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ABSTRACT

The mean weight of each of several types of prey in the stomachs of whi ting of
age groups 0 to 6 has been estimated and preliminary estimates have been made
of the annual consumption by whiting,of seven commercially important fish
species.

REsm~E

On a es time le poids moyen de chacun de plusieurs genres de proie dans les
estomacs de merlan en groups d'age de 0 a 6 et an a fait des calculs
approximatifs preliminaires du consommation annuel (par le merlan) de sept
especes de poisson qui sont d'une importance commerciale.

INTRODUCTION

As'a consequence of the growing awareness of the limitations imposed by
traditional single species VPA, the ad hoc Working Group on Multispecies Model
Testing recommended (Anon, 1980) that an intensive cooperative programme
to analyse the stomach contents of the major fish predator species (cod, haddock,
whiting, saithe and mackerei) should be carried out in 1981. The ultimate aim
of this programme was to provide input data for multispecies VPA in the form
of mean numbers and mean weights of each prey age/size group eaten by each
predator age/size group. To ensure that the results were internally consistent
it was agreed that the task of working up the material should be shared in such
a way that all stomachs from a particular predator would be analysed within a
single laboratory. This paper gives the preliminary results of the analysis
of the whiting stomachs which was undertaken at the Marine Laboratory, Aberdeen.

MATERIALS AND METHODS

The stomachs were collected in accordance with the guidelines outlined in the
draft manual for the stomach sampling project (Anon, 1981). The objective was
to sample a minimum of 10 stomachs per ICES statistical rectangle per whiting
size group per quarter. The numbers of stomachs examined in each rectangle
in each quarter are shown in Figure 1; Table 1 gives the numbers of full,
empty and regurgitated stomachs examined in each quarter for whiting of each
size group in each Roundfish Reporting Area (RRA). Good coverage of each RRA
was achieved in most quarters but no samples were obtained from RRA 7 in
quarter 2.
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Oata were stored and processed on a OEC pOP 11/70 computer using a set of
programs written by one of the authors (OWA). The quality of information that
could be obtained from the stornach contents depended on the type and state of
digestion of the prey. The following four data types were recognised and these
were filed and processed separately:

Type 1 - Length and weight of an individual prey item
Type 2 - Size group, weight and number of prey
Type 3 - Weight and number of prey
Type 4 - Weight of prey

:
The first objective was to provide details on a quarterly basis of the average
stornach contents of whiting of each size group and each age group in each RRA
and to give a value representative of the total North Sea population. There
are a number of ways in which these values can be calculated; the pathways
that were followed to work up the whiting data are outlined below and the
methodology is described in detail in Appendices 1 and 2.
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RESULTS

1: Composition of diet

Only abrief description of the results obtained for the individual RRAs will
be given here, the main emphasis will be on the stornach contents averaged over
the whole North Sea, for each whiting age group in each q~arter of 1981.

The percentage weight of each major prey taxon, broken down by quarter and RRA,
for each whiting size and age group are.presented diagramatically in Figures 2
and 3.

The greatest part of the food of whiting consists of fish and crustaceans.
The proportion of fish in the diet,i by weight, increased with predator size
and represented about 50% of the diet of whiting in the 200-250mm size group
and over 80% in whiting >300mm. There was some regional variation however.
The diet of whiting in the southern' North Sea (RRAs 5, 6 and 7) included a
greater proportion of annelids, whilst molluscs (mainly cephalopods) were
relatively important in the northern North Sea (RRAs 1, 2 and 3) in the first
quarter of the year.

There were no obvious between-quarter differences in the weights of food in the
stomachs. Average weights of the stornach contents increased exponentially with
fish length over the range 100-500mm (Figure 4). The largest fish ,(> 500mm) had
relatively small amounts of food in their stomaehs but the means are based on a
very small number of samples. If the data for the largest size group are
excluded, the relationship between weight of stornach contents and fish length can
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~be described by the equation:

wg
= .00015 L2 .89

cm
1

2

•

and equation 2 describes the relationship between the mean weight of the stomach
contents and the mean total weight of the predator:

W = .013 Fish Weight· 98
g

Figure 5 gives the size composition of the prey of the whiting in each size
group, averaged over the whole North Sea. The data are given as percentages
by weight. There was an apparent increase in the importance of larger food, items
(mainly fish) ~~th increasing predator size. .

., ".

Details of the weights of the major types of non-fish prey in the stomachs
are given in Table 2 by quarter and predator:age'group,··averaged over the
whole North Sea. The two main components of the crustacean prey were
euphausiids and crangonids. Crangonids were relatively more important than
euphausiids in the youngest whiting age groups but less important in the
older fish.

In general molluscs made up only a small proportion of the stomach contents
although appreciable quantities of squid were found in some of the quarter 1
sampies. The only other invertebrate group found to make a major contribution
to the weigh~ of the stomach contents was polychaete worms.

Similar details are given in Table 3 for each type of fish prey. The greater
part of the fish prey consisted of commercially exploited species, principally
sandeels, sprats, herring, haddock, whiting, cod and Norway pout. Flatfish
were not eaten to any great extent.

Table 4 gives the average weights of each size group of all fish prey in the
stomachs of whiting of each age group in each quarter and in Tables 5a-d, the
data are given separately for each species of fish. These data have been
adjusted so that wherever possible the weight data relating to fish groups
(unidentified gadidae, unidentified clupeoids, unidentified fish) have been
allocated to particular species, using the proportions (by weight) of each named
species in the stomach contents. A similar proportional method has been used to
allocate fish whose size was not known to defined sizegroups.

