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Abstract

The preseat paper contains the results of the stulius

of the feeding of silver hake, Merluccius biliancaris (iivchili},

and red hake, Urophycis chuss Walb , conducted ia 14905-1-.7

on vne Hova Scotia shelf, Georges Bank snd on the Shelf

south of few England from Cape Cod to Cape Habtteras (Fig.1d,2)
- Feediag of both males and Temales of varicus size groups

were studied, as well as, Ghe specics composition oF Sie

iood and feeding of these species by areas and seasous. The

data obtainéd give evidence of the differences i the

~attern of feeding of silver hake and red hake of variocus

size groups and difference in the species composition of Gle
fo00d by areas and seasons. Coefficients of food siwilarity
between silver hake and red hake were calculated. Theré is

no actual £ood compétition between these species.

INTRCDUCTION

Pattern of feeding end food correlation are ofton bhe
sactors determining the behaviour and distribution of Fish

during their whole life history. Due to their sbundance in she

SJorth~Yest Atlantie, silver hake and red hake present a great

laoterest irom the point of view of their food correlation.
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lieveeotheless, the pattern of. feeding of these soecies hed vofa
pracbically isnored untill récently. Some luforiialion o
silver haize and red haxe feeding is oanly given 1. worlks by
Birelow and Schroeder (1958), Schaefer R.H. (1uud),Buuslkan
T.I.e (1360), and Rikhter V.A. (4908). _

Begirning from 1965 the West-Atlantic Luboratory;
AtlezntIRO, has been collecting the materiel for luvesGliuiion

o pebbzrn of feeding and food competitions of these vis

Lo.cice. Dhe present paper has the obJective to gumaav.

e

[

The uvaeilable aaterial and to £ill in some gaws obtill exis¥l.

in Ttuls guestion.

FATERTATL AWD METEODS

The present paper is based on the dabta ocbbtoined duming
the studizs of feeding pattern of 5. hake and H. halk:s in
1955=1757 . Usually, samples of 100 specimens of eaci s7ecies
~ivh a distianct grade of stomach f£illing (by 4-grade tsblo:
O - empty, 1~hardly filled, 2 = half filled, 3 - full, «+ -
overfilled) and identifiable food composition, were Galcu.
Specics consbituting the food of thése two Fishes were denii-
£i2d at the Leboratory and partially at sea. Quantitative
suglysis of the material was only 1imited-to‘determi¢abioa
of frequency of occurrence'(percentage) othhe‘foad CCLpo—
nents. Oniy stomachs containing food were used to estimate
this frequency of oceurrence. Rate of feeding was determined

by grades of filliang of'full‘and empty stomachs exceut for

M

the repurgitated ones. Proportion of feeding specimeiis wa

[}

doternined relative to the: total number of the analyscd

Loy

300:.achs except for the regurgitated ones. For pdposaes of
comparison of food components of silver hake and rcd Luase
tuere was used a method of comparison of freguencies of
occurrence of food organisms which was suggested by Yaaulov
{(19¢3) for the comparison of fee ing of red fish (mentella .
L g -

and marious) and cod from the Newfoundland aand Iybrador
areas. According to this method the coefficient of food

n x 100
—r——

siwilarity, CFB = , where ¥ is a sum of the hi hest

A3
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ceirceavsses of frequency of occurrence of foua oljidlisus
for the compared species, .. while n is a sum of the lowest
Jurceinboyses of frequency of occurrence of the .encral food
couponents. ’

Toually, 42,515 and 5,486 stomachs of silver bake aac
»od haie, sespectively, from ICHNAF Subabea 6 zud Jlvizions
49, 4X, and 5% were analysed.

In further treatment of the data on Iood cowpcsivion
in silver hake and red hake, all the organisms were distri-

vuted by groups.

RepULTS

Feeding of 8ilver Hake

<o oo cuaposition of the f£ood in silver Yipie.

As shown in Table 1, 59 specles of invertebru .2
pluces were found in sgilver hake stouachs, awong thew.
specher of Tishes and crustaceans, 3 specics of molluscs
208%ly squids), 3 - Echinoidea and 5 Y“other or_caisns™.

Cf the total number, 41 organisms arc typical pluasiiion
i bothypelagsic species,'ﬂa are benthic or morce or loess
related Lo vhe bottom organisms.

Iavertebra are dominant by number of species (34) in
the silver hake stomachs (57.6%). Aluost all of‘them are a
videly spread, euribathie mass crganisans.

