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~ Daily Rution and Food Consumption in Cod from ’
‘Eustern Baltic T

 abstruct

Feeding dynamics of cod in naturdl conditions is analysed
uging methqu of mgthematlcal statistics and chance theory.

'buily ecblogiéul_ration for vafioua'size-weight groups of cod

-1s deterxuned.

The total umount of food consumed by cod is estimated on the _
bas1s of dqtd on.food composition, daily ration by size and sea-
son and cod ubundunce,

Resume .

En se sorvant des néthodes de stutistique mathématiquq ét des
calculs des probabilitésdn a fait l'anaiyse de la dynamique de
nuﬁrition dans vingt-quatre heures de la morue duns. les condi-
tiona naturclles et on a;déterminé la rution "écoiogique" Jour~

naliere pour dlvers groupes gelon la dimension et le p01ds de

.

‘la’ morue. E ‘ g

. » N . . . .
Sur 1a buse des donnees concernant la composition de la nou-

rriture et l'assouvissement des alevins et de lu grande moruc

- suivant les suisong, sa biomagse et le taux de la rution Jjour-

PO ’ s ? * e .
nallére, on a determine la quantite de nourriture par la moruc.

Method of daily ration calculation

Rdtlon determwnatlon vug based on duily observation on cod

feeding in naturdl conditions in subdiv1slons 26 28 of the Bultic

Seu.Sunmples were tuken in autumn and spring perlod in one 48-hour

and four 24-hour stuations at interval of 2-4 hours.

Analysis und culculation were made bepérately for fish in
length groups 10-20cm, 20-30cm and above 30cm,

Initial information was cosidered as aamﬁles f;dm random va=-

riable - stomach filling index J(.(weight of stomach content per

_gram of fish body weight in prodecimille). = . -



-2
Theoretlcal distributions of filling index were determined
using observed data, and the dynaxncs of stomach content was _
investigated using . these dictribution functions. .
Hystovram analysis (Fig, I) ‘shows that empirical distribution
dens:.t)f{x)of random variable.x may ‘be satisfactorily des—
cribed by truncated normel distribution with density

)= i 0 - (D om),

where/ o - parameters of truncated normal d:.stribut:z.on

% ﬁrﬂ[ Co ey gb(.,y_)
¢ﬁ'}- Laplace function.

Parametersj( and O were found equating the’ first initial .
\/9%5) and the 2nd central (Dx) moments of theoretical dis-, ‘
‘trioutlon of their smnple est1natesx andJ‘ .. o
All calculations necessary to solve oorrespondlng tranocen—
dental equatlons and obta,.n values of- theoretlcal probabil* ty
density functlonf(x)and distributlon function/{.(x)rzere done
by computer. Typ1ca1 examples of theoretlcal curveijﬂét)are -
brouzht 1n l‘ig.I. ‘ o o

[

All samples contained an esoentisl amozmt o ;cod with empty

A

stomachs. Therefore, to xind the theoretical frequcncy cf flSh
with empty stomachs an equivalent clasc% 15 defined as follows.
Plotting. the hystogram, the fiohes with ez"pty stomacha were
included in the firat claesjfo4x<x). Then,’ the probability
100 of occurrence in the ssmple of fish with empty stomach was

aseumed to be ey “‘/ffx)‘{x

or to be equal to the probability of the r...ndom variablc X

to get into the. eauivalent class J foé‘x‘xo) .

vhere x, —,’,’,—’%——-—x »

f
mr wmamd - number of fish with empty stomach and all 1o,

included in the.first class correspondinbly.
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Using the values obtsined by graphical smoothing method,
cufves of exmpty stomach share in a sample (%) depending on ti-
me were plotted (Fig. 2). '

The rate of changes of empty stomachs share was determined
for e.verybcurve.

The following stage comprises the anzlysis of dynamics of
amount of food in cod stomach fo'r the sample of size /2 .

The range of index variability is divided 'in intervals by

ppints

2X; pax 15 chosen to satisfy the condition A max)=098,
that is the prqbability of index value larger thang, mex does
not exceede O.,OE. Taking X; «20;(¢<%2,... . Jmozi 20 - interval
size in prodec':imille)we ensure sufficient precision of calcu-~
lation.