2: Estimates of consumption

Estimates of daily ration were made by applying the method of Daan (1973) to
thedata in Tables 5a-d. This method assumes that evacuation of food from
the stomach is rectilinear with respect to time. Daily ration is estimated
from ~he equation:

2 x W
Ration = D

where W= average weight of food in the stomach;
D = digestion time (days)

3

The simple rectilinear model proposed by Daan produces a lower estimate of
daily ration than would be obtained by assuming that the rateof evacuation is
proportional to the weight of food remaining in the stomach (Cohen and Grosslein,
1981). Daily intake was also determined using themethod proposed by Jones (1974)
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and gave values which were approximately 1.5 times greater than those obtained
using the simple model. lnitially. aquarium experiments were performed to
estimated the times needed to digest meals of whole. previously frozen. sprat.
sandeel and O-group haddock. The results of these experiments are plotted
in Figure 6.

There were no obvious differences in the times taken to digest the different
prey species. Consequently. when calculating the daily consumption (in terms
of weight of prey) for each age group of whiting. a digestion time of 2.5 days
was applied to each prey species size class. The daily consumption figures
were then raised (x 91). to a quarterly value. These total weights were
converted to numbers of prey using the relevant mean weight at length data for
each prey type (Harris and Hislop. 1978). Quarterly age/length group keys were
applied to give the estimated numbers of prey of each age consumed by whiting
of each age. These are shown in Table 6 for each quarter and summed to give
an annual va1ue. The data are expressed as the numbers of prey consumed per
thousand whiting of each age.
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TAßLE 1 - Nurnber of stomaehs co11ected per area and predator stze group

QUARTER I QUARTER 2 QUARTER 3 QUARTER 4
Size Gp ToLal füTl--llc~i F.ml'l.y ToLal fu11 ßeg Empty Total full Beg Empty Total Full Reg Empty

100 114 39 14 61 130 14 72 44 6 0 1 5 47 3 27 17
150 214 87 16 111 213 21 136 56 32 9 5 18 44 7 10 27
200 288 93 37 158 223 30 133 60 94 19 17 58 70 7 43 20

AREA 1 250 415 138 39 238 428 41 308 79 315 49 56 210 141 11 73 57
300 455 134 31 290 330 33 227 70 384 70 77 237 169 15 96 58
400 125 37 16 72 10 1 5 4 117 24 27 66 64 2 37 25
500 4 0 0 4 0 0 0 0 6 2 0 4 4 0 0 4
TOTAL 1615 5213 153 934 1334 140 881 313 954 173 183 598 539 45 286 208

100 309 78 36 195 15 8 0 7 17 5 0 12 59 11 12 36
150 220 70 31 119 ~,o 11 1 38 29 9 3 17 39 6 5 28
200 178 62 23 93 51 21 1 29 106 27 24 55 158 48 14 96

AREA 2 250 188 74 20 94 52 23 0 29 135 35 32 68 170 67 2 101
300 45 35 1 9 42 14 0 28 98 18 25 55 127 55 4 68
400 Q 0 0 0 4 0 0 4 8 4 0 4 2 0 0 2
50') 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 940 319 111 510 214 77 2 135 393 98 84 211 555 187 37 331

e 100 334 26 185 123 133 3 61 69 21 12 0 9 51 8 3 40
150 311 56 134 121 208 42 86 80 24 3 8 13 56 6 12 38
200 .'lOg 115 124 170 241 39 83 119 148 35 58 55 99 13 46 40

AREA 3 250 458 95 202 161 293 48 113 132 232 56 91 85 115 10 59 46
300 340 74 171 95 227 23 145 59 170 58 63 49 109 11 63 35
400 15 6 4 5 2 0 0 2 13 2 7 4 2 2 0 0
500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOT,\L 1867 372 820 675 1104 155 488 461 608 166 227 215 432 50 183 199

100 168 17 75 76 28 0 0 28 0 0 0 0 43 17 2 4
150 139 15 66 58 49 3 3 43 36 11 2 23 41 12 3 26
200 187 21 114 52 69 5 0 64 120 43 20 57 64 28 5 31

AREA 4 250 139 21 75 43 72 10 3 59 104 49 8 47 60 23 13 24
300 UO 7 56 17 50 15 0 35 102 38 24 40 32 20 1 11
400 0 0 0 0 9 1 0 8 1 1 0 0 3 2 0 1
500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 713 81 386 246 277 34 6 237 363 142 54 167 243 102 24 117

100 11 1 0 10 0 0 0 0 30 15 0 15 0 0 0 0
150 31 7 4 20 21 8 0 13 34 13 0 21 3 0 0 3
200 21 7 6 8 50 19 0 31 80 34 0 46 11 5 5 1

AREA 5 250 24 4 7 13 50 26 0 24 74 36 0 38 11 0 5 6
300 21 1 7 13 50 12 0 38 35 14 0 21 10 4 0 6
400 0 0 0 0 13 4 0 9 5 0 0 5 3 0 0 3
500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 108 20 24 64 184 69 0 115 258 112 0 146 38 9 10 19

e 100 406 71 79 256 122 44 0 78 157 20 0 137 230 62 13 155
150 536 118 162 256 215 93 0 122 161 37 0 124 249 51 22 176
200 436 116 132 188 255 103 10 142 257 56 2 199 253 55 19 179

AREA 6 250 355 119 85 151 266 105 11 150 249 65 5 179 244 42 28 174
300 271 88 46 137 225 82 0 143 226 65 21 140 207 38 14 155
,1')0 31 5 '.> 21 15 13 0 7 16 12 0 4 30 0 2 28
500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 2035 517 509 1009 1098 435 21 642 1066 255 28 783 1213 248 98 867

100 1fI1 ~)O 10? 99 0 0 0 0 0 0 0 0 94 17 14 63
150 187 69 34 133 0 0 0 0 5 1 0 4 87 14 6 67
200 104 33 35 50 0 0 0 0 38 17 4 17 74 20 1 53

