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'Observafidhs on the feeding of cod ahd haddock in _ ,131*.
the Barents Sga by Observafions lasting several days.,

In the yga}s 1959 - 1961 the Polar Scientific
Reséarch in§$i+ufe (PINRO) organized sbecial‘observations
Ias+ings9evéral days on the diet and feedfng behaviour of -
cod and haddock in the Barents Sea. Several sfudfes are
avéjlable on the nutrition of these fféh"t3,5,6,8,9,1o,19,

22,24,25,26,27,28,29,31,32),

* Indicates page number in the original text. Tréns!afof.
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In addition, a voluminous=éﬁoqnf of méferlél on the
diet of ‘cod fish is held in the Polar Institute covering
.a‘peri0d>;f several years. However, almost all of the data
égncerns local, sééspnaf and yearly chahées-in>food qomp;.
‘osition, The‘infensj}y_of feedihg, and the dfrecfjon and |
periods~6f_fooa miéfa#ion. |

The present obserQaTions-wére carried:OUT with another
élm. The pfoblem was.To invesT}nge the cpﬁcenfrafioh of
cod and haddock in a spéciffc sector of the sea over a
period of Séveral days in order to Jefefmine the peculiar-
ities of the behavioﬁr Q*ﬂfhese fiéh-when_nourisﬁed by farious
axﬁhnalsi (dbdiiuﬁéhiles; herring, bottom fauna!‘cgpe:lfn;~
euphausiids, comb Je||IGS, efc. );‘fhé4charééT;r of the

: the hours of the most active food consumptlon,
dally movement of fhe food,/The change in its composition
over a 24 hour period; the size of thq-daily food rations¥*
.of cod and haddock nourished byivérious food objecfs,. If
was proposed to invesfigaTe Thése qﬁesfléns.in’cﬁnnecTion
~Wwith the size and fat content of the fish,.aﬁd also to |
trace the effect of several abiéfic facférs.»

The whole complex of the enumerated dhesflons fs
important in the treatment of a method of_haklng_a short

range forecast of the distribution and degree of stability

of cod fish stocks at fééding grounds"during the fattening period.

* More correcfly; SK - the dally coeffIC|en+ ThaT is =
the average daily quantity of food eaten by fish expressed
as a percentage of the body we:ghT (1), See the article by
N.S. Novikova "Certain data on the fat content of cod and
haddock in the Barents Sea", published in the present issue,
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Great attention was'given fo_The ﬁefhod aspect of
the investigations céfrfed out, Aﬁ-method, | )
develobed in the Sovfef Union, to observe The-dé(ly move;
meﬁf of fish food and eValuaTe,ifs_effecfiyenesé had to bé'
applied Tov*he éoq and haddock in éonneéfidn with Thgir
pecul larities. - |

This seemed all the more'imporTan+-in that two

preceding works-deVofed to the study of the daily movement

of cod food (7,33), had seVeral-mefhod shorfcomings'(see 132

befbw) which in our opinion could have been avoided,
Elaborafing on The'me*hod of obéerving +he diet of c@d and
" proceeded from the following

haddock we '7°7/° - data by A.F, Karpevich and E.N. Bokova
(If,lZ) wﬁich was obtained b? experihenfal<mean$.

Cod digest. food over a protracted period; fish =
in about 6 days, crusfapeéﬁs - in about 3 - 3.5 dayé.
In the first instance The principal decoﬁposifidn of the -
food material (75 - 80%) takes place in 3 - 5.5 days, in
the secondAjnsTance in 1.5 - 2 days; the in?ervalé'in the
ingesfibn of food are great (1.~ 2 days), sécondary
borTioné re+ard-+he'decomposi+ibn oprriméry food porfiéns;
smatil individﬁals haQe a fasfer aigesfjon than large
individuals, |

The brofracfed fime reqUired-by cod to digest food,

and the large intervals between its ingestion, required
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»zThe period of the observations to be increased from one

day to several, and set the interval between trawls at
4 hours,

Finally, the differences in Thé raTe of digestion

by cod of varlous sizes forced “the flSh belng lnvesflgaTed

to be lelded accordlng tTo suze. One such group of fish
(with a length of 35 to 46 cm), which dominated in the

catches, was isolated and the most careful observations were.

" conducted on,fhfs group at.all sTaTions.‘ The smaller fish

were not investigated at all, the larger.ones (with a

fengTh greater than 45 cm) were combined intfo one heter-

‘ogeneous, various-sized group and studied in less detall

in order to obTain approxfmaTe(and comparafive dafaﬁ_

| In the work of E.S, Zadul'skaya and K. S Smirnov
(7), maTerlaI from elth stations was uTullzed five‘
sfafiohs Iasfed less than a day, and three had"duréTions
of 27,'31, and 43 hours. Trawis were carried oof }rreg—

ularly, the intervals beTWeen them varfed from 3 to 1.1

. hours. - ) ‘ B S

The aufhors;inoiudéd cod of various sizes in

different oombinaTiohs in fhé tests., Fof examplé, on the

' Fﬂ# "Rybefs" station, Il voyage, fish‘wi+h a length of

40 - 55 and 70 - 90 cm were used in a series of tests.
In another series of tests only the larger ones (70 -90cm)

were used. The movement of food‘for these two groups

nRevisor's Note. RT exptnds in translatlon to "fishing
trawler"
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broved qui}e Qiffefenf; a¥ indicated by'a separate
adapTaTiQn of the fooa.indices of'sma{ier and larger cod,
prodhced By‘us by‘a_éérd index. Troﬁf.(33) does not
touch upon the methods of work on the daiiy stations ’
but there is a reference that obsefvafion; over a fﬁll
24 Hour period were rare. In regards to Thé_ébdve,_if
éeems nGceéSary to us that a déscripfiénvof'fhe sequence
of work on stations Ias+ing éeveral days be given.
fn,pfdervfo investigate the commercial concentrat-
ion of cod fish an expedifionafy‘vesselvpuf to sea
without a breQiously'planned course,laﬁd depending on the
fishing SiTuaTion, proceedednfo the quadfanf‘where succ-

essful fishing was in progress, After several preliminary

“trawls The>size, assortment, size composition of theé catches,

and the degree of stability of these indices were defined.

The station began in a place that most closely approached.

‘a series of conditions (bottom relief, stability of the

concénfrafion; +hé'simui+anepus presenpe'in-if of cod and
hadaock). ‘During the sféfion,\and after every 4 hours *
exacffy, a bne-hour +rawI +ookvblace thch {ﬁcluded éll
the obseryafions; These trawls took pléce at ideﬁfical

hours of the day: O; 4; 8; 12; 16; 20%%, We trawled as

far as possible in one place; the majority of the trawls

‘within each station wérq situated close to each other.

* The intervals between trawls could only be changed
by bad weather., -
* ¥ Local time (Greenwich +nme +3 hours),
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Usually +es*s were made on the food after a massive
measuremenT of flsh from a catch . (The cafches ‘were small

with a maximum about 2 Tons, often about 3 - 5 ts¥*), The.

*standard suze of a test was 25 sfomaches. With partial

catches the test could be less. Cod and haddock with a

Iengfﬁ‘greafer than 45 cm wére'proceSsed right ‘on the deck; 133

\ . . N
-with each fish we determined the size, sex, stage of

puberty, .degree of stomach fullness with food¥*¥, the

composition of this food, the amount of food organisms,

~and the degree of their digestion (according to a visual

3 - ball scale).

}de\and haddock with a length of 35 - 45 cm were

.proceésed:in more detail in the ship's laborafbry;AThe

size, weight, sex, stage Of puberty were de*ermined and

the liver was weighed.' TogeTher with -the fleld analysus

.of the food, a welghlng of The total sfomach conTenfs was

carried out on aII fLsh in The test that had: been'

'feeding.

;Thus, as a rule, 100 fish from each catch were

sTudfed for feeding.

* centner -~ 100 kcloqrams. Translator.

* % Estimated visually in so-called balls of fullness
‘on a scale used at PINRO (Polar Scientific Research .
Institute of Sea Fisheries and Oceanography im.
N.M. Knipovich): 0 - empty; batl 1 - very slight
fullness; batltl 2 - slight; ball 3 - stomach filled
with food, but with folds on its walls; ball 4 -
‘the food distends the stomach wall, no folds.



