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Daily n~t1en and Feod Oonsumpt1on in Ood from

Euatern Bultic

.' Abstruct

Feeding dynamica of cod in natural conditions is analysed

;ttoing methods of m~thematical statistics und'chunce theory.

Duily ecolog~cul,rat1on for varioua'size-weight groupe of cod

·is determined.

The total umount of food consumed by cod is estimated on the

basis of duta on food composition, daily ration by size and sea-
.:. . ",

son und cod abundunce.

Reswne

En oe servunt dea r.lehhodes de statistique mathcmatiquo et dos

calculs dos probubilit~son a fait l'unalyse de la dynamique do

nutrition duns' vingt-quatrc heures de la. morue duns·les condi­

tionB naturelles et on u'determine la rution IIecolociquotl jour­

naliere pour divers groupea selon la dimension et 1e poido de

'la,morue.

Sur 1u base des donnees concernant la composition de la nou­

rriture ot l'uooouvisscmcnt des alevins et,de la Grunde morue

suivant les suisons, su biomasse et le taux de la rution jour-
., '.. , #1. • .

naliere, on a determ~ne la quantite de nourr~ture par 1u mcrue.

Method cf daily ration calcu1ation

~ Ration determination wua based on dui1y observation on cod

feedinc in natural conditiono in subdivisions 2?,28 of the Daltic

Seu.Sumples ~ore 'tukan in autumn and aprine pariod in one 40-hour

and foul' 24-hour stations'ut interval or 2-4 houre.

Analysis und cu1culation were marle separately for fleh in

leneth eroups 10-20cm, 20-;Ocm and ubove'30cm;

Initial information was cosidered aa sampIes fram random va­

riable - 'otornuch filling index X (weight of atomach content per

Gram cf fiah body weight in prodecimi11e).
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'l'heoretical distributions of filling index were' determined

using observed'dlita, and the dynazr.ics o:r stomach contcnt rl/lO

investigated using, these distribution :runct10n~., '

Hystogram analysis (Fi~~I)'<ahowsth~t' 'emPiric~l distribution

densit::,:/rX)Of random variableX mnY'b'e satis'f~cto;ilY des­

cribed by truncated normal distribution with density

ßX)= crW erl'[-r:;tf)J(O~X" 00),
v!hereyu, er' - param;;ers elf truncated normal distribution

"L - 4 t: (- rr-#3.) 7 . ':M .
. /CO - OI/.2ff JexlJ. - .z~ J«:X -= tjJ(7jr}

tJi(r)- Laplace ~unction~ ,

Parameter~ and (j were found equating the' first in1tial ,.

(I1X), and the 2nd central ef)X) moments of theorctical'd:ls-,
'- 2' , \ " :.'

tribution of their sampIe estimatcs X Emd S .,'
"

All calculationo necessaryto solve corresponding tranocen--.-_. '\.;. ."
~ .. ;

dental equations and obta~n values of theoretical probability

densi ty fun~tion./f.:r)and .distributi~n fun.<?tiO~.«7.f!r;.~r.~::~?~e
by computer. Typical examp~es of 'theoret1cal' curyesJ(:i)f:r;~,

brought in Fig.I. '
\.

All~~ples con~ained an esoential ~o~~,of;dcid,':~itr::empt:'i

included in the,flrot clean correspondinely.



•

.3.

Using the values obtsined by ~raphical smoothing method,

curves of e~pty stomach share in a sempIe (%) depending on ti­

me were plotted (Fig. 2).

The rate of changes of empty stomaehs share was determined

for every curve.

The followinG stage comprises the analysis 01' dynamics of

amount of food in cod stomach for thesnmple of aize n.
The range ofindex variability is divided ,in intervala by

ppints

0, X"..c::. Xl""':: ~ Xlmox

~.mq~ i8 chosen to satisfy thc cond1tion F(x,·meJ':/c)?:.O,93,

e that is the probability of index value larger than.x{·mqxdoes

not exc~ede 0,02. Taking~.c2t{-(,'::~2,..... ,l.moz-It 20 - interval

size in prode~imill~we ensure aufficient precision of calcu­

lation.

