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Barents Sea by observations lasting several  14 u

Opyt mnogosutochnykh nablyudenii za pitaniem treski i 	

REVISUZ_ 9\erTioN „. 
' -lent seuttni 

pikshi barentseva morya 

Trudy Polyarnogo Nauchno-issledovateltskggo i Proektnogo 
Institute Morskogo Rybnogo khozyaistva  I Okeanografil im. 
N.M. Knipovicha (PINRO). 

Proceedings of the Polar Research Institute of Marine Fisheries 
and Oceanography. . 
No. 15 	pp 131-148 	1963 	 • 

Observations on the feeding of cod and haddock in 	131* 
the Barents Sea by Observations lasting several days. 

In the years 1959 - 1961  the  Polar Scientific 

Research Institute (PINRO) organized special observations 

lastingseveral days on the diet and feeding behaviour of 

cod and haddock in the Barents Sea. Several studies are 

available on the nutrition of these fi-sh t3,5,6,8,9,10,19, 

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

Indicates page number in the original text. 	Translator. 
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In.additiOn,' a voluminous emount of material on the 

diet of cod fish is held in the Polar Institute covering 

e period of several years. However, aUmost all of the data 

• concerns local, seasonal and yearly changés in food comp-

osition, the'intensity of feeding, and the direction and. 

• • periods of food migration. 

The present observations were carried .  but with another 

aim. The problem was to investigate the concentration of 

cod and haddock in a specific sector of the sea over a 

period of several days in order to determine the peculiar- 

ities of the behaviour of these fish-when nourished by various 

animai s. (cOd :juVehiles, herring, bottom fauna,..capelin,. 

• . 	. 
euphausiids, comb jellies, etc.); the character of the 

the hours of the most active food consumption; 
daily movement of the food;/the change in its composition 

over a 24 hour period;"the size of the  daily food rations* 

of cod and haddock nourished by various food objects. , It 

was proposed to investigate these questions in cOnnection 

with the size and fat content of the fish, and also to 

trace the .e'ffect of several abiotic factors. 

The Whole complex of the enumerated  questions  is 

important in the treatment of a method of makimg à short 

	

range forecast of the distribution and  degree of stability 	. 

of.cod fish stocks . a.t feeding grourids'cluring  the  fattening period. 

More correctly, SK - the daily coefficient, that is - 
the average daily quantity of food eaten by fish expressed 
as a percentage of the body weight (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 isatie: 



Method,and Material  

Great attention was given to the method aspect of 

the investigations car'ried out. A metho.d, 

developed in the Soviet Union, to observe the daily move-

ment of fish food and evaluate, its effectiveness hàd to be' 

applied to the cod and haddock in connection with their 

peculiarities.. 

This seemed  aH  the more  important in that two 

preceding works -deVoted to  the study of the daily movement 

cf cod food (7,33), had several-method shortcomings (see . 

below) Which in our opinion coud have bèen avoided. 

Elaborating on the method of observing the diet of cod and 
proceeded from the following 

haddock we 	 data by A.F. Karpevich and E.N. Bokova 

(11,12) which was obtained by experiffiental means. 

Cod digest food over a prdtracted period; fish - 

in about 6 days, crustaceans - in about 3 - 3.5 days. 

In the first instance the principal decomposition of the 

food material (75 - 80%) takes plaoe in 3 - 3.5 days, in 

the second instance in 1.5 - 2 days; the iniervals in the 

ingestion of food are great (1 - 2 days), secondery 

portions retard the 'decomposition of primary food portions; 

small individuals have a faster digestion than large 

individuals. 

The protracted time reqUired by cod to digest food; 

and the large intervals between its ingestion, required 



'.the 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 the rate of digestion 

by cod of various sizes forced.'the :fish being investigated, . 

to be divided according to size. 	One such group of fish 

(with a length of 35 to 46 cm), which dominated in the 

catches,  was isolated and the koà£ carefül'Observations were 

conducted on this group at all stations. 	The smaller fish .  

were not investigated at all, the largerones (with a 

length gireater than 45 cm) were combined into one heter-

-ogeneous, various-sized group and stùdied in less detail 

in order to obtain approximate.and  comparative data. 

In the work of E.S. Zaduliskaye and K.S. Smirnov 

(7), material from eight stations was utilized, five 

stations  lasted less than a day, and three had durations 

of 27, 31, and 43 - hours. 	Trawls were carried out irreg- 

ularly, the intervals between them varied from 3 to 1.1 

• 'hours. • 

The authors incilicied cod of various sizes in 

different combinations in the tests. 	For example, on the 

RTÉ  "Rybets" station, II voyage, fish with 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 

. 	. , ARevisor's Note.  RT exPinds in translation to "fishing 
Ti,awler". . 



* * 

proved quite different, es' indicated by a separate 

adaptation of the food indices of smaller and larger cod, 

produced by us by a card index. Trout (33) does not 

touch upon the methods of work  on the daily stations , 

but there is a reference that observations over a full 

24 hour period were rare. 	In regards to the above, it 

seems necessary to us that a description of the sequence 

of work on stations lasting several days be given. 

In order to investigate the commercial concentrat-

ion of cod fish an expeditionary vessel put to sea 

without a previously planned course, and depending on the 

fishing situation, proceeded to the quadrant where succ-

essful fis.hing was in. progress -. 	After several preliminary 

'trawls the size, assortment,.size composition of .thè catches, 

and the degree of stability of these  indices were defined. 

