,4 0,9 2,9
14 4.7 43 ( 15) 34',7 5,3, 0,5 1 ,5 0,5
15 4.7 44 ( 7) 34'9 5,8. 0,4 1 ,6 20,4,-
16 3.7 21 ( 2) 35,9 10,°.: 2,8 0,8 0,3 .0,5
17 4.7 43 (3 ) 34,7 14,6 , 0,2 :, 2,6 3,7 1,4 0,2
18 3.7 27' (, -) 34,8 14,3 . 0, 1 2, 1 8,4 4, 1 0,1 ' .

19 4.7 39 .(. -) 33,0 10,9 " 2,2 3,6 .. 0,3 0,2
20 3.7 44 (-) 32,8 18,0' . ' ; 1, 1 48',6 .68,3
21 3,7 15 (. -) 38,9 34, 1.... 1 ,7 24-,6 38,0 '0,3
22 5.7 4 (~) 36,0 7,8 2,0' 3;5 21,0
23 5.7 4 ( ':- ) 33,S. . 6,2 0,7 6;0 134,2 -

Total . 762 (·91)
mean length ~ ': 34,'4...' , .

,
mean f.il1ing!hou'r 9,7 0,9 7,4, 31,7 0:,1.

, , ,• .. ;

e ,( , ,-.. ......



Table 3

l\1e'an',Numb?r', andWeight of lOol,Species of Juvenile Turbot at Bornholm Coast, fine sands.

Time

(h)

Date, Number of' l'1ean '
......Turbot, ,length

, in () wi th .'"
;' . empty ,
... stbmachs (nm)

r1ean
wefght of
food .per
Turbot

(mg)

,.. Mean Number of food species per stomach
r1ysidacea Amphipoda Isopoda Pis ces

,'0 1. ,
',:: 0,6

11 .05 ,20.8,:: '1 1.' (2)
11.3522.8",10:(1.)
13 •00 22.8' 46 '(3.)
13.30 22~8""',',2 ( ...J
13 •45 22. 8 , . '< 2 (-J
14.15 22.8 10'( 1.)
15.30 20.8: 2. (-)
16.20 20.8 i 10 (-)
16.30 22.8 5 (-)

,,
28,0
36,0
27,6
,.40,0
41 ,5
39',9
41,5
.33,9
43, 1

1960
13,7
71 ,0'
16,0
85,0
47,0
55,4
92,0 '
38,0'
85,2·-:

0,6

""4 5. . ,
4,0

1,4
, 0,5

_ 2, 1

1 , 5
. 1, 3
,.. 8,°
.- 3,9

3,8

, , '

0,'2
0,7
0,,1

98 (7)

0,3

., "".~. ..

2,556,0
31 ,9

Total
mean length
mean 'filling' , ....

1963
8.35
9.30

10.00
10.20
11. 15
14.00
15.00
16.00
17.00

14.8
14.8
14.8
14.8
14.8'
14.8
14.8
14.8
14.8

41(2)28,8
26 (7) '30,0:

c' 7 (-)"40,4'
22 (5) 30,5
37 (-)., ",36,'1
18 (-) 38,8
14 (-) 39,4
21 (9) 31,9

9 (1) 38,4

---- .,

62,7
10,0.0,3
45,'0 0,4
20,8
40,2'
57,5
79, 1
47,3 0,2
26,3

3,7
1 ,4
5,0
1 ,2
6,4
9,4'

12,2
1 , 1
3,0

1 ,3

0, 1
0, 1
0, 1
0, 1
0, 1
0, 1

L

­. Total 195 (24) e e
mean le_n.....;;g::'...t_h 3_3----',c-4 . -..a _
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Table 3

Mean Number and \'fe ight of Food Species of Juvenile Turbot at Bornholm Coast, fine sands.-,

m' ' Date Number of Hean r'Iean Mean Number of food species per stomact,':.llme
Turbot, length weiglit of Nysidacea Amphipoda Isopoda Pisces
in () with food per
empty Turbot

(h) stomaehs (mm) (mg)

.__. _R_.... ..

