NOT TO BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

Northwest Atiantic Fisheries QOrganization

Serial No., N1622

NAFO SCR Doc. 89/45

SCIENTIFIC COUNCIL MEETING JUNE 1989

The Feeding of American plaice (Hippoglossoides platessodies),

Redfish (Sebastes marinus) and Cod (Gadus morhua) in the

Flemish Cap during July 1988
by

F. Javier Paz Canalejo, F. Javier Vazquez Alvarez, Anxo Fernandez Arroyo and J. Miguel Casas Sanchez

Instituto de Investigaciones Marinas, Eduardo Cabello 6, 36208 Vigo, Spain
and

Enrique de Cardenas

Instituto Espancl de Oceanografia, Apt. 240.39080 Santander, Spain

A iomly stratifiec bo;tow rawl survev was realized in
the Flemish Can  {(UHAFS Div.3M) ln July 1983, The stomach
conteints o thrae sobecies uvoare studied @ 220 of Anericaen
nlaica (Ilibpoclossoides platessoides), 203 of redfish

(Sebastes Iiarinus) and 463 of cod (Gadus morhual). The cod

spaciincns  weve Classified taking into account age groups; in
he case of other species by length classes.

he food items, the prey cccurrence indenr and the diversity

vare determined toc. The fSchoener overlas inden vas
ated to study the intrasnacific diet ovarlan in cocd and
teraﬁec111c fiet cverlay between the threc species. The
1 betveen  predator size (cod) and nreoy size {(redfish)
30 studied.

INYTONUCTION

During a crulse carried out oy BfG "Corunide de Haavedra" in
Julwr 1688, 120 trawl hauls (sce fig 1) werce performed in the
Flemish <Cap following the HAPG swecifications fcor hasao
survevs (Doubledav, 193 V.

The gear used was a "Lofoten" one with a mesh size of 35
mm. It was trawleé for thirty minutes in every location at a
speed of 3.5-4 knots.

T"he gualitative and guantitative composition of the fish
feeding is thought to be important in growth, maturi%y anq
fecundity changes. Predation hy cod on smaller cod and
redfish mav also produce variable mortality in juveniles,
contributin% in this"way to variability in yvear class strength
(Lilly 19835).
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survey. - :
The stomach contents of three species were studieé on hoard :
329 of ‘anarican nlaice, 203 of redfish and 463 of cod.

The © toha lennth was measured  to the ncarest 1 eri. in
evervy indivicdual and the veight, with a precision of % 2 grs.,
was  noted. In- the case of cod the otoliths vere eixtracted for
aga determination. Stonach contents vere exanined and the food
-eomponents were  also - separated and noted as far as possible
" (Tanhles T IX,ITI). : : "

. In . order to eva 1Late the food cornonentd the cata formed
Grouns - bv length classes, LGllO'lnC the, HAFG  Secretariat
‘criteria Qua) At the sore tine qod was grouped in age
classes. : . : N .

In each species by class the following .incices vere

caleulated:

- the prey océurrence 1ndex (stonaca wil a nrav numher/total
uhonucH nurher) .
Wi (Hy-1)

- the Siﬁpson diveréity feeding-index : D = 1f:§z

vhere ﬁl is the number of times in which the type of ﬁréy Pi
in the. total number of- stonacﬁs appears, H the total number of

preys--in  the total ~nmunber- of stomachs, and s the nunher of”

tvpes of nraoys.

. -the Fulton qondifion factor: C.F. = 100 x» U/L exp.3 ,vhere U
is a total weight in ‘g. and I, the total length in cm. :

~The ‘diet overlap ‘index. <The Schoener diet overlap ingex’

{Linton et al.1981) was used: =
Ry=1-1 & (P31 -PRY)
z {. 1 '

whoro Pl] is the frequoncv o‘ apnearancc of "the prev j in the

indivigbals of the class :, Pjx is the frequendyfof‘apbeafAﬁéé’

of ‘the prey j in- the individuals of the class . The said
" index was calculated for each species by length groups and in
‘cod it was also ﬁcterwlnnd hetueen prerecruits (l-and 2 years
old), immature ‘juveniles (3,4 and 5 years 0ld) and mature.
individuals {6 years or longer}. Tollowing Zaret and Rand
(1971) and Mathur (1977} the value accepted as a limit was ' O. 6
in ordéer to consider the enlatence of the diet overlap.

