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Length compositidﬁ of fiches consumed by predatory gadoids

in the North Sea betweg
peculiarities of their|
The sprat older than 3-

food for cod and especi

n 1975 and 1977 is studied depending on-
distribution and dynamics of abundance.
4 year was stated to be less available

ally for whiting. The absence of blue

whiting above 17 cm in!length (oldef than 1 year) and large Nor-
way pout in the saithe |stomachs in the period under study was
not asscciated with sejectivity of its feeding.

The size electiviiy in relation to sprat becomes apparent
for whiting above 30»55 in length and for cod above 50-70 cm.
The size electivity inirelation to sand eel is manifested fox
cod of above 70 cm and [for haddock of above 35 cm in length.
Some preliminary data dn agé ratio between predatory gadoids and
their preys for 1981 were obtained. These daté may be uged to
calculate the food suifability coefficients in the multispecies
VPA. |

The amounts and type of the food may heavily vary with
increasing length of tﬁe fish consuming this food. Adult pre-
dators may consume the |species which are their major competi-
tors at early deVelopm‘nt staées. These situations were con- |

sidered within the framework of the problem concerning the

SPECIAL SESSION ON TROPHIC RELATIONSHIPS

relationships between populations of predators and their preys
(Ursin, 1973; VWerner, 1979).

i
To evaluate the impact of stocks of predators on that of

preys it should firsl He known what portion of the latter is
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subject to eating away and "who eats whom". For studying pur-

poses the relationships between the length of predatory gadoids

o

nd the length of fishes consumed were analysed, and within the
framework of the ICES program on multispecies assessment model
testing (Anon., 1980) the relationships between the age of pre-

datory gadoids -and age of their preys were studied.

Materials and Methods

The materials for studying of thé length relationship bet-
ween predators and their preys used as a basis for this paper
were collected in the North Sea during the 1975-1977 summer-fall
(feeding) periods. The‘bulk of the material by species comprised

of 2067 stomachs from whiting Odontogadus merlangus (L.), 973

stomachs from cod Gadus morhua (L.), 758 stomachs from saithe

Pollachius virens (L.), 695 stomachs from haddock Melanogrammus

-geglefinus. The materials were analysed according to the stan-
dard methods (ilethodic manual for studying of feeding, 1974).

The length of all the fish found in the stomachs was measured,

if possible. If the total zoological length could not be measured,
the length was reconstructured according to respective morpho-
metric graphs Tor each prey species.

For a characteristic of length frequencies of prey fishes,
statistical indices of diversity were used: length limits
(Lmin"Lmax)’ weighted mean length (Lmean
( 8 ), coefficient of variance (Cv) (Plokhinsky, 1970). A com-

), mean square deviation

parison wes made between length composition of consumed fishes
and composition of catches of these species taken in the loca-
tions of sampling with trawls with small—meéhed cover.,

The sprat donsumed by whiting aﬁd cod was taken from the
ICLES Divs IVb and 1Ve, the main sprat habitats in the North Sea.

The saithe prey on Norway pout, Trisopterus esmarkii Nilsson,

Bl

- blue whiting, Micromesisteus poutassou Risso, haddock and sand

eel, Ammodjtes marinus Raitt, from the ICES Div.IVa where these

species dwell on and are targets of the fishery. |
Since measurcments of sand eel consumed by cod were not

numerous, the materials for-the ICES Divs IVa and IVd were com-

bined.
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cod. Baged on the above-mentioned the sprat above 14 cm.in length

may be assumed to be less available food for whiting and cod.

The other two numerous species of commercial interest, name-
ly Norway pout and blue whiting, are the major food items for
saithe, howéver’large specimens . of theée species are'incidental—

"~ ly represented in the diet (table 3). Examination of catch com-
position during the trawl surveys and abundance indices of these
species permit to conclude that :gsuch picture is observedvowing
to peculiarities of dynamics of their abundance and distribution
and is not attributed to the availability as a prey for saithe.
So, the.abundance of Norway pout is practically depleted at the
2-3 year of life due to the high natural losses of the species.
The recruitment (O-group) averaged 91.2% over 1971-1975, and
Just owing to this the O-group Norway’pout was frequeﬂﬂy‘recor-
ded in the stomachs of both large and small saithe.

