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IKTRODUCTION. 

The i~lvestigatio~ls on the food of cod (Gadfrs callarias L.) have 
hitherto largely bee11 carried out oil cod of marketable size from com- 
mercial catches, (for literature see BROWN and CEIEXG 1946) and little 
has beell done coilcerniilg the food of cocl during its first year of life. 
The present author has previously (1948) given a prelimillary report 
on the food of cod of the 0-11 group from shallow and cleep water. 

MATERIAL. 

Samples of cod, rnai~lly of the 0-group, some also of the 1-11 groups 
were taken with a prawn trawl in cleep water along the coast of Northern 
Norway during the years 1946-49. (For localities see chart, fig. 1). 

Fig. 1. Localities in Northern Norway where cod of t l ~ e  0-11-groups have 
beell taliell in cleep water cluriilg 1946-19-18. 



i\fo\t of the inaterial has been collected in the inoilths August-November, 
but single sarnples were also talien in March (1948) and i\!Iay (1949). 
A total of 2310 sto~naclls have been investigated, 2115 stomachs from 
the 0-group anc1 195 sto~lzacl~s froin the 1-11 groups. 

METHODS. 

The cocl were collcctecl illaivlly for the purpose of vertebrae courrts, 
and had beell preserved in formalin, 4-10 %, co~ltaini~lg some NaCl. 
During the working up of the n~aterial the stomachs were removed 
ailti liept for a later investigation. In  the nzatci-ial fronl 1946 and 1948 
each stomacll was cxail~iilecl i i~di~idual ly  in orcler to investigate the 
frequency of ihc foocl organisms. Otherwise the stoinachs from each 
localitjr were examined en bloc. 

All food organisms were clctermiilccl and counted as far as possible. 
After the couilts the volurne of the stomach coilteilts from each 
locality ~47as incasurccl. The number of e ~ u p t y  stomachs was as a rule 
noted, wit11 the exception of those stol~lachs which had beell tur~iecl 
in side out. 

TABLES AND FIGURES. 

11-1 the preparatioll of tables ancl figures I have largely follotvecl 
BnonTx and CHENG (1946). 

The cliffeuent species of foocl orgallisms have been grouped as 
Decnpocla, Mysidacea, Erzphausiacea, etc. Number of orgallisllls ancl 
volume of stoinach co~lteilts are estiinatecl per 10 feeding fish. 
!!711e~lerer possible, number and frequency of foocl orga~iisms in the 
incli~iclual sto~nachs have been calculatecl. 

The ovganisms will be of ctiffereilt foocl v a l ~ ~ e  accorcliilg to their 
size. For that reasoil I have triect to measurc the cliffcrent food organisms 
in units. The Euphausiacea have been used as the unit, as they are most 
co~ll~llollly ]net with. Tl-rc Decapoda, Mysiclacca, Polychaeta ancl 
Chactognatlla have been founcl to be of approximately the same orcler 
of size as the Euphansiacea, mllile 5 Aznphipocla 01- Isopocla, 100 Copepoda 
Calailoiclrt and 1000 Copcpocla Harpacticoicla will roughly balance one 
euphausiicl. Fish founcl in the stoi~iachs have a size col-responclilzg 
to 5 euphausiicls, on one occasion to 25 cuphauiiicls. 

I t  must be stressecl that tlrese are rough calculations only il~tendecl 
to give an irvlpi-ession of the relatioils betweell the cliffere~lt species of 
foocl organisms. The grouping is illclicatecl in the figures but the 
actual number of the cliffeient foocl organisms founcl is also shown. 



T H E  FOOD OF COD OF T H E  0-11 GROUPS PRO11 D E E P  TVATER 

I N  DIFFEKENT LOCALITIES ALONG T H E  COAST O F  
NORTHERN NORWAY 

The relative cotvlposition of the stomach colitelvts of cod of the 
0-group froril the Lofoten area is showli in fig. 2. 

Decapocla, niaiiily Pnlcdnl~~s Zlorenlis, occur frequently, but  iii small 
numbers. 111 nforsclalsfjorcl they were of solvie importance in Xasclr 
1948. I n  adclitioil to  Pandnlz~s, Ponto$hil?is ~zovvegicz;ls anel Snbilzea 
smJsc were found. 
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Pig. 2. The food of cod of the 0-group in the Lofoten area cluring 1947-1948. 