For each interval X;.,&x< X (€=142,....; , c'mox}ave find -
mean index of fullness .‘fg probability 104‘- to get into in-
terval for the random variablex , expected number m; of
~ fish, total weight of food in cod stomach Q&' in grams, accor-

ding to formulae: y

€, = z—(x‘°_4 "‘. x'() W
2
Fe =/ffx)azx (€=42,.- - tmox
o Z, : (
=R -

‘ o= X /4///0000 J

where ‘A/ -~ is mean weight (in grems) of a separate fish in
the examined size group, and 10 COO - is a coefficient for
conversion to weight. Besides, number of fishes with empty
stomach is expected to tem, =/0°/2 s, Where /00 is delerni-

ned above.
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'Thé.amount of foodé&ﬁ&n the stomachs of all thelfishcs.in the

fiven canple is exn ed by formula '
Qe)=5. 0 +(fz-z 72 ) Fi g W00 5 cime L

in thlu‘fornuld the last 1tem is udded to account food in
the stomachs of fish having theoreticuel index vulues exceeding
Jz[max.The culculated smoothed curves of dependcnce of amount
of food upon timegff)are represented in I«‘ig.B.‘ -

The length of the period of the curve@@/is determined ty
physiology of cod feeding. One or more cycles (one of them being

rincipal) consisting of two parts each - of pericd, when‘feeding
is dominating, and of period of prevailing digesting can be disg-
tinguished on these curves,

Judging by dynamics of number of empty stomachs, by h&stogra&s
of indices of fullness and their mean values, onc can conclude
that, even at the busie minimum oanmount of food in the stomach
(7 some part of fish feeds on actively; but in the priﬁéipal_ i
raxinum@mexap to 10-307 of fish cun bte with empty stcmacvh'si:.; o

- Thuz the form of the curve@us well as the vualues of basic
dbmbundébwzure also determined by different feeding rhythmé of
individual fish,. ' |

To culculate the mean daily ration we d1v1de the area under the

curveéwz)ln two parts conventlona11y~ } N

1. & constunt part (buckground), hav1ng helghtGZﬂﬂﬂ,i.e. the

leuyt umount of food in the stomachs durlng a cycle-’“ '

2. a variable part, the form of whvch is determlrca bJ ch“ngcu
of fee01ng 1n*er31ty in the ccurse of 2;—hr CJbleo

As@min is s constunt value, the umount of food euten und the
Qmouut of food digested are bulanced I.c. cuch‘componcnt nember
isglm}%z.

For u variutle part let ug ussune, thatt‘("(fént'éizyure successive

time moments Wi which @(€) uccuires minimumfor add € and
. . . - N




naximun for evcv ¢ valueg.

The medn daily ration for onec fish lu expre*sed by the formula:

/Q ;: [0({2¢) O{l‘zt-I)] aﬂ'”l 2 E,[Q(( ¢} 0(::-/)]"7-0/’;”; ,
T i!njr'

wvhere 2 = fl.h number 'in a aample
7r'- number of 24-hr periode,
Discﬁssicn .

The nunber of enmpty stomachs per 24-hr cycle being wnulysed,
two types of curves were revealed (Fig.2). ‘

1.‘ curves with two Amaximum and twb minimum values ( /oomax/
e”‘xzand /gnun 7, /omwz)

2. curves w1th one maxinum und one minimun Dmexstd Loz ).

In case of the first type curve, the rute of chunge in the
number of fish with empty stonuchs is high and malies up to 2.0-
4 Z5/hr lorning und evening food intake peaks, and night and duy
deCrgasé are observed,Nevertheless, the fish feeds ruther intenoi-
vely during all the 24 hours; the stomach Tullness being ubout
90-220%00;Thin type is characteristiq for cod that consumes my-
sidacea wnd wormse V

For. the gecond type ‘curve the maximum nunmbter of fich with
empty stomachs is observed ut night und‘in the'morning. The num-
_bef'of enpty stomuchs is relatively hilys at any time.The umount
of food in gtomachs of cod is low (SO-?QGoo).The rate of change
in number of Tish with enpty stgmacha is 1e3-1.9 $/hr, i.e. the
rate iz considerably 1oﬁer than in the cuase of intensive feeding
(the firat type curve).The rute of food digestion is low. The
chuffcter of the secord type curves und théir paranmeters makes it
possible to muggest food defficlency.