The sampling location for saithe feeding is coincided with
the area of growing of young blue whiting. Simultaneousiy older
age groups of blue whiting inhabit the other areas where depths

exceed 300 m. -

A comparison between mean lengths of fishés consumed by
haddock, cod and saithe showed that large cod (51-70 cm) ate
the larger sand eel than saithe and haddock of similar sizes,
and large saithe (51-100 cm) consumed the 1argervsand eel com-
pared to haddock of similar sizes (table 4). 7

Statistic characﬁerisfics of distribution of fishes con-
suméd by whiting, cod and saithe indicate a tendency towards ‘
regular increase in mean lengths of consumed brganisms with in-
cfeasing sizes of predator which‘ié usually observed in natural
environment.

However, the leﬁgth fange of consumed fishes, which is ﬁar-
row in the beginning, is expanded with increasing size of preda-
tor due to increase in the maximum sizes of the Tood provided
the invariable minimum sizes. When predators reach certain sizes,
the length range of their preys decreases again due to elimino-
fion of small fishes from their feeding.

Using the coefficient of variance of sizes of consumed

fishes as an index of size electivity of food the predator sizes
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total weight of food consumed by a predator of a éertain age
group is assumed to be equal to 1, and food items not involved in
the multispecies cohort analysis are‘attributed to the category
of "other food" ard arbitrarily considered as a taxonomic unit
with age equal to 1 year. J

o Since the material given in the present paper is a small por-
tion of the total volume collected in the first quarter of 1981

during the ICES experiment, the authors are far from attempting

to make any preliminary estimates. The authors have for an‘bbjéct

to make an attempt to generalize the first experience of partici-
pation in the experimentvand td discuss some aspects of methods
for the material collection and processing. So, the matrices pro-
duced from the materials processed by the authors are rather of
illustrative character although these matrices give a certain
congideration about availability based on age-length relationship
between predators and their preys. ’

The tables 5 and 6 show the food composition of cod and
whiting as percentage of the total food weight; the predators
are grouped according to the lehgth groups recommended in the
ICLS methods (Anon., 1980). It is convenient to analyse the
food composition according to these tables. ' ‘

Major food for cod of 20-24 cm long taken from the western
North Sea was represented by benthic organisms, such as decapods
(hermit crabs, shrimps, crabs), polychaetes and isopods. The cod
25-49 cm in length fed mainly on the fish, such as sprat, cod,

sand eel and whiting. However, decapods (Crangonidae, Pandalidae,

Paguridae) still constituted a great proportion (31.6%) in feed-
ing of cod 25-29 cm}long. Large cod 50-100 cm in length fed
principally an the fish, such as sprat, herring, whiting and had-
dock and to a lesser extent on Norway pout and cod. The high
feeding intensity of cod was recorded. Total mean index of sto-
mach fullness reached 185%00.

The whiting 15-19 cm in length from the weétern North Sea

preyed mainly on decapods (Crangonidae, Pandalidae, etc.- 44.1%).
The fish and polychaetes were equally represented in the stomachs
of whiting of this size group. Buphausiids and mysids accounted

for a great proportion (19.3%). The Tish, mainly sand eel, io a
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and relative abundance permits to conclude that sprat above 14 cm
in length (older than 3-4 years) is not recorded in the StoméCh
contents of whiting and cod, ond may be less available food Lor
these predators. The absence of blue whiting above 17 cm in
length and small number of medium-sized and large Norway pout
observed in the saithe stomachs'ére not associated with selectivi-
ty of its feeding.

With predator growth, the length range of organisms consumed
by cod, whiting and haddock increased in the beginning and thén
narrowed. The size electivity beecomes apparent for whiting of
above 30 cm in length, for cod above 50-70 cm and haddock above
35 cm in length.