For Thé'gharacferiéchs'of'foéd_Tesf, usin& cod or
haddock WIfh a. length gréafer'fhan‘45‘ém, wé arranged:
the correlation of The balls of fuflnéss; whfch included
fhé percentage 6f emp+y sfomaches; the éyerége balls of
ful]ness;~fhg frequency'Tthfdffféreﬁ?‘food‘objet+s Qere
encountered, and data oﬁ +Heir digesfion; For fish wiTh
a length of 35 - 45 cm,. apart fromAThé enumera+éd,'a
common index of fullness was used for the whole feSfi‘This
was obtained for the relationship of The“weighT.of all
the food to the total weight of the fish in the test, and
expresséd as uguél,.in'a prodecimill., | |
Trout (33) used only a percen+qgé of empf* sfomachéé"
to make apparent the daify rhythm of cod, It is imposaipre
Tovrecogﬁfze Thi; Jndicafor.yifh enough safisfac+10n‘and
reliabilify'fo solve sihilar problemg.‘ Ohf daTa,‘obTained
from several food characteristics, indfcafes»Tha+'s+omaqhes 
solidly fillgd with fresh food>are of basic fhpor+ance in
establishing the food rhythm, especfaliy‘wifh cod. A
percentage of ehpfy stomaches doéﬁ-noT reercT this phen=-
.iomenon. | )
| Apart from the food indicators, défaxconcerning Thé
so-called fat content or the relative |iver wéight was
obtained from fish with of 35 - 45_&@.&'The-faT content
Togefhéf with the sizé'cdmposlT|on ofifhé-ééféh gerved'as
an indication by_whiCh.we judged the dégreé‘df qﬁgfify

control of the material used (18)., It was considered



important to study fish *fhat were similar as much as
possible in biological characteristics.
With an énalysis.of tThe qualiTanve composifion of

the contents of the cod and haddock-sTomaches,'é defermin-

ation of the food organisms was. conducted, although not

always to a species: This concerned the bottom animals

chiefly. Under field conditions the determination of the

digested remainders fto a species was difficult, and took

up. a lot of time, therefore it was often stated onfy as

-belonging to a larger classed category (up to a class),

By a series of circumstances we were obliged to

limit the application of the quife crude 3-ball scale,

which was.obtained from PINRO (Polar Scientific Research

Institute of Sea Fisheries and Oceanography -im, N.M,

Knipovich), aﬁd used to determine Theldfgesfion of food

~organisms, although there is a well developed , more.

f}acfional,(B-balJ) scale of the degree of digestion by

‘K.R. Fortunatova (23),

Despite the fact fhat the summary weighing of fish

stomach contents and the obtaining of a common index of

fullness for the whole test di*fers from the customary

quaﬁTiTy - weight method, by which each stomach is processed
indivfdually, we consider if'é greaT"imprévemenT in The.._
obtaining of quan+i+a+lve results of fish diet under field
conditions, A similar summary of +es+s-pefmi+jed much

maTeria] to be.enéompassed in a sh6r+ time with a decreased

amount of work.
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;' Volqme of. mafer;all.reqlons,'and Time of its collection ‘Table 1
2 N hd ' : '

. ' x Volume of material units
: - . . ..- mm v ¥ 3
2 Region ggryod if Lo . Cod N Haddock -
. H Y= T 4=
c servation + =+ 5 food o o €
£L Y% o O [« -
. + c ~0  uL © + 0 o fO0d T o
P c o'c — O N £ C (7 M S omn cw
o s -_— 0 b — C—< 00 o - N oo .
z C ) no .0 o©O0 E oo
P - O+ 0 bk+ccCc o< L, L+ ccCc 0oL [
o o CLoEQOCHO® Oi+ O Ocom o 4+ 0
v e S+ 3>0—L£ =0 © € >0—cmn—E@C
S S AunZod 0L+ wml — OO0 +'<b ol —
Easterly coastal area
North-easterly slope
of the Murmansk Bank T : ; o : . : '
3 Ditto : , T %
4 Motovskii Gulf )
5 North-easterly slope
: of the Murmansk Bank
Rybach'ya Bank -
- Finmarkenskaya- .’
Rybach'ya Bank
“Motovskii Gulf _ <
North-western slope

of the Muqmansk Bank'
10. Finmarkenskaya Bank.

Totals. .
* With interruptions
- ¥*¥ ° As indicated by 233 cod specimens
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'consideration 1n as much as it was showniin the uorke“of

"R. Ya. Tseeb (24,25) on haddock, and in our special atudi

; in 4 digested fbrm, but also 1n approximately ;fﬂ

_simultaneously with more mature fish employing;the usual 25 meter )
: bottom trawl w1th a segment having a mesh of 10 ml from knot to knot '

We - did not take the contents of fish intestines into

T" ..

o

that not only is the food EtY the intestines of'th:se‘cod £igh found

comparative amounts

(indices vary- little), 50 that the materialwls inconclusive.
' To catch the fodder animals we vere onl:'able to employ

the follow1ng fishing equipment- cod fish Jnﬂanilea vere. taken Qﬁ-!ﬁtll-;l;l”°°;“

and a length of 6 -8m inaerted 1n the cod-end of the net (2)

(trawl with a lining ); euphausiids were taken from the botton S

with an auxiliary trawlnettt (diameter 50 cm, ne. 140 gauze), uhich uas ; ;
attached to the upper line of the otter trawl (4), capelin were: seldam -

seen in a trawl, several materials vere obtained from trap nets '

and purse seine catches, bottom animals were collected with a. small ;Tf.”

. version of the Sigsbee trawl.- Therefore less vork was done on observa— L

tions of the food base of cod fish than on their diet. ‘
.Due to circumstances beyond our control only a small amount ot

hydrological work was done on stations that 1asted several days. only

measurement of the surface and bottom temperatures were preformed, and even

‘Revisor‘s note. "Lining is'a suggested rendition of the Russian

;gbgghkg, other equivalents of which include ”shirt' |
"jacket" and 'casing" Lo

“3evi§9;“8-gotgfi.“Auxiliary trawl net™ is a suggested rendition of the
‘ ‘ Russian pritralovava set!, for which no other suitable

equivalent is available..

Meldg w b o
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those wereiTFFégﬁiar. Unfortunately we did not héve an
echogramm to assess +the cod fish and the several pbjec*s.
of ?he{r\dfef,(capelin; Herrfng) duriné‘?hé period of
+fmé when +he.obserQa+ions Ias+éd~§égéral days. "As is
Known, eqhogrémms provide imporfaﬁf data on the +rénsf
location of fish:dqung a 24 hoqr~pefiodf(13,14,15;30).

Thué,ﬁeiwere 6n[y able'fp clafif*‘fhe duesfion‘A
of vertical migrafions of cod fish by changes in the
size of catches taken at various hours of a 24 hour
period, | 4
| The dUrafionfof_sTaTions las*fﬁg seQéfal days
varied, ;s(seen from.fable'1. ln'éeveral inéfances They
had. to be limited to a single 24 hour period. We usuélly
plaﬁnéd the oﬁservaffonslfo‘fasf 4 -.éjdays; but mélhly‘
due to bad weather or changés in~v6yage'pfans, the
planned scheaule.was.sﬁorfened; | '

The maferial‘was proadqed by c6§§eq*ioﬁs at 10

s*a?ions?.‘ Seven stations lasted .several days (from

2.5 to 6), three did not ekceed 28 . hours., All observat--

ions were conducted on the expeditionary yesse\.“PérsejeZ"

principally along the shore or not far from.the shore

in regions of the Barents Sea.. They encompass +wo cod
and haddock feeding periods (for the yearé 1959 - 1961);

fall (November - December) and spring (March to the

L We call them observations.
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beginning of May). Oniy‘dne observation on the diet

of haddqck was carried out in fhe'suhmér (July -Auguéf)
of 1957, | |
In all 22755 specimens of cod and 46433 specimens

. of haddock were evaluated. Procéssed by fhe quantity -
weight method were 3129 cod stomaches (with a length of
35 to 45 cm); and 4076 haddock stomaches (of Thenéame
length) . B | |

| Afield analysi5 of fhe'dieT of»fish‘havfﬁg_a_

length greater than 45 cm was carried out with 3381

specimens of cod and 2379 specimens of haddock (Table'l).'

’

A Brief Summary of the Investigations Carriéd Qut

A general view of al| observations carried bqf
on the diet of cod and haddock  is summed up by’fhé'
following., | '

in the fall perioé of 1959 (observations 2, 3,
4, and 5) catches of cod énd haddock per hour_oflfrawl_
were insignificant: they did nbf»exceéd a few‘cen+hers,
and often wére‘parfial trawls., The cod fakén had_a
length of 6 to 120 cm*; in'eaéh clas; size there was a
small and approkimafély_equal number of varl#ies.(up to

10%). A relative majority were fish with a length of

36 - 45 cm (20 - 25% of a catch). Haddock, which were

* The trawl was used by the "Rubashka".

..........

136
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a little m-"c;féhpnénﬁfur i'n the catches, had a‘clearﬂ|yy:
defined leng+h whi¢h predominéfed in the catches: in.
several stations individuals wi}h.a lengfh of 36 -~ 45 cm
comprised 40 to 75%. .According to summarized data of .
independent observations large cod were more plenfiful

than large haddock. In the following - 1960 assortment

(observation 9), The:cafch-sizes and'size.composifion_

of the cod catches were analagous, but among the haddock

‘individuals with a length of 40 - 50 cm dominated.

:During.fhls period no vertical translocation was
ébserveq in eifher'yeaf.
| Cod féd on hefring, their own yoqng; shrimps,
Sevéral:bdffom animais (chiefly tube worms), ahd
euphausiids; sea walnuts were éls§ found in their S+Omf
aches. In each of the observations Thé listed food

organisms could have had a different significance in

the cod's diet both throughout an entire station, and

‘also during different periods of a 24 hour -period. The

last in the series of events depended on the frans-

" location of food animals. ASs in observation 2, for o . ‘

example, It was established that cod feed:increasing1y ’
on young herring during the evening hours (20 - 0 o'cloCk*), ’
and on yound cod durihg the night hours (0 - 4'o'clobk),- ' ' ‘

the numbers of which increased at the bottom during

* based on a 24 hour clock. Translator.
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“this Time;u'Fresh‘herrqu‘again'appeared in the cod
‘stomaches starting at 12 and continuing till 16 o'clock..
Apparently its disappearance from the cod's diet during

“the nighT'and mornidg hours was related to its shift in

water depth. |t is interesting therefore, both that

the mutual réplacement of herring and young cod appears

in-a region of larger éod, and that the dependence of
the .intensity of the consumption of young cod is on the
density of its distribution at fthe bottom. Besides this

it was characteristic that the consumption of tube worms,

‘equally available at ahy hourfbf the day, went on all

the Timb at the same rate.