For each intervalXi_~~X..e.::rc·(l·:::.f,2#... ",c:mqx}we find ­

~ean index of fullness Xi probabili ty Pi- tu ge:t in to in­

t.erval for the random variable X , expected nllr.Jbel' m c' cf

fish, total weight of food in cod atomach Qi in grurr:s', accor­

ding to formulae.=. ".
Xi:=' 2:fx,'-., 0/0, xc}

?'c'

~, =.I./(X)clX: (l,= /,.2, ,-', .. , imqx.
X,'_, .

/ne' :: Il IZ _

, a .=n7,;r,W/t'OOOO
where W - is me~ \veight (in grnms) 01' a separnte fish in

the exarr~ned size group, and 10 000 - is a coefficient for

conversion to weight. Besides, number cf i'ishcs with empty

stoInD.ch is expected to be mD ..~ '1 ,where Po
ned above.

i8 deterlÜ-



Ta c...lculate the mean duily ration we divide the area undcr the

curveOte)in two parts conventionally:

1. a const~nt part(b~ckgreund), having.height(/h1I ;; ,i.e'. thee

~hc <ll1ount of foocl(JIlAn the otonuchs· of ull thc fishcn .in the

~iveD z~lple in ~xpreosed by ~ornulu

lmox l.n71'1:IG

Q(t)~Z (1. +(n-I mi)~'n10XM~(Jooo'-lt timet.
l.. 1" (.60 Y"

In thio forr:lUlu the lust itcn ic udded to uccount food in

tbc stomuchs of fich huvinr; theoretic-..l index vuluco exceedililG

Ximc1z.Thc c... lculutcd :moothed curves of dependcnce of a.."l1ount

of food upon time Q{t) are represented in Pie.J.

Thc lenGth cf the period of thc curveG?({)is deternined by

phyoioloG] cf cod feedinb. One or more cycles (one cf then being

principal) con8isting of two parts euch - of period, when·feeding

is dominutinr" u:J.d of period of prevailing digesting cun be dis-

tineuiahed on these curves.

Judging by dynamics of number of empt;y' stonacho, by hystogrums

cf indices of fullness und their neun values, one cun conclude

thut, evan at the busis minimum of urnount of food in the stomach

lImmsome part of fish feeds on actively; but in thc principal

~axiI:lumQm~~p to 10-30% of fish cun bc with empty stomaclw.

Thuz thc form of tho curveQ{!Jus weIl as the vulnco of basic

O~~undQPMXure ulso determined by different fecding rhytr~ of

individual fiah•.

•

leuut unount of food in the stomachs during'acycle;' "..:' ,

2. a vuriablc part, the form of Vlhich io dctermincd by chuncer:

of feedin[!: intensity in thc com'sc of 24-11r cyclc.

AflCl""ilt io (;l conatunt value, the unou,,'"it of food eutcn und the

,..noullt of feod diceoted ure bulan.ccd i.c. cJ.ch conpCil~cnt l:lc::Jbe:r-

ic(jm'n).

:Po;' u vari.... lile part let UG U3swac. that~·(f'~t·~2-Vü.re succe:::;rrLvc

t iLil:, r.:O::lCl1 tc ... ~ ~ n11_; ~.. '11 Qrt) .
UC~U2rcn min:'::J:.:nfo::- wld i i..lnJ

L
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nuxi:r:.un for CVC11 {. ~,,"u.luctJ.

The mean duily ration for onc fioh io exprecoed by the fomulu:
~ K

R= 1:# lQ(t2 1.)-Or{:ti-.,)]+ 011';" _ 2 f;~[tl~I.)-O({:li-~)l"rQm,;',
nT . 2" - " 2."r

where n .:.. fioh nunber' in a namplc

, T - !lUI:lbcr of 24-hr periode.

Diocuonicn

The n~~ber of enpty otomacho per 24~hr cycle beine unulyccd,

two types of,curven wcre reveulcd ~Pie.2).

