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subject to ,eating away and who eats whom". For studying pur-

poses the rela'tionships between the 1en8th of -predatory gadoids

and 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 gadbids and age of their preys wire -studied.

Materials and Methods

The materials for studying of the 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 bull of the material by species comprised

of 2067 stomachs from whiting OdontoFadus 1-122L12nzlE (L.), 973

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

Pollachius virens (L.), 695 stomachs from haddock Melanor,rammus

L2E1L-LinaL. The materials were analysed according to the stan-

dard methods (Methodic 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 aas reconstructured according to respective morpho-

metric graphs for 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 ), mean square deviation

(	 ), coefficient of variance ( Cv) (Plokhinsky, 1970). A com-

parison was 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-meshed cover.

The sprat consumed by whiting and cod was taken from the

ICES Uivs IVb and 1Vc, the main sprat habitats in the :North Sea.

The saithe prey on Norway pout , ILL,12 .12-s esmarkii Nilsson,

blue whiting, Micromesisteus IDoutassou Risso, haddock and sand

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

species dwell on and are targets of the fishery.

Since measurements 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. Based 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, however large specimens of these 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 such picture is observed owing

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 (0-group) averaged 91.2% over 1971-1975, and

just owing to this the 0-group Norway pout was frequertlyrecor-

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. Simultaneously older

age groups of blue whiting inhabit the other areas where depths

exceed 300 m.

A comparison between mean lengths of fishes 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 larger sand eel com-

pared to haddock of similar sizes (table 4)0
Statistic characteristics of distribution of fishes con-

sumed by whiting, cod and saithe indicate a tendency towards
regular increase in mean lengths of consumed organisms with in-
creasing sizes of predator which is usually observed in natural
environment.

However, the length range of consumed fishes, which is nar-
row in the oeginning, is expanded with increasing size of preda-
tor due to increase in the maximum sizes oC the food provided

the invariable minimum sizes. When predators reach certain sizes,

the length range of their preys decreases aain due to elimina-

tion 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

dE.
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may be determined at whic such electivity becomes apparent. So,

as, regards whiting, the a. crease in mean length of consumed sprat

due to increasing maximum length and invariable minimum length is

observed up to 30 cm (Cv Lncreases). As to larger individuals

the size electivity becomes apparent (C
v decreases) (table 1).

For cod preying on sprat she size electivity becomes apparent

at length exceeding 50 cm (C . 10.95%) and increases for fishes

above 70 cm (Cv= 6.05%).

In relation to sand eel the size electivity becomes appa-

rent for cod above 70 cm and for haddock above 35 cm in length
(tables 2,4).

In other words, on a-;taining the siz g3mentioned above the

cod, whiting and haddock utilize medium-sized and large fishes

as prevailing food items. As to large predators no energy losses

spent for search and capture of small sprat and sand eel are

probably compensated by the energy available from their consum

tion.

In the case of saithe such picture is shaded because fishes

are grouped according to she length into rather large classes

combining fishes with different structure of energy balance.

The results of examination of size electivity indices of

predatory gadoids feeding may appear to be useful for assessing

of abundance of small fish species available for consumption.

However, for using of data on feeding in the multispecies

stock assessment models (a.g., multispecies virtual population

analysis, MVPA), a quantification of the preference and availabi-

lity of a certain age groip of one Or another species as a prey

for one or another age group of predator should be presented.
Sparre (1980) showed that the preference and availability of

food ("suitability" according to the terminology adopted by ICES)
may be empirically evaluated from the data on stomach contents

and abundance of interacting populations of fishes involved in

the multispecies cohort analysis.

The matrices of relative stomach contents distributed in ac-
cordance with the age of the predator itself and its preys are

used as initial information for calculation of suitability coef-

ficients. For simplification of producing of these matrices, the



total weight of food consumed by a predator of a certain 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" and arbitrarily considered as a taxonomic unit

with age equal to 1 year.