The station began in a place that  most çlosely approached. . 

a series of conditions (bol- tom relief, stability of the 

concentration . , the simultaneous presence in It of cod and 

haddock). 	During the Station,  and afte'r . every 4 hours * 

exactl'y, a One-hour.trawl took ,. place Wâich included  all  

the observations'. These trawls took place at identical 

hours of the day: 0; 4; 8; 12; 16;.20”. 	We. trawled as 

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

• 
within each station were situated closè to each other. 

The intervals between trawls could only be changed 
by bad weather. 

Local time (Greenwich time +3.  hours), 



Usuaily tests werpa made on the food after a massive 

measurement of fish from a catch (the catches were small: 

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

standard size of a test was 25 stomaches. With partial 

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

length greater than 45 cm were processed right'on the decic; 	133 

\ 
with each fish 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). 

Cod and haddock with a length of 35 - 45 cm were 

processed in more detail in the ship's laboratory; the 

size, weight, sex, stage of puberty were determined, and 

the liver was weighed. 	Together with the field analysis 

of the food, a weighing of the total stomach contents was 

carried out on all fish in the test that had been 

feeding. 

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

- 
studied for feeding. 

centner - 100 kilograms. 	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; 	ball 1 - very slight 
fullness; ball 2 - slight; ball 3 - stomach filled 
with food, but with folds on its walls; ball 4 - 
the food distends the stomach wall, no folds. 

* * 
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For the characterkstjcs of food :test, usind cod or 

haddock With e length greater - than 45 cm, we arranged: 

the correlation  of the balls of fullness, which included 

the percentage of empty stomachés; the average balls of • 

fui mess; the frequency . thet . .different'food objects were 

encountered, and data on their digestion. 	For fish with 	' 

a length-  of 35 - 45 cm,.apart from.the enumerated,'a 

common index of fullness was used for the whole test. This 

was obtajned for the relationshfp' of the weight of all 

the food to the total.weight of the fish in the test, and 

expressed as usual, in a prodecimill. 

Trout . (33) used only a percentage of empty stomaches 

to make *apparent the deity rhythm of cod. 	It is imposs,ible 

to recognize this incricator with enough satisfaction and 

reliability to solve similar problems. 	Our data, obtained 

from several food characteristics, indicates that'stomaches -

solidly filled with fresh  food are of basic importance in 

establishing the - ci .od rhythm', especially"wi.th cod. 'A 

percentage of empty stomaches does. not. Teflect this phen- 

omenon. 

Apart from the food indicators, data concerning the 

so-called fat content or the relative liver wéfght was 

obtained from fish with of 35 - 45 cm. The fat content 

together with the size composition of the catch served as 

an indication by which we judged the degree of quality 

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 analysis of the qualitative composition of 

the contents of the cod and haddock stomaches,.a determin-

ation of the food organisms' was.conducted, although not 

always to a species: This concerned the bottom  animais  

chiefly. 	Under field conditions . tile determination of the 

digested remainders to a• species was difficult, and took 

Wa lot Of time, therefore it wa's often stated only as 

-belonging to a larger classed category (up to a cl .ass). 

By a series of circumstances we were obliged to 

. limit the application of the quite crude 3 , ball scale, 

which was-obtained from PINRO (Polar Scientifi-c Research 

Institute of Sea Fisheries and Oceanography lm. N.M. 

Knipovich), and used to determine the digestion of food 

organisms, although'there is a well developed , more-

fractional,(5-ball) scale of the degree of digestion by 

- 	-K.R. Fortunatova (23). 

Despite the fact that the 'summary weighi,ng of fish 

stomach contents and the obtaining of a common index of 

fullness for the whole test differs from the customary 

quantity - weight method, by which each stomach is processed 

individually, we consider it a great improvement in the 

obtaining of quantitative results of fish diet under field 

conditions. A similar summary of tests permitted much 

material to be encompassed in a short time with a decreased 

amount of work. 
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1 	Easterly càastal area 
2 	North-easterly slope 

of the Murmansk Bank 
3 	Ditto 
4 	Motovskii Gulf 
5 	North-easterly slope 

of the Murmansk Bank 
6 	Rybach l ya Bank .  
7 	Finmarkenskaya- 

Rybachtya Bank 
8 	Motovskii Gulf 
9 	North-western slope 

of the Murmansk Bank 
10 Finmarkenskaya Bank 

Totals 

With interruptions 
As indicated by 233 cod specimens * * 

emu. 
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We did>nôt take the :contents of fish intestines  into- 
. 	. 	 • 	- 

Consideration in as much ee it'vas shOin in.the,Worka of  

R. Ya. Tseeb (24,25) on  haddock,  end in oUr OPecial:litudiée-On cod,: 
_ 	 . 

that not only is the food  in the intestines of  theee -cod : fie  foui , 
in à digested form, but  also  in appeoximatelY'-equal.Compaeative ,amoùnts 

(indices varrlittle), so that the isterialiainConclusive. 