25 or.oaisnms, of which 11 are pisces, are ¢ommon in
silver hake stomachs while the rest occur rarely.

Vertebra are presented by 24 plsces with asachovy, herriag
hages, argentines, mackerel and sznd laice bein most
common in tue siiver hake stomachs.

Inverte.bra in the silver hake feeding both by aunber
0. species and by frequency of occurrence are mostly pre—
seated by cfustaceans. The bulk of the food are Buphausiacea
(627 wy freguency of occurrence): Meganyc tiphenes norvegilca
ené Thysanoessa inermis (Table 2).

b) Feeding of Silver hake by size groups and sex.

All vhe material was analysed by size _rcups =2aG an
obvious picture of the qualitative changes in the Lood

somposition was obbtained (Table 2),

A4 el
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Irmasurs s.ccizens are not larger than 28 cn aad Lced nosbly
on Duphausiacea (79 - 90% by freguency of ocemrreace) .

Labure s ecinens feed on alwost all the Lood _rouss,
however, btie bulk of their food is made by kuvnausiucea.

Irzlr occurrence inecreases with silver hale crowsh dn leapsh,
vut 04 reachiag the leagth of 35 cm silver haxe feeds l.oconsive-
liy on yuisces. Bpecimens of smaller size groups at the Leglaning
focd on laatern fish, young fish aand then change to mature

fish of ouaw various species. Occurreace of BEuphauslacean in
cider 5. hake stomzchs sharply decreases, vhile other food
sroups disspoear completely and are substituted by shriaps

s.ad sguids.

TLe main food for specimens larger than 40 cm ave,
aeverthieless, pisces. Judging by frequency ol occuriencs 1u
nieles with their growth in length, Buphausiacea are uogi
¢com:oa 1u 3. hake stomachs. Then come pisces and squidg.
Fercenbace of occurrence of fish food in Tthe males stomacus
of ull size groups remains constant, while that of PEuphausis—
cea varies Ifrom 59.5 to 69.4%. Of pisces males fced on aacliovy,
7owy; £ish, and also young hake. Buphausiacea and plisces,
being the wakdn food groups, are always preseat lu silver nake
ration.

In fruale feeding, foﬁr food groups are well tracedl
Burhiausiacea, fish, shrimp and sguid. Proportion of fish aud
squid in females stomachs increases with the rish len.th,
whiile the freguency of océurrence of HBuchausiacea aad shrinp

decreases. Females of maximum size feed exclusively on pisces.

¢) Pattern of silver hake feeding by areas and seasons.

Aralysis of silver hake feeding by areas and s¢asoas
shiows a considerable change in qualitative compositions of
food while two food groups, Buphausiaeea aud fish, are present
in all the areas and seasons (Table 3).

The most iatensive feeding of silver hake is observed in
épring-summer and autumn periods. Loweriag of fecding ratc o

sne eores ULank in summer is associated with the silver

ADS
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et somwning,. Lebe in summer and in autuml awoticr Zige Ul

sedins, rate 1s observed. In winter, Teediny rate Jdrous i

I“r.

@ll tic areas, odb in the Hoodson Oanyon area L. laze igods
iaboaslively oven 1n winter time. This fact was alsc wsecd hy
iter (15068).

46 wns cuated already, the basic &god for B..hate ia il
the areas under studies are pisces and Huphausiscea. Ao
sigaificaant differences by sreas in feeding_on fish wond
Dupilaucicesa waere observed, except_for the $OVa Scotile stiolf

Jnire Suphausiacea was highly dominant. Dlizcreuc“s i sllwver
Lo Jouding within one year lie in the fact that species
corsositbion of the f£ish food, as well as the rute of silver

Tre

“uks foeding varies from area to area. Wwhile on the lova
cotia shelf the maximum of feeding intensity occurs in s,ring
zonbns, and saad lsace, argentlne, lantern {ish aud Fouis
silver hake arc present in silver hake ration, on Eup FAEOD LES
_ualk the maximua of feeding rate occurs 1in autum; montins z.d

Avlsatic herriag, mackerel, young sklver halte and laaver

| )

islh are couuon in the silvsr hake stomaclis. It is Dogsible
that differeat frequency of occurrence of the food HToups

1.1 vhe silver haixe stomachs from all the areas is stipulabad
by avallabllity of these ogganisms and by deusity of their
coacentrations iun Ghat or other area or seasmn, that_is, by
Eheinr vulnarability. However, Fuphsusiacea aad fistes arc tuc

main and the most avallable food for this species.

Red hake feeding

a) Species composicion of the red hake f£a0d.