AREA 7 250 37 14 21 16 0 0 0 0 22 11 2 9 80 19 7 54
300 38 14 7 21 0 0 0 0 17 !) 0 8 86 14 10 62
400 c, 1 3 2 0 0 0 0 3 0 0 3 6 1 1 4
C,,)u () () ? 0 0 0 0 0 0 0 0 0 0 0 0 0
T07AL 554 181 102 271 0 0 0 0 85 38 6 41 427 85 39 303
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ItIIIIMIA '1"'14'4'4'4'4'4'1'4"'41
ICHiOElU&NTIII I' 4 , • • 4 , 4·' 4 1 4 I • , I • 1 I
1_ltlUIlA "6, .." I 2 , O.GI' t I 4. ..,. I I , I
IWIM • I 4 • 4 , t ,t , 4 • ., , 4 • 4' • I I 0.07 I
'1II1'.P1l['( '14'4'4'4'4'4' '4'1.1 '414'
1:----------------------------1
,_ TGllll. JI4 • 1009 , 2411 • 1515 , 4505 I nI. I Ilt'1 • I

.TGllll. f15111----------------------------:
IC_ 41 •• 1.1.14 ' •• 4141. I
I""". I • '.31 I I '.10 • I • '.05 I I ...1 I • '.02 • I , '.02 I • 0.01
IC...... I I '.11 I • '.10' 4 '4 4. 4 4. 4 • 4 • 4 4' \
11_ 4 1 \ 4'" 4 '4 4' 4 4. 4 • 4. 1 4 4 I 4
I_I.... 4 • 1.23 JI • 1.11 , 11 I 4.27 14 , 2011 n I I... I " I 1.03 " • '.71
I[_lid" 2 , '.12 I , '.10 , I • 0.41 ~2 • 1041 151. 3.111 m, 6.47 SlJ I 7."
IC,..tooid" " 111.15 50 , .... • 41 , 2." 50 I 1.10 " , 1.11 I .. I 1001 44 , '.71
1' 11.. I I MI I 1 ••411 , , 0.46 11 ,." 6 I 0014 • • • '.07 J , 1.04
1' 1.. I , 0.11 I ....0 I I , O.~ I • '.01 I I 0.02 I 4 • 4 4 I 4
'C.IIl ,.. 4 I' J I '.10 , 2 • 0.10 • I • 0010 4 ..... I • I ,.07 J • '.H
I'....".. , , 2.77 • • , '.10 1 4' 0.10 , I , 0.'0 5 I '.12 I .1 '.07 . 310.04
I'orluroldft 50 115.:1'1' 12 1 1.15 • 16 • '.'1 I 16 • t.54 I 22 • ..,... 32 •••:SS • 11' .",
IC....".. I , '.11 I 5 , '.50 I 3 I 0.15 , 2 I 0.07 I I I 1.12 I 4 '4 + I t
IllIlolhtl.. I I 0.11 I , I '"'0 I 22 I I.tl , 22 • '.7t I It I '.44 I I' I '.21 12 1 '.11
.Ilk1id•••_. 4' 4 , 4 '4 I • 1 I • • I I I
1~1d.""..... 7 • 201' , 2 , '.20 I 2 I '.10 • I I ..., , I • '.02 , I I '.02 I I •••1
11In1d.C""'.... • I 2046 I 14 1 I.D • n , .... , 10 I '.14 I , I '.14 • J I 1.05 2 , ••••1----------------------------
.TOIlll. CIlUSIIlCEA1:---------------------------
'L1ucl.. 4 I •• I I '.01 , 2 , '.10 I 0.01. I I '.02 I • I 4 4 I 4'
16..1........ " 4 I 4 1 . I , 1.15 3 '.10' 4 I 0... I 4 I '.07 • • , '.01
1L...lIlb._ + I I I 4 • + I 4. I 4 • 4 I 4 I t I • I 4 I , '4 I •
'Coohol_ n I '.00 I , , ..,0 , 4 I '.20 7 ••24 I 2J , "'I ,. 20 I 1.:tI I 407 I 6." I
l~ld."'I1..... 4 I \ I 4 I 4 I 4 I' • 4" I. I • '4 •. + I t I1:----------------------------'1
ITGllll. IIOUI/SCA 111 4." 1 , , .... I 7 , ••Jt 11 '.17 I tI I '.tS I 11 1 0041 I' 411 I 6... I
1 I
l.allllJlA 4 • 4 I 4 I 4 • 4 I 4 4 • I 4 I' I I , '1 •
'~IMUIIIlT1l 4.4,'4.4.'41444.41411.1 I I
IPlI.TOW:IA It • , •., I 10 I 2." I 12 • 0.11 \I '.17' 11 • t.2, I 11 I t.I, • , I Ion I
IEDlII.I\OIIoI 3 I ••n 1 I' I I." • 11 • ..,0 I '.27' 7 • '.16 I , 11." I 4 I ,.06 I
InlAl'llOIN 4 I 4 I 4 I 4' I I I I I I • I
ItIIlllIlllA 4 • 4 I 4 I 4 I 4 1 4 4 4 I 4 • 4 I 4 • 4 I + I 4 I
'tllAEl_T1IA I I MI I 6 I '.11 • • I M' 3 '.11' I • '.02 I I I 4 I 4 1 4 •
It1DO'IIIIIA 4'4'4'4'4'4'4 .14141 •• I I
IAmNOltlUIlA 3 I '.12 I 17 I I." I 7 I '.31 , 4 • t.l1 • 2 • '.05 I I I ••01 I I •••0\ I
IIMtIlIIlP1lI1A 4 I 4. I • I I • • • I I I I •
llIAIlCHIDSlIN 4 I' I I· I I . I • I , I , I I I
11110. P1l['( 4' 4' 2 •••21 I 3 I ••ts , I •••OS I I • '.02 I I I, I I
1 I
IGRNll TGlll m • I 1005. I'" I 2tlB 14m. I SI2I I "" I •
I ..
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Table 3. Quarter 11981. Totl1 North Sn. lIei~t, u, .nd PffcentiH bv veliht cf IIC~.lti of fbh in vhltini of
each He .rour.