To catch the fodder animals We were onlyiable tO employ-

the following fishing equipment: doefish,Pme,enees'uere - taken 

simultaneously with more mature fish emplOYinithi - uSual 25 metee 

bottOm trawl with-a  segment  having allesh .: of - 10:mm:feoii,knotto knot 

and a length of 6 - 8 einserted in the'coeb.end-Ofthe  net (2)  

(trawl With-a lining*); auphauslids wiretaken from,,thelpottce 

with an,auxiliary trawl née*  (diaMeter : 50 cM, - Mb.140 gauee),,WhiCh was 

 attached to the upper line of the ottée ttawl'(4)'4 caPelin were2Seldom:. 

seen in a trawl; several materials were obtained from trap:nets 

and purse seine catches; bottom'aniMala:weee 

version of the Sigsbee trawl. Therefoee less.Work:WaS done on  observa-

tions of the food base of coid fish than'Ontheiediet. 	 - 

,Due to circumstances beyond - pue-control,ohlY a,smali amount  of  

hydrological work was done oh Stations that'laated several: daYsl only- : 

Measurement Of the surfacé and,bottOm teMperatUees were preformed, and even 

*Revisor's note. "Lining* is a suggested rendition of the Russian 
raguerai, other equivalents of which include *shirt*, 
*jacket* and  *oasingTM.  - 

**Rev_leAr's note.  *Auxiliary trawl net* is a suggested rendition of the 
Russian pritralovava set',  for which . no other suitable 
equivalent is available. 



12 
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those were irregular. Unfertunately we did not have an 

echogramm to assess the cod fish and the several objects 

of their diet (capelin, herring) during the period of 

time when the observations lasted several days. As is 

known, echogramms provide important data on the trans-

location of fish during a 24 hour period (13,14,15,30). 

Thus we were only able to clarify the question 

of vertical migrations of cod fish by changes in the 

size of catches taken at various hours of a 24 hour 

period. 

The dùration of stations lasting sevral. days 

Varied, as seen from table . 1. In several instances they 

had.to be limited to a Single 24 hour period. 	We usually , 

planned the observations to last 4 - 6-days, but mainly 

due to bad weather or changes in voyage .  plans, the 

planned schedule was shortened. 

The material was produced by collections at 10 

stations*. Seven stations lasted .several days (from 

2.5 to 6), three did not exceed 28 hours.  AH observat-

ions were conducted on the expeditionary vessel 1Yersej-2" 

principally along the shore or not far from the shore 

in regions of the Barents Sea. They encompass two cod 

and haddock feeding periods (for the years 1959 - 1961); 

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

We call thèm observatlens, 

W 
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beginning . of . MaY).. Only'ône observation On the diet 

of haddock  was •arried out in the "summer (July -August) 

of 1957. 	. 

In all 22755 specimens of cod and 46433 specimens 

of haddock were evaluated. Processed by the quantity - 

weight method were 3129 cod stomaches (with a length of 

35 to 45 cm), and 4076 haddock stomaches (of the same 

length). 

Afield analysis of the diet of fish having a 	. 

length greater than 45 cm was carried out with 3381 

specimens of cod and 2379 specimens of haddock (table 1). 

A Brief Summary of the Investigations Carried Out 

A general view of all observations carried out 

on the diet of cod and haddock is summed Up by the 

following. 

In the fall period of 1959 (observations 2, 3, 

4, and 5) catches of cod and haddock per hour of trawl 

were insignificant: they did not exceed a few centners, 

and often wére partial trawls. The cod taken had a 

length of 6 to 120 cm*. 	In each class size there was a 

small and approximately equal number of varities (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 

n ... 
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a little more plentiful in the catches, had a clearly 

defined length which predominated in the catches: in 

several stations individuals wi'th a length of 36 - 45 cm 

comprised 40 to 75%. According to summarized data of 

independent observations large cod were more plentiful 

than large haddock. 	In the following - 1960 assortment 

(observation 9), the catch sizes and size composition 

of the cod catches were analagous, but among the haddock 

individuals with a length of 40 - 50 cm dominated. 

During this period no vertical translocation was 

observed in either'year. 

• 	

ï 

Cod fed on herring, their own young, shrimps, 

several  • bottom anima i s (chiefly tube worms), and 

euphausiids; sea walnuts were also found in their stom-

aches. 	In each of the observations the 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  trans- 

l ocation  of food animals. 	As in observation 2, for 

example, it was established that cod feed increasingly 

on young herring during the evening hours (20 - 0 o'clock*), 

and on yound cod during the night hours (0 - 4 o'clock), • 

the numbers of which increased at the bottom during 

based on a 24 hour clock. Translator. 

M•••• ••  
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Fresh - herring again - appeared in the cod • 
this time. 

stomaches starting at 12 and continuing till 16 o'clock. 

Apparently its disappearance from the cod's diet during 

the night and morning hours was related to its shift in 

water depth. 	It is interesting therefore, both that 

the mutual replacement of herring and young cod appears 

in a region of larger cod, and that the dependence of 

the intensity of the consumption of young cod is on the 

density of its distribution at the bottom. 	Besides this 

it was characteristic that the consumption of tube worms, 

equally available at any hour of the day, went on all 

the timé at the same rate. 

The diverse choice of food  animais,  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 balls of fullness, 

and also in the number of empty s. tomaches, could be 

observed; that is a strict adaptation to specific hours 

in the rise and fall of food during the fan 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 obtained (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. 
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In general it was established that, according • 

to the season, there are two such periods; one which 	• 

was more apparent in all the observations and was qhar-

acterized by more ;filled cod stomaches, which took place 

from 16 - 20 o'clock, the other, with fewer filled fish 

stomaches, and depending on the food objects, took place 

either at 4 • o'clock (cod fry, in observations 2 and 9) 

or at 8 o'clock (herring, in observation 4). 	E.S. Zad- 

ullskaya and K.S. Smirnov (7) and Trout (33), obtained 

other results. 	In the first work it was indicated that 

the maximum filling of cod stomaches was confined•to 

16 - 20'o'clock only*, a second rise in feeding was not 

noted, but a 4 - 8 o'clock the fullness of cod stomaches 

was even lower. Trout in general did not observe any 

rhythm. 