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 object

to make an attempt to generalize the first experience of partici-

pation in the experiment and to 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

consideration 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 length groups recommended in the

ICES 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 (2raasnidae, 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 on 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 western 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. Euphausiids and mysids accounted

for a great proportion 19.3%). The fish, maLlii Liand oeL, is 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 stomach

contents of whiting und cod, and may be less available food for

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 are 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 then

narrowed. The size electivity becomes 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 content L1 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 between them. These matrices extended and supplemented with

the materials which were collected and analysed by means 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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Table 1 RelationshiD between length of wh

(ICES Divs IVb and

7

ting and length of sprat consumed

Vc),	 1975-1976

th of whiting, cm

26-30	 31-35
Sprat

	2-13	
10-13

	

5,9	 11,5

	

4.51	 0.90

	

76.44	 7,83

	

36-40	 above 40

	

10-74	 11-13

	

11.9	 11.9
0.67

	

9.33	 5.63

Leng
Indices	

below 21 •	 21-25

L . -L	 cm	 2-12
man max'
	 2-12

Lmean , cm	 2723	 2,14
C5	 0.67	 1.07

Cy ,	 30.04	 50.00

laDle2	 Iniotship between length of

(ICES Div. IVb),

od and length of fishes consumed

1975-1976

Len ,,th of cod,	 cial •
Indices

below 31	 31-50	 51-70 above_ 71 ! below 31	 31-50	 51-70 aboverd

	

Sprat	 Sand eel

Lmin - Lmax , cm	 8-b	 8-14	 9-14	 11-13	 5-9	 5-13	 7-21	 10-17
Lcm	 8.5	 10.6	 11.6	 11,9	 6.7	 10.0	 12.1	 12.6mean'

E	 0.52	 1.61	 1,27	 0.72	 1,10	 2.35	 3,85	 2.42
,	 :,	 6.12	 15,9	 10.95	 6.05	 16,42	 23.50	 31,82	 19.21

- l e 3

•••••••	 ••••••

ile,ionship between length

(ICES Di

saithe and length of fishes consumed

IVa), 1975-1976

ength of saithe, cm
Indices

31-50	 51-100 ! 31-50 51-100 !	 31-50 51-100	 !	 31-50	 51-100
Blue

10-14
11.9

9.32

Norway pout

Lmin7Lmax ' m 4-15	 5-18

Lmenn cm	 6.8	 7.9

C
v' '	 23.38	 34.94

	

10-16	 6-9	 6-14

	

12,2	 7.5	 8.7

	

1,33	 1.05	 1,59

	

10,9	 14.0	 18,28

Sand eel

9-12	 9-20
11,4

	

0.6C	 0,90

	

7.54	 7,44

hiting
	

Haddock

e -iationship between length of haddock and length of haddock and

length of fishes consumed (ICES Div. IVa), 1976-1977

Length of haddock, cm

Indices 31-35 36-70below 31	 31-35 36-70	 !  below 31
0 0.0.00 00.	 •••■•

Norway pout

Lmin- Lmax ,cm	 4-7 . 	7-8
5 ®` 	 7,6

--C'mean' cm
•	 0,95	 0,52

c, %	 lb.10 6 , 84

Sand eel

8-12	 6-9	 6-13	 9---13
9,5	 7,5	 3,8	 10,7

0,97	 1,17	 1,71	 0,96
10,21	 15,60	 19,43	 18,97
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Table 5 Fbod composition.(% by wel4tht) oi cod, 1st qUarter 1981

Food

orc;anisms

I.

 

Length.. of cod, cm

 

'0-24 I k, 5-29 !	 ! 40-49 ! a)-(J9 ! 70400

Cod

Whiting

Haddock

Herring •

Sprat
Sand eel

Norway pout

32.4	 1,0
8,5
	

6,4	 0,6	 31,8

	

6,0	 10.8

	

17,6	 29,7
18,4	 24,8	 41,3	 15,7

24.2
4,3	 2,1	 0,6

Other fish 6 .6	 4,2	 24.6	 7843	 16,0	 4,2
Total fish 6 . 6	 63,5	 84,3	 78:6	 83.6	 93.8
Docapoda	 80,1	 13.4	 21.7	 8.0	 3,7
Amphipoda	 0,1 	 0.1
Isopoda	 6.4	 0.9
Euphausiacea	 0,2

Polychaeta	 6.3	 2,0
Castropoda?	 02
Bivalvia
Others	 6.6	 0,5	 0.1

No. of sto-	 19
	

55
	

59
machs,spec.