The described ub;ve method of culculation of daily ration ta-

kes into account the dynumics of full and empty stomachs, which

reflects food availability und peculiurities of its digestion in
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natural conditionc. lleur  ctetigticul M ecologicai" €.
vetion is lower than theot obtzined in vitro experiments,
where fisn is force-fed.

Naily "ecological' ration of young and adult cod ranges
in (.60 ~ 2.25 ¢ of body weizht (Tab. I). Tn case of good
fceding the ration makes up to I.0 - 2.25 %, while in unfa-
vourabl conditions ic G.6 = U8B ju. .

In annual ration calculations seascnal peculiesrities in

“the amount of food in the cod siowach were iaken into account
and the following values of daily ration viere assumed:
Young {ish, I hzlf year - T.0 &
I7 " - T.3 %
Adult fish,ouly - February - 7.0
warch - april: = 0.9w

w2y - June - 0.5%

Yood conswnption by cod

Composition and size of annual ration was determined on
the basis of the data on food compositicen, daily ration by
size and season and cod abundance.

the yocung cod inhabits ccastal sreas in July - January
and iy rebruary - June ~ deeper zone: adult fish also concen-
trates in coastal areas in Aumust - January end on the spaw-
ﬁing grounds in February - July.

7ood composition of young and adulf' cod difiers by seasons
(iab.2=4}.

Tn 1I975-1978 the yearly total amount oi food consumed by
cod mzde up on the average T mln tons (vlupeidae - 3CC thou-
sand tons, gnvertebrate - 700 thousand tons (Tab. 5).

1e ghare of herring in cod food in 1976 - I978 has de-

creaced as compared with T975 that was partly caused by
the decrease in large cod stock.

Sprat consumption in T975 was low, and in I976 - 1978 was
very nigh: it wac connected with the paculiarities ir distri-

bution of cod and sprat during the years of aeratiom and
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stagnation in the Gotland Deep (Uzers, "reculiarities of reedingz

and Quantitative Food Consumption of Eastern Baltic Cod",C....P
1975).

In I978 the decrease in hiesidotea entomon and ..ysicacea
consumption and the increase in the share of worms in ihe cod

A~
Uil

food was observed. 1hie sharp decrease 1.

-

sysidaces conswupt
perhaps, wes connected with growih of young cod stock in IO
1378.

These investigations on cod feeding zive the poscibility to
determine the influence of the fish-consumer on 2rey stock and

the role of the consumer in ecosjstem.

e

14,

]

Dute Size clams, lleun weight Duily ratior
cm of cod, ] ‘
I ouy . welphnt

4-6 IX 1963 10-20 42 0457 1436
12-14 III 1970 10-20 13.5 0.21 1496
4-6  IX 1965 20-30 155 2.80 1.81
j-2- "% 1966 20-30 179 1445 0.81
8-9 X 1966 20-30 164.,5 0.98 0.60
9-10 IV 1966 20-30 107 1.05 0.9€
4-6 IX 1955 > 30 524 6480 1.30
1-2 X 1966 >30 403 3430 0.80
8-9 X 1966 >30 410 3420 0.78
12-14 III 1970 >30 871 6.05 0.69
9-10 IV 1966 >30 667
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Feeding churacteristics of young cod (5 -~ 20 cm)

Food composition in % by weight

Year VSeéson izg??;g Wysis Pontopo- Harmo- Other Other
: iggex Spe - reia sp ;gggi iggif— fish
1974~75 Sep.-Jan. 77 76 2 L - - -
1975-76 = " 74 74 > 19 2 -
1976-77 " 139~ 64- 3 32 1 -
1977-78 " -t go 10 4 5 1
1978~79 " 49 13 1 22 64 -
1975 Yar.-Jun. . 35 © 39 - 59 2 ’ -
1976 g g2 .26 2 51 15 - @
1977 A 68 5 - 82 - 3
1978 "o 51 9 & 710 17 -

Table 3 .