During the fall period haddock fed on the bottom 

animais,  those of chief significance were tube worms, 

brittle stars, and bivalve molluscs. 	As distinct from 

the cod, a daily periodicity in food requirements was 

observed; during the day the fullness of thé stomaches 

increased, during the night (most often at 4 - 8 oelock) 

the feeding was less (Fig. 2). 	In several observations 

(2 and 5) the night-time decrease in feeding occured 

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

The time, in all- probability, is - local, that is 
Greenwich plus 2 houi.s. Our data  differs by 
one hour. -  
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Time of Day 

F,ig. 1. The' Daily Movement of Cod Food in Observation 4  
(6 - 12/X1-1 1959). 

The axes of the ordinate signify 
• 

- Catches, in linits. 	1 = 100 fish; 
11 	- percentage of empty stomaches; 
Ill 	- average ball of fullness; 
.1V 	- commom index of fullness. 	- 
1. Indices of fullness for fish with'a length 

of 35 - 45 cm; - 
• 2. Balls of fullness .  for fish with a langth 

of 35 - 45 cm. 
3. Ball s.  of fullness for fish with a length 

greater than 45 cm; 	• 
› • 4. Percèntage of empty stomacbes for-fish 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 trawl. 
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fiîîzo  à 
epee' rem 

PHC. 2. CyT0 11Hbal xcift ITHTBBHB 1111KWit 
B Ba6010,BBIIHII 2 (17/XI4-.  20/XI 1959); 
06o3HatieH1jH Te xte, ,ITO Ha pHe..:‘:.1 

Time of Day 

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

This phenomenon, in all probability, was related to the 

level of fat content; 	haddock with a large fat content, 

as a rule, fed less intensely and vice versa. The same 

situation is also observed with cod, and is maintained 

by both species during the spring (18). 

Thus, in the fall months the rhythmical character 

of feeding manifests itself more clearly with haddock: 

during a 24 hour period the period of intense feeding 

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

of several days. Such a precise repetition,'as a rule, 

is not observed with cod. 

These peculiarities in the character of the 

movement of food of the two species of the cod family 

are explained in the first place by the fact that cod 

and haddock are fattened by  animais 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 

smart and equally accessible bottom  animais  contributes 

to a moee precise expression of the rhythm of this 

function. 

The numerical characteristics of the food of 

various sized cod and haddock, in all Qbservations, are 

set out in Table 2. 	They indicate that in the fall 

period cod fed more intensely than haddock. 	In 1959 

cod - with a length of 35 - 45 cm fed more actively than 

the larger ones, but in 1960 its food was very little, 

138 
• 139 
140 

wgchniailexpleped.byHthè absence  Of liètripg 

from its ration. The fattening of haddock of both size 

groups was more or less identical, and differed little 

in elither year. 	 - 

Our calculations of the daily coefficients (SK) 

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

. -- 
that which has been reported: in 1959 one ceininer Z.1.00 ka7 of cod 
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Indices Of the Food eed Fat Content of Cod and liaddOck 	.138 
(data . from individual observations) 

Observation number 
Indices of fullness - average 

- maximum 
- minimum 

Percentage of empty stomaches - average 
- maximum 
- minimum 

Balls of fullness - average 
- maximum 
- minimum 

Hours of maximum feeding 
Hours of minimum feeding 
Fat content - average 

-maximum 
- minimum 

Basic food organisms 
Number of stomaches studied 

•Cod with a . length of 35 - 45 cm  
Observation 	Basic food organism 
number 
2 	 Herring, young cod, -tube worms. 
3 - 	- 	 Herring, young cod, euphausilds. 
4 	 Shrimp, young cod", herring. 
9 	 Shrimp, young cod. 
6' 	 -Capelin, euphausiids. 
7 	 Capelin. 
8 	 Capelin, euphausiids, shrimp. 
10 	 Capelin. 	 • 

Cod with a length greater than 45 cm' 

2 . , • Herring; young cod, tube worms. 	- 
3 	 Herring,' sea walnuts, young - cod. 
4 	 Shrimp, young cod, sea walnuts. 
5. 	 Young cod, edphausiids. 
9 	 • 	• ,Shrimp, sea wainùts, herring. 
6 	 Capelin, euphauslids, sea walnuts*. 

7 	 Capelin. 
8 	 Capelin, euphausiids, sea walnuts. 
10 	 Capelin, young haddoc k . 
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• 	 Haddock with a length of 35 - 45 cm  

Observation 	Basic food organism 
number 
1 	 Euphauslids, tube worms, Pelonaia. 
2 	 Tube worms, bivalve molluscs, anemones. 
3 	 Tube worms, brittle stars, amphipods. 
4 	 Brittle sfars, tube worms, bivalve molluscs.• 
5 	 Tube worms, brittle stars, bivalve molluscs. 
9 	 Brittle stars, bivalve molluscs, tube worms. 
6 	 Capelin, sea walnuts, euphausilds. 
7 	 Capel  in,  sea walnuts. 
8 	 Capel  in, euphausiids, sea walnuts. 
10 	 Capel  in,  sea walnuts. 