The matrices of relative stomach contents of cod and whiting
‘produced in accordance with age of predator and its preys are in
close agreement with long-term observationson length relation-
ships Dbetween them. These ﬁatrices extended and supplemented with
the materials which were collected and analysed by méans of the
individual method may be used to calculate the food suitability

coefficients in multispecies VPA by Sparre's method (1980).
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Teble 1 Relutlionship between length of whiiting and length of sprat consumed
_(ICEs Divs IVb and [[Vc), 1975-1976
____ Lengfth of whiting, cm
Indices = T T o T T T T T T T T T T T - T T T T T T
below 2L 2I-25 26-30 31-35 36-40 above 40
____________________________ Sprat— -~ -~ -~ T~ T TToT o T oo
. -L __,cm 2-12 2-12 2-13 10-I3 I10-74 II-I3
min “Tmax
] . cm 2.72(0 2.14 5.9 II .5 II .9 II .S
mean .
16 0.e7 1.07 4.51 0.90 III 0.67
C., % 50,04 50,00 76,44 7.83 9.33 5.63
Taule Jderationship between length of (cod and length of fishes consumed
(ICES Div. IVb), | 1975-1976
—————————————————————— i;gggh_;£-;;£:-;ﬁf Tt T T
Indices = W = = = = = = = — — =~ — = == == - - - —_—— = - — = — e e = i -
below 31 31-50 5I-70 akove 71 ! below 31 3I-50 5E-70 avove 7l
Sprat Sand eel
Looom Lo, em 8% 8-14 9-14 11-13 5-9 6-18 721 10-17
L , cm 8.5 10.6 II.6 11,9 6.7 10.0 I2.1 I2.6
mean .
(Y 0.5¢ 1.6l 1,27 0.72 I1.I0 2.35 3,85 42
Cyr % 6.12 15.9 10,95 6.05 16.42 23,50 31.82 19.2I
) 3 awlationship between length of saithe and length of fishes consumed
(ICES Diy. IVa), 1975-1976
- - Length of saithe, cm - B
Indices T T T T T e m e e e e — e e e e e -
31-50 5I-100 ! . 3I-50 51-I100 ! 3I-50 BI-I00 I 3I-50 51-100
T TWorwey pout” 7 Bluewhiting™ ~ 7~ T "Haddock ~ ~ ,  ~ “sand cel _
Lin-Uoayocmd=I5  £-18 10-I4 | 10-I6 6-9  6-I4 9-I2 9-20
L ouns cm 6.8 7.9 11.9 12.2 7.5 8.7 11.4 Iz,1
<) 1.6y <76 L.l 1,33 1.05 1.59 0.86 0.90
C,o % 23.38 34.94 9.32 10.9 14.0 18.28 7.54 7.4
i lclationship between length of haddock and length of haddock and
length of fishes gonsumed (ICES Div. IVa), 1976-1977
——————————————————————— ﬁ;ngt; ;f haddock, cm
fndices  dow 31 31-35 3%-70 ! below 3I 51-35 5670
Norway pout Sand eel
L. - L __,cem 4-7 7-8 8-I2 6-9 6-13 9-13
min ~Tmax -
Lyean® o1 5,9 7.6 9.5 759 .8 10,7
6 0,85 0,52 0,87 1,17 1,71 0,9%
1o A 16,10 ©,84 10,21 15,60 19,43 18,97
v~ :
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Tablo-5 Tood composition (% by weight) of cod, 1st quarter 1981

ol gtomach
Mullness,%qo
A

_____ B i g
Pood | _ _____ __ __temgthofcod, em
organisms 0-cd 1 eb-29 | 30-59 | 40-49 ! 50-6Y ! 70-100
Cod ' 32.4 ' 1.0
Whiting 8,5 6,4 : 0,6 3I.8
Haddock . ' 6,0 10.8
Herring 17.6 29.7
Sprat 16,4 24,8 41.3 16,7
Sand eel 4.2 5.
Norway pout 4,3 2,1 0,6
Other fish €.,6 4, 24,6 78,3 16,0 4,2
Total fish 6,6 ' €3,0 84,3 78,9 83,6 93,8
Decapoda 80,1 1.6 15,4 21,7 8,0 3,7
Amphipoda 0,< : 0,1
.Isopoda C.4 0,9
Buphausiacea 0,2
Polych‘aeta :’03 :JII L,O 009 005
Gastropoda s} S FC
Bivalvia .} o O‘f 7.5 L9
Others 3,6 0,0 0,4
Vo.0f sto- 19 oh 59 6 e 30
machs, spec.
% of empty 19,8 10,9 6,8 - 44u €,
stomachs
Total index 63,1 $o,0 - 184,8 73,6 91,0 110,0
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Lable 6 Pood composition (% by weight) of whiting, 1st quarter 1981