The relatlonshlp petucen the nreaﬂtor gize (cod) and the
size of its prey (redfish) was also stulied. -

RTSULTS AND BIGCUS SIOH

american plzice

Tn table 1 the food comnponents are shown classified into

lenqth classes. fhe cdiet of the american nlaice during the
above nentioned month  in the Flemislh Cap  is little varied,
the nrev spectrum very narrow, ané the class of echinodermata
the orincipal  component. Lhe onhlvrolnLa razch 66.5% in the
length class '33-3%cm., geing. bevond 40% in all the others.:

The Simpson diversity inde:r in all length groups (Table IV)

has lower values than in the case of re=dfish and cod.

Riological -samples were "collected cduring the researh
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The prey occurrence index appears in table V.

The condition factor (table VI) mean was 1.02 % 0.01 in the
month studied.

Redfish

-

203 incdivicduals (onily 40 of
studied.
This fact indicates a low feeding intensity index : 0.30. The
presence  of food componants is shown in table I, where it is
ahserved the existence of nredation on ced and cannihalisn,
this happens in the' range 26 to.50 cm.. Gavaris and Legge
(1931} and Honstantinov et al. (1825) Found the beginning of
cannibalisn in  higher length classes. e cealculateé  the
aresence of & cannibalisn indenr of 3.9%, vhercas Xonstantinov
et al (1935) give a 7% in 1979 and 5% in 1981. it can bec
explained’ if it is considered that a Sumnmer season features a
lower cannibalism rete.

them contained nrey} were

rish comprises 100% of the diet for indivicucls ohove 44
cm. long. Crustacean, mainly annhipoda and copepoges, are the
maior food co:n:ponents under to 38 cm..

Alhikovsiava et _a;.(lSSS) indicate that the copepoda are

65-74% of the items in the food of the juvenile redflsh
whereas we found a 31% in the individuals smaller than 27cm.

Considering only -the fishes, the dominant prey was their
own species: redfish, and in the second place the myctephidae,
Lilly {1936} still 'confirms that between 1979 and 1982 the
‘dominant prey was the myctophidae and . that young redfish .
appeared incidentally. ) :

The highest freoquency of occurrence corresponds to the
pelagic invertebrates (table VII): copcpoda, anphipeda, etc.
and it agrees with that noted by Koinstantinov et al. (1985).

., The condition factor bv length groups and the ﬁotalrone is
shovn in table VIII. For the total lengths the C.F. was 1.50 =+
0.07.

The Simwson feeding diversity index by length groups appears
in table IX.

Cod

Table III indicates the feading comnonents chserved in the
stomachs of cod by age classas. The most varied diet is seen

in the age groups of 3,4 and 5, transiticn ages from

nrerecruits to mature individuels.. Predation on redfish-
apneared at the age of 2, nersisting in all ages studicd. The

other £ishes  are | incorporatad inte the éiet at the aqgqe of 3

ané their presence increases with age. Fish is  60% of the

diet of. 7 vyear old cod. Pre datlon on Pandalus bheorealis was

reqular from 2 to 7 years.

Cannibalism was observed from 3 to 7 years (table X and figure 4}
affecting, almost exclusively the year class 2. Lilly (1985) confirms
that predation in young cod takes place in the year classes 1 and 2
in the Winter of 1983, and in the year classes 1 and 3 in the next year.
A presence index of cannibalism is shown in table X. The average was
3.B8% between 3 and- 7 years old.

The range of prey in cod was relatively narrou, such as is
reported by other -authors: on%tantlnﬁv =t al{l285}, Lilly
(1835) ancd Lilly (X206}, ;nﬂlﬁ uI"Chows the nravy occurrence
in&ﬁ“ af cod "hv age grouns. For the c“vﬁtaceans'thc inde::

scends  from (.67 in c¢lass 2 ke 0.36 in class 7. Yie prey
occurrence inde: of fish increases freom 0.935 te 0.50
zspectively.




The concdition factor b, year classes is incicated in table
1L, being the- c0n01t10n factor for all of thein 0.95 + 0.03,

The Simpson _ecnlnn flvnr51Lj index is present in table
SIII. The average index is 9.81 & 0.03.