The diverse choice of food animals, differing in

‘their biology (in particular in mobiliTy,»and also in

‘weight and size), leads one to conclude that during a

station lasting several days the disproportional fluct-

uations In the size of the indices and batlls of fullness,

and also in the number of empty STomaches, cou]d'be

observed;'ThaT is a strict adaptation to specific hours

in the rise and fall of food dUring'The'fal] was not

observed with cod. At the same time, if data for one

'24 hour period is quoted, a so-~to-speak average‘daily
movement of cod food is obtalned (Fig. 1), individual

"deviations of the indices are smoothed, and periods of

more_acTive feeding (or preferred hours of‘food capture) -

are more easily apparent.




16_
‘_Iﬁ'general_iT‘wagiésTéblished‘fhaf, gccqfding
to the season, there are two such periods; one which
..was more appérenT in all the obseryaf{ons and was char-
aéTerfzedvby_mqre,filled cod s+oha¢hes,IWhichl+ook place
from 16 - 20 o'clock, the other, with fewer filled fish
sfomachés, and dependihg on the fodd objects, fookiplaée
either at 4 o'clock (cod fry, in'obServaTions~2 and 9)
‘or at 8 o'c¢lock (herrfng; In observation 4),. E.S. Zad-
ul'skaya and K.S. Smirnov (7) ‘and Trdu+ (33); ob%ained
;ofher résﬁlfs; in the first work it was indicated that
‘the maximum filling of cod stomaches was conffhed-fo.
16 - 205o'c|ockionly*;‘a4second'rise in feeding was not
noted, but a 4 - 8 6'c!ock~+he fullnesé_pf cod sfémééﬁes
‘'was even lower. Trout in genéral did not observe any
rhYThm.‘ : o | S _ 137
During the fall period haddock fed on the bottom |
animals, those of chief significance were fdbe worms;
brittle stars, and bivalve ﬁolluscs{ As disTinchfr;m
the cod, a daily’periodicify In fqod_rgqufremenfs was
_dbserved;<during the day the ful lness of the stomaches
incéeased, during Thé night (most offanfaf 4 - 8 oclock)’
.The feedihg was less (Fig. 2)?_ Iﬁ several observations
(2 and 5)l+he night-time decrease ln‘feeding occured

abruptiy, in others (3 and 4) - to a lesser degree.

* The time, in all probability, is local, that is
Greenwich plus 2 hours. Our data differs by
one hour. - ' : :

Sate g
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Puc 1 Cymtmbm xon nmarmn TpeCKH
B HaGmofennn 4. (6—I12/XII 1939)
Ocu’ oanHaT 03HAYAWT: - oL
. { —yaorw, wmr, 1 = 100 puo; Il—npouem
AYCTHIX mc.'xymxos. lll—cpe,unmx Gann ma- -
nuaueHus; [V — obuuin Humexc Hanonﬂemm,-
. 1| -~~ HHQEKCHl HANOJIHCHHS AAS PG  HAHBON - '7,
. 36—45 -ca; "2~ Gamibl HANOJAHEHWST WISt puG™ = -
Aaunoit 35-—45 ca;. 3 — Gamiini . HAOOJAHeHHs =~
s puid aciioil. ceulte 45 oM, 4—npoue1—n‘ '
MYCTIMX KEAYJKOB IJjin pul6  ajunoit 35—
45 ¢M; 5 — HpoleHT NYCTLIX XKCEAYAKOB JJist -
pu&mimioﬁ copiiie 45 cat; 6,— BenHIHHA
yJoBa, IHT, Ha.yac TPaJIeHHH. -

Time of Day

:

Fﬁg. 1. The Daily Movement of Cod Food7in Observation 4
: : } (6 - 12/X11 1959)., .
The axes of the ordinate signifyt

- catches, in dnits. 1 = 100 fish;
- percentage of empty stomaches;
[ - average ball of fullness;
- commom index of fullness,
Indices of fullness for fish wn*h a Iengfh
of 35 = 45 cm; '
2. Balls of fullness for fish with a length
' of 35 - 45 cm;
3. Balls of fullness for flSh with ‘a length
qreafer than 45 cm; :
4, Percentage of empty stomaches fOF_flSh with
a length 35 - 45 cm;
5. Percentage of empty stomaches for fish with
. a length greater than 45 cm;
6. Size of catch in units per hour of trawi,

< — —
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Puc. 2. CyTounitii Xon mutamus muitis
‘B nabmomenun. 2 - (17/XI1—20/X1 -1959).
. O6osnaueHus Te. Xe,’ UTO Ha.pH

: Time of Day

Fig. 2 The Daily Movement of Haddock Food in Observation 2
: : ‘ T (17/X1 = 20/XI 1959) .
- The designators are the same as in Fig. 1

This phenomenon, in~af| probability, was relafed To the
level of‘faquonfenf;_-haddoék wifﬁ a iarge'faT confeﬁf,
as a rule,xfed Ieésvinfensely-and Qice‘veréa. The same ’ |
situation is also observed with cod, and is maintained
by both species duriﬁg tThe spfing (18).
Thﬁs,‘in the fall months the rhythmical character
of feeding manifests itself more clearly with haddock:
during a 24 hour perfod the pefiod of intense feed]ng

charges to one of reduced feeding, although a regular
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repetition. of these periods is possible over a duration

"of several days. .SuchAé precise repetition, as a rule,

is‘nof obsefved with cod.

These peculiarffies in the character of the

" movement of food of fhe two Speéies of the cod family

are explained in the first place by the fact that cod

and haddock are fattened by animals of various sizes

and mobility. The consumption by cod of larger and

more mobile objects leads to a more varied manifestation
of the rhythm. The feeding of haddock on relatively
small and equally accessible bottom animals contributes

to a morfe precise expression of the rhythm of this

-function.

The numerical characteristics of the food Qf‘
various sizéd cod‘ahq haddock,'in allkqbéervafiohs, are
set out in Table 2. They indicate that in the fall
pefiod cod fed more fnfensefy than haddock. In 1959
cod ‘with a length of 35 - 45 cﬁ fed more écfively'fhén

the larger ones, but in 1960 its food waS"Very little,

which may be explained by the absence of hefring- | .

from its ration. The fattening of haddock of both size

groups was more or less idenTrcal, and dfffered‘liffle

~ in either year.

Our éa]éulafions of the daily qoefficienfs>(SK)

for cod and haddock with a length of 35 - 45 cm confirms

138
139
140

that which has been reported: in.1959 .one centner /100 k§7 of cod
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of t+the Food avid FéT Content of Cod and

22

Haddock 138

Iindices
(data from individual
Observation number
Indices of fullness - average
- maximum
- minimum

Percentage of empty stomaches =

observations)

average:

~ max Imum

Balls of fullness - average
) - maximum
- minimum
Hours of maximum feeding
Hours of minimum feedling
Fat content -~ average
-maximum
- minimum
Basic food organisms
Number of s*omaches s*udled

. =.minimum

¥

" Cod with a

length of 35 - 45 cm

Observation Basic food organism
number ' O
2 Herring, young cod, tube worms,
3 Herring, young cod, euphausiids.
4 Shrimp, young cod, herring.
9 Shrimp, young cod.,
6" - Capelin, euphausiids.
7 Capelin. :
8 Capelin, euphausiids, shrimp.
10 _ Capelin,
- ~ Cod with a Ieanh qreaTer *han 45 cm’
"2 Herring, young cod fube worms.
3 Herring, sea walnufs, young cod,
4 Shrimp, young cod, sea walnuts.
5. Young cod, euphausilds.
9 ©.Shrimp, sea walnuts, herring.
6 Capelin, euphaususds, sea walnuts,
7. "Capelin, _
8 Capelin, euphaus:uds sea'walnuTs.
10 Capelin, young haddock
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: . : : 139
Haddock with a length of 35 - 45 cm
Observation " Basic food organism
number R : _
Euphausiids, tube worms, Pelonaia.
Tube worms, bivalve molluscs, anemones.
Tube worms, brittle stars, amphipods.
Brittle stars, tube worms, bivalve mol luscs.
Tube worms, brittle stars, bivalve molluscs, :
Brittle stars, bivalve molluscs, tube worms. =~ -
Capelin, sea walnuts, euphausiids. '
Capelin, sea walnuts.
Capelin, euphausiids, sea walnuts.
0 Capelin, sea walnuts,
Haddock with a length greater than 45 cm
2 Tube worms, anemones, bivalve molluscs,
3 tube worms, anemones, britfle stars.,
4 Brittle stars, tube worms, bivalve molluscs,
5 Tube worms, brittle stars, sea walnuts,
9 brittle stars, bivalve molluscs, anemones.
-6 Capelin, sea walnuts. : :
7 Capelin, sea walnuts,
8 Capelin, euphausiids, sea walnuts,
10

Capelin, sea walnuts,

}yielded abouf'l;7 - 2.3 kg (an average of about 2kg).of

food eaten in a'24.hour period, in 1960 - a total of 1 kg.