1959

8.45 18.8 13 ( 4) 26,2 13,8 1 ,7
9.30 18 .. 8 76 ( 2) 34,5 30,0 7,2

10.,00 18.8 10 ( 2) 34,8 11 ,° 0,8 0,7·
10 •. 15 18.8 19 (12) 30,3 2,1 0,2 0,2 '
11 .00 18.8 13 ( -) 29,5 31 ;5 0, 1 11 , 1 0,7 0,2
11 .30 18 ..8 17 ( 3) 42,5 103,0 0,6 0,.3 0,6
13.00 17.8 19 ( 7) 35,4 82,3 2,2 0,6 - 0, 1 0,2
13.00 18.8 10 ( 3) 35,8 36,0 0, 1 2,8 - 0,3
13.30 18.8 57 ( -) 32,4 41 ,0 7,4 0,3
13.30 17.8 12 ( 1 ) '45,° 214,0 5,2 0,6 1 ,3
14~ 20' 17.8 -2O' (13) - --,- 35,7 "'9,0 --, - 2,0- - " 0; 2
14.50 18.8 7 ( 3) 40,9 35,0 1 ,4 0,6
16.00 18.8 10 ( 2) 36,1 22,0 0, 1 1 ,9 0, 1
17. 15 18.8 11 ( -) 29, 1 20,0 4,8 8,6
18. 15 18.8 20 ( ,-) 38,7 80,0 0,4 14,2 0, 1 0,5

Total 331 (52)
mean 1en 'j..\-"'- 34,5
mean filling 48,7 ,7 3,7 0,7 0,2



Table
Langth measurements of O"-~Group Plaiee in the

Damof Number of Mean Diff. in Inerease Mean
eatch ~laiee Length Days of Length Inerease

1965

•

(n) (mm)

June,1 334 28,3"

""54"8
7

June",8 32,7
1

June,9 706 " 33,1
3

June,12 564 34,5
2

June,14 279 35,7 ' "'

56
August,~ 532 75,1

15
Aug. 24 393 88,6

:, '

.,.....-..

'"

-

(mrn) mm/day

4,4 0,63
" "

0,4 0",:: •

1,4 0,47

1,2 0,60

39,4 0,70

13,5 0,90

0,62

' .." ,
:.• ' ....

4
Northfrisian Shallow (Sandloeh)
Diff. in Inerease I1ean
Days after sinee Increase
June 1 June 1

-(rum) mm/day

7 4,4. 0,63

8 4,8 0,60

11 6,2 0,56

13 7,4 0,57

69 _46,8 0,68

84 ,60,3 0,72

0,6"3

'(, -. ,.

cd
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Table 5

Daily Increase of \v'eight and FoodQuo..ti~.rit "; of Plaice in the iJorthfrisian Shallow, June 1965

Length '" ..vWeight Stornach Diff. of Average in .iDElily IMe~n~-
., .._. ." ,", ' • .".1.J. ..... ..,

in ( ) Number Content . Weigh1; wetgb.t Increase of vleight Foodration daily Food Quotient
WIll mg ,.n mg mg mg mg,..:~ .. :.:t % L:g % FQ

9,3 34 30,6 3,3

7,8 48 35,5 ' 4,5

5,5 66 39,7 7,2

6,6 84 41 ,6 6,3

6,7 86 34,3 5, .1

6, 1 116 . -·,37,07 6,2

6,8 ·168 44-,3 6,4

22 B5 ( 15) 5
33 111 10,3

24 118 ( 34) 12
34 135 10,6

26 152 ( 117) 12
29 166 9, 1

28, 181 (232) 21
43 202 13,4

30 " ..' 2~4 (293) 21
54 251 16,9

32' -, :~ 278 (246) 22
60 308 18,7

34- ,; . ·338 ( 92) 36
83 379 25,9

'36 ; '; 421 ( 42) 48
..