Haddock with a length greater than 45 cm  

2 	 Tube worms, anemones, bivalve molluscs. 
3 	 tube worms, anemones, brittle stars. 
4 	 Brittle stars, tube worms, bivalve molluscs. 
5 	 • 	Tube worms, brittle stars, sea walnuts. 
9 	 brittle stars, bivalve molluscs, anemones. 
6 	 Capel  in,  sea walnuts. 
7 	 Capelin, sea walnuts. 
8 • 	 Capelin, euphausiids, sea walnuts. 
10 	 Capel  in,  sea walnuts. 

yielded about 1.7 - 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. 

In the spring period (observations 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. 	However 

these changes were not regular and identical with both 

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

With  the exception of observation 6, where the 

catches of cod and 'haddock regularly increased at 
midnight. 	 • 
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often at 0 - 8 o'clock, haddock more often at 12 - 20 o'clock. 

In spring catches, haddock predominated, among which - as 

during the fall, indivicuals with a length of 35 - 45 cm 

dominated. Cod of such length had a greater significance 

than during the fall, constituting one half of the catch. 

Large cod were taken more often than large haddock. 

Cape in  was the basic food organism for all groups 

of the cod family during this period. 	It would seem that 

the preferred consumption of one food object must explain 

the uniform diet, but the data obtained verified the opposite. 

With more filled cod and haddock stomaches than during the 

fall, -fhb consumption of capelin proceeded unequally with 

several trends: with each of the species, with each size 

group, during the period of*capelin feeding, and during a 

24 hour period. 	 •  

In general, from the combined indices of the two 

size groùps of cod, it  fol  lows  that in all cases the 

intensity of their feeding on capelin was greater than that 

of the haddock. 

However, although the maximum fullness of stomaches, 

and the encountering of the greatest number of ingested 

specimens of capelin in them, was always observed with cod 

having a length greater than 45 cm, on the other hand, 

according to these indices, cod with a length of 35 - 45 cm 

were not always far Off: ofteb with large haddock . they were 

greater. 	In all instances haddock with a length of 35 - 45cm 

had the  smal  lest indices. 
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At the same time»qf the SK is calculated another 

picture appears: under similar conditions the SK of small 

members of the cod family is higher than that of the large•

ones. Appropriate data is presented in Table 3. c 

As is seen from Table 3, the SK of small cod is 

similar for both years, the SK of small cod in 1960 was 

almost twice as. low. 

• 	For the period from the middle of March to the 

beginning of May 1960, three phases in the intensity of 

fattening were apparent when cod fish fed on capelin. 

The initial phase (observation 6) was characterised by 

the greatest difference in cod and haddock feeding .(s.ee 

Table  2). 	There.were higher indices and balis of stomach 

fullness  than  of haddock, or . of cod during the fall perod. 

It is true that a comparatively small number of capelin 

were contained In the stomaches (small cod-had an - average . 

of about 5, with a maximum of about 10 specimens,  and  - 

large cod had about 20 specinens): Stomaches tightly 

paCked with food (3 - 4 balls)'were only encountered in • 

50% of the fish studied'. 	 • 

With haddock the indices and balls of . stomach 

fullness Were only a little greater than during the 'fall; 

in a màjority of stomaches there were about 5 specimens 

of,capelin, 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%).  
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Bempuma cyroilàmx 
pammii Aminl  op+ orKopme mogeoii- B 1960 ‘ 14 1961 

10 - 
1 0  
1 0 . 
1 -0 

TpecKa 
.1".11tKwa' 

TpecKa . 

flhlKtna 

• 

35-j-45 
35,-45 .: 

; 1961 r.: 7 

	

: 35,-:-.45 : : 	4 ;9--.5.9 i 
2,e-3,9 
3M77e., 6  

	

5.- 	3,•1----3.,9 _ 

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 relative 

number 	studied cm 	to 1 ts 0 .f...fish in kg 
1960 	from-to 	• 	average 	. 

7 	 Cod 	35-45 - 
7 	• 	Haddock 35-45 

. 	1961 
10 	 Cod 	35-45 
10 	 greater 	• 	

•• 	 than 45_ 
10 	 Haddock 35-45 
10 	 greater 

than 45 . 

The presence in cod fish stomaches, apart from 

capel  in, of other fodder  animais  (euphausiids, comb jellies, 

shrimps), must also be recognized as a characteristic 

feature of the initial stage of capelin fattening. These 

objects of nutrition, although they have a relatively 
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greatee.slgnificance by occurrence, are ins•gnificant - by 

weight in comparison with capel  in. The frequency of euph- 

'ausiid occurrence proved to be greater with cod (about 30%) 

• than with haddock (abOut 20%), but comb jellies on the 

other hand were encountered more often with cod (about 

35%) than with haddock (about 17%). .The occurrence of . 

• shrimps was the'least . (about 5%). 

. The data quoted indicates thatfattening on capelin 

was not yet.general or of a high intensity,(especially 

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

is to recognize the peculiarity of the distribution of 

.capelin Würing a given period. 

An analysis of cod fish stomach ,.-contents by stages 

of digestion of the capel in,  indicated that its pre .ferred 

time of Consumption was in the .pre-mornimg hours. But,the 

character of the diet of cod and haddock was different. 