	0,9 	 0.5

	

7.5	 1,9

rf
f,)

	

`30

of empty
	 5.8	 10.9

stomachs

	

ToLal index b 3,1	 ®5	 184.8	 73	 91,0	 110,0
of stomach
Fullness



Leagth of ti chitin; cm

Sprat

3

1
2
3Whitinir
4
5

I
2
3
5

Herring •

Table 6 Food composition (% by weight) of whiting, 1st quarter 1981

„

Food
organisms	 15-19	 l -44	 r 5 .30	 31-40	 40

above

Sprat
Norway pout
Sand eel
Other fish
Toral fiSh

Decapoda:
Pandalus boreali174
Crangon crangon.

Other decapoda 16.7
Cephalopoda
Amphipoda
Euphausiacea	 9.3
Misiducoa	 10.0
Polychaeta	 17.3

No. of stomachs,48
spec®

% of empty
stomachs

Total. mean index70
of stomach full-'
ness, Loo

25.9
15,6

	

47.2	 28,4	 1.00,0

	

2,4	 50.6

	

75.5	 9406

	

4,4	 0.9

19,3
19,3

4.8	 I,?
0,4

0,5
13,2	 0.4

7,4	 1,6

bt	 5i	 50

19.6	 26,0

 

81.1	 89.332.2	 2 3

Table 7	 R.e.L-Ibivo LCGomacl

Prey

species

contont;1 of cod, 1 	 qual2ter 1901

2	 4	 v	 6

Prey age,
years

Age of predator-cod, years

	0,45	 0,17 0.01 0,00 0,00	 0,00

	

0,00	 0,01 0,14 0,01 0,00	 0,00

	

0, . 00	 0,00 0,00 0,34 0,00	 0,00

	

0,00	 0,02 0,02 0,00 0,00	 0,00

	

0.03	 0,01. 0,04 0,00 0,00	 0,00

	

0,06	 0,00 0.00 0,42 0,00	 0,00

	

0,00	 0,00 0.02 0,00 0,00	 0,00

	

0,00	 0,00 0,00 0,00 0,00	 0.99

	

0,00	 0,12 0,06 0,00 0,00	 0,00

	

0,00	 0.00 0,12 0,16 0,00	 0,00

	

0,00	 0,00 0,12 0,00 0,00	 0,00

	

0,00	 0,01 0 , 00 0.00	 0,00
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Table 7. (cont' d)

•• 0.0 . em10 Ws.	 .	 0.0

Prey
species

Prey age,
years

Age of predator-cod, years

2	 3	 4	 5	 6	 7

Haddock

Sand eel

cod

	

0,00	 0,05 0,01 0,00 0,00	 0,00

	

0,00	 0,00 0,12 0,00 0,00	 0,00

	

0,01	 0,00 0,00 0.00 0,00	 0,00
2
	

0,04	 0,00 0,00 0.00 0,00	 0,00

	

0,05	 0,00 0,00 0.00 0,00	 0,00
4	 0,02	 0,00 0,00 0.00 0,00	 0,00

I	 0,00	 0,08 0,00 0,00 0,00	 0.001.

Norway pout	 I	 0,00	 0,02 OA 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 0,01	 0,01

Total	 1,00	 1,00 1,00 . 1,00 1,00	 1.00

'Ltble H	 rit;omaell (!ontents of whiting, 	 1st quarter:198I

Prey	 Prey age,
species	 years

Age of predator-whiting, years

3	 4	 5	 6

Sand eel
4

Sprat

Norway pout

Other 1'00(14

Total

	

0,70	 0,00	 0,00	 0,00 • 0,00	 0,00

	

0,00	 0.3j	 0,00	 0.00	 0,00	 1,00

	

0,00	 0,43	 0,00	 0,00	 0.00	 0,00

	

0,26	 0.09	 0,00	 0,00	 0.00	 0,00

	

0,14	 00 97	 0,81	 0,00	 0.00

	

0.01	 0.08	 0,19	 .00	 0,00

	

I,00
	

1,00	 1,00	 1,00	 1,00

0,00

0,04

1,00

* 'Food items, except fish and commercial 'invertebrates,

are-regarded as one taxonomic anit with age 1.
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