0 e e o e e e e me e e e e e == e s e S e et e e S e e Gwe e mov = e e mew

Food  _ _ _ __ _L ___ Length of whiting,_ cm_ _ _ _ _ _ _

organisms 15-19 <0-c4 :5-30 31-40 40
e e e e above _ _ _ _
Sprat 5.9
Norway pout ‘ I5.6

Sand eel 36,1 47,2 28,4 100,0
Other fish 19,3 11,2 .4 50,6
Toral fish 19,3 46,5 79,5 4,6

Decapoda:
Pandalus bo?ealf§7.4 3’9 4,4 0,9
Crangon crangon
Other decapoda 16,7 - 4,8 1,7
Cephalopoda 0,4
Amphipoda 5,1 0,5
Luphausiacea 9,3 ok.0 18,24 0,4
Misidacea 10,0
Polychaeta 17,5 7,4 _ 1,6 <,0
Wo. of stomachs, . . .

Spec. ' 48 b5 5L 0 2
% of empty 86,0 <7, s, - <€,0 -
stomachs
Total. mean indexy 32,2 2.3 S 8L, I 89,3

of stomach full-
ness, %oo

Table 7  Relative stomucl] contents of cod, lsi quarter 19871

Prey Prey age, Age of predator-cod, years

species years —;“_'—;— - 3_ ‘; B —b— _é T 9 -7

— I 0,45 0,17 0,0 0,00 0,00 0,00

P P 0,00 0,0 0,I4 0,0I 0,00 0,00
3 0,00 0,00 0,00 0,34 0,00 0,00
1 0,00 0,02- 0,0¢ 0,00 0,00 0,00
2 6,03 o0,0L 0,04 0,00 0,00 0,00

Whiting 3 0,06 0,00 0,00 0,42 0,C0 0,00

' 4 0,00. 0,00 0,00 0,00 0,00 0,00

5 0,00 0,00 0,00 0,00 0,00 0,99
I 0,00 0,12 0,06 0,00 0,00 0,00

Horpine 2 0,00 0,00 0,12 0,I¢ . 0,00 0,00

erTLIE 3 0,00 0,00 0,Iz 0,00 0,00 0,00 -
5 0,00. 0,0 0,00 0,00 0,89 0,00
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Table 7. (cont'd)

Prey Prey age, Age of predator-cod, years

species years‘ -;_—.—é— - —é— - —;f B —5— B _é“ T ; T

addoy 2 0,00 0,06 0,0 0,00 0,00 0,00

adcdock 3 0,00 0,00 0,12 0,00 0,00 0,00

, 1 0,0t 0,00 0,00 0,00 0,00 0,00

Sand col 3 0,04 0,00 0,00 0,00 0,00 0,00

5 0,06 0,00 0,00 0,00 0,006 0,00

4 0,06 0,00 0,00 0,00 0,00 0,00

Cod I 0,00 0,08 0,00 0,00 0,00 0,00I

Horvay pout 1 0,00 0,0¢ 0,00 0,00 0,00 0,00

P.platessa I 0,00 0,02 0,02 0,00 0,00 0,00
Other food 1 0,34 0,49 0,28 0,07 0,0L 0,01
Total ; 1,06 1,00 1,00- 1,00 1,00 1,00
PTable ﬁ Relative stomach contents of whiting, 1st quarter 1981
Prey - Pr;& age, - Xée gfﬂb;édato%—whiting,_&ears
species years - 'é_ - Z - “5— - ~é~ - ; - —é_ -
2 0,70 0,00 0,00 0,00 0,00 0,00
Sand eel 3 0,00 ¢,35 0,00 0,00 0,00 L,00
4 0,00 c,435 0,00 0,00 0,00 0,00
Sprat I 0,26 0,09 0,00 0,00 0,00 0,00
Norway pout L 0,00 0,14 0,97 0,81 0,00 0,00
Other Food# i 0,04 0,01 0,05 0,19 I,00 0,00
Total 1,00 1,00 1,00 1,00 1,00 1,00
# - Food items,'eﬁcept fish and commercial invertebrates,

are regarded as one texonomic unit with age 1.
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