Smles
I 110.09 310.18 610.27 510.18 510014 51o.t5
I + I 0.02 12 0.72 76 I 3.20 158 1 5.SS 143 1 4.22 ibO I 5.05
I + I 0.04 7 0.42 44 I 1.84 93 I 3.29 ll9 I 2.64 9S I 3.07
I 17 I 2.11 110 6,41 2~1 111.76 427 115.01 3BS 111,39 422 11).28
I I + MI 1 103 I 3.63 480 114.21 317 1 9.99
1 I 4 0.24 11 I 0045 11 I 0.40 10 1 0.30 11 I 0,34
I + I + + 0.01 2 1 0.09 5 1 0019 5 I 0.14 ~ I 0017

17 1 4.91 4 I 0.52 1 0.07 7 I 0,30 17 I o.s9 15 I 0.45 17 1 O.~~

4 I 1.23 6 1 0.76 7 0.43 13 I 0.54 6 I 0.22 6 1 0.17 5 I 0016
J 6 I 0.73 35 2001 81 I 3.41 116 I 4.08 105 I 3010 114 1 MV
1 2 I 0019 6 0.38 26 I 1.09 44 J 1,55 42 I 1,24 4'i I 1.42

143 142.26 421 151.62 1045 60.74 1267 153.11 1148 1~0.40 1048 131.03 1071 133.73
I 1 + I 0.01 2 I 0.08 5 I 0017 4 I 0.13 5 I 0.1~

I + I 0.01 + I 0.02 3 1 0.11 7 1 0023 6 I 0.19 7 I 0.22
I I + 1 0.01 2 I O.O~ 4 I 0.16 4 I 0012 5 I 0014
1 + I 0.01 + 1 0.01 1 I 0.03 2 I 0.06 2 I 0.05 2 I 0.06

+ 1 0.06 + I + 1 I 0.07 2 I 0.10 2 I M7 2 I 0,05 2 1 M6
+1+ I1M7 110.06 +1+ +1+ +1+ +\+

\ 1 + I + I 3) I l.j6 140 I 4.14 93 I 2.92
I 1 2 1 0.14 5 I 0.19 4 I 0013 9 I 0.29 7 I 0.21
I + 1 0.02 1 I 0.06 2 I 0010 I 3 I 0.12 :; I 0.09 3 I 0.10

10 I J.09 17 I 2.13 53 I J.06 90 I 3.77 I 139 I 4.89 293 I 8.83 219 1 7,22
\--1---- --1--1--1---1---1---1---1---1--1---1---'-----1
I 175 151.78 I 475 158.21 I 1291 175.02 I 1921 180,44 I 2331 182.02 I 1798 \82,88 I 2m 162.69 I

.---------------------
ICod

,I Haddock
.IWhitins :
;IHorllilV POut
IT.linutus
16adiculus
IRocUinss
IUnid.sadidae
IHerrins
ISpnt
IUnid.clUPeoids
ISandeels
IMachrel
IL.R.dab
leouon dab
IUnid.flatrish
IMarhichas
IMaurolicus
IArsentina
ICallion'4lus
IGobildae
IUnid.tish
1
ITOTA!. FISH

• Ilulfter 2 1981. Tohl North St•• \Ieisl.tr Ai, .nd PfmntlSe bv weisht of each 51fcies or fhh in whitlni of
tldl Hf .rOl.P. I _ _ -' _

I AGEO 1 AGE1 I AGE2 AGE3 AG(4 AGE5 I AGE6 .1
_____1 I I I I I I I
.1 Srecies I Wei~t1 I Wei~tl % 1 Weishtl % I lIeishtl % I V-.i~t1 % I Ileishtl % I lleisht'1 % I:

14 0.26
614 !l.60

6 o.t2
14 0.27
+ +
78 1.47
93 1.76
19 C.16

36 0.67
4 0.07

494 9,34
293 5,54
107 2.01
187 J.S2

57 1.07
+ +

I I
120 I 2026 I

1118 121.14
1218 123002

5 0,14
14 0.18
+ +
42 1.09
37 0.96
17 0.43

12 0.32
404 Uo.58

I
81 I 2013

504 113.21
948 124.82

I
I

37 1 0.97
3 1 0.09

389 110.16
310 8.11
'm 4.01
H9 3.89
45 1,17
+ 0.01

5 0.16
14 0.47
+ +
23 0.76
8 0.25

15 0.50

11 0.37
294 9.61

I
·62 1 2001
190 1 6.21
807 126.38

\
1

37 I 1.23
3 I 0010

331 110.82
316 UO.32
175 5.72
129 4.22
38 1.26
+ 0.01

+ I t
22 I 1.11
48 I 2046

354 118.03
+ I 0.01
1 I 0.03

40 I 2.07
1 I 0.06

2e8 110.61
zn m.87
192 \ 9.80
87 I 4.42
16 1 0.82
+ I +

I
2 1 0.09

10 I 0.49
+ I +
7 I 0.37
1 I 0.03
6 \ 0.29

I
'i 1 0.24

lU 1 5,91
1 0.11

32 3.66

+ I 0.02
2 I 0.18
3 I 0.30

51 I 5.81
I I 0.08
3 1 0.32

15 I 1.76
+ 1 0.01
:;5 I 6.25

146 116.72
101 111.51
47 5.38
2 0.20

+ +
+ +
+ 0.01
4 0.44

+ +
+ 0.03
+ +
+ 0.03

I AGE2 I AGE3
I I
I Wel~t I % I Welshtl %

7 1.68
+ 0.04
1 0.16

+ o.c1
3 0.76

+
31 7.24
15 3051

107 25.43
+ I 0.05

I
+ 1 o.c2
+ 1 +
1 1 0.20

1
+ I +
+ I o.c8

\
+ 1 o.oa
6 I 1.38

15 I 3.~5

1 AGE 1
I
I Wei!htl %

------------------------- -I
I AGE" I AGE 5 I AliE 6 I
I 1 I I
I Welihtl % I Wei~t1 % I We1shtl % I