Cod fed upon capelin during the night hours iMdeeper waters 

. and the greatest filling of stomaches was recorded at 4 

o!clock (14). At this time the haddock fed lightly (almost 

. one half of the indlyiduals had empty'stomacKes). 	Later, 

at 5 - 6 o'clock), when the capelin sank to the bottom  for 

 a.short period (which was confirmed by its sharply increased 

catCheS using a bottom teawl), the haddock  began to feed 

more intensely, providimg a high fullness of stomaches by 

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

at the approaches to the spawning grounds capelin kept 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, 

the time it is eaten most intensively during a 24 hour 

period is determined by its moments of increased access- 

ibility. 

During the period of maximum feedrng (observation 

7  in 1960, and observation 10 in 1961) the difference in 

intensity of.cod and haddock feeding levelled off: the 

greatest indices of.fullness are almosi—equali the means 

differ by onry 1.5 times (and not by 3 - 4 times as in the 

• previous instance). 

The nuMber of capelin the the storriaches of both 

species of the cod family grew 'significantly (from 5 to 12 

specimens of capelin were found with 27.- 42% of the'fish 

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. ' 

Other fodder  animais are seldom discovered: with 

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

:comb jeliies continue to be found in the Stomaches of had-

dock. , but in fewer instances  1- han  earlier (encountered 

about 18% of the time). 	• 
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• 	The high fattenin4 level of cod and haddock bears 

witness to the favourable conditions of capelin distribution 

for both species. 	During this period, when the availability 

of capelin is constant, its consumption by cod increased 

in those very hours (16 - 20 and 4 - 8) which we determined 

as preferrable for the capture of food during the fall 

feeding. 	Besides this, it should be underlined •that, 

according to data of observation 10 which lasted three days, 

the consumption of capelin proceeded rhythmicaly - twice 

In a 24 hour period, most regularly with large cod. 	In 

this instance the stability of the food base permitted the 

periodicarfeeding function to be manifested whi‘ch would 

. not be clearly apparen t.  during:  the  fall.' 

In observation 7 fresh capelln were discovered in 

haddock stomaches during the'course of a whole day, b'ut .  

with large individuals thé greatest fullness was at 12 16 • 

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

vation 10 the preferred consumptiOn of capelin by small 

haddock took place about 8 oclock,'then as during the night 

(0 - 4), the consumption intensity was the least. 	Large 

haddock had a high stomach fullness throughout the entire 

day, the satiation decreased toWards 4 o'clock. Thbs the 

same Phenomenon was observed with'haddock as with cod: the 

increased consumption of capelin. look place.dmring the very 

.same period which was determined during the fall nutritio n . 

as being the Periôd of greatest food cOnsumption - that Is 

duting thè d.ay  1 ight hours. 	 • 



30 

During a •signifiuint, period of capelin consumption 

by both species of the cod family (observation 8), the 

indices of , fullness decreased quite;sharply. 	In this 

instance the difference between them was again not great: 

the minimum values of the fullness indicés were equal, and 

the mean and maximum values differed by approximately 1.5 

times. The number of emp.ty stomaches increased, especially 

with small fish (about 23%). 	The high fullness values dec- 

reased about 31% with cod, and about 20%• with haddock. 

In almost all instances about 5 capelin were dis-

covered in the stomaches. With only a few of the large 

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

quantities. 	Large cod, therefore, differ in that they have• 

a more protracted period of intensive capelin consumption 

compared with other groups of the cod family. 

A quite significant admixture of other fodder 

animals was encountered during this period in the fish 

stomaches. Besides capel  in,  eight other food components 

were discovered in the cod's diet, although it is true that 

they were not encountered often (euphausiids about 36%, 

the remaining objects about 7%). With haddock, euphausiids 

(about 30%) and comb jellies (about 36%) were also encount-

ered most often, the remaining objects were not encountered 

more than 9% of the time. 

From an analysis of the diet it appears that the 

distribution of capelin in the present observation was the 
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most unfavourable in so far aswith small cod and haddock 

its consumption decreased significantly. The unstable food 

base determined the diversity in the movement of cod and 

haddock food, and was aggrevated by the seining of cod fish 

at various depths. Small cod preferred to eat capelin 

during the night, but the peak of consumption was at 8 

o'clock; with large cod, caught at a depth of 60 - 130 m, 

it was  8- 12 o'clock, and with those caught at a depth of 

75 - 220 m it was at midnight. 

Depending on the depth the cod were found, it was 

'apparent that the preferred time periods for taking food 

were opposite: cod from shallower areas fed during the 

day light hours, and those taken from a . great depth fed 

during the night. 

Thus members of the cod family taken in catches 

from areas of shallow water,as a ruie, consumed capelin 

more intensely during the daylight hours, but different 

groups had varying durations (from 8 to 20 o'clock), then 

as with fish taken from a great depth, they fed more inten-

sely during the night hours (0 - 4). 

Such a contrasting 'relationship to one and the  same 

objedt of nourishment was probably determined •by the varying 

degree of accessibility of the capelin for cod fish dwel-

ling at a different depth. 	Evidently pre-spawning capelin 

did not descend lower than 130 m, in as much as its spawn- 

ing grounds are located at the same depth (20). The capelin 
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could have been accessibee both in deeper water and at the 

bottom for cod fish dwelling in shallower places. The con-

sumption of capelin took place just during the daylight hours 

in as much as at this time catches of cod fish increased. 