In the red hake stomacks there were found 50 spucics
of invert®bra and pisces (Table 4). Fishes are presecnted by
1% s.cclies, crustaceans - by 18, molluscs — by &, sud
Tichhinoidea — by 8 snecies.

Only & speciles of inverivébra and & species of vlisces iro.
the whole list are typical pelagic and bathypelagic or tuis.s,
while the other 40 species (71.4%) are bealdie or closely related

to Locttom life. Inveriebra dominate in red hauwe Lzeding by

A6
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e of soecics (56, that is 64.2%). 27 orjsai.nig Lo ghe
viicle list are common in the red hake stomache, while the 2oy
azoe rars. The 108t common pisces in the red hate stomachs

2w Atlauabic herring, silver hake,_jellowtail floundcy, bubscr-
ieh, suiled sculpin and haddock which constitube 16% of buc
botal. _

The wmain food for red hake are Amphipoda (rzje 1a fre. ueacy
of occurrence), which are presented by two species : Tueulszbo
connressa and Talorchestia longicorais. Less COMIOL are sgquid -
~ele, shrinp - ©.0% as well as, Decapoda, Buliiius_aCuiu,

iolluse, oolycuseta and Echinoidea
J

b) iied hake feeding by various size sroups and soi.

Tounz immature red hake below 25 cam iu lewn UL food
rostly on crustaccans ~ Amphipoda (Table 5). Size _roups
froa 26 to 40 em have in their ratior 2ll the meationed food
croups of wilch the main are Amphipoda which are follosed
by p;sccs, squis, shrimp end other Decapoda. As it rov Lt
lensubh, red hake like silver hake tends To beccue Lehlyo-
Ohzzos and the mexiaum sizes have in their stowachs tures
fs0d srouss: fish, squid aud Amphipods, with the fish
constitutiag 57.2% in freguency of occurrence. Aulalysis or
rcd hake foeding by size groups indicates that qualitative
congosition of food does not experience graat differeuces.
The only difference lies in the fact that smeller individuals
feed oa saaller organisms, while ths laryer ones — the
otiier way round.

As for the qualitative aspect in the equal size jrouprs,
Amphinoda and shrimp dominate in maie storeachs, while

sguid and Decapoda = 1in females.

¢) Red hake feeding by areas and seasons

Intensity of red hake feeding throughout the wiole area
of distribution increases in spring during prespawning and
postspawaing periods; it reaches the peak by the nid autuan
(October) aand decreases sharply in wiater.

In June, the ration of red hake on the north-west sloyes

of the Georges Bank is made almost oX all the wmeationed food

A7
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sroups cxcept for Buphausiacea (Table 6)., Feeding rate is
srace 2.7, Late in autumn (November) conswnption of
Awotiipoda inecreases sharply, while in winter the variety of foua
sToups increases, bub the average grade of stqmcchs £1113n;
st.arly declines. Ia sutumn, the feeding rate reaches grade
Z.5, while in wintér it is reduced to almost a zerc.

Un the southern slopes of the_Georgés Bank, the:main
£o0d for red hake in gpring snd summer are Amphipoda, pisces,
squid, and Deccapode (ﬁostly‘Cancer And Pagurus)'(Table &).

In the same period on the Nantucket Shgals apd ou blie
siopes of the shelf, rpd hake feeds on the same orjenisms
as on vue slopes of the Georges Bank, in aubumn, bowever,
crabs, brittlestars and Euphausiacea are the nmain food. In
wintcr, the food variety increases, while the feeding rate
is lower. In the Budson area, the feeding rate of the species
is also low, food ﬁariety is high, and benthos organisms
constitute a significant percentage (polychaeta, molluscs,

and brittlestars).

Comparigon of feeding of silver

hake and red hake.

Coefficient of food similarity was dethmined for tle

Tollowing ICNAF subdivisions: 5Ze = 13.1; 5Ze,=28.3; SZu-

]

\

{

Tue main food for silver and red hake in sunmer-aubw.n
reriod on the Geofges Bank are fish, shrimp, eand huphausiacea
In winter—-spring period on the Nantucket Sound in the Hudson
area, besides the above mentioned organisms, squid, £izi aad
Aunphipoda are wulso common both specics. Since ia winbor
cotli sueeclcs khave a decreased feeding rate aud a nigh
variety in Tood, the chances for a food competition arc
very small. Beginning from April the food spectrun of red
haks and particulery of silver hake considersbly narpois,
but by that time a fieding migration of botl: species

already begins.