-The dlet overlap was Lalculateo intraspec1f1callv (Keast,
1873; - Wallace and Ransey,l1982) to have a2 better idea of the
feoolng similarities between the three groups considered. In
aGdition to  this Schocner index was czlculated and estimated
hetween prerecruits (1 and 2 years old) and immature recruits .
(3,4,and 5- years old): Ro=0.665; between prerecruits and T

~mature individuals (6 or more vyears old}: Ro=0.251; and T
between mature. and immature. recruits: Ro= 0.493. There is a et
diet . overlap only in the first case: between pre-recruits and
immature’ recruits. These values confirm the Llst1nct troflc‘;”
‘habits of the three. groups considered, - . o

The relatlonships between the length of the p:edator (cod) and o
its prey (redfish) were studled. In table XIV and in figures 2 apdr < et
3 1t is shown the number and length of the prey for each predator o
length group. The correlation calculated  was: r = 0,61, t = 7. 54, R
£.d, = 98 (p<0.001). These values indicated that the length
lncrease of the prey has a close relatlonshlp with the length of
the. pzedator

Thé diet_overlap between the threée species

“The diet overlap was calculated using the Schoener index.

" Lentgh groups were made for cach species: smaller than 33 cm.
and lonqger. than 35 ci. in the redfish ana cod; sraller than 44
‘em. and longer than 44 .cm. for the american plaice.Finally the,
Schoener -ipcices were  rechoned to estinate the ciet overlap“
between " the total of the three species. The values are shown
'in table XV. The anorlcan plaice diet-is 2lmost independent of -
the 1~ngth' and has a " higher overlan in all sizes (G 943)
Besides, there 1is no overlap eithor with redfish (0.208), or
cod (0£.274). The redfish diet overlap valuz was H;gae w;th
the cod (0.705) than with tie american plaice (0.438) and the
highest one was (0.033) betveen its two lenath grouns. The cod
presents a smaller diet overlan by length c¢rouns (0.211) than
that one calculzted between redfish and cod (0.705). These
twe species have inportant trofic relation.

CONCLUSIONS

Cod and redfish in. Flemlsh Cap has a strong predator-prey
relationship. . The predation is particularly impertant on small
redfish length groups. Cod stock size may be an important factor
In natural mortality of redfish prerecrulted year classes.

The importance of cod cannlballsm on the one year age group
fncreases with the predator age up to age 6, according to data
presented. This suggests a mortality component due to cannibalism
for first age groups. Further works to quantify the influence of
predator of large cod on cod and redfish young age groups would be )
useful to assess these stocks. ‘ ) {-AJ'
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Table I. Food components ohserved in the stomachs of
the american nlaice in Div.3M in July 1988.
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Class Polichaeta
Q.LCrrantia
Faia, Aphroditidac
Q. Zedantaria

Other Polichaeta

Class Echinodermata
C.lchinoidea
O.Asteroidea :
0.0phiurocidea + +

. O.Holeturoicdea -
Class Crustacea
O.Anphipoda
0.Decapoda

Class Divalvia + .
Taxodonta {comprhb)
Class ['isces
Tar.Cadidae

. Gadus morhua
Larvas pisces

+

Table II. Food components observed
: of the redfish - in Diwv.

.

+

31 in July

in the stonachs

1985.

redfish leagth {cm)

<21 21-26G. 27-32 33-323 39-44  45-50 >57
Class Crustacea '
Q. Isnnons
0.Conenoda + + + + +
0. innhinoda + + + +
G.ouphausiacea - + 4 +
O.hecapoda
Pandalus horealis + + '
Class Chaestognata - + +
Class Pisces ' ‘ _
" Fam.Lcorpaenidae .
‘ Sehastes spp + + + + +
Fam.Gadidae
Gadus morhua + +
Fam.l'vctophidae +
Larvas pisces
Other onisces + + + + +




table I1II. Food components observed in the stomachs of cod,
‘ : by age classes in Div.30 in July 19G3. :