Fish from great depths had to rise to higher layers of water 

in order to catch the  capel  in. The fact that catches of 

cod fish decreased during the night proves that the fish 

departed to the open sea where a more successful hunt for 

capelin could take place with the approach of relative 

darkness (14). The diverse movement of the cod fish food, 

which was observed during different periods of capelin 

feeding, together with summarized seasonal data, leads one 

1-o the  conclusion that with cod (with a length of 35-  45 cm) 

two rises in the movement of food are apparent, the morning 

rise (the least) takes place at 8 o'clock, the evening 

one (the largest) takes place at 16 o'clock (Fig. 3B). 

These rises in feeding coincide in time with the periods 

of increased intensity of cod feeding which we noticed in 

the fall months, only they were expressed much more sharply. 

The peak feeding times for cod during the spring, according 

to Zadultskaya and Smirnov, take place in the period from 

12 to 16 o'clock. According to Trout the percentage of 

feeding fish increases in approximately the same hours* as, 

according to our data, the second rise in the daily move-

ment of cod food approaches. 	In all three instances the 

Trout:uses Greenwich time. . - Local time  inthe  region 
of Spitsbergen differs:by -one  time zone hour plus 

One statute hOur. 
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feeding of'cod takes place during  the  night hours. The 

morning rise in the movement of cod food Was notices bY us 

only. 
in two.seasont:L 

Thus/there is a divergence of our  data  from the 

data ,of the above mentioned a,uthors in relation to the daily 

movement of cod food. 

à.W1ngto the _fact tfiat during thé spring fat.„ ---;  

tening the character of the diet of both species of the cod 

family is determined by the behaviour of the same food 

object, haddock with a length of 35 - 45 cm are mist-

analogous to the cod in the daily food movement judging by 

the combined seasonal food indices: two rises in fullness 

are also apparent. Of these, the least takes place at  •8 

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

a little later time, and takes place at 20 olclock. Compared 

with cod where, in the seasons considered, the uniform 

character of the daily movement of food is generallyipresérved with 

two rises in fullness, haddock have essential differences 

in this relationship between fall and spring. 

During the period of fall nutrition an eVen rise 

in the full  ness of  s .tàmachs1 during the day I i gilt hours 

characterized the feeding of haddock on benthos, and was 

expressed in the food movement curve by a relatively level 

area with a subsequent decline during the night, which is 

quite similar to the characteristic daily food movement of 

the North Caspian roach (16,17). 	In spring, during an 

144 
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Fig. 3 

Local Time 
(Greenwich time + 2 hours) 

2 Percentage 
of fish with 
food in their 
stomaches ' 	Greenwich Time 

3 Index of 
fullness 	Local Time 

(Greenwich time + 3 hours) 

A 

The Daily Movement of Cod and Haddock Food during  
the Fall (A) and Spring (B) Periods.  

The Curves Denote: 

1. The daily movement  •of cod food according to data of 

E.S. Zadullskaya and K.S. Smirnov (November - January 
and rebruary - April 1929 - 1932); 

2. The daily movement of cod food according to data by 
Trout (October - December and January - March 1949 - 1955); 

3. The daily movement of the food of cod with a length of 

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

and March - April 1959 - 1961); 
4. The daily movement of the food of haddock with a length 

of 35 - 45 cm, according to our data. 

incomparably higher level of fullness, two significant rises 

in the fullness of stomaches are clearly revealed. 	Thus, 

when haddock consume benthos, the daily movement of its 

food is characteristically analogous for a benthos eater - 

the roach. When haddock feed upon fish, the daily movement 

of its -food is characteristically analogous for a predator - 

the cod. 

And final ly, the character-of'the reivement of 'had-

dock food during the spring aPpears to differ from these 
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two instances when euphaui1ids together with benthos begin 

to play a significant role  id the fattening . 	Thus in obser- 

vation 1, for a duration of two days, haddock fed basically 

on bottom animals, of which tube worms, bivalve molluscs, 

and Pelonaia corrugata  shells were encountered most often. 

While feeding on benthos the aggregate indices of fullness .  

did not exceed 50 /000, the number of empty stomaches 

,amounted to 16 •-• 36%, and periods of decreased feeding took 

place during  the morning and daylight hours (4 - 12). 

. Two days after th.e beginning of a station a notice- 

able change took place in the haddock's diet - a period of 

fattening on euphausiids ensued (Thysanoessa raschii), 

which continued throughout the following day (then the 

feeding on benthos began again). With the consumption of 

euphausiids the magnitude of the aggregate indices of 

fullness rose strongly (87  -183),  there were almost no 

empty stomaches, in the stomaches of individual fish about 

400 shells were counted (maximum index of fullness 

• 596 °1000.  •The intensive consurn. ptiOn . went on'during all . 

hours of the day, with the peak fullness at 16 o'clock. 

Consequently, the time of increased accessibility of a 

moving object of nourishmeht (a multitude  of euphausiids 

being brought by currents, - or their dropping to the bottom) 

was utilized by the haddock with Maximum effectiveness - 

all the individuals of a population were Included in the 

- feeding, capturing where possible the greatest amount of 

food, the usual periodicity of feedlng was disrupted. 
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The investigated 'examples of several peculiarities 

of cod and haddock diet and food behaviaus, when various 	' 

fodder  animais are consumed, - indicates that the_correlation 

of cod fish to their food base is complex and diverse, and 

- the character of these relationships is important to their 

diet. 	Sucb a decisive influence of relationships between 

fodder organisms and fish in stabilizing the character - of 

the rhythm of leeding, by several Species Of the cyprinoid 

family, is noted by V.D. Spanovskaya and V.A. Grigorash (21). 