ICod
IHaddod
IWhitins
IHor.a~ raut
IT.Iinutus
IHake
16adic'Jlus
IUnid.sadidae
IHerrins
ISput
IUnid.tlupeoids
ISamle!ls
IL.R.dab
ICouon dab
lleeon sole
IUni~.flatrish

1Maurolicus
16asterosteoJS
!Arsentina
ICallior.!ll'JS
ITrislidae
lBlenr.iidae
IGobiidae
lUnid.rish

I AG( 0_____1

I Veishtl %

------.-_._---

; .... ~=. Quarter 3 1981. Total Horth Sn. Weisht. IS. and percentase bv weisht of eich 5pec!es or fi!h in whitil09 of
each ase troup.

ICod + I 0.01 I + I 0.01 I + 1 + 1 t I + \ + I + I 1 1 1 I
\Haddock + I + I 49 I 4.89 1 360 114.76 I 522 114.81 I 743 116.49 I m 117.70 I 2024 132.1B I
IWhitins + I 0.08 1 41 I 4.07 1 103 I 4.24 I 131 I 3.73 I 168 I 3.74 1 200 I 3.82 I 3~6 I 6,14 I
INorm pout + I 0.01 I 27 I 2.63 I 130 I 5.35 \ 194 I 5,50 I ::51 I 5.57 I 286 I 5.47 I 427 I 6.79 I
1Rocklints I I + I + I + I + I + I + I 1 I I I I I
IUnid.sadidae I + 1 25 1 2,44 I 101 I 4,15 I 101 I 2,88 I 87 I 1,93 I 73 I 1.40 ~9 I G.94 I
JHerrins I I 17 I 1,64 108 I 4,43 \ 209 I 7.97 1 436 I 9.68 1 547 110.45 443 I 7.0:; \
ISmt I 6 I 0.62 81 1 3.32 I 389 111,05 I 6a6 115.23 1 903 117.25 749 111.89 I
IUnid,clupeoids + I + 107 110.60 640 126.25 I 794 122054 I 845 118.75 I S62 116.46 698 111.09 I
ISandeels 4 I 0.95 340 133.64 316 112.94 I 325 9024 I 355 I 7.8B I 380 7026 423 6,73 I
IMackerel I + + 1 2 0.06 I 12 1 0.27 I 21 0.41 9Q 1.55 1
!L.R.dab I + 0.04 3 0.12 I 14 0.39 I 24 I o.s4 J 32 0.61 26 0.41 1
ICouon dab 1 + + + + 1 + + 1 + I + 1 I
ILuon sole I + + + +. I + + 1 + I + I I
IWitch sole 1 + 0.01 1 0.02 I + 0.01 I + I + 1 I
ISole + I + + f + + I + + I + 1 + 1 I
IUnid. flatrish + I 0.02 + 0.03 1 M3 I 3 0,08 1 7 1 0.16 I 6 o.tl 5 0.07 I
ITrachul'lJS I + + + 0.02 I 1 0.03 I 2 I 0.04 I 2 0.04 2 0.03 1
ISebistes I + + 1 O.OJ I 3 0010 I 6 1 0.14 I 8 0015 6 0010 I
ICallioO'!lus I + 0.02 1 0.02 I 2 0.07 I 4 I 0.09 I 6 0.11 5 0.07 I
1Gobiidie 3 1 0090 1 0013 2 0.08 I 2 0.04 I 1 I 0.0'. I 1 0.02 + + 1
IUnid.tish 22 1 5.71 65 6.46 238 9.76 1 366 110.40 I 471 110.45 I 544 10.38 536 80S? 1
1-------1--1--1----1----\-----1---1--1--1--1---1--1--1---1--1
ITOTA!. FlSH I 30 I 7.81 I 678 167020 I 20BS 185.38 1 3128 188.99 I 4093 19o.s5 I 4797 191.72 I 5884 193.38 I