Euphausiacea forill the maiii part of the food, tlie clominatiiig 
species being TITzysn;tzoessa i~zew~zis.  In  Nordfolla and  Leirfjord this 
species was replaced by Megnnj~cli$lznnes vtorvegicn. 

Xysiclacea collie secoild to the Enphausiacea. Ery$fhvo$s sevrnla 
was tlve only species occuring. 

Amphipocla are frequeiit ailci numerous. Ma~iy  different species 
occur, but  they are all of a very small size. Isopocla are scarce, while 
the Copcpocla are very numerous. In March a large irurnber of Zdya 
e~asi/e~,n occurrecl in Morsdalsfjorcl, llu~nbcriiig up to 800 specinvells per 
indiviclual stomach. 
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EIDSFIORD-  V A G S  F J O R D  BYCOENFJORO A N D F J O R D -  
1946 DRAGNES A S T A F J O R D  E L D A F L E S A  

Fig. 3. Thc food of cocl of the 0-group in the Anclfjord area during 1917-1948. 
Syinhols as in fig. 2. 

Sagitta sp. ancl Pblychaeta occur regularly in s~llall numbers. 
Fiih are selclo~n rnet with. Oiie must assume that  the species 

present a t  the sea-bottom ale on an average too large to be caught by 
cod of the 0-group. 

I n  the Andfjorc area (fig. 3) the Euphausiacea are foulid in greater 
quantities than in the Lofoten area, at some stations forming the 
only food oi the cod. Decapoda ancl Mysidacea are scarce, though 
Pandalzrs botfealcs was of some inulportallce in V5gsfjorcl-Astafjord in 
1946, ancl E~.ythro$s a t  Eldaflesa in 1948. 

Arnphipoda were numerous a t  Eldaflesa ancl V5gsfjoi-rl. I n  1946 
The~zz s to  abyssorurn was the maill species in Vggsfjord, but other~vise 
no single species dominated. 

Ez~rycope colvzr/tn was the only isopod occurring. I t  formrcl the main 
food of the cocl in V5gsfjorcl ill 1948. 



-- 
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Fig. 4. The Coocl of cocl of the  0-11-groups in the  Ealsfjorcl-Ii\~:~ilallgell area 
during 1946-1948. Sylllhols as in fig. 2. 

Copepoda were always numerous, the most illzportasit species as 
a rule being U9zdinopsis siwzilis, U. bvndyi and Clziridi'zes nn~zatzts, all 
bottorn forms. Calnnzcs /iavlznsclziczlbs also occurred regularly, in 1.91-7 
being the most important food orgailissn in Bygcleiifjord, averagisig 
137 specimeiis per stomach. 

In  the Balsfjorcl-I<v~iiai1ge11 area (fig. 4) cocl of the 0-group 
have mainly euphausiids in tlieir stomachs. I n  aclditioli oiily a few 
Evyihrofis selZvnln anel hotton1 copcpods were founcl. Cnla~ziss jinnzar- 
c'ziczlu occurred in some siuinber in the Oltsfjord in 1947. 

Cod o'f the 1-11 groups also feed mailily on euphausiicls, but 
Pn~zdnl,z~s borealis and the ampl~ipods Hnlirnges fzclvoci~zcttcs ancl Rnclzo- 
tropis ~/zncsofiz,cs are of some importance. I11 Balsfjorcl Erybti'lro$s serrata 
and Eurycope co*/auta were nus~iei-ons. 

I11 the Ulsfjoi-cl area (fig. 5) the Mysidacea cloll~inate. In  the iiiner 
part (S~rfjorcl) we fiiicl mainly im'clzi'c.i~~zysis ~nixla alicl Eryliz~ofis se~/mtn. 
I n  the outer fjorcl Psezldoncnsn /rigid.~snz ancl EIytIz~ops e~j~L~o$lzinl~~za 
also occurred. The isopocl Ezt~/j~co$c cor~zzcta is numerous in the outer 
fjorcl (see also table I1 and 111). Copepocls were numerous oli some 
occasions, the liiaili species being Cnla.iltls /i~znznrcIzic~is ancl IT'~d%'~zopsis 
si~!zilis. The cocl of the I-group have eaten more e~zpl-rausiicls, aiicl lisli 
are of some ilnportailce as  food, occurriiig in 30 % of the stomachs. 
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Fig. 5. The foocl of cod of the 0-11-groups in the Ulsfjorcl, October l S l S  
Symbols as in fig. 2. 

