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Food interrelations between ~~c

Barents See capelin and polar cod

by

L.D.Panasenko and ~l.S.Soboleva

. Abstract

Dynamics of food interrelations betv~een capelin and polar cod ~s

analysed on the basis of changes in the degree and index of food

sinilarity of both species.

Loeel, .seesonal and annual changes in the magnitude cf competition

in the southern ,Barents Sea'are considered. The paper 1s aimed at rev-
· ,, ,

ealing the regularities which make possible s'joint existence of
"

thc most ab~dant Ba~e~ts Sea pelagic fishes. After comparing spec-· .' .."'" ..
tra cf capelin, and p01ai-":co,1 feeding some COIlUllon food orgnnisms ••ere

.' . .' F...... ~ •.

found. The index of "röod 'similarity throughout the seuthern Barents· ,-'

See was 56.0 (:according' to K.P.Yanu10v, 1963). In the arees of

joint feeding thc magnitude of competition is higher than in the

whole Barents Sea and it' has ita peculiarities in each separate area.

In central areaa the greatest similarity in feod ef 'capelin end.
polar codis,observed in spring in relation to euphausids (index of

feod similarity - 47.7); 1n north-eastern areas the aggravation of
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food interreIntions moy result from J'o;nt f d"• ee ~ne on copepods in S~

r;.or (index of" food similarity - 43.5).
. ,

Capelin und po~ar'cod ore fecdin~. mninly in n,,~ e 'th .c ü ......J:1 1', ,e n:ean ~ndex

of :,;,tC::2:lcll fullnocG rances fr~r.l 1.7 to 2."j. Their fornr::iq:: 3reas in

t.:his period c01nc100. The bic;h~st' coinciuencs of fee~ing 1.iI'eas und nc.

c-rc.v::.tion 0:' thc cOffipotition should be eX"lJect''-1d in thc north-eastcrn

~.::'l ccntrnl 3aronts Sec in v.nr:n ycars. A h' h .. f tul ~nuey. 0 S omach full-

r.8SG of. cnp~lin,Qnd polar cod in,thc arens of joint feeuinc 18 indi-

c~i-:'ve of :tish beinE.: ,',tll supplied \,..ith food, r..hich proves that there

~::: ~:(\ ::(·..,n cor.:püti tion bet\~cen these sjJücics.

, Resume

L'analyse de l~ dynamique des rapperts alimentalres du capelan

et du saida est effectuee en fonetion des variations du degre et

de l'indiee de l'analogie alimentaire de ces poissons.

,La publicstion traite le probleme des variations loeales,

saisonnieres et annuelles du volume de eoneurrenee dans ,la partie

sud de la mer de Barenta. Lebut easentiei de ces recherches conalste

arelever des faeteure qui 'influent sur l'existenee en commun des

'po1seons pelagiques les plus nembreux de 1a mer de Barents. La

comparaieon du spectre aliment~ire du cape1an et d~'Baida a dementre
;.. ~

la presence de memes objets de nutrition servant a l'engraiseement

de,ces deux pois8ons.

Dans la partie sud da la mer l'indiee 'total de 1'analogie
, ,

~limentaire etait de 56;0 (Ianoulov, 1963). ,Dans les regt.ns de
, '

"llengra1asement commun le volume de 1a eoncurrence alimentaire

est superieur a celul'de la mer de Barents en general;' 11 a ses

, Particu1arites pour chaque region. Dans les regions centrales, en

printemps, l'analogie a1imentaire du capelae et du saida est due

surteut aux Euphausidae (l'1ndice d'anelogie alimentaire - 47,5);

•



tandis que dans'les

.3" -, ,

regione nord-est, en 6te, la concurrence.sli-
.. ~ . .:

mentaire est due aux copepodes (l'indice d'analogie aliment~ire 

43,5).

L'engraissement du cspelan et du'seide ayant 1ieu essentielle

ment; en ete, 1e taux mOYEm' de 1a repletion varie de 1,7 8. 2,3.