Cod aqe i
Food ohjects = = @ —o— e e e
- 1 2 3 4 ° 5 6 7 8
Class Ctenophora + + + + +
Class Ascidias o +
¢lass Polichaeta : |
C.Errantie + + T+ + + '
ram.Aphroditidae +
O.5cdentaria +
Class Crustacea
0.Isopoda + +
G.Copepoda +
O.Anphinoda . + + + ¥ L +
G.Ruphausiacea + + +
0O.Decapoaa
Pandalus borealis + + + + + +
Pagurus bernardus +
Other decapoda + + +
Class Divalvia S !
Class Cephalopoda ‘ . ’
Illex illecebrosus + + + . i
Onichyoteuthis sp +
Other cephalopoda + + L+ + + i
Class Ophiuroicdea + & .
"Class pisces - !
Fam.Scorpaenidae
. Sehastes spp.. + + + + + + +
Fan.Gacdidae T . .
Gadus morhua - o+ " + ¥ +
Urophices chuss +
Fan.nnarhichadicdan
Anarhichias sp + + ) + +
ram.!iyctophidac + +
Fam.Zoarcidae
Lycodes sp © ) + : +
Larvas pisces : ‘ : + + '
Other wnisces . + + + + + .

‘

Tahle IV. The Diversity Index of American Plaice by length
groups in Div.3H in Julv 19886.

<21 21-26 27-32 33-38 39-44 £5-50 >50
0.61 0 0.15 0.286 0.4 0.36 0.8
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Tabl@a V. The . occurrence indez {stomach number with a /total :
stomach number) of 2American plaice in Div.3il in July ‘ e
1938.° : ’ ' . ‘

Polichasta - ~ - 0.035 6.016 - ., - -

nivalva. 0.04 - 0.03 0.045 0.12  0.07 0.14 -
Crustacea* - . - .0.09 - - - - FA

Echinodermata

Ophiuroidea 0.27 0.33 0.73 0,65 0.55 0.55 €.43 -
- Echinoicdea: . - - - 0.023" 0.01¢ . 0.04 6.4 -
Others Lchino- - . : s ' S ' -
dermeta - - - - 0.016 0.C02 - - = K s
. . . Y
Pisces - - ; - - - - .- 0.5 .
Other Feed .27 0.33  0.32 - 0.008 0.02 - -~ .
I stomachs 22 3 33 s 121 19 5 2 '
ﬂmpty'sfomach i : B o - L
nercentage 42 34 . 13 25 27 31 14 5G

"*itainly decapods

Table VI. The Condition Factor of American plaice
hy length groups,in Div.3X in july 1988.

Length (cm) FC{w¥*100/L3) I’ stomachs

<21 0.85£0,12 _ 22
21-26 0.93£0.905 3
27-32 © . 1.0320.13 ' 33
a3 . 1.0420.11 s
35-4¢ o 1.10£0.10 . 121 -
 45-50 -~ 1.09%0.09. o 49
51-56 _ 1.12£0.13 s

>57 0.91£0.44 2
total ‘ 1.G2+0,10 220




Tahle VII. Occurrence Index(stomachs numbers with a '
: /total stomachs number) of Redfish, in
Div.3!1 in July 1988,

Redfish length (em)

Foocd ohjects

<21 21-26 27-32 33-33 39-44 45-50

>50

Crustacea
Anphipoda - .14 6.12 0.66 0.04 - -

. Copepoda 0.12 2 0.035 .12 0.12 0.04 - - '

Gther B : ’ .

Crustacea ' - -g.02 0.04 0.02 0.04 - -

Pisces : .
Sebastes spn. - - 0.07 0.02 0.04 0.14 0.20 N
Gadus morhua, - - - - - 0.14 0.20
ther Pisces - 0.02 0.05 0.04 0.04 0.14 -

Cther Feed 0.09 - 0.04 0.04 " C.11 - - Coa el

i'* stomachs - 11 "y 57 51 227 7 5 ’

smpty stomach . ]
percentage 72 3 Gl 73 75 57 60

Table VIII. The Condition Factor of Redfish by length
agroups in Div.3M in July 1938,

Loenoth FC(u*100/%3) H* stomachs
<21 1.60£0.23 ' 11
21-26 . 1.48%0.15 ‘ 44
27-32 1.54£0.18 S 57
33-28 : 1.53£0.12 | 51
39-44 : © 1.5010.10 23
45-%50 1.4240.13 7
>50 A 1.4120.14 5