1. cur':eo wi th two I:lUximum and two minimum valucG ( ~maz,

~"'O'..-:.zand Ilmin f l e"'''''2)i
2. curvee \Vi th one maxinum und one mininuo (.f~x<.1.nd 11""." )•
In case of thc firnt type curvc, the r .... tc of Ch....11[;O in' thc

nUl:lber of fish with CI:lpty ototJucho io hieh and mu1:00 up to 2.0-

4. ~;Vhr.!;!ornine und evening food intuke peaks, und nicht und du,y

decreaee ure oboerved.Nevertheless, the fioh feede ruther intcnoi­

vely durine all the 24 hours; thc stomach 'fullneoo beine ulJout

90-220%oo.This type 19 charucteristic for cod that concumec my-

sidacea u.nd warme.

For, thc oecond type 'curve thc nwriI:lurn nun1cr of fiel: \':i th

cn:pty stemachs io observed ut nicht und in the rnorning. The n\l:;J­

ce; of cmpty utomu,cllO is relutivcly hi11e ut any tirne.The ur:lount

of food in stomaehs of cod io low (:.iO-7cy';oo).The rute cf chanGe

in number of fish w1th empty otomuch3 io 1.3-1.95;/hr, i.e. the

:rute io considerubly lO?lCr thun in the cuse of intencivc fecdine

(the firRt type curvc).Thc r .... te of food dieestion i8 lew. The

chu~cter of thc second type curves und their par~eters makes it

posciblc to ~uggest food defficlcncy.

The described u,bove method of calculation cf daily ration tu­

ken into uccount thc dynumico of fUll und empty stomachs, which

!'crlecto feod uvailubili ty und peculiuri ties of i ts digestion in
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J.-).1..iU.1 i8 lower than th::t obtained in vitro experiments,

where fisü i8 force-fed.

Daily "e cological" ratio!l of young and adult cod ranges

in v.60 2. 25 ~~ of bod~i v,ei<-:;ht (~ab. I). In case of good

fcedLng thc ratioc n.akes up to 1.0 - 2.25 ~'" while in unfa­

vourable conditiono 10 0.6 - 0.0 ~.

In annuul ratio:! c~lc~lotioc:i seascnal peculiarities in

the amount of rooe in tbc cod !'ltoll:ach were taken into account

D.nci the following values of daily ration were assumed:

i.dal t fish,.July - Februar;>' - T .O::~

Ioung fieh, I hdi' year - T.O ~S

TI ., - T.3 )~ •l,.arcl1 - .I~pril· - O. 9,~

}ood conswnption by cod

Gomposition and size of annual ration was determined on

the basis of the data on food composition, daily ration by

size and season ~~d cod ab~~dance.

'ihe :f;.;ung cod inhabi ts coastal a.reas in July - Januury

and in ~ebruary - J~~e - deeper zone: adult fish also concen­

t:'Htes in coaetal areas in AU.:"l;ust - Januo.ry e..~d on the spaw­

~ing grounds in February - July.

food co~position of young and cdult

o.ao.2-4).

coe. difiers by seasons •

Tn 1975-1978 the yearlj' total o.n:ount oi' food consur:;ed by

cod ll~2.de up on the average I ruIn tons (vlupeidae - 3CC thou-.
sand tons, "Jnvertebrate - 700 thousand tons (Tab. 5).

~he share of herring in cod food in 1976 - 1978 has de-

creased as compared with 1975 that was partly caused by

the decrease in 1arbe cod stock.

~prct consumption in T975 was low, and in 1976 - 1978 was

vcry high: it was connected with the paculiarities in diütri­

bution of' cod an'd BPrat during the years of aerstioZl snd
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stahIlation in the Gotland Deep (Lzars, "1'eeuliari ti ee; of l' eedin,;;

end Quent i tative l"ood Consumption of Eastern BaI tie eod 11 ,C ..... P: 4,

1975) •

1n 1978 the deerease in I,;esidotea entorr:on an:': .,.ysic.aeea

eonswnption and the 1ncrease in the sl1&.re oi' '''''or!l.~ in th eOl:

food wab observed. rl'~1e sharp deerease 1.: ~.ysidaeea cons1,.Ll.otic:1,

perhaps, was connected with 6rowtl of YOlli~6 eod s~oeK in 1977 -

1978.