The fish were quite large, one of them averagely balailcivlg 25 
euphausiicls. 

III the ~lorthernmost fjorcls (fig. 6) the cliet of the 0-group of cod 
is s i~~i i lar  to that of the otlier areas, with the euphausiicls as the main 
foocl. In the Porsailgei-fjorcl A4egn~zyctaflhnnes no~vegicn was the leacli~lg 
species in 1948. 

Tlie average conlposition of tlie stomach contents of the 0-group 
of cocl from cliffeve~it areas is showii ill fig. 7. Euphausiicls are pi-eclomii~ant 
aiicl the other grorrps are of miiior irnporta~~ce, though in 1947 the mjrsicls 
played a certain part. Copepocls are numerous, but of little sig~iificai~ce 
because of their small size. 

THE FOOD SPECIES. 

Decapoda . Pai~dalz~s  borealis is the viiost coi~imoil species. More 
ua!-elj? we fincl Pn~zdnl l~s  $~~o$i~zgfl!us,  Poitloplzilz~s ~zo~/vegiczss, SnDiiten 
snrsl, aricl cliffei-eat species of S$i~oiitocnris aiid Pagfrrrrs. In  1947 
~341192 irln larvae were frec~uent. 

The Dccapocla are of greater iiliportnilce ill cocl of the 1-11 groups 
than of tlie 0-group. Oiily rarely is more than one specirnc11 formd per 
stomach. 

Euphansiacea . 7'hysnnoi;ssn i?zeviizis is prcselit at  practically a11 
stations :~11cl is ~learly al~vajrs numerous. lT4cga?zycli$ha~zes izo7,aegicn 
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Fig. 6. T h e  food of cod oC the 0-group ill the Sordkapp area clurillg 1917-1945'. 
Syillhols as in fig. 2. 

is Illore scarce but  occasiovlally substituting T.  *ivzen~zis. Thysa~zoh'ssn 
~ a s c l z i  is met with on a few occasions. 

Mysidacea . Eryllzrofis sermin. is the most important species, in 
1917 pi-ese~it a t  1.1 stations ( o ~ t  of l5) ,  in 1948 a t  11 stations (out of 16)'. 

E ~ y t l ~ ~ o $ s  erj~tlz1~o$21lnlnln occurrecl a t  a few statioils aiicl was 
nulllerotls in the iliidclle part of the Ulsfjord. in 194-8 ancl i 949. 

M i c h t e i . i ~ ~ y s i s  ~ l a i x i n  was abniiclant in tllc northcr~imost fjords, espe- 
cially tile Sdrfjorci. - Pse~,!donzmn frigidzsllz OCCUI-reel o~ i ly  in Ulsijoi-d 
and Porsa.ngei-fjoucl, but  was quite numerons in 1948. 

Amyhipoda, At least 50 cliffel-ent species ha rc  been identified, bnt  
lliost of theiii were snialI and occrlrred siilgly 011 one or two occasions. 
01' the larger species the ~l iost  i~iipovtaiit werc The.i~zisio a i i y s s o ~ ~ ~ t n z ,  
Haliynges f ? i l o o c i ~ ~ c t t ! ~  ancl Xncl~~oiro@is ~ ~ z a c i ~ o f i ~ i s .  T l ~ e ~ ~ z i s I o  l ibc l l i~ la  and 
T .  coilz$ressn also occurred. Of the siilallcr ampllipocls il/lo?zoc~ilodes 
@nclzai/di ancl I s c l ~ j l ~ o c e ~ i i s  ~ : lcgnc l ze i~  n w c  11lost often founcl. 

11sop0da. Tlle o~l ly  species of i111po1-tziice is E'~t~?lcof ic  corlzzrin 
~vhicli occurrccl fi-eqnently arlcl in sor-i~c localities in lar-ge i~u~nber s .  