G'est une periodedel~ convergence'des regiops de leur en,graiase

ment. La,.convergenve.maximum de ces regions ,sinsi que l'accentua'tien

de 1a copcurrenee aIimentaire sont carscteristiques pour'les regi.ns

nord-est et centrales de ls ~er deBarentasu coura des annees dou-
:.. 'ces. Un tsux eleve derepletion du capelanet du seids dans les

,4It regions d'engraissement commun temoigne de la presence suffieante

de 1a nourriture ce qui signifie I'absence de 18 concurrence entre

cea especes.
Introduction

"

IntcI'specific'rcla tions bct\';~en 1'::.s11es öre an ir.;portnnt factoI'

',determining ,tboir food Gupply, that is wl:'j" the;r attr3ct attentic.n 01'

many scientists in -the ~or1d, The.puporby A.A.Shorygin:(Shor.Ycin"

1952) 18 the most interestinr; one in this respect: for ,tho first tir::e

I!!.ethoas 01', quantitotive study 01' food interrelations bet'J.een fishes

\~cre worked' cut, thc l~orth CDzpian Sen fi:.;hos being taken as on e::at:lph

r.eight data on tho foodcomposi tion Gnu annual rati()11sv.ere uned es D

basis für quanti tutive churocterü;tlc of feod interrelations. Feod

~. intcxrelutions botw~en main cO~lercial. ~ishes'of the Baxcnts SeD -

CQU and haddock - erü consideredin thc paper by N.S.Petrova-Grinkevici)

(Ft,;trova-Grinl:o'.rich, 1944).

. "
"

Food interrelotionn between the most abUndant pclagic fishes' 01' tbe

E~ronts Sea -capclin and polar cod:- ar.e choracterized' in the'present

popo're 'The paper considcrs the magnitude, 01. :~.OI?-petition 'b~t~een these

:.:spccies"vlhen thcy hllVC.B com::;on nutritive base. The dynamics 01', food
" .
interrelatiohs was analysed on the basis 01' changes in thc degree and

and index'cf food similarity of fish. The p,aper ccnsiders also seasonal
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and 10ca1 changes in the magnitude of competitiori; an attemt is

undertaken to determine the.conditions ensuring a .joint.existence of

these species.

Alatei'ii31 and methods.

~ualitative and quantitative sampIes of cape1iri snd polar cod

f'eeding taken in the ~reas of joint feeding in the eentral, ~aste.rn

and north-easte~n Barente Sea in 1974-1978 served os abasie material

·for the present paper. The volume of data cxamined is e;iven in Table 1.
. Thedata were analysed in laborator,y·according to the quantita~ive

-weight method (Borutsky, Zheltenkova and others,. 1974). Following 4It
indices of.fish feeding are used in the paper: mean index of sto-

~neh fullness, eeneral and particular indices of stomaeh fullness

( used as an index of'theamount cf food in,the stomaeh). Thofrequ

aney of oeeurrenee of food components wan ealculated ( i~ % of the

nunbcr of stomachs with food) and the'value ofthese components in

per cent of the index (of weight).

The dynamics of food interrelations between capclin and polar

1

cod \',05 analyscd on th.! bosis of ehane;es in the deerce and index of

. food similnrity of fish ealculated accordinß to Yonulov (Yanulov,

1960) and Shorygin (Sho~·cin, 1952) method.'

Results

1. Degree of similarity of,capelin.

and polarcod food.

••

. I

,
A number of common·food objects was determined on the basis of

data on'changes in capelin and polar cod feed~ng,for 1974-1978. ,

(Table 2) •. The most ~mportant 'object~ both ~ 'capelin an~ p~lar cod

fe'eding are copepods (by freCluency ,of 'occur~nce)and euphausids .(by
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,,',eicht) •

'l'he analysis of uata obtained shows thut follc-.'.inccopepodit,"

spocies ure the most frequent in cOllelin und 1)0101' cad .stomncl:.~:

\~.