These investigatio~s on cod feeding give the po~sibilit· to

deteraline the influence of the fish-eonsumer o~ ';lrey stoe:: an'

the role of the eonsumer in eeos;,'stem •

" ; ls 14

D.... ·ly !''Cl tior. of cod

D_tc 3i~e class, r.:c""" . \'1 e':'[";!: t D",:.il~r T'~t;iu!-~

eIn of cod,
e '; oU:)·· \·t~~. ~::.~

t.-6 1:: 190:J 10-20 42 0.57 1.36

12-14 111 1970 10-20 13.5 0.21 1.::16

4-6 IX 19G::i 20-30 155 2.80 1.81

• 1-2 X 1966 20-30 179 1.4:5 0.81

3-9 19G6 20-30 164.5 0.98 0.60

9-10 I i 1966 20-30 107 1.05 0.9ß

4-G IX 196:5 ~ 30 524 6.80 1.30

1-2 X 1966 :;:»- 30 403 3.30 0.80

8-9 X 1966 >30 410 3.20 0.78

12-14 III 1970 >30 871 6.05 Ö.69

9-10 IV 1966 >30 667 15.00 2.25

- - - ------ - - ---------
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Feeding churacteriatics of yeung cod (5 - 20 cm)

Stomach Food compodtion in %by. weight

ye.... r [jeusen filling MYI!!iS Pontepo- Harmo- Other Other
index sp. reia sp thoe inver- fish
;;6 aarsi tebr.

1974-7~ Sep.-Jan. 77 76 24

1975-76 . " 74 74 5 19 2

1976-77 " 139 64 . 3 32 1

1977-78 " 117 80 10 4 5. 1

1978-79 " 49 13 1 22 64

1975 Mar.-Jun. 35 39 59 2

1976 " 82 ' 26 2 5,1 15 •
1977 " 68 15 82 3

1978 " 51 9 4 70 17





TaUe :;

E'ood conmu:lption by cod (in thouo...nd tone)

Ycar 1975 1916 1977 1918

G:r'oup ll) 1 2 J '1 3 1 ') 3 1 '1 3t_ ,- i-

Cod biomasG 90 281 371 44 259 J03 G3 182 245 188 190 318

Herring W 191 215 2 124 126 1 113 114 1 102 109

Sprut 1 49 % ~ 185 190 15 159 174 49 155 204

Food r;icoidotei.l. cnt. ,3 313 426 11 145 156 1 139 146 68 202 270

items Eysio sp. 93 35 128 41 119 166 100 74 174 69 36 10~

Hurm<.l.thoe o...i.rsi10j 137 242 41 79 120 90 36 126 338 26 .361,-

others :;0 118 168 S2 187 239 39 55 94 122 94 211j

Total 326 909 1235 158 839 997 252 576 828 653 615 1268

*) 1 - YOWlg cod

2 - adult cod

3 - tvtal

Ö
I

•
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Figure 1.

Examplee ofhystograms and theoretical curve~~f distribution of fullne8sof cod atomachs

a) 8 - 9 IV 1966, 8 Pll;size group 20 - 30 cm; _
"

b) 4 - 6 IV 1965, 10 - 11 PM: Eize group 10 - 20 cm. •
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Example. of daily dynamicB of fieh number with

emp+y stomachs.

·1) 4 - 6 IX 1965. size group 10 - 20 am:

2) 1 - 2 X 1966, size group 20 - 300m. •
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Daily dynum1ca of food maes for the aumple of size

n • 10 000 (24-hr station, 4 - 6 IX 1965).
a - s1ze group 10 - 20 cm, b,- 20 - 30 CJn, 0 ,,:,>30 om.