Copepoda . Calalioid copcpods werc on some occasions srel-jT 
nr11iie1-ous, 1.30 or moi-e specimens pc1- stomach. Commonly tiley were 
less abunclant, areraging 1'7 spccimeils per stomacl-i. The species were: 
C ~ l r ~ v z r ! s  f i ~ z n a a ~ c i z d c ~ ~ s ,  Pseir~locisl~r~zzts clongniris: U '~zd ixo$s i s  siwziiis, 
iJ. brndyi  ancl Cl i i r id i~rs  n?#l~zai!is. 1,ess freqneiit wer-c Caln7zris l ! , y f i c~-  



Fig. 7. The Sooci of cod o f  tile 0-11-groups in clecp xvater in some localities of 
l\;ortheril Xor~vay during 19+6-194S, aveuage values. Syinbols as in fig. 2. 

I)OI,C~~LS, 114el~i~iin Io~fgn,  a11c1 some otller species. I-Iarpacticicls occurred 
frequeiitly ill s~nal l  !lumbers, hut on one occasio~l ~iiore than 800 Idyn 
e~zsi/era were foulicl in one stomach. 

Polychaeta nncl Ghaetoglmatha (Sagiitn sp.) formed a sliiall 
though constant proportion of the diet of the s~ilall  cod. 

As ~izeiltio~ietl a11ox.e fish are selclorn met with, mainly occurring 
in the stornachs of cod of the 1-11 group. The species iclc~itificcl were 
as follo~vs: Lzcnz$e~zlls n ~ n c ~ f f n i ~ r s ,  Hippoglossoides filafcssoides, Cltrfien 
lzarc~agz~s a~icl Coitzrs sp. ))Other groups(( comprise fornis occurring Inore 
iarely, most often Curnacea. 

PELAGIC ASD BOTTOM FOOD SPECIES. 

I t  is li11on.n that Euphnusiacea, Tlle?~zislo abyssorrcna, Sagz'tia elegmzs, 
Cnla?zits / i ~ i l ~ ~ a ~ c l i i c ~ t s  am1 C .  /1~~$e~l10reits a t  times are fou~icl vei-y close 
to the sen-bottom. ( l i r s s s ~ ~ ~  1028 aiicl 1933, Soarnrr? 1934 aiid others). 
As i t  \voulcl be or' some interest to k~lo\v i f  the s~iiall cod caught these 
01-ganisms ilii~lzediately above, or a t  some distance fro111 tlie sea-bottom, 
I have divided thc food 01-gaiiisms fou~lcl in the stoniachs into ))pelagic(( 
species, ~vhicli coiiiprisc tlie above ~iientio~lccl groups, ancl ))bottom(( 
organisms. 

For tlle year 1g43 the cod of the 0-group were cliriclecl into 3 groups, 
the cod \vliich hacl eaten exclusively ))pelagic(( foocl, those which had 
eaten nbottorn(t foocl only ~ 1 1 ~ 1  finally those \vhicli hacl eaten both. 
I t  was then founcl, that  oi  918 cocl, 233 specirneiis had eaten csclu- 
sivcly ))pelagic<( foocl, 252 specimens hacl eaten ))bottom(( food alicl 403 
speci~ne~ls  a combinatio~i of both groups. I t  nlust therefort: he assumed 



that  the ))pelagic(( aliiinals eaten !,y the cocl have heen r ~ ~ a i n l y  taliell 
close to the sea-hottoin. 

I t  may he noteel, that  for the iliost pai-t the organisms eaten by 
the cocl are fast-moviiig animals. 

Fish play a greater- part in the cliet of tire cocl of the 1-11 group, 
than  of those of the 0-group. 

r. 1.het-e were great var-iations irr the volumes of tlie stomach contents, 
fro111 0.1 1nl to 4.4 ml per 10. storuaclis. This niay partly he ascribed 
to a different irlteiisity in feeding, pnrtljr that the feecling has take11 
place soiiie time ago and the stomach contelit is r~rell cligestecl. Osie 
lilust hear in mincl, horvever, that  cocl comiiig l'rom cleep water \-cry 
ofteii vomit a sniallei- or greater part of tlie stomrtcll contcnt during 
capture, ancl we may firicl cocl with the sto~liachs turuecl inside out. 
Thus tile volume rneasurecl j i l  vl-ilaily cases  ill 115 s~iialler than tile actual 
coilteiit. I t  is thei-cfol-e clifficult to clecicle to what esteiit feeding takes 
place in the different localities. 