Calanus. fim:la1'chicu.s •. Calanus b,yperbo1'eus. l:ureuchueta nOJ.'ve[ico. ; 01;-

ridiG 'lonen. TI,c 1'o1e of theses species in fish fecdinc is not tllc

sono \.i thin the yeur. thcy becomo IP.orc impo1'tant in the north-(;cH,tcrn

I3arents Soa in l::n.uur:::cr autur::n (Fig.1). Thc fre qUC'I:CY uf copc~cJ.3 GCC\'-

Lrence in fü;h stomachs in this period reaches 80-10ü~; or 33-63~o bJ!

~ei[ht. Fish feed on grown copepods cf tho sprinC ECllcration.

huphausids - Thysanoessa inermis. Tbysanoessa raschii - are less

• ir.:portant in capelin and polar cod feeding as far as thciI' frcr,ucncy

of occurrcnce is concerned. They are found in cepelin und po16r C0U

stor:aclls all thc year round but fish feed on then mostl~l in \ünter

in thc ccntral Berents Soa ~here they make up 33-83% by wOitht.

Besidos. capelin and.polar cod feed on Gammaridea and IGperiid:a

which become more important in the north-eustern Barents Sen in au-

tumn.

By frcquency of occurrence fish mako up 23% of polar cod feod.

•
Lostly polar cod cf elder age Groups feed cn them and !Iminly in flU

turm becinninß with AUGust. The role of fish in cupelin fcodi~C i~
•

not very important. this food is found in their stOrJachs only in

. v.inter•

The mar;ni tude of cOI!!peti tion calculated by the frec;ucncy oi' occu:;.....

rence according to Yanulov metho<1 \,8S 56.0 in the southe:rn and north

eastorn.Earents Sea. Thc magnitude of cOt~otition (inuex of feod si

rr.ilarity) is net a cenctant valuo and depends on just ho~ accurately

food organisms ll<~ve been inuontit'ied. ~L'he index of food sin:ilarity

calculated accordins to ShoryCin rr.ethod (1952) usinc; tho datafrom '

processinc by quantitative-,.;eicht l,~ethod is lO\Jer snd equals to 44.4.
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It should be noted that the magnitude of competit~on variates depen~

ding on season, area, fish migration and abundance of food organisms.

2. Indices of food similarity of capolin

end polar cod in different areas of thc

Barcnts Sea and their scunonnl changes.

Capelin and polar cod have a similar annual ~~thn of fee ding. The

minimum index of fullness in registered in November/J'anuar,y. Then

the index is .steadily growing till July/August, the time when the

feeding reaches its peak. All biological characteristics of fish

are 'as a rule at their maximum annual level. ,'The index of stomach •

. fullness of capelin and polar cod depends on thc nutritive base of

ereas of their distribution which in turn depends on thc heat con

tont of the Barente Sea weters.

1974-1978 differ as far as their hydrology is concorned. By heat

content of water masses 1974 belongs to moderate years, 1975-1976 to

warm and 1977, 1978 - to cold.

In warm years the bulk of capelin migrate in spring/summer acr~ss

central areas rich in food 'to the north-east where fishfeed inten-,

. sively~in summer and autumn. In cold years the migration routes are

shifted to the west and north-we;t. Polar cod migrate also to the

north-eastern areas, along the Novaya Zenlya, where they feed inten

sively durine summer/autumn. In cold years' thc area of their' 'feedinge

is shifted a little to the west.

T~us, in the period of maximUm feeding , namely in Julj' and Au

gust, capelin and polar cod are feeding in thc same areas. The gren

test coincidence of feedirig areas und the keenest competition bet- .

ween capelin and polar cod should be expected therefore in warm years.