The SK of haddock in both years was similar: in 1959 one ts

of haddock yielded 0.7 - 0.9 kg of food eaten in a 24 hour

period,

in 1960 - 0.8 kg. . o

In the spring period (qbservafions 6, 7, 8 in 1960,

"and 10 in 1961) the catches were greater than .during the

fall, and changed in size during a 24 hour period..-Héwevér

these changes were not reguiar and identical with both

species of the cod family*: cod sank to the bottom more

X

With the exception of observation 6, where tThe
catches of cod and haddock regularly increased at
midnight. : _ o R - _
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often at 0 = 8 o'clock, haddock more often at 12 é-ZO.o'elock.’
In‘spring catches, haddock predominated, among which = as

during the fall, indivicuals.wifh a iengfh of 35 - 45 cm

. dominated. _Cod_of'such length had a greefer sfgnificence

thanh during the fall, consfifuffng‘one half of the catch,
Large cod were taken more often Than Iarge~haddock

Capelln was the basnc food ~organism for all groups

‘ of The cod famlly during Thls perlod ' lT wopld»seem.fhaf

the preferred consump*lon of one food object must expiain
The uniform dief but The daTa obtained verlfled +he opp05|+e._
With more fllled cod and haddock sfomaches +han durlng the
fall, The-consumpfjon of capelin proceeded unequa{ly with
several Trends: with -each of the species,'wifh each s}ze
group, durfng the period.of capelin feedfhg, and during a‘
24 hour period. |

In geheral, from the combined indices of the two

‘size groups of cod, it follows that in all cases the

‘infensi+y of.fheir feedihg on capelin was greaferefhan‘fhaf

of the haddock.

However, although the maximum fullness of sfomaches,

‘and ?he encounTering of the grea+e5+ number of. ingested

specimens of capeltn ln~?hem, was always observed with cod
having a Ieanh greater than 45 cm, on The ofher hand,

according to These'indices, cod with a length of 35 - 45 cm’

. were not always far off: often with large heddoek'fhey were

greafer. Iin all instances haddock wifh'e iengfh of 35 - 45em

had the smallest indices.




fullness than of haddock, or of codiduring‘fhe fall period. -
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At the same time;*if the SK is calculated another
ﬁi§+ure appeérs;.undér similaE condi+fons the- SK.of small
members -of the cod {amiry is h}gherﬂfhén_fhaf of the large
ones. Nphropfiafé'dafa‘i5~presénfed ih‘TabJe 5.0 ¢ |

As is‘seén from_Table 3,.?he‘SK of small cod is
similar for both years, the SK;of sma|J‘cod-iﬁ-1960 was
almost twice asildw. | -

For the period from the middle of March to fthe

" beginning of May 1960, ThreeAphases_ln the in+énsi+y70f

fattening were apparent when cod fish fed on capelin.

The’inifia! phase.(observafion 6)Awasvchafac+erised by

the greatest difference in cod and_haddock feeding (see

Table 2). There were higher indices and balls of:sfdmach_

It is true that a comparatively small number of capelin
Qece confained~in_+ﬁe stomaches (small cod had an'averége;
of about 5, foh a'maxmem of abéuf 10‘spe§imené, and:~
large cod ﬁad about 20_specimeﬁs); _STomache§ +fgh+|y

packed with food (3 - 4.balls)'were only encountered in

.50% of the fish studied.

With haddock the indices and balls of_sfoméch

fullness were only a little greater than during The'fall;';

in a majority of stomaches there were about 5 specimens

of\capélin, a third of them were empty, stomaches tightly 141
packed with food (3 ~ 4 balls) were fewer than with cod

(small haddock had 13%, large haddock 29%).




26
-‘ 7
B
Bemmuua cyro‘mux xosd)qmuuemoa v, b
pa3noit JMHHBL-TIPH OTKOpMe, Moﬂsou B 196
I S I(o.nnqecmo c-ae.muon Moﬁsu r
Homen Hecaenyemuit, 0| MpHXOAHiteecn He | 4 puﬁu Ke
usbawo- - OB LOKT - : g '
] i
B o . - ',‘ "o
T -] Tpecka
7 Tlukwa*
10 - Tpecxa .
» 10
10. - l'lm(ma
F
Table 3

The Daily Coefficient Values-of Various Lengths of Cod
and Haddock when Fattened with Capelin in 1960 and 1961

Observation Object Length Number of capelin eaten rela?:ve
number studied cm to 1 ts of fish in kg ’
. 1960 from=-to - average
7 ~ Cod 35=45 ' :
7 - Haddock 35-45
. .- 1961
10 Cod 35«45
10 a greater
, : ‘ than 45.
10 ~ Haddock 35-45
10 " greater S -
than 45 ’

The presence in cod fish stomaches, apart from

capelin, of other fodder animals (euphausiids, comb jelliés,
shrimps), musT also be recognlzed as a characteristic

feature of The |n|T|aI stage of capelin fattening. These

objects of nutrition, although they have a relatively
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greaferasignificance by ocgurrence, are insignff}canf’by

weight in comparison with capelin. The frequency of euph-

“ausiid occurrence proved to be greafer wifh cod (abouf 30%)

than with haddock (about 20%), but comb Jerlies on the

ofher hand were encounfered more of*en with cod (about
35%) Than with haddock (about 17%) . ‘The occurrence of
shrimps was the’ leasf_(abouf 5%) .

The data quoted indicates that fattening on capelin

- was nof-yef\general or of a high in+ensffy.(especially

with haddock). It follows that the basic purpose of this

is to recognize the peculiarity of the distribution of

- capelin dhring a given period.

An analysis of cod fish sfomachnwconfenfs by sfages

of dlgesf|on of The capelln, |nd|ca+ed fhaf its preferred

~time of coneumpfyon was in fhe pre- mornlng hours.‘ But the

character of the diet of cod and(haddock was different.

Cod fed upon capel}n during the night hours in deeper waters

~and the greatest filling of stomaches was recorded at 4

o'clock (14), A+ this time the haddock fed lighflya(almosf

_one half of +he |ndiv1duals had empfy sfomaches) - Later,

at 5 -6 o0 clock) ‘when the capelin sank to fhe boffom for

a.ehorfipe iod (whtch was confirmed by ifs sharply increased

catches usxng a bottom trawl), fhe haddock began to feed

.more intensely, providing a high fullness of stomaches by

8 o'clock and later.
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Thus, judging by the character of the cod fish diet)

at the approaches to fhé spawning grounds capelinlkepf sep-

‘arated, chiefly in deeper water, and were more accessible

‘to cod than to haddock. Consequently, when the accessibil=

ity of capelin In infrequent and low, due to several reasons,

A

the time it is eaten most intensively during‘a 24 hour

périgd is défermined by~iTs mbmenfs of anreésediaécess-‘
Pibility. |
lDuringifhé pefio& of haxihuh féedfng((observafioh
7 in 1960, and observation 10 in 1961) the difference in
intensity of -cod and haddock feéding |eve{yed~off:;+hé-
greatest }ndices of-fullness_are almosf-equél; Thé-means
differ by_QHry 1.5 times (and not by 3 - 4 fimes as in the -
previous'ihsfance). ' |
The number of cépelin.fhe_fhe stomaches of both
species of fhe cod family grew ngﬁfficanfly (from 5 to 12 .
specﬁmené of cépeliﬁ were foUnd with 27 - 42% of The'f}sh

studied; small cod and all haddock -had a maximum_of about

15 specimens, and large cod had about 75 specimens). A’

-

-high'ball of ‘'stomach fullness (3 and 4) Is noted with a

majority of individuals (73% for cod and 55% for haddock.
\Othér fodder animals are seldom discovered: with

cod they are not encounfefed more than 4% of the time,

comb jellies continue to be found in the stomaches of had=

dock, but in fewer instances than earlier (encountered

.abouT 18% of the time),

142
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The high fattenin§ level of cod and haddock bears

witness ToAThé favourable conditions of capelin disTribufion

for both specieé. During this period, when the aVaiIabiIiTy~

of capelin is constant, its consumption by cbd incréased
in those very hours (16 - 20 and 4 = 8) which we determined
as preferrable for the Capfure of food during the fall

fee¢ing. Besides this, iTVshouId‘be-underlined that,

éccording'+o data of observation 10 which lasted three days;‘

the consumption of capelin proceedéd rﬁyfhmicaly - twice.
in a 24 hour period, most regularly with large cod. In
this 1nsiéhte the stability of the food base permitted the

periodical - feeding funcfioano be manifesfed which would

. not be clearly apparent during the fall. . j ’

In observation 7 fresh capelin were discovered in
haddock stomaches during the course of'é wholé day, but-
Wwith large individuals the greatest fullness was at 12 16

o'clock, with small individuals at 20 o'clock., 'In obser-.

“vation 10 the preferred‘consbmpfidh of~capelin by small_

haddock took place about 8 oclock;’Then as during the night

(0 - 4), the consumption inTenslTy was the least. fLarge

‘'haddock had a high stomach fullness throughout the entire

day, the séfia+ion decreased towards 4 o'clock. "Thus the

same phenomenon was observed with haddock as with cod: the -

increased consumption of capelfnmfook place during the very

same period which wés defermined»dbring the fall nutrition

as beina the period of greaTesfbfbod consumption - that is

during the day light hours.

Bl
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'Dufihgfavsjgnifiqanflpériod.of:capelin COnsumpfion"

by both species of‘*hé cod:family (observamlon 8), the

indices of fullness decreased quufe sharply. in Thls
|nsTance fhe difference befween Them was agaln nof greaf

the minimum values of the ful Iness indiceS.were equal, and

the mean and maximum values differed by~apprqximafely 1}5 o
.fimes; ‘The number of empfy sfomaches anreaséd, QSpecialry
with Small fish (abouT 23%) ., - The hjgh:fullness vaJuesVdec-

reased about 31% with cod, and about 20%-ijh,haddock.