Smies 30 1 Mi
1729 125.42

136 I MO
1694 124,90

~7 0.39

ICod + I 0.04 1 I 0.14 I 5 I 0.27 I 17 1 M8 I 20 \ 0.41 1 29 I MO 1
IHad<:lock 1 I 0.30 38 I 3.75 I 190 I 9064 1 4-=1 113.52 1 m 117.85 I 1275 121,93 I
IWhitir,S 4 I 1.17 23 I 2.26 I H I 2.23 I S6 I 2.90 I 110 1 MI I 115 I 2067 I
IHorwav pout 11 I 3.50 99 I 9.E6 I 365 m.~6 I m 124.71 I 1199 127.67 1 B45 128.29 I
IT.Iinutus I I I + I + I 1 I 0.05 7 I o.I6 I 18 J 0.31
IRocklinss + I 0.02 + I + I I I I I I I
IUnid,sadidae 1 I 0019 13 I 1.33 1 H I 2.09 I 54 I 1.81 61 I 1.42 \ 61 I 1,05 49 0.72
IHerrins 1 1 0.30 11 I 1.05 I 47 I 2.37 I 108 1 Z,63 1?3 I 4.00 I 213 I 3.66 192 2.E2
ISmt 7 I 2.19 68 I 6.78 I 107 I 5.42 I 120 I 4,OS 129 I 2.95 I 129 I 2.22 112 1.65
IUnid.clupeoids 16 I 4,86 105 110.44 I 161 J 9,21 I 184 I 6.20 B5 I 3,S4 I m 1 2046 115 1.68
ISandeels 39 111.87 239 123.81 284 114.42 I 310 110044 m I 7.42 Jn I 5.20 243 3.57
IL.R.dab + 0,05 1 0.08 2 1 0.12 I 12 1 0.39 52 1 1.20 135 I 2,32 119 Hl
Itauon dab + + + 1 MI I + I 0.01 + I MI + I MI + + I
ILelon sole + + + 0.01 + 1 0.01 1 + I + + I + I ,
ISoie 1 0.38 1 0.09 + 1 0.02 I 1 I 0.02 1 I 0.02 1 \ 0.02 1 M1 I
IUnid.flatfish + 0.03 1 0.05 1 1 0.04 I 7 1 0,24 n I 0,72 EO I 1,37 116 1.70 I
IMaurolicus + + + \ + I + 1 + + I + + I + +. + I
ICallion~a0J5 0,21 3 0.34 6 1 0.31 1 9 I 0.31 12 , 0027 13 I 0.22 10 I 0015 I
ITrislidae + + + r 0.01 I + I 0.01 + I MI + 1 0.01 + I 0.01 I
1Blennildae + + 1 0.06 2 I 0.09 I I , 0.04 1 I 0.01 I 1 I
IGobiidae 10 3.03 15 1.48 22 I 1,14 I 30 I 1,02 36 I o.s4 ia I 0.65 30 I 0.45 I
IEchiichthvs + 0.01 1 0013 4 I 0.19 1 3 I 0,09 1 I 0.02 I I I
ISllOSnathus + + + + + 1 0.01 I + I + + 1 + + I + + I + I
IUnid.fish 46 114.22 141 14.03 414 121,03 I 609 12o.s2 813 118.77 9~3 UMI I 986 IH.49 I
I 1---1--1--1--1--1--\--1--1--/----1---1---1---1---\

'~~~__I_~~~__ 760_175.62_~~~~:~~_2~~'::~~:_~::~~~~:~_~~~:~~

:,.':. -~. Quarter 4 1981. Total Horth Sn. Wei~t, es, ind rercentase bv weltiht of each ~ppcies of rish in .hiti~S cf
each iSe Srour. 1--------------------------------------------------------------

1 AüEO J AGEI I AGE:2 I AGE3 I AGt4 1 Ar.r.s I Af.E6 1
_____1 I I I I 1 I I

Species 1 Weishtl Z I Weishtl % 1 Weishtl % 1 Weishtl % 1 Wei~tl % I l:eishtl % I Weisiltl % II AliE6
I 1
I Weis~.t1 % I

1 AGE 5
1
I Weishtl %

lAGE 4
I
I ~~i~t1 %---------------------

1 AGE 3
I
1 Weishtl %

lAGE 2
I
I Weishtl %

--------187 144042 I 463 152.91 I m6 170.71 I 2457 180027 1 3143 182.23 I HB 1~,54

1 ME 1
I
I Weishtl %

l-
I AGE 0____I

I Weishtl %

ITOTAL FISH
:------------
---------_.



e e
TABLE 4 Total North Sea. Adjusted weight, mg, of all fish prey of each sizegroup in whiting of each

age group in each quarter of 1981 + Less than .5mg

Prey size group

Quarter
Whiting

7 10 15 20 25 30 40 50 70 100 150 200 250 999 Total
age gp.

1 + + 9 5 40 95 37 + + 186
2 + + 1 1 3 3 36 170 238 10 1 + 463

1 3 + + 4 2 10 2 56 294 844 155 19 + 1386
4 + 8 2 19 2 58 408 1428 480 54 + 2459
5 + 8 1 20 2 57 413 1680 888 78 + 3147
6 + 8 1 21 2 56 419 2156 1680 123 + 4467

0 16 2 2 8 44 20 82 174
1 + 3 1 11 17 54 191 140 50 9 + 476
2 + + + 1 1 23 43 314 400 357 150 + 1 1291

2 3 + 1 + 6 12 23 207 438 916 315 2 1 1922
4 + 1 + 14 15 14 164 356 1330 430 5 1 2329
5 + 1 + 13 14 13 149 438 1270 898 4 1 2800
6 + 1 + 14 15 12 150 386 1346 691 5 + 2621

0 25 + + + + 2 1 1 30
1 + 6 + 1 3 3 94 404 148 20 1 678
2 + + + 5 15 18 307 548 1062 129 + 2085

3 3 + + + 4 20 31 585 948 1436 105 2 3131
4 + + + 2 22 41 846 1380 1721 68 12 4093
5 + + + 24 49 1037 1705 1921 39 21 4796
6 + + + 19 50 1103 1988 2496 130 98 5884

0 + 9 6 15 27 24 49 7 1 138
1 + 5 3 33 38 108 400 122 51 760
2 + 1 2 19 35 105 967 402 185 1716

4 3 + 2 27 35 89 1608 666 253 2681
4 + 3 37 33 69 2281 1137 365 3926
5 3 40 30 52 2732 1823 544 5224
6 2 32 24 42 2600 2331 635 5666



Quart.r 1 1981. Total North Se•. Adjusted ".iaht•.•,. of n_., ot ••ch 01 •• Iroup In wh1tlnl ot .ach al. Iroep ,.

Prey .tz. aroup • • 1.ss than .5mg '-1 Prey atze arouj)

Prey '~hiUni
10 15 20 25 30 40 SO 70 100 150 200 999 Tot, Prey 10 15 20 25 30 40 SO 70 100 ISO 200 999 Total

ale ap. aie ,p.