The main foraging areas of capelin and polar cod are as ~ollows:

,



north-eastern - the northcrn pc:rt oi the Novaya Ze~lya SLoal, Sykhoy

Nos, Admiralteistvo Peninsula area, Novaya Zemly", Bank; central _

the Central Deep, slopes of the Goose Bank; south-eastern - the Kol-

~:uev anel lechors~ are:Js. :Fi5. 2 sl:.cv.s the spectra 01' capülin e:n:i po-

laI' cod 1'ecoinp; in cent:uü, und north-eClstern areas. It is soen that

the grcatest coincidence of food of these two species inc8ntrnl

areas is rce:istcred ill relation to euphausicis end in north-eastcrn

areas - to copepous. The index of food similarity c~lculated 8ccor

uinc to Shorygin mcthoJ is hie;hcr 1'01' euph'::111sias 'tr:on f(:~' c~,::',(>.:>o(tG

( 4'1.7 ,md 43.5 respectively). In thc areas of ~cint f€'c\.iinC tr.c

eJr.Ufnitude of food' 'competi'tion in hie'her thun in tr.c \';ho1e sC1..~tl'ern
Ear~llts Sea (Table 3).

Table 3. !~agnitude of competition in diffe~ent fishinc

ereas of the Barents See.

,~re:;.s ; S outhe rn ~Ccntr,ü :north-eastern: Join'c i'eedin~
: : tJ

1

.. '+ d!',.agnJ.. cu e 5-- 0
of b.

competition

2 1 2

4';. 'I

1 2 1 2

4It1 -, m85nitude cf co~pctition cu1c~lated accordinc to Yönulov

method (1963).

2 - magr:itudo of cOlLpctition according to SboI'YCin method (1S'~;2).

1.8 it is seen from 'reble 4 the increose of inde:: c:: -j'(.lod siJ:ülo-

rity was reßistercd in April/t:c:y wr..en cape lin and polar cod start

to feed jointly on euphausids in the central Farcnts Sea where theso

Crustacea are the most abundant. A tendency towards increase of the
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!:!~gnitL~d.e of competition.is in force wi thin the "ihole sur.-;.rlcr period

1.;ill AUGUst. In August v,hen polClr cod stGrt to feod on fish (young

capelin, polor cod , sand eel and otllCJr finhes) thc mosnitude 01' COnl

petition decreases. In October a ~oint feeJinG on euphausids Dgain

rJ.3~(cs tho conpeti tion betv'Jeen capcli.n emd polar cod very keen.

Thus, the COID1)etition 'üet':,f;on capelin ami polar. colt in thc Barents

~;n3 r.18J' rvsult from thcir joint tcedinc on tViO n:oin 1'ood objects:

~~plillusias Bnd copcpods. I~ oxcas cf joi~t foodinc; tbc deEree and in-

i::x c=-' food sir:ila1.'lty c:::llculnt0Q occcrdi~.c; to Y,mulov Eethod are thc

)~lr;LeGt (45. 2to tA.7) in April/I.:oy 'Iir.en cUI>ülin c::nd polar cod feed on

'2uj.'hau,üds and in suruner ( t11c dtlgroo 01' food similarity 103.8) V/hen •

co~:el;oJs r,:sxe up the bulk oi' their food.

l.ot';;i thstanding th3t the magnitude of COllipetition in thc al'eas of

joint feeuing acgravates in sunl.i.1'.er, the index of fullness of capelin

uni l'clDr cod is ver;)! hit:h ( :;'.enn indices 01' fullness a.:e. 1.7 anel

2.5 l'0S11cctively). 'rhis provos that the two species are, \;c11 SUI)pli(}Q

;,i th j:'ooJ in these 'u'cus, which in turn indicates thut th(:r~~ i8 Ho;)

tension but~een capelin und polar cod durine; fecding.

Conclusions.

C02Cl.)ods ~ma cuyhuusids lJlbY tllc mOGt import<)ßt rGle in the fecciinL

of ;;Lo ?3rents Sec copelin OIld polar cod. Fish fced on euphauaids in

'1.'l·,t: index of 1'00d siI::ila:::'ity 01' cc.pelin :.md polar cod throughout

th.: ;.;cutlwrn enLi north-ca:::torn ::.',urent::; Sea \WS 56.0 (according to

1~.P.Yrm~;lC'!) on:1 4~.4 (ucco:rdinr; 1;0 J.•• A.S::.irycin). In tne areas 01'

~oint fcedins tbe inde:: of food sir;.ilcri ty incrcuses in sumll:er to

6.3.5 (acco:-din[' to l: •.L Yanulo\T).