In addition the important significance of the 

physiological Condition of the fish and the influence of 

abiotic factors must not be forgotten, which tell on the 

behaviour of the consumer and his victim. 	Afurther study• 

of the question of the diet of cc;c1 fish, and also the bio-

logy of their.objects of nourishment will contribute to a 

better utilization of these fish by commercial accumulation 

during the period and in places of feeding. 

In conclusion, we expressSincere gratitude to all 

comrades who helped in our work: to the crew of the exper-

imental vessel "Persej-2", to captain Z.P. Zamarin and to 

senior mechanic N.F. Movenko, to laboratorians of PINRO 

(Polar Scientific Research Institute of Sea Fisheries and 

Oceanography im. N.M. Knipovich) A.A. Georgiev, M.F. 

Trombachev and A.S. Tyurdeeva, and also to senior scientific 

fellow-worker S.A. Mileikovskii. 
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Concpsions  

1. Cod and haddock in the Barents Sea have a pecul- 

iar periodicity of the feeding function; the intensity of 

food consumption varies at different periods of the day. 

2. The feeding rhythm , however, is manifested 

clearly over a period of several days only when the cod 

fish have a stable food base: for example, with haddock 

during the fall when fed on bottom animals, and with cod 

when fed on capelin in a period of abundant and Constant 

capelin concentration. 

3. In instances where the diet depends on 	. 

food objects, varying according to their size and biology (with 

Cod - during the fall), or with the changing accessibility 

of the food organism (with cod and haddock at the beginning 

and end of cape'lin fattening), its periodicity is apparent 

with.... 11  food in eachspecific instance and in its turn 

ensures the preferred hours of food capture by cod fish. 

4. Thus the periodicity of the cod and haddock diet 

does not prove to be constant. The variability of the 

rhythm is determined by feeding conditions in each specific 

instance, and in its . turn ensuresthé, fullaat'uss..Or.these 

conditions. 

5. With the summarized seasonal material (fall, 

spring) for cod with a length of 35 - 45 cm, as distinct 

from data of E.S. Zadollskaya and K.S. Smirnov and also 

*Revisor's note. There appears to be a gap  in the original: 
text at this  point.  
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Trout,.two riSes Wthe daily movement of food curve are apparent .  

In 'both cases: one peak (the . leaSt)takes , piace during .the 

"morning (8 orclock), the other peak (the greatest) during . 	• 

the second half of the.day. (16 - 20 o'clock). During the 

spring both peaks of fullness for cod are lligher than- ' • 

during the fall. • 

• When haddock'with a length of 35 - 45 cmCconsume benthos .  

(aaximn) an intensification Cf feeding is observed durin . 	9 

the dayl[ght and evening hours, with a reduction during the 

night (4 - 8 o'clock). The rise in the fullness of stomache 

takes place smoothly, consequently over a period of several 

hours its' food movement curve has the appearance of a 

relatively level area. 	Thus, a great similarity is seen 	- 

with the dairy movement of food curve, which we 'obtained 

earlier for a typical  benthos  eater - the North Caspian 

roach. 	During the spring  the • daily movemen t . of food curv e . 

for haddock has two highs (the rises take.placè at 8 and 

20 o'clock), for cod . Lb . corresponds-in appearance similarly, 	. 

and-is explained -by the consumption of capel in. 	Consequently . 

when fattened by fish the daily  food  movemenf of haddock . 

becomes characteristically analogous to the food movement 	 • 

of the typical predator - cod. • 

. 6. The materials introduced anow-pne  to conclude 

that the specific reason for the character of the movement 	' 

of food and the behaviour.of cod fish during  the  period and 

places of their feeding, is'their interrelation with the 

food organisms. This is shoWn most cLearly in the•example 

of the haddock. 
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7. In November - December 1959 cod fed more intensely 

1- han haddock, but in these months in 1960 its 'nourishment  

waS weak. 	The nourishment of haddock ln both years was on' • 	. • . 

one level. 	A.preliminary determination of the magnitude 	• • 

of the daily ration (SK) of cod - and haddock . with a length 

of .35 - 45 cm during the. fall •peri .od confirms the above: in 19S9 for 

one• -ce•-ntn-e- r of_çod there' was about 1.7 .  .-- . 2.3..kg'.(an average 	' 

of 2. kg) 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 

cile-dentner  of haddock  yielded  0 7  - 0.9 kg of food eaten 

in.a 24 hour period, in 1960  il-  was 0.8 kg.' 	in various periods 

of capelin fattening the leeding intensity of cod and had- 

dock  differed. 	For the period Of maximum'feeding, the SK . 

of cbd (with a length of 35  -45  cm),was similar in both 

years: on the average one rbéihthéï" - of cod . iéféled ..5.3.- .2 3.5 kg 

of capelin eaten during a 24 hobr period. Ths SK of haddock ' 	• 

with the same length was almost twice as low in.1960 than 	147 

in 1961  ( 2':6 and 4.7 kg e . capélin.reép.epotively . f.or'_: 

o f.  

Under similar conditions the SK of large  cod fish • 

• is lower than with the smaller ones. 
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