All the hauls have been iiiacle clurillg the clay. 

SUMMARY. 

iZii analysis has heen made of the stomacll coiltelits of cocl, chieflj; 
of the 0-group, some also of the 1-11 groups from cleep water ill some 
fjor-cls in North Norway cluing the years 1946-1949. The cocl \vei-e 
all caught in the periocl August-Xovemher, except for single saniplcs 
frolii March and May. 

The cocl were founcl to feecl almost exclusively 011 Euphausiace:r, 
iliainly Thysa~zok'ssn i~zeunzis. Is1 some places the Mysiclacea \\;ere also 
important, chiefly Erytlzrops sen.nln aiid Ali~hleiwzj~sis lnixta. Xorc 
locally other food species may he of importance, sucl-r as Decapocla 
(PnnrZnZ~w borealis), Asnpllipoda (Racizoti.opis nzac//o@tts :tncl H~clirilges 
~ ~ L ~ Z ~ O C ~ I Z C ~ Z L S ) ,  Isopocla ( E t ~ ~ y c o P e  C O I / ~ Z Z L ~ ~ ) ,  Copepoda (Cnlnl.tzts ji~z- 
~~znrchicfts,  U~%dilzopsis sillzilis, Harp:tcticoicla), iisli (L~tnt$elzz,s 71~aclt-  

lnt!~ls ancl others). Decapoda alicl fish play a greater part as food of 
cod of the 1-11 groups tlraii of tlie 0-group. 
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Table I. 
The stomach content of coci of the 0-11 group frorn come "crawling grounds i11 Northern Norway. 

March, September aiid October 1916. 
11. ;"\ro. of food orgaiiisiiis per 1.0 stoi11aciis. 
13. Frequency perce~itage 01 the food orgailisliis. 
C. No. of iood orgaiiisnis pcr inclivicliial stolnacli. 

1 c: l 

Locality 
M 

0.3 - - - 

Vågsfjord. Astafjord . . 14/IX 82.00 30 
C 

Balsfjord . . . . . . . . . . . . 
I and 11 group 

Kvtcnailgen, Skorpa 
O-group ............ 25/IX 

I<vzilangen. Arcr 

i .O 

Øksfjord . . . . . . . . . . . . . . 1 I S/X 16.7 l I o 

O-group . . . . . . . . . . . .  total 

Meaii 
I ancl II-group.. . . . . total i 1..0 1 2.5 



Tlie stomach coiiteilt of cod of the O-group from come trawling grounds in Northeril Norway 
August-October 1947. 

No. of iood orgallisms per 10 stornachs. - 
[O 

CL 
9 
2 

Locality bu 
4 
a 
S 
O 

1.7 - 0.1. 
L,eirfjorden . . . . . . . . . . .  20iV111 81..41 25 2 0.8 0.4- 4.8 1 - 0.4 g 
Kordfolla . . . . . . . . . . . . . 
Kola . . . . . . . . . . . . . . . . 
Vagsfjord. Astaljord . . . 
Bygdeilfjord . . . . . . . . . . 
Eldallesa . . . . . . . . . . . . 22/1X 88.88 64. 4 1.6 0.5 25.9 i 2.3 - - 4.4 - ]..l. - - 
Ulsljord. Sørijord . . . . . 2iIX 75.12 113 12 0.6 1.4 5.2 7.1 112.5 0.3 0.5 -- , 1.9 ' 

livziiaiigei~. Skorpa . . . 5 / l X  88.15 28 2 1.1 0.7 1 . 5  0.4 3.2 - I - 0.3. - 
Kvznaiigen. Aray . . . . 69.0 / - 0.3 0.6 0.2 
Øksfjord . . . . . . . . . . . . . .  14.7 0.1 0.6 0.2 0.1. 
ReIslot:~ . . . . . . . . . . . 0.2 0.1 - 
Nordliapp . . . . . . . . . . . .  9 0.1 - 1.3.3 0.3 - 0.3 1 .2  
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APPENDIX. 

Ootlzrix borealis 11. sp., a bottom-dwelling copepod from 
Northern Norway. 