COD 1 UNIDEllT. FLATFISH 1
2 2
3 3
4 4
5 5
8. 6_

HADDOCX 1 3 lIAUROLlCUS 1 - I
2 + + 2 2 + 1 1 2 4
3 5 9 10 24 3 - 4 2 3 2 11
4 14 25 28 + 118 4 + 8 2 3 + 5 17
5 15 37 37 1 90 5 8 1 2 + 5 17
6_ 17 58 53 3 132 8_ 8 1 1 + 6 17

WHITI:IG 1 ARGE:ITINA I -2 2 1 3 2 + ·3 4 20 29 53 3 7 7
4 9 72 135 216 4 25 25
5 10 179 404 593 5 48 46
6+ 11 365 925 1324 8_ 93 93

NORWAY ?OUT 1 3 4 2 9 CALLI0NYlIUS 1
2 13 41 4 58 2
3 2 58 281 SI 403 3 1 1
4 5 112 594 227 937 4 10 10
5 5 U8 584 294 UOl 5 47 47
6. 6 131 855 "22 1413 6+ 121 121

HERRI:lG 1 GASTEROSTEUS 1
2 + 1 69 1 71 2 + +
3 + 28 236 12 277 3 ·4 + 77 335 33 4"6 4 ·5 + 83 366 36 SOS 5
6. 95 480 41 617 6.

SPMT 1 7 4 19 17 5 51 BLENNIES 1 +
2 3 33 127 84 248 2
3 1 2 "7 174 218 443 3
4 3 2 42 156 278 481 4
5 3 2 41 144 267 457 5
6+ 4 2 39 119 242 406 6_

SANDEEL 1 12 70 31 U3 GOBlES 1 1 5 + 8
2 2 23 24 4 1 53 2 + 1 + • . 1
3 4 13 42 14 19 91 3 • 5 · 1 • 8
4 3 2 42 156 278 481 4 13 + 1 14
5 3 12 42 22 77 155 5 + 14 · 1 15
8+ 2 11 39 22 120 193 8. . 16 · 1 17

1 1 1 GURNARDS 1
2 3 3 2
3 1 1 3 7 7
4 4 20 20
5 5 21 21
6. 8+ 24 24

T. MlIlUTUS 1 •
2 1
3 +
4
5
8+

GADIC'JLUS 1
2 • + 16 16
3 1 5 35 42
4 2 15 22 39
5 2 18 20 36
8. 2 18 16 38

LONG ROUGH DAIl 1 Table 5a
2 1 1 2
3 8 15 21
4 13 36 52
5 14 45 59
8+ 18 58 74

co~ DAS 1
2
3
4
5
8.

LEIlllN SOLE 1
2
3
4
5
8.



I
-------------

!

Quarter 2. 1981. Total North Se•• AdJ...tad welanto.... of fl.h pr." of ••eh .10. _ In ""1Une oe .ec:h ... _. Table 5b
Pr." .10._ · +. • •• thaD. -5-1

Wh I t1ne~ Pre,. 811. ~p

Prq
Whltlna 7 10 15 20 25 '" .cl 50 7Q 100 150 200 250 ll99 Totel ,..." 10 15 20 25 30 .cl 50 70 100 150 200 250 999 Tote!•,. p. .,. 'P •

COD 0 GADlCULUS 0
1 • • • • • • 1
2 • I I 2 1 • 2 • •
3 • 5 • • 3 15 3 11 11

• 12 7 5 3 27 • 12 12
5 11 11 • 3 2. 5 10 10
5 12 7 5 3 27 5 11 11

0 ROCXLIIlGS 0
1 • • 1 ·2 • • 9 13 2 . · •
3 • 53 2. 77 3 2 · 2

• 130 30 11lO • 5 5
5 1111 27 1.5 5 5 5
6 1~ 29 152 6 5 5

WIIITIllG 0 J1ACXEREL 0
1 • • 1
2 7 • 7 2 •
3 .5 45 3 2 2

• 93 1 95 • 5 5
5 85 6 90 5 4 4
5 95 • 99 6 5 5

Z'C)RWAY POUT 0 LONG ROUGH DAB 0
1 15 2 17 1 • •
2 • • 28 17 57 11 113 2 • •
3 • • 2 32 200 53 288 3 3 3
4 · • 27 307 100 434 • 8 8
5 · · 2. 277 90 391 5 1 7
5 · 2. ~ 101 .28 6 8 8

HEIüIL,G 0 • • COIOlON DAB 0
1 3 5 8 1
2 • 7 11 2 . •
3 • 7 12 13 3 2 2

• • • 5 9 • 5 5
5 • 3 5 8 5 5 5
11 3 • 7 6 5 5

SPRA: 0 UNIDENT. FLATFISH 0
1 • 3 1 2 5 1 •
2 • 7 29 5 .2 2 •
3 • 5 78 27 111 3 •• 2 97 66 154 • • ·5 2 87 60 1.8 5 ·5 2 93 67 152 5 +

SANDElL 0 2 8 ~ 16 82 ISI J1AUROLICUS 0 +
1 11 13 35 182 138 .7 9 .35 1 + 1
2 + 22 9 298 3~ 2711 130 1090 2 + 1
3 1 7 8 187 325 570 238 1338 3 + + 1