Average: .~

e

',"

.(- 1.J".::
'-. ',.

7,0 37,7 5,6
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Table 6
~

.! _.....J
Daily Increase of Weight and Food Quotient of Flunder-in Kiel Fjord, JUly 1965:Js.!( I

.. ":' ...: (-';

1ength

n:m

Weight in Stomach Difference ~~g~
:(). number. content in vreight l~.. J"-,' - _ _- \Jeight·

mg n mg.· mg mg

.Daily mean
Increase of

Weight
meS %

Foodration
Daily'

mg %

Food Qucitient .'

FQ

"':'"

24

26

28

30

32

34

36

38

40

42

44

46

48

138 ( 10)

187 ( 22)

240 ( 43)

300 (106)

370 (130)

427 (112)

517 (105)

621 ( 94)

710 ( 59)

842 ( 38)

956 ( 13)

1078 ( 8)

1278 ( 3)

9

15

15

17

28

23

25

38'" ,

59"

56

56"~

58

110

49

53

60

70

57

90

104

89

132

114 ..

122

200

162

213.

270

332

398

477

569

665

776

898

1017

1179

I .~

12,2 7,5

13,2 6;2

15',,0 5,5

17',5 5,3

14,2 3,6

22,5 4',6

26',0 4,6

22,2 3~3

33,0 4,2

28,5 ·3,2-
..

30,5 3,0

50,0 4,2

48 29,6

60 28,2

64 23,7

90 27, 1

102 25,6

96 . : 20,1

126 22,1

194 29,2

230 29,6

224 24,9

228 22,4

336 28,5

3,9

4,5

4 , 3.- ,.

5, 1-
\ .

7, 2 .. ~

4,3 .

4,8'

8 7', .

7,0

7,8

7,5

6,7

<' :'

•... Average: 4,6 25,9 6,0

cd



Table 7

D~:üly Increase of 'v'leight and Food ~uotient of Turbot at 'Bornholm Coast, August 1959-1963
" - ... .

Length ~ieight" in 0tomach Difference Av~rage Daily'mean Foodration" Food Quotient
O'~Nuober content in weight in Increo.se of Daily

Vleight Weight ,', .. ', , '
-%mg mg mg , , '% . mg. TIQITlJ':l mg n mg :l!

28 256 ( 2L~ ) 38 45 278 16~,1 5.,8 ..' _. :.S33 29,8 5,1.,
30 301' ' (36 ) '45 95 348 33,9 9,7 96 27,6 2,8
32 396 (29 ) 51 101 446 ' 36,0 , ' 8,1' 104 23,3 2,9
34 497 (19 ) 53 86 540 30,7 5,7 , 147 27,2 4,8
36 583 (24 ) 94 92 626 32,8 5,2 194 31 ,0 ~ 5,9
38 657 (24 ) 100 152 751 54,2 7,2 210 28,0 :3,9 . ,
,tO 827 (18) 110 178 916 63,5, 6,9' 230 25,1 3,6
42 1005 (16 ) 120 92 1051 32,8 - 3, 1 293 27,9 8,9
44 1097 ( 9) '1,3 218 1206 77,8 6,4 333 27,6 4,3
46 1315 (25 ) 160 ·195 1412 69,6 ' 4,9 327 23, 1 4,7
48 1510 ( 6) 167 , :250 J635 89,2 5,4 397 24,3 4,4
50 1760 (13 ) 230 222 ,1871 79,2 4,2 480 25,6 6,1
52 1982 (10) : '250 . '

253 2108 90,3 4,3 530 25, 1 ' .5,7
54 2235 ( 4) 280 441 2455 157,5 6,4 560 22,8 ,3.5
56 2676 ( 3) 280

Average: 5,9 26,3 4.7

,~: '.

•
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