AB
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SUMLARY

1. Zushausiacea and fish are the main food for silver Lalu.

2. Imunature S. hake feeds mostly on Euphausiacea, aiud

with its growth 1in size a gradual chauge from crustaccaas

to fish takes place.

neke 1s nectophagos.

In its pattern of feeding older silver

3. liales of %5 cm .are abundant. 36 — 40 cu are fow wad

above 40 cm in lehgth are absent in the catches. Pattern

of feeding in males and females of these sige roups is

virtually the same. Females above 40 cm in lensth are exclu-

sively ichtyophagos.

4. Fezding rate of S. hake reaches its waxinwas in spring,

decrecasfing in summer due to the spawning and boeomes

Winimum in winter.

5. Immature red hake feeds on Amphipoda, whilce will. reachiiin:

maturity proportion of bottom crustaceansy beucnos aad iizh

in its rsafion increases.

. Patterns of feeding of S. haue and 3. hake overlap

insignificanktly and chances of food competitions amon. theu

ig wost ol Ghe area are very few.

LITERATURE CITED

Rikhter V.A., 1968.

Sauskan V.I., 1966.

Some Features in Behaviour and

Distribution of 8. hake [{ron bthoe tLest
14

Atlantic in Spring. "Rybnoye Hozyaistvo",
No.11, lMoscow.

Biological Basis of the rishery for s.
hake (Merluccius bilinearis, Liitechill)
and Taxonomy of the Atlautic 3 ecics,
Genus Merluccius. Thesis for a l.astor's
Degree. Kaliningrad.

Yaaulov K.P., 1963. Patbtern of Feeding of Red Fish (Subustos

- mentella Travia) in Newfoundlsud aad

labrador Waters. '"Woprosy Ichtiolojgii™,
V.B, iSS ,4(29)’ I'JOSCOY.. '

Bigelow H.B. and Schroeder W.C. 1953. Fishes of the Gulf of

Maine. Fishery Bull. Fish =zud “ildlife
Ser. v.53%, NHo.74, Washin; toa.-

A9



-9 -

5. Bcha2ior See 1900 A study of Che Growth =0d foodli L cocui

of the¢ whitiug or silver Luize Lorluce ius
bilin®aris (kitelill}, ol the I'ov Yori:
Bight, llew York Fisu ana ‘Gane Joruw

V.7, 0.2,

Table 1. List of organisms found in the Silver Hake stomachs.
+ very seldom, ++ seldom, ++toften, +++tvery often.

raaccphyta

~

e Aucus ap. ' ++
Polychacta |

Z. Tomouteris sp. N A
SoLe rada "

%, Calanus fismarchicus (Gunnerus) C et

‘+o Galaaus hypert oreus Kroyer o +++

5. Ceatropgarscs t¥picus Krgycr : +-+
floracica '

e Lelaaus eburaeus Leach +
Lysidacea '

7. lysis stenolepis (Smbth) S
liygoriidesa

L. lIyveria ,alba (lontagu) : N

j. Thenisto compressa Goes _ bt

Toe Theoisto libellule kandt ++
ramczarides ’ |

1. lalorchestia longicorais (Say) L bt
Fuohaslacea

12, | coanyetiphanes norvegica (ii. Sars) +t+

1%. Thysancessa inermis (Kroyer) 4t

4k, 2hysanoéssa raschii (i.Sars) +

15. fiyscnoessa longicaudata (Kroyer) 4+

16, senatoscelis wegalops Sars -+

becapoda

17. Pendalus nontegul Leach +4-++

©3. randalus borealis Kroyer 44+

O, Ciraso sepbemspinosus (Bay) ++

20, Honarus awmcriconus Milne-Edwards +

1. Panulirns argus (Latreille) +

22, Faurus bernhardus (Linnacus) ++

ZZ. Yoarig loojlcarpus Say

r

i .

z-be Coacor irrorcbus Szy

+ o+ o+ 4+

~5e Cwizul borcalis obinpson

“B. Zuinpius terbstil Lilns-Edoards
EFalomwnoda

2% . wueula beauls Montazu +
Crohalopoda

200 111 N lceebrossus (Lesueur) 44

AlO
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il czali aogueus

. Ci astognatha

bugivta wloy.wes Verrill

Szgiltta serravodeatata hroln

Tyl e
_La‘.-uJ.\JJ.J-L

2 honaba iiobius
Aruoroidea

T Sostobias groenlandica (Tutken)
Cohiuroidea ’