A hit;:'h incic::-: of stor.l&ch f'ullness oi cb~,elin Imu polar cod' in thc
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CorB3S cf joint feellint: is in,Ucative of fish bdng well 8uyplied ,üth

fooJ ~hich sho~s tLa~ thora i8 no ~ensicn bet~een these two species.·
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Table 1. The volurue of dnta on the feeding of the Berents Sea

capelin and polar cod.

----------------~------------------.

Area

Nort:n.:
eastern

: . Capelin : Polar.' cod
: :- - - - - - - - - ,. - - -I- - - - - - - - - - - - - - •
:Year: Field :~uantitativ~ F' Id : (uantitative
., • _ weight ...Lc. : _ \.eight
: : analysis . analysis : analys~s : unalysis.. . . ... . . .
-----------_._-~-----~--~~----_.

1974 1309 2423
1975 1524 1485 140
1976 2995 122 999 1D8
1977 6II 25 820 26
1978 229 205 50

----------~-----------------------_.

1974 1410 2317
1975 1501 1122 77

Central 1976 1496 IaJ6 187.
1977 1578 79 1212 50
1978 727 452 279

-----------------------------------

------------------~----------------

1974 2148
1975 13 1022 211

hastern 1976 1077 524
1977 228 687

c

1978 25 25 25

• Total 13646 903 14970 1579
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Toblc 2. ~be role cf cc~~on food orBaniscs in the fcedin~ cf

:-
Polar eau-.-

: ::rccunnc;y
: .of
: occurr'.;ncC' ,:;b:

by :.oif:i;htifr0c_uency 01': by v/eight,
M :occurrenc8, ~ ~
/t' • % • i:J.

--------

;',Jsidueea

H.~T~)oriidea

'2Juphausiacea

I :"crurd

Anothor CrustDcea

0hoctognatha

Gi;euophora

}'oJ.ych:::eta

GI,O

II ,5

I,~

J", ",u

0, O{~

I ",~

30,7

0,01

0,06

0,02

41,5

~6,5

0, ~~G

1,0

IJ: ,5

15,4

·1, :1

25,8

O,G

0,5

•



Table 4. Seasonal changea in the degree and index of food

J
i
r

J

(
)

- 1:3 -

..

similarity of capelin and"polarcod aceording to
. v

Yanulov in the areas of joint feeding in 1974-1978.

--------~-------------~--~------~-
Months

- ... ....... - -
January

e April

May

,June

.luly

J.ue;ust

September

October

•

· .
: Degree of food similarit~ Index of food similarity· .· ..
~---------------------------

20,3 18,8 ..
""

45,2 40,4

64,7 44,5

64,4 76,5

103,8 80,6

29,0 2O,?

25,3 20,8

47,0 47;1
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Headin(j3 :far Figures

. to the p3.per by I,.D.P811[iSenko and LS.Sobole\'c "Food interrelaticns

bet':;een thc Bnrents Sec. cepelin und polar cod"

}'iC. 1. :Jeüsonal cllunßcs in t"he froc,ut~:cy of occurrcncc 01' r.:ein

feod orcnnisl',s in stC::1Gchc of the :!3arünts Sca cQpelin Bnd

poliJr cod.

'1 - Copepods. 2 - l!.uphsusids. :; - E;yperiidEen. Li- -Fich.
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•
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months ll\op.ths
- JUaffotus 1ft eeOSUS (JUulr~r)
-- ßoreo~adus saLda (r..epechin)
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Fig. 2. Spectra of capelin ar.d polc.r cod feeding in d.ii'fcrcnt nr';;;;<;

of the Bnrer.ts Sea

A. Centrcll. B. liorth-c::+:E;rn.

1 - Gopepods. 2 - P-ypel'iidef:l. 3 - Gn;;:::al'idea. 4- - !;y:si'lccc",.

5 - ~uphGUGids. 6 - Fish. 7 - Chsctogna~~. 8 - Dibestcd

Cru.stnccu.

Tr-e ~iG~res sho~ the ~ag~itude of ccmpetition in different

purtG of tne 3~rents See.
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