Total 1.5040.07 ' 203
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'able IX. The .Diversity Incde: of Redfish by length
groups in Div.3i in july 19385,

Tahle . The cannibalism of cod in the total stonachs
© by age groups in Div.3i in July 1988. |

0.46% S a.2% - oua% 15.2% - 4,5%

Averaae 3.0%

Table ¥I. The ‘Oceurrence Index({stomach number with
a [total stomach number) of Cod, in Div. 3H
in July l988. :

Cod age .
food oOhjects  cm e e
1 2 3 4 5 6 7 8

Polychacta - 0.08 0.05 0.01 0.04 - 0.05 -
Cephalopodsa | .- 0.02 .0.04 0.0% 6.03 0.08 - -
Crustacea '

hnphyvpoda ~ 6.3% 0.43 G.3% 0,17 0.15 0.0¢% -

Decapoda* - 0.14 0.11 c.14 0.11 0.15 0.27 -
Other crus- ..
tacea 7 - 0.15% 0.10 .05 - - Co- -
Pisces

Sehastes spo - ¢.03 . 0.20 c.22 .43 G.38 0.50 §.33
Gadus pmorhua .. - - - 0.04 0.09 0.15 0.05 -
Other pnisces ° - 0.02 0.1z 0.15 0.05 .06 0.23 0.33
Cther TIeed o 0.17 0.1c .20 0.11 .15 0.14 0.33
it stomachs 3 (41 164 144 53 13 22 3.
Tanhy stonachs

nercantage 10¢ 20 12 20 11 15 ra 3
* lainly ggndalﬁs borealis
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Table XI11. The Condition Factor of cod by'age grouns
in Div. 31 in July 1938. o

e . FC(U*1q0/L3J 11° stomachs
T o.97¢0.07 - 3

2 0 9516.39 ) 66

3 0.9210.08 164

A 0.03£0.03 L4

5 0.94:0.11 53

5 1.02+0.14 13

7 0.57£0.08 2%

“ 3 0.24£0.04 3

rable FITI1. The Food Diversity Index of cod by age grouns
-in piv.3i in July 19238, '

Tehile XIV.— Ood precation on redfish,in'Div. M in July 1983, Relation hetween mredabar / prey size.

s 456 70910 11 12 131415 16 17 10 19 20 21 2 23 28 X5 26 totals [ °f Prey

aa

PR L
33-30 1323 1 8
3944 373 2 2 3 2 1 3 %7
45-50 113 21 g 1

C 5155 ' 2 1 5 13
57-67 22 2 2 4 2 1 s 117
6265 43 2 5 2 6 lo.4
0974 1 321 6 7 1 1 1. 13.7
7530 j - 3 13
3180 , 1 1 o 25
>0 ‘ ' ‘ . 1 ‘ ) l 1
dtal 1 ¢ & 2 1 2 i 1 100

n 7B
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Tahle XV. The diet overlap index for American plaice, : ‘
redfish and cod in July 1983 in Flemish o
lCap.:totals.and by length groups.

v h]

fedfish < 32 em. [/ Redfish > 38 cm.: Ry = 0.38325

A.olaice < d4cm. [/ A, Plaice > 44 cm.,: Ry = 0.94
-7 .

Ced < 33 on. / Redfish < 38 cm.: Rg = 0.684
Coc < 38 cm. / A. plaice < 38 em.: Rg = 0.3055 -
Cod ¢ 44 cm. / A..plaice < 44 cm.: Rg = 0.2105 .\

fedfish < 33 cm. / A. plaice < 38 cm.: ®g = 0.5425
-Total Redfish / Total A. plaice : Ry = 0.4375
Total Redfish / wotal Cod 1 Ry = 0.7

Total Cod [ Total A. nlaice : Ro.2735
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Length distribution of redfish (S. marinus) in the surveys (full line}

and in the cod stomach (dashed line) during Flemish Cap,

.2,
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Mean length of S. marinus (prey) piotted:againsffiénéfh class. of;cod

{depredator).

Figure 3.
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Occurrence index of cannibalism plotted against year-class.

Figure 4.
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