During the exali~iiiation of stomach co~ltents from cod of the 
0-11 group from some fjords iii Northern Xorway a copepod was fouiicl 
which provecl to be a new species. This copepocl was near related to 
Ootlzrix bidenfain FARRAX (FARRAX 1.905) ~vhich it resernblecl in Inally 
respects, but  was much smaller, frolli 1.75 rnilli~iletres to 2.15 millimetres, 
while 0. bide~ztnta is 3.0 millirrietres. There were also some other c-lifferences 
which are described below. 

The  je~qzale (fig. I b) has a rather ovate body, last segment on 
each sicle endiiig ill a double spine (fig. 2 b). The cephalothorax elids 
in a bifurcate rostrum (fig. 3) protrudi~lg downwards. Cephalon is not 
sepal-ated from the first tliorax segment. The edge of the 3 lower seg- 
rnelits of the mosorne (fig. 4 b) is clotliecl wit11 small spinules, lilte those 
figured by  FARRAX (1905) in Urachycala~zzu. The genital segment is 
of the same length as the two following segine~its combined. The spines 
of the furcal rami (fig. 4 c) are clothed with long fine hairs. 

First alitenlia (fig. 5) is 24-jointed, reaching last segment of the 
cephalothorax. The ratios between the segineiits are as follows: 

The secoild a~iteniia and the niaxilla (fig. 6-7) resenlble those of 
0. bidentnin. The liia~ldible has a cutting edge (fig. 8) with fewer spines 
than in 0 .  bz.de~zialn. First l~iaxillipede (fig. 9) has 7 termilia1 selisory 
filaments of hairlilie shape. Secoiicl maxillipccle (fig. 1.0) as i ~ i  0. bideuttatn. 
The lack of spines oil the inner joint is probably clue to the bacl state 
of the copepods, having- bee11 eaten by  the cocl. Natatory legs 1-4 
are siniilar to those of 0 .  bidealata. Only the first leg has been clramr~i 
(fig. 11). Fifth pail- of legs (fig. 12) is aliliost icleiitical with that  of the 
type species, but  all three joints are setose on the outer margin. 

Tlie male (fig. 1 a) is of the same lel~gtli as the female, but  somewhat 
more slender, and tile lateral spines of the last segment (fig. 2 a) are 
less pro~ninerit. Tlle w-osome (fig. 4 b) is of the same length as t ha t  
of the female, with the same proportioils between the last three seg- 
ments. Fifth pair of legs (fig. 13) well clevelopecl. Both 1-ali~i are of 
about equal length. The seco~icl joint of the right leg has a styliform. 
appendage our the iliner sicle. 



Followillg N. ROSE (1933) I place the genus Oothrix FARRAN 
within the family Phae~~nidae.  In  0. borealzs the fusion of the two first 
seglnents of the cephalothorax and tlie presence of a rostrum show 
the relation to Xn~zllzocnla~zz~s Gieshrecht, The fifth pair of legs of tlie 
male shows much resemblance with the corresponding legs of Xnntho- 
caln~z?ts borealis SARS. 

A few males ailcl females of 0. borealis were founcl in the stomachs 
of youlig coci caught ill some fjords in Northern Norway cluriilg the 
years 1946-49. The exact positions were: I<vznangen, 69' 47' 6" 
$7, 21" 57' 2" E, Ulsfjord, 69" 52' 8" N, 19" 58' 6" E, and Porsal~gerfjord, 
71" 0' 7" N, 26" 28' 0" E. The depths varied between 196 metres and 
270 metres. At all localities the bottom was muddy. 
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PLATE I. 

Fig. 1. Ootliv.zx Bof/ealis 11. sp. a, male, b, fernale. 
Fig. 2. Last segmcnt, a, male, b, female. 
Fig. 3. Rostrum. 
Fig. 4. Urosorne, a, male, b, female. 
Fig. 5. First antenna. 

PLATE 11. 

Fig. 6 .  Second antenna. 
Fig. 7. Maxilla. 
Fig. S. &la~anclible. 
Fig. 9. First maxillipecle. 
Fig. 10. Second maxillipecle. 

PLATE 111. 

Fig. 11. First natatory leg. 
Fig. 1.2. Fifth pair of legs, fernale. 
Fig. 13. Fifth pair of legs, male. 
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PLATE TT. 



PLATE 111. 