Gor wasceshalus arcticus Leach

: Helilnoidea

meiziaorachaius parma {(Laasrck)
Plsces

serunicus sadina (Mitehill)

Clujca Liurensus harengus Linracus

Alosz:. pseudoharengus (Wilson)

Alosa acstivalis (aitehill)

Archion itehilli (Guvier and Valenciciacs)

~ollooun villosus (Willer)

nvisa silus Ascanius
Joraboscorzlus waderensis (Lowe)
sigshus 2fful sens (Goode and Bean)
cyceoshun affine (Tatken)
urolicus ponnanti (Walbaum)
Scoberesox saurus (Walbaum)
i.erluce.us biliacaris (Kitehill)
Urophycis chuss (Walbawu)

Tivpoolossvides platessoides (Fabricius)

Tingada ferruginea (Storer)
Citharichthys arctifrons Goode
Pzralepis sp. .
Scomber scombrus iinnseus
Yoronotus triacantus (Peck)
Stenitowus versicolor (Witehill)
Suevasses wariaus (Linnaeus)
Arasodybes awericanus De Lay

wacrozoarces auericanus (Bleoeh and Schacider)

All

4

+4

T+

et
o+
+++
++
44+

+bt b

-t

et

et

e+t
oot
++

++++
++
ot

+4++
+
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List of organisms found in the Red Hake stomachs.

+ very seldom, ++ seldom, +++ often, ++H++ very often.

Fhaizoonyta

ducus an.

Folychacta

A, Rr2GiGe oceoculuaba Linnatus

Miorceizca

Leoas 1illi Leach
valadus courneus Gould

Anpnigoda

Shoesto eouanressa Goes
Tociaisto livellula iandt
Talorchestia longicornis (Say

muphausiaccea

coenycvivhanes anorvegica (Ui. Sars)
Miysanocssa raschii (Il.Sars)
{Lysanocssa loagicaudata (Kroyer)

Decapoda

l.acrura aabtiantia
Pairdalus nontagui Leach
Pzadslus vorealis hroyer

Lscrira reptantia

Honarus americanus bilne-Edwards

Panulirvus arzus (Latreille)
Aromura

razurus bernhardus (Linnacus)

o urus longicarpus Say

Jioiger Lrroratus Say

vaucur Dorealis Stimpson

P oaooscus herbstil Lilne~Edwards
Stonatopoda

57uilla cmpuss Say
Yrloceynode

ucula tenuisulcata (Couthouy)

Tuenla crovine (3sy)

Boeteo islandizus (CMaller)

Fielbon warillanicus (Gaelin)

jt_lU‘ cdulils Linnasus

L L33 Sl
Coronalopoda
I1lexw 1llccezbrossus Lesucur
Loliso prallii Leueur
Asteroides
Ssenodiscus crispatus (Retzius )

E;n'a” azster _ranularis (0.F. Millcr
Jenvicie sansuinolanta (0.F. Miller)
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Custerias groenlandica (Luuhea)
B hlur01dea

N
%Y
L]
L.
I8

5%, Goronecaphalus arcticus Leach

Z5. Achivrg denticulata Kochler

So. Oohiura robustra Ayres
Echinoldea

37. uchinsrachius parma (Lamarck)
risces

1

$&. Liywine ~lutinosa Linaaeus

Y. Clugea hurenpus hareagus Linnaecus

e Aloga psteudoharenius (Wilson)

1. Brevoortia tyrannus (Latrobe)

42, merlucceius bilinearis (Giitehill)

LZe Lepophidium cervinum (Goode and,Beén)
44, Liwcada ferruginea (Storer)

. FPscudonleuronsectes americanus (Walbaum)
. beotber scowbrus Lianaeus

w7, Foroncitud triacantus (Peck)

4oe Lrizloos ominatistius Gilbert

49 Lyoxocushalus scorpius (Linnaeus)

See ACudophoroides wonopterygis (Bloch)
Jhe Crelosberus lumpus ILinaaeus

S2. Prloaotus carolinus (Linnzeus)

5. Tautozolabrus adspersus (Walbaum)
S4.Touboga onitis (Linnaeus)

55 Ammodﬁfas americanus De Kay

[

55, ;elan??ammus aeglefinus (Linnaecus)
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Table 5. Occurrence of food components in the Red Hake stomachs by size groups
in ICNAF subareas 5 and 6, per cent (1965-1967).
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Note: in numerator = in females
in denominator -~ in males
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Flgure 1. Sampling areas in the studies of Silver Hake feeding.
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Figure 2. Sampling areas in the studies of Red Hake feeding.
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