In almost all instances about 5 capelin were dis-

covered. in the stomaches, With only a few of the Iérgg

cod (36% of the individuals) were they encountered in large

quénfi*ies. Large cod, THerebee, differ in ThaT They have

a more pro*rac*ed perlod of |n*en51ve capelin consumption

compared wnTh other groups of The cod famlly.

A qunTe significant admleure of other fodder

anlma!s was encounfered durnng Thls perlod in The fish

‘stomaches. Besides capelin, elghf oTher food components
were'diSCOVeréd in The COdfs dief,:alfhough it is True Thafm'
- they were nefsencéunféred‘offeh (euphausiidé abpdf~36%}

-The remaining objecfs abouTm7%).i Wifh haddock, euphausifdsj
(aboufiﬁo%) énd‘comb Jellies (about 36%5 were also encquntf.

ered mosT‘offen, the remaihihgibbjecTs»were not encounféred

more than 9% of the time.

‘From an analysis of Tﬁe diet it appears that fhe

"disfributfon of capelin in the presenf observaflon was The

T
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mosf_unfavo@rasle“in so .far aswith smali ced ahd haddock,
its consumpfien decreesed‘significanfly. The unstable food
‘base deferhfned fﬁe diversity in the mOvemenf‘of'cod and
heddo¢k foee, and wes aggrevafed by the seining of~ced fish
af.varqus depths, Sﬁall eod.preferred'fo»eef eapelln
‘duriné the night, but -the peak of eonsumpfioh was at 8.
o{C]eck; with |arge.ced;‘caugh+_e+_a dep1h>of 60 -t130'm,
it was 8 - 12 o'cjeck,iane_wifh those caught at a depth of
5;75 - 2200 m fT was at midnighf.. B
. Dependihg_on fﬁe‘depfh the cod were fdund, 1T was
"apparent that the preferred time periods for‘faking food
were oppeeifeA cod from shallower areas fed during The
day light hqﬁrs,vand Those Taken from a greaf depfh fed'
dqriﬁg the night. '

Thus members of the cod‘famiry-feken in catches
~from areas qf ehalloﬁ Qafer,as'e rule, cqneumed capefin
more.infensely during fhe daYlighf hours} Eﬁf'differenf
- groups had varylnq durations (from 8 fo 20 o. clock) then )
as with flsh taken from a greaf dep*h fhey fed more infen4_'
Sely durlng the nlghf hours (0. -‘4) -

Such a confrasflng relaflonship fo one and fhe same
object of nour‘shmenf was probably defermined by the varying

degree of access:blli?y«of the cepelin for cod fish dwel=
Ifng at a different depfh.A Evidenfly pre—spewning capelin :
'did not descend lower than 130 m, n aé_mucb es its spawn-

ing grounds are located at the eamevdepfh (20), The capelin
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could have been accesslble bofh ln deepervwafer ano af fhe

: boffom for cod fish dwelling in shallower places. The con; .
sumpflon of capelln fook place Jusf durlng fhe daylighf hours»
- in as much as at fhls flme catches of COd{flSh lncreased.e
Fish from greaf depfhs‘had +o~rlse ro hlgher’layers of.wafer
in order to cafch the capelln. The facf fhaf cafches of

-cod fish decreased durlng fhe nlghf proves fhaf fhe fish
departed to fhe open sea where a more successful hunt - for
’capelln could take place with fhe approach of relaflve'fo:
Adarkness (l4) . The diverse movemenf of the cod fish' food

h thCh was observed durlnq dlfferenr perlods of capelin
feedlng, ‘together with- summarlzed seasonal dafa, leads~one

fo the conclusion that wlfh cod (wlfh ‘a lenérh‘of 35‘—‘45fcﬁ)"
two rises in the movement of .food are apparenr fhe_morning:l o
rlse_(fhe leasf) lakes place ar 8. o cIock, +he~evenlng‘\p

one (lhe largesl) +akes place at 16 o clock (Flg; 3B)f
These‘rises in feedlng colncide in flme W|fh rhe perlods.t

.of lncreased intensity of.cod:leedlng which‘we nOflced in

" the fall months, only rhey\werehekpressedGmnch-morensharply.
The.peak leeding times for codfduringufhe sprlng; accordlné.
_.lo'Zadullskaya and Smlrnov,‘fake‘place in fhefperiodpfrom |

12 to 16 o'clock.. According-ro'Tropf~fhe,percenfage of
feedlng:flsh'lncreases-lnxapproxlmafelywthe same'hOurs*‘as;‘
according lo our dafa,.fhehsecond.rlse:inffhe.dallfamove—

ment of cod food approaches. ;ln"alquhree lnsfances'fhef

* Trout: uses Greenwlch flme. Local time in. the re ion
of Spitsbergen differs: by one Time zone hour pl

_one statute hour,

Fptew L O

.
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feeding of  cod takes place during the night hours. The
morning risé in the movement of cod food was notices by us
onfy.
in two seasonl ' '
Thus/fhere is a dlvergence of our da+a from the

data of the above mentioned au+hors in rela+|on +o +he daily .

movement of cod food,

Jwing to the fact that during the sprmng fat-; 9?7.
fentng The character of the diet of. both. species of +he cod

family |svdeterm|ned_by +he behavaouruof the same food

object, haddock with a‘iengfh of 35 - 45 cm are most i

analogous to the.cod in Tho dale:food;movemeh+'judginggby

%he comgined séasooa!»food indices: two rises In ful]hess;

are also apparenf of Thesé, the least +akes;ppaco oT'B

o'clock (the same as with cod) the fargest is shifted to

o little tater time, and takes place at 20Aoiclock; .Compofed

with cod where, in the seasons conéidered, The‘uhiformr

characTer of the daily movemen+ of food is generally preserved with

Two rises in fullness, haddock have ossenfgal-differences

in this relationship between fall and spring. o o‘ |  ‘.fo144"

LDur1n§ the péfiod of fall hu+ri+ionian eVEn rise‘

in the fullness of stomachs during the dayltghf hours
characferlzed the feedlng of haddock on benfhos, and ‘was
expressed in the food movemenT curve by a rela+ive|y ievolA'-

~‘area with a subsequen? decline durung The nighf, whuch Is

quite Slml16r>+0 the qharacTerLs?uc daily.food.movemen*»of

- the North Caspianvroachl(16;17);”-Tnjsprjng,‘duhingfan
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Fig. 3 : Y

(T Local

35 -

Time

(Greenwich fime + 2 hours)

2 Percentage

of fish with
food in their
stomaches ’

3 Index of

fullness Local

A

Greenwich Time

T.ime :
(Greenw:ch time + 3 hours)

‘The Daily Movemenf of Cod and Haddock Food durlnq

" the Fall

(A) and Spring (B) Periods,:

The Curves Denote:

The daily movement of cod
E.S. Zadul'skaya and K.S.:
and February - April 1929
The daily movement of cod
Trout (October - December
The daily movement of the

food accordlng to data of

‘Smirnov (November - January

- 1932);

food according to data by

and January - March 1949 - 1955);
food of cod with a length of

35 =~ 45 cm, according to our data (November - December

and March - April 1959 - .1961); o
The daily ‘movement of the food of haddock with a lengfh

of 35 - 45 cm, according to our da+a. o

incomparably higher level of fullness, two significant rises

in fhé fullness of stomaches are cJearly revealed. Thus; 
wheh haddock consume benthos, the daily»movémenf of Its

food is characteristically analogous for a benthos eater -

fhe‘roaqh.' When haddock feed upon fish, the daily movement

of its food is characteristically analogous‘for a predator -
the cod.
And finally,Afhe characfernof"fhé movement of had-

dock food during‘fhe spring appéars“fo differ from these
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+Qo'ins+anc;§dgﬁéﬁ euphaugﬁids fogether with Benfhoévbégin_ »
Tb play é Qignifiqanf role iﬁjfhe faffening; Thus in 6b§er;v
vation 1, for a duration of fwo days, haddock fed'bésically |
on bof+0m animals,nof‘which tube worms, bTvalve MOfluscs;

and Pelonaia corrugata shells were encountered most often..

‘While feeding~on benthos the aggregéfa indice§ of ful!neSS'
did not exceed 509/000, +he nymbef of empty stomaches
,amounfed‘fq 16 - 36%, and periods of decreased feeding took
place during the morning and daylfght hours (4 - 12).