Feeding characteristics of young cod (20 - 30 cm)

St : s R R
Year Season fig??gg Food composition in % by weight

1§gex Mysislesido- Pont, Harmo~ Other Herr-~ Other

8p. tea entespe. thoe inver-ing Sprat fish
. sarsi tebr,
197475 Sep.- 137. 22 37 10 7 9 1 1 13
JidNe . -

197576 " 95 . 38 16 26 20 - - S -
1976=77  » 135 47 6 47 24 - - 2 4 ®
1977-78 " 134 22 14 29 7 23 . - 5
1978-79  » 32 6 16 19 aT -1 9 a0 .
1975 llare~Jun. 65 7 22 1 49 - 15 6 -
1976 - L 184 2 10 9 20 47 3 6 3
1977 o 168 8 7 - 36 = 3 46 -
1978 n 83 9 14 8 30 3 2 34 -




-~

Feeding churacteristics of adult, (<t eI ) o
Stomach Food composition in % by weight
Year Month i“illing
index TR e 5
ent, SDe
1975 Jan. 54 23 18 9 41 3 2 3
LuTe=aDY e & 36 6 17 31 - 10 -
Hay- Jun. 35 10 - - 1 - 79 -
Sepe=Dece. 130 21 2 10 46 3 10 5
1976  Jun. 119 10 : 1 2t 29 . 24
‘ Hare=ipr. 95 9 o4 2 21 3
Iy -Jun. 60 15 34 6 9 2 2 -
Sep.-Dec., 115 17 10 7 16 15 12 22
I Jan, 99 19 7 i 16 39 ;| 1
Mare=iDre 119 24 50 8 . 1 12 o
YMay -Jun. 110 12 57 2 6 18 1
Sepe=Dec. 128 18 19 13 3% 9 :
1978 Jan. 83 9 5 11 1 & |
llare—Apr. 99 S 59 - 21 2.
llay =Jun. - 5 16 120 47 1 14
Sep.-Dec. 70 & 49 3 o4 1 10
@
1879 Jalle 61 18 20 12 30 2 13
FBre.—Apr. 79 22 he 1 19 1 y 1




Table 5

Food consumption by cod (in thousund tons)

Yeur 1975 1975 1977 1978
Group™ 1 2 2 1 2 3 1 2 3 g 2
Cod biomuss 90 281 371 44 259 303 63 182 245 188 190
Herring w197 215 2 124 126 1 13 114 7102
Sprat 7 49 56 5 185 190 15 159 174 49 155

Fooa Liesidoteu ente 53 373 426 11 145 156 7 139 146 68 202.

items  qygin ap. 93 35 128 47 119 166 100 74 174 69 36
Hurmuthoe sarsiloj 137 242 41 79 120 90 36 126 338 26
Others 50 - 118 168 52 187 239 39 55 94 122 . 94
Total | 326 909 1235 158 839 997‘ 252 576 828 653 0615 1

*)

1 -« young cod
2 - adult cod

3 - total
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Examples of hystograms and theoretical curves [z')of distribution of fullness ‘of cod stomachs
a) 8 = 9 IV 1966, 8 Pli;size group 20 - 30 cm;
b) 4 - 6 IV 1965, 10 - 11 PM: size group 10 - 20 cm.
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Figure 2.

Examples of daily dynamics of fish number with

empty stomachs,

1) 4 - 6 IX 1965, size group 10 - 20 cm:
2) 1 - 2 X 1966, size group 20 - 30 cm.
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Figure 3.

Daily dynuamics of food mass for the sample of slze -
" n = 10 000 (24=hr station, 4 - 6 IX 1965),

a - slze group 10 = 20 em, b - 20 - 30 cm, ¢ =>30 cme,
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