‘ Two days afTef +he beginning of a station a notice-
“able change took place in the haddock's diet - a period of

fattening on euphausiids ensued . (Thysanoessa raschfi),

thcH continued throughout tThe fdl!owrng day (then the

| feeding 6nbben+hos began again). With fhe'écnsumpfibn of
eyphausijdsifhe maghiTudé of the aggregéfé indices of
ful!ness-rése strongly (87 -‘183), Tﬁere Were almost no
empfy sfbmachés, in the stomaches of individual fish’aboufs
4@0 shells were-cbdnféd (ﬁaximum ihdéx‘of fullﬁess |

- 596° /000. -The inTénsfve COnsumpffén:wenf 6n:during éll,
hours of Thé‘day, with *hé peak fullness at 16 oiélock.
Conseduenfly, the time of increased accegéiﬁilify of a
moving object of nourishment (a mulfitude‘bT euphausiids .
being brought by currents, or their dropbing to the bottom)
was utilized by tThe haadock with maximum effectiveness -
all the individuals of a population wereiincluded in the
feeding, capturing whére possible the gféaTesT amount of

food, the usual periodicity of feeding was disrupted.
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The investigated 'examples of several peculiarities
of cod and haddock diet and food behavious, when various
fodder animals are cdnsumed,'indicafes that the correlation

of cod fish +0'Their'food base is complex and diverse, and

‘the character of These~rela+iohships is‘impgrfanf to their

diéf. Sgch a decisive influence of rélafiohships between

fodder organisms and fish in stabilizing the character of

the rhyThm_of,feedinq, by several speciés of the cyprinoid

family, is noted by V.D. Spanovskaya and V.A. Grigorasﬁ (21).
| Iﬁladdifion the imporTaﬁf significance Qf +he |

bhysiological condition of fheifléh.and +hevjnfluenée of

abfoticjfacfors mqs?'nof be forgotten, which Té]l on the

behaviour of the consumer and his victim. Afurther study

of the question of the diet of cod fish, and also fhe bio-

logy of their.objects of nourishment will contribute to a
better uTilizaTioh of these fish BY commeréial accumulé+fon
during the périod and in places of feeding.‘

| in conclusidn, we expresé‘sfncehe'graflfﬁde to all.
comrades who helped in our work: +b the crew‘of the é§per-_
imental veséél "Persej-2", to captalin Z.?.‘Zamarin and to
senior mechanic N.F, Movenko, to laboratorians of PINRo_
(Polar Sclentific Research Institute of SeaAFiéherieé and
Oceanography im.'N.M. Knipovich) A.A. Georgiev, M,F,
Trombéchgv and A.S..Tyﬁrdeeva, andAaIso‘+0~§enioF scienfificﬁ

fellow-worker S.A, Mileikovskii,
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Conciusions _ 5 B 146

1. Cod and haddock in The”BérenTs-Sea have a ﬁeéple
'lar per|od|C|Ty of The feeding funcflon, ‘the inTensiTy of |
food consump*;on varies at dlfferenf periods of The day.,

2. The feeding rhyfhm , however, is manlfesfed
clearly over.é period'of several days 6n|y when Thé cod
fish have -a stable food base: for ekamblé,‘wifh héddock

'during the fall when fed on bbffoh.éniméls,'and wffh cod
when fed on cépelin in a period‘of‘abundanf'anq constant -
capelin'cbncen*ra+ion. ; |

2. In lnsfances where the diet depends on
food ObJeCTS, varying accordlng to their size. ‘and blology (with
cod - durlng the fall), or with the changing apcessibuli#y A
of the food organfsm\(wifh cod and haddock at -the beginﬁingr
and end of capeﬂin féTTeninq),'ifs péribdicify"is épparen+
with....X food in each specific 1nstance, and in 1ts turn
ensures the preferred hours of  food capfure by COd.flSh.

4, Thus the periodicffy of the cod -and haddock diet
does'notssﬁrove.fo be conéfanf. The variability of the
rhythm is'défermined by feeding conditions in eacﬁ specific
instance, and in its turn ensures;ﬁhgifullQSﬁ‘uge{§§_ﬁhese
conditions. |

5. With the sqmmarized éeasonal material (fall,
$pring) for cbd wi+h a Jeng+h of 35 - 45 cmk~as‘disfinc+

from data of E.S. Zadol'skaya and K,S, Smirnov and also

RRevisor's note, There appears to be a gap in: the origlnal
text at this point.
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Trout, two rises in the dajly movement of food curVe.are apparent -
in both cases: one peak (the least) takes place during the

‘morning (8 o'clock), the other peak (the greéfes*) duflng

the second half of the day (16 =~ 20 o'clock). During the
spring both peéks ofA%ULlness fﬁr cod>aré-hlghér than -
during the fall. | .

When haddock with é length of 35 - 45 cm consume benthos -
@ﬁf@mn)'an intensification 6f feeding is obsérvgd during
the daylight and evening hours,'wifh a reducfioﬁ during the
n{ght (4 - 8 o'clock). The:fise in +hé fulinesquf stomachd:
takes place smoqfhly,-consequenfly over é~perlod of several
hours itd food movémenf curve has the appearance of a_k
rélafively level area. Thus, a great sfmilarify is_séen
with the daffy movemeﬁf of'fdodACurve,>which we‘obfained
" earlier for a Typ{cal benfhds'eafef - the North Césp}aﬁ
réagh. During the spring the daily movement of food curve
for haddock has two highs (the rises Take-pléce éf 8 aﬁd
‘20.6'clock), for cod 1t corresponés:in'appearance similariy{
and ‘is explaihedAby the consumpfion_of capei{n. Consequen}ly
_when.faffeneq by fish the daily f00d>moyemenf of~hadqqcki
becomes characteristically analqgous to fhe food movement
§f the fypiéal predator - cod.

6. The materials introduced allow.one. to conclude
that the specific reason for the character of the mdQeméhf
of food and'fhe'behavjour:of cdq fish during the period~ahq
places of their feeding, is their Interrelation with the S

food drganisms. This is shown most clearly in The example -

of the haddock.




~one Ievel

. dock differed.

of capelin eaten durwng a 24 hourvperiod.
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7. In November - December 1959 cod fed more. rnfehsely

. Than haddock, but in these monfhs in 1960.|Ts nourishmenf

was weak., The nourishmant of haddock 1in both years.was on -
A prellmlnary deferminafion of the magnifude

of The daily raTloh (SK) of cod and haddock wifh a Ieanh

of 35 - 45_cm during The.fall'perrod confirms The above: in 1959 for

ofleéeentmﬁf'ofwcdd there was about 1.7 = 2.3 kg' (an averageA

of 2 kg) of food eaten in a 24 hour period, In 1960 a total

of 1 kg; the SK of haddock in both yeare was similar: in 1959

one centner of haddock yielded 0.7 - 0.9 kg of food eaten

in.a 24 hour period, in 1960 it was 0.8 kg.
of capel{n.faffenfng The_feeding intensity of cod and had-
‘For The period of maximum'feeding,-fhe:SK
of cod (wnfh a lengfh of 35 - 45 cm) was snmilar in bofﬁ
years: on the averaqe one centner of cod ylelded 5 3 - 5 5 kg
Ths SK of haddock
wifh +the same length was almost twice as-fow in. 1960 than
in 1961 (2. 6 and be7 kg of capeélin. respectively for e
one’ centner of haddock,

Under similar c0ndifi0ns fme SK of [erge cod fish

is lower than with the smaller ones.

In various periods

147




" M—JI, Usg-so AH CCCP, 1941,

- is BapenuesoM Mope no anubiM_yueTa MOJI0ZH H npouucna Tp e
‘F;RHHFO Bui. X. M, Iixumn joMH3nat, 1957,

_ ‘usaar,-1957.

) ﬂ.}’fﬁ" E

. wwenoBRX paitouax Bapenuena Mops. Tp. BHHPO, T. 1V. ‘M, Hnmenpomlsnar, 1939. .

' Taimm pui Bapenuena Mopn Hoxnanet 1-ft cecomss Toc. oxeanorpad. nu-ta Ne'4. M., 1931,

CY. it «3o0a. wypus T. 16, Bem. 1, 1937..

: nénom( ~inenne B oMope. BeoTHmr \Xocxoncx\oro l“ocv,uapcraemio

- MOpH (JIeYaTaeTcs B HACTOALIEM BuiIyCke).

41

Jﬂ’l I‘EPATYPA

l ApllOJlb,'_lH JI.B. n d’opryna'ro sa K. P..K sxcnepnvemanb
nnTanns pH6 (10 matepuasam 1935—1936 rr) Tp 'aoo.n uy-ra AH: P

2. Ba panenrosa A C. Coomomemxe qucnelmocm *ROKOJIeHHI “TPeCKH : 1. AHKLNL. |
ITHHPO: -Bu XM,

limw}o\manar. 1957. - ¢
WHKeBnu H TonoBuie uauenemm B mnamm 'rpec :

4 ,J.pOOH mena,C. C Bmmmxe HEKOTOPHIX . CTOPOH Glionorlm Euphaum_acea ‘Ha - yc--“;f
CHIHA Te™Hery G1EOpMa ﬁapeuueaov\iopuou Tpeoku. Tp.. J'll/lHJPO Bun X. M ﬂumeinpow-

s B XKadpena A B. Hnmnuo TpeckH B HDXIGPEMHOH 30He Bocroqnoro Mypuana Tp
Myprvivickolt ‘oro-Tanuuy AH CCCP. T. LI M—JI, 1957. - = . .
G Ka6Gpena A: B. lluranne vpecku. CG6. Ba}\ouomepnocm cxonneumx o Mnrpamm
“« iy PHG B mpuGpesiofi sone Mypmana, M.~ Jl, Haz-so AH-CCCP, 1958." -
L Sadsanckan BE.C.n Caupuos K. C CyTounnil Xoj HITAHHSA TPECKH B npo- :

&:3auemun B, W IMuraune mmxiun  (Melangrammus aeglefimis L). "8 paiione g
Myp\muf}x};gno noﬁepexm B CBA3H C ,EIUHHOH q)ayuou Tp. nano Bbm 3 M I'Inmenpmi- :
naant, 1 . )

9 Bauenn n B. . n He"rpona H. C. Ilitanue npo“ucnosux JKOCSIKOB - 'rpe'cxu’
1 w0mkH0il vacti Dapenuesa sops. Tp. TIMHPO. Bun. 5. M;, Tlunmenpoymuanar, 1939
10. Benkennu JI. A, Bpoukasn B. A n ﬂ,e‘mepena A, Y. "Marepuans. no -

KapneBiu A, @ un . Boxosa E. I Te\mbx nepesaplmamm ¥’ MOPCKUX . PEIG. ;
}l.l ~juon wypu.» T, 15. Buin, 1,-M., 1936.° '
© 12, Kapnesuu A, @1 |Box\ond E. H. Te\mu rnepenapnsaml

Mopcxux puﬁ.' '

13 Kuceaes O. H. 1 Kouvra untuoa I\ I o Bepmxanbu M pampe;le:lemur
Tpeesd M JHKMH B Bapeniesom Mopo (no nanumi mmpoaxy CTHYECKI a6mo,u.emm) ‘Bo-
- ppocki ixTHOMOrnH, Bein 14, M. .
14. Konwerantuyos K. I (_,\’TO‘mbIe Bepnlhanhume Murpaumx Tpecx

Tp. BHIIPO. T. 36. M, Hnmenpoxmum, 1938. o
15. M rayu J Hepoaszosaine ' 3Xod0Ta : 45 ouem\n 0\1 \
Lot dCHHIL PHG B, HOPBERCROM priGoaonerse. «PriGHoe XO3TICTEO» N -]
©16. Hornikorna H. C. O BO3MONHOCTH -ONpeIeAeHNS . cy"rotmoro_
TCOTRERILIR yeaounas, BecrHuk Mocxoncmto I‘ocynapcmexmoxo _ynupepy
i949. -

}1 ‘I]ll}(lll}l .

u'xoua puﬁ B el
“nTeTa ’\o M

17, Hosunkona H. C. Oupmenemxe cvmlmoro pamnuona: B06'lbl Cene'moro l\acmm
: unem .Nu 3.

. 1651,

18. Hosuxona H. (‘ Hekotopuie ,ndlmbxe no

19. Merposa-TpuugesunuH. C.. O mimesou Kom(ypEHum
1peckoit B Bapennesom mope, Tp. TIHHPO. Bum. 8, M., Tniuenpomnsaar, . 1944
20. [Ioanuskon 0. ®. Hexkoropwie naunue no GHOAOTHH H. npomucny MojiBb B :
vepuesa Mops. CO. 3aKoHOMEpHOCTH CKOTEHH, i \mrpaulm npowcnoaux puﬁ B iy
Cncmxou 30He’ Myp\mna ‘M,—JI., W3x-Bo AH CCCP, .1958." L e
.21°CnanoBcxan BoJ u Ipuropam:B. A CyTquuu pﬂw " Bel
pbl\ nxapnonu\ puwG. «Bonpocu. uxtionorny»: T I ma. 2.(19). M., 19610 <" e
92 Cuccena T. K. ITutane Tpeckn Bapumesa Mopﬁ B 1907 r. Hayqno TeXH. ¥ 6}0?1
JIETEHR I'IHHPO N3 (7). M)p\xauth 1958. -
23, pryitarosa K. P. Buodorus muTamin MOpCKOI‘O epma Tp
oy rﬂumm AH CCCP. T. VI] ‘M— JI., Uz -0 AH CCCP, ‘1930 .
24. Lice6 P, SI. Marepnasinl 1o MHTAHMIO i PacnpocTpaneHiio g =
.zoue Boeronuoro Mypuana. Tp. MypMaHCKOf ‘6noctanuun -AH CCCP, 'T. NI M= JL,, 1957,
95, Uce6 P. 9. INnrane nukum: CO. BaKOHomepuocm CKOMeH T’ _Mnrpaum! upf‘-‘"
MLICTOBHX, bl B TPUGpPeKNoN 30He Mypmau&a ‘M.~ JL,; -HMap-so: A CCCP, S
~ %6 1lee6 P. §l, PacnpexeneHne NHKIOH B. 1953—1935 rr.. C6. 3akoH V(epHocm CcKones
M= JIi - Hai-so. AH k

EB CTOHOﬂbCKOH.

‘npquemuom :

ERR W Murpaunif npmmc'xonbxx pbx6 B npuﬁpemuou .30He Mypwaucxa.
. CCCP; 1958. :

fox. o ¥ BTN O




not')epemm Tp. Myp\lalﬂoxoro MOPOKOTO GHO.IOTHYECKOTO- HHCTHTyTa Bun. 2- (6). M., 1960

~:M—JL, Han-so AH €CCP, . 1958..
* callarias L.) off Bear Island and of the-cod_and haddock .(G. aeglefinus'L:). 05.1' Ieeland

. Forsch,, Heit 4, 1958.
. proc.-verb. réunions. Com permam, :intern. explorat. mer. Vo), 81; -Appendix 1, 1932

“ser. . Vol. 21. moelgﬂ

42

- 27, U.eeﬁ P, SI K- Bonpocy o emeroqmux xo1e6axmnx mn'amm “nuxum M)p\iaucxoro

o x28 Hee6 Pofliw Kadpesa A ‘B. Cpaswenue TnTanig “Tpecki I UKL C6. 3a:
. xouomepuocm CKOTUIeHHi -1 Mmrpamm mpommcmnm puG B: npu6pe)xuoﬁ 3oue Myp\saua

29. Brown W."W. and’ Cheng C. Investlgatlons info- lhe food of. the cod (Gadus e

~and the Murman coast. Hull. Bull. Marine Ecology. Vol. 3.. Ne-18, 1946. .
v, .30 Ellis G. H. Observations on the shoaling “behaviour. of: cod (Gadus larlas)
Jin deep Water relative to .daylight. Journ, Marine Biol, Assoc . U: K:-Vol. 35, No:2, 1956.
3l. Fender K Untersucliungen iiber den Anteil “des”; Nahrung der  Rundfische’

1. Kabeljau — Nahriing bei Spltzbergen Baremnsel und im’ Kopntov-—~Gebset Fischere:—-

32.. Robertson J A A cursoy urvey of the Bl‘r'r Island : tra\\hng ground Rapp

33. Trout G.. C. The Bear 'Island cod mlgratmns and: oVements Fishery Invest

B 1 B L 10 GRAPHY.

1. Arnoldi, L V. and Fortunatova, K.R. :
K eksperimental 'nomu izucheniyu pafanlya ryb (po
materialam 1935-1936) Experimental study of the diet"
of fish (according to 1935-1936 material).
Tr. zool, in-ta AN.SSSR. T VIil. Vyp. 2 M.-L. lzd=vo
AN SSSR, 1941, Treatise of the zoological institute
of the Academy of Sciences. Vol. 7, Extract 2 M.-L.,
, Academy of. Scnences USSR Publlshing House, 1941,
2. Baranenkova, A.S.
Soofnoshen|e chislennosti: pokolenii treski i pikshi

v barentsovom more po dannym ucheta molodi i promyslia.

A correlation of the number of cod and haddock by
"generation in the Barents Sea_acpordlng to fry and

fishery calculations. Tr, PINRO, Vyp. X, M., Pishch=

epromizdat, 1957, Treatise of the Polar Scientific
Research Institute of Sea Fisheries and Oceanography
"im. N.M. Knipovich, Extract X. M., State Scientific
and ‘Technlical Publushlng House of fhe Food |ndustry,

: 1957,
3. Grinkevich, N.S,. :
: Godovye izmeneniya v plfanll treski- barenfseva morya.,

Yearly changes in the diet of cod in the Barents
Sea., Tr. PINRO. Vyp. X. M. Pishchepromizdat, 1957.
Treatise of the Polar Scientific Research Institute
of Sea Fisheries and Oceanography im. NJM. Knupov1ch
Extract X. M., State Scientific and Technical
Publishing House of The Food Indusfry, 1957.
4, Drobysheva, S.S..

' Vliiyanie nekotorykh sTorOn biologili Fuphausuacea na
usloviya letnego otkorma barentsevomorskoj treski.
The influence of several aspects of Euphausiacea
biology on summer fattening conditions of the Barents
Sea cod. Tr., PINRO. Vyp. X. M., Plshchepromnzdaf
1957, Treatise of The Polar Scientific Research

e



9'

10,

43

Iinstitute of Sea Fisheries and Oceanography im.
N.M. Knipovich, +“¥xtract X. M., State Scientific
and Technical Publishing House of the Food industry,
1957, ' o ‘

Zhabreva, AJV. : .-
Pitanie ftreski v pribrezhnoi zone vostochnogo murmana.
Diet of cod in the coastal zone of Eastern Murman.

- Tr, Murmanskoj biostantsii AN SSSR. T. II, M, -L.,
1957, JTreatise of the Murmansk Biological station
of the Academy of Scuences USSR. Vol. 11i. M., - L.,
1957. '
Zhabreva, AV, : _ .
Pitanie treski. Sb. Zakonomernosti skoplenii i
migratsii promyslovykh ryb v pribrezhnoi zone Murmana.-

The diet of cod. A collection. The natural shoaling -
and mlgrations of commercial fish in the Murman
coastal zone. M. - L., lzd-vo:AN SSSR, 1958.
_ Academy of. Sciences. Publishing House USSR 1958,
Zadul 'skaya, E.S. and Smirnov, K.S. o
Sutochnyi khod pitaniya treski v promyslovykh rai-.
onakh Barentseva morya., The daily movement of cod
food in commercial regions of the Barents Sea.
" dr, VNIRO. T, I1V. M., Pishchepromizdat, 1939,

Treatise of the All-Union Scientific Research iInstitute
of Sea Fisheries and Oceanography. Vol. IV, M.,

State Scientific and Technical Publishing House of

: the Food Industry, 1939, :

Zatsepin, V.lI. o : -
Pitanie pikshi (Melangrammus aeglefinus L.) v raione
Murmanskogo poberezh'ya v svyazi s donnoi faunoi.

Diet of haddock (Melangrammus aeglefinus L.) in a
region of the Murmansk coast in relation to the
bottom fauna, Tr. PINRO. Vyp. 3. M., Pishchepromizdat,
1939, Treatise of the Polar Scientiflc Research
Institute of Sea Fisheries and Oceanography im. N.M,

" Knipovich. Extract 3. M., State Scientific and .
Technical Publishing House of the Food Industry, 1939,

Zatsepin, V.l. and Petrova, N.S.

Pitanie promyslovykh kosyakov treski-v yuzhnoi chasti
Barentseva morya. Diet of commercial schools of cod
in-the southern part of the Barents Sea. Tr. PINRO.
Vyp. 5. M. Pishchepromizdat, 1939. ‘Treatise of the
Polar Scientific Research Institute of Sea Fisheries
and Oceanography im. N.,M. Knipovich. Extract 5, M,
-State Scientific and Technical. Publishlng House of
the Food industry, 1939,

Zenkevich, L.A., Brotskaya, V,A., and Dekhfereva,;AuI.-
.Materialy po pitaniyu ryb Barentseva morya.. =
Materials on the diet of fish in the Barents Sea.
Doklady 1-i sessil Gos. okeanograf. in-ta. No.4. M.,
1931, Papers of the 1-st session of the State
Oceanography Institute No., 4., M., 1931,

B A




1.

12.

13,

14.

15.

17.

18,

‘aa

Karpev1ch, A.F. and Bokova, E.N. ‘ '
Tempy perevarivapiya u morskikh ryb Rates of’
digestion ih sea fish., Ch. 1 "Zool. zhurn." T. 15,
Vyp. 1. M., 1936, - Part 1 "Zoological Journal",
Vol. 15, Ex, 1. M,, 1936. :

Karpevidh, A.F. and Bokova, E,N, :
Tempy perevarivaniya u morskikh ryb, = Rates of
digestion in sea fish. Ch, |l "Zool. Zhurn.," T.
16, Vyp. 1, M., 1937. Part ||l "Zoological Journal"
Vol. 16, Ext. 1, M., 1937,

Kiselev, O,N, and Konstantinov, K.G.

O vertikal'nom raspredelenii treski i pikshi v
- Barentsovom more (po dannym gidroakusticheskikh
nablyudenii), On the vertical distribution of cod

and haddock in the Barents Sea. (according to
hydro-acoustic observations). ' Voprosy ikhtiologii.
Vyp. 14, M, 1960, Auestions of lchThonogy. Ext,
14, M,; 1960, - ‘ -

Konstantinov, K.G. ‘ _ :
Sutochnye vertikal'nye mlqraTS|I treski i pikshi,
Daily vertical migrations of cod and haddock, Tr.
VNIRO, T. 36. M,, Pishchepromizdat, 1958, Treatise
,0f the All-Union Scientific Research Institute of-
Sea Fisheries and Oceanography. Vol. 36, M,, State
Scientific and Technical Publishing House of the

. Food |ndus+ry,'1958.

Midttun, L. S
lspol'zovance ekholota diya otsenki promyslovol
moshchnosti skoplenii ryb v norvezhskom rybolovstve,
The use of an echo-sounder in a Norwegian fishery.
to estimate the commercial strength of a concentration
of fish, "Rybnoe khozyaistvo" No 11, M,, 1959,
"Fish Farming"™ No 11, m., 1959, . ‘

NOVIkova, N.S. - .

0 vozmozhnosti opredeleniya sutochnogo ratsicna ryb
v estestvennykh usloviyakh. On the possibility of
determining the daily ration of fish in their natural
surroundings. Vesthik moskovskogo gosudarstvennogo
universiteta, No 9. M., 1949. Herald of the Moscow

State University No 9. M., 1949,

Novikova, N,S,

‘Opredelenie suTochnogo ratsiona vobly severnogo
"kaspiya neposredstvenno.v more. . A determination of
the North Caspian roach's daily ration immediately
after entering the sea. Vestnik moskovskogo gosudar-
stvennogo universiteta, No 5, M,, 1951, Herald of
the Moscow State University No 5. M., 1951,

Novikova, N.S. ' . -
Nekotorye dannye po‘zhirnosfi:freski i pikshi bar-
entseva morya (pechataetsya v nastoyashchem vypuske).
Certain data concerning the fat content of cod and
haddock in the Barents Sea (published in the present
issue), ' . :



19.

20,

21,

22.

23,

124,

25,

45

PeTrova - GrlnkeV|ch “N.S. . A .
0 pishchevoi konkurenfsil mezhdu pikshei | treskoi
v barentsevom more, About the food competition '
between haddock and cod in the Barents Sea. Tr.
PINRO. Vyp. 8, M., Plshchepromlzdaf ‘1944, Treatise
by the Polar Scientific Research InsTlTuTe of Sea
Fisheries and Oceanography im. N.M, KnipOV|ch
Issue 8, M,, State Scientific and Technlcal Publishing
House of the Food Industry, 1944, :
Pozdnyakov, Yu,; F, ) . o
Nekotorye dannye po b|ologll i promyslu moivy bar-
entseva morya. Sb. Zakonomernosti skoplenii i
migratsii promysiovykh ryb v pribrezhnoi zone murmana,
Certain data on the biology of capelin fishing in
the Barents Sea., A collection. Shoaling and mig-
ration behaviour of commercial fish in.the Murman '
coastal zone. M, - L, lzd-vo AN SSSR, 1958,
Academy of Sciences Publishing House, USSR 1958,
Spanovskaya, V.D. and Grigorash, V.A.
Sutochnyi ritm pitaniya nekotorykh’ karpovykh ryb.
The daily rhythm of the food of several fish of the
carp family.  "Voprosy ikhtiologii"™ T.1. Vyp. 2(19) .
M., 1961, "Questions of ichthyology", Vol. 1, .Issue.
2°(19), 1961, ' ' S S
Sysoeva, T.K. : _ o
Pitanie treski barentseva morya v 1957, Cod food
in the Barents Sea in 1957.- Natuchno-tekhn. byull=-
eten!' PINRO No 3(7). Murmansk, 1958, Scientific=
Technical Bulletin of the Polar ‘Scientific Research
Institute of Sea Fisheries and Oceanography im,
N.M, Knipovich. No 3(3), Murmank, 1958,
Fortunatova, K.,R.
Biologiya pitaniya morskogo ersha., Blology of fhe
diet of the sea scorpion. Tr. Sevastopol'skoi
biostantsii AN SSSR. T, VIl, M, - L., lzd=-vo AN SSSR,
1950, Treatise of the Sevas?opol Biology Station
of the Academy of Sciences USSR Vol VII, M, = L.,
Academy of Sciences Pubiishlng House; 1950 '
Tseeb, R.Ya. :
Materialy po plfanlyu i rasprostraneniyu p|kshi v
pribrezhnoi zone vostochnogo murmana. Materials on
the diet and propagation of haddock in the coastal
zone of Eastern Murman. Tr. Murmanskoi biostantsii

AN-SSSR. T. I11. M. - L., 1957, Treatise of the.
Murmansk Biological Station, Academy of. Sccences
USSR. Vol. 111, M, =" 1., 1957,

Tseeb, R.Ya, o .
Pitanie pikshi. Haddock diet.  Sb. Zakonomernosti
skoplenii i migratsii promyslovykh ryb i pribrezhnoi
zone murmanska. M, - L., lzd=vo AN SSSR,1958,

A collection,.,. Shoaling and migration behaviour of
commercial fish in the coastal zone of Murmansk,
M. - L., Academy of Sciences USSSR Publishing House,1958.




26,

28,

Tseeb, R.Ya. .

]
|

Raspredelenie pikshi v 1953 - 1955, Distribution-
of haddock in 1953 - 1955, Sb. Zakonomernosti
skoplenii i migratsii promysiovykh ryb v pribrezhnoi
zone murmanska. M, - L.,?lzd-vo AN SSSR, 1958,.

A collection, Shoaling and migration behaviour of
commercial fish in the coastal.zone of Murmansk,

M, - L., Academy of Sciences USSR Publishing Houée,:
1958, - . -

27, Tseeb, R.Ya, : : ' -
: K voprosu o ezhegodnykh kolebaniyakh pitaniya pikshi

murmanskogo poberezh'ya. The question of matural
fluctuations of the Murmansk Coast haddock. Tr.
Murmanskogo morskogo biologicheskogo instituta. _
Vyp. 2 (6}, M,, 1960, Treatise of the Murmansk Sea
Biological .Institute. Issue 2(6), M., 1960,

Tseeb, R.,Ya. and Zhabreva, A.V,

Sravnenie pitaniya treski i pikshi. A comparison

of the food of cod and haddock. Sb. Zakonomernosti
skoplenii i migratsii promysiovykh ryb v pribrezhnoi
zone murmana., M, - .L,, lzd-vo AN SSSR, 1958,

A collection. Shoaling and migration behaviour of -
commercial fish in the coastal zone of Murmansk.,

M, =~ L., Academy of Sciences Publishing House USSR,
1958, ‘ '

| ~ DUE DATE

46

148

.....f.,...;.,.ﬁ /?V%%/

|
|
|
|
|
l
|
|
|
|
|
|
|
|
|
\l

Printed
In USA