• + 11 5 151 227 597 166 1251 • · 1
5 + 5 • 138 320 662 IS5 128. 5 + + 1
5 5 • 140 252 691 148 1249 6 + 1

GADIDAE 0 16 • · 15 AIlAll/lICHAB 0 . 2
1 3 + + 3 1 +
2 2 1 1
3 3 2 3

• • + + 1 2
5 5 + 1 2
6 6 1 2

CLUP5::DAE 0 ARGENTINA 0
1 1
2 2 +
3 3

• 1 • 30 30
5 2 5 140 140
6 2 6 93 93.. ~!:IUTUS 0 CALLIOHYllUS 0
1 1
2 2 2 2
3 3 5 5

• 103 103 • 12 12
5 0180 480 5 .7 .7
6 317 317 6 31 31

G08IES 0
1
2 1
3 1 1 •• 1 2 6
5 1 + 2 5
6 1 1 2 6



AdJu.Ud w.ll1ht..... of floh pre ..eh .1 •• aroup In whlt1na of ••eh
Table 5c

Quarter 3 1981. Total North See. al. araup. ePre1 aize aroup + • lese than .~mg

Prey
_hi tin. 10 15 20 25 30 40 50 70 100 150 999 Total .rhitlßl

Pre,. .1ze aroup

aa- IP· Prey a.e ap. 7 10 15 20 25 30 40 50 70 100 150 999 Total

COD 0 + + MACKlREL 0

1 + + 1

2. 2

3 3 2 2

4 4 12 12

5 5 21 21

8 8 98 98

HADDOCK 0 HORSE MACKlREL 0

1 1 2 8 48 57 1 +

2 8 1 11 73 314 407 2 +

3 13 8 40 179 339 579 3 1 2
4 17 15 90 314 375 811 4 2 3

5 20 20 132 422 409 1003 5 2 3

5 16 27 341 782 1009 2176 6 2 3

'.rH:T::~~G 0 + LONG ROUGH DAS 0

l 1 1 1 7 37 1 49 1 + 1

2 4 6 7 17 es 6 125 2 + 1 3 3

3 3 5 12 39 92 15 167 3 + + 3 13 16
4 2 4 15 ISO 92 43 215 4 + 5 24 28

5 2 17 75 90 89 253 5 + 8 31 37

5 2 14 ISO 84 269 429 6 5 25 30

NOR'oAY !'OUT 0 + + COMMON DAS 0

1 + 1 42 9 52 1

2 + 8 225 33 1 286 2 +

3 + 7 338 50 7 402 3 + +
4 + 5 418 75 14 511 4 +

5 + 3 469 89 19 S80 5

5 2 409 225 33 609 6

HERRING 0 LEMONSOLE 0

1 27 94 121 1 +
2 86 647 733 2 + +
3 199 860 860 3 + +
4 301 605 907 4 +
5 375 529 904 5

6 304 429 732 6

S?RAT 0 WITCH SOLE 0

1 1 19 4 23 1

2 4 101 73 178 2

3 3 269 374 646 3
4 1 421 ll84 1087 4

5 531 877 1408 5

5 430 727 1157 6

SAIICEEL 0 3 1 4 SOLE 0

1 42 303 3 20 386 1 +
2 49 167 20 129 365 2 +
3 + 181 144 18 lOS 428 3 +
4 + 272 153 14 68 507 4

5 + 355 165 10 39 569 5
6 + 287 137 23 130 577 6

CL~PEIDAE 0 UNIDENT. FLATFISH 0

1 1
2 2
3 3
4 4

5 5
5-- 6

!lOCKLINGS 0 CALLIONYIlUS 0
1 1 +
2 2 + 1
3 3 + + 1 2 3
4 4 + 1 2 3 6
5 5 1 3 4 8
5 6 1 3 3 6

SEeASTES 0
1
2 1 1
3 3 3
4 6 8
5 8 8
6 7 7

Ga8IES 0 25 + 25
1 8 + 7
2 + 1 .1 2
3 + 1 2
4 + 1
5 +
6



Quarter 4 1961. Total North Sea. AdJuotod wolahte. a•• or noh _or .ach .1z. IrouP 1n Ta_5dwh1 tina o( each .a. Iroup. + • les8 H.an .5~

Pr.y ILz••roup Prey aize group

Prey
'.ihi ting

10 15 20 25 30 40 50 70 100 ISO Total Prey
Whiting

10 15 20 25 30 40 SO 70 100 150 Total:ile sp. ase Sp.

eOD 0 + COMMON DAS 0
1 1 1 2 1 + +2 2 6 7
3 4 12 16

2 +
4 9 18 27 3 1 1
5 17 20 37 4 1 1
5 22 16 38 5 2 2

HADDOCK 0 1 + + 1 6 1 1
1 43 7 7 57 LEMOr; SOLE 0 + +
2 204 51 19 274 1 +
3 356 152 33 541 24 503 377 105 985 +

5 578 724 264 1567 3 + +
6 592 1095 387 2073 4 + +

\/lIITI~G 3 2 1 5
5

15 11 1 27 6

2 23 29 8 60 SOLE 0 4 4
3 28 64 20 113 1 7 + + 74 32 103 31 167
5 32 128 36 195 2 1 + 1 2

6 25 118 28 170 3 1 2 3
4 1 3 4rtORWA't P':UT 0 5 7 1 13 5 1 48 125 12 142 4

2 8 480 54 542 6 1 3 4

3 10 874 125 1009 MAUROLICUS 0
4 12 1315 246 1573

1
5 12 1670 408 2089 + +

8 9 1613 482 2104 2 + +
3 + +

HERRl~G 0 2 2 4 +1 23 1 23 +

2 109 7 118 5 + +
3 228 17 3 248 6 + +
4 338 26 14 377 CALLIONYMUS 0 + 2 25 378 29 38 442 +

6 301 23 53 377 1 + 1 4 6
2 + + + 12 12

,PMT 0 11 8 3 22 3 1 + lS 16
1 48 48 78 172 4 1 + 18 19
2 7 39 224 270

5 1 183 1 32 222 254 + 20

4 1 23 190 215 6 1 + 14 16

5 2 17 184 182 SLENNIES 0 +
6 1 13 142 156

1 1 1
SANDEEL 0 4 6 28 1 1 40 2 3 3

1 27 42 144 13 44 269 3 2 2
2 22 53 102 31 158 365 4 13 14 36 79 54 197 362 1

4 5 15 59 78 215 371 5

5 2 42 83 208 335 6

5 1 34 66 187 258
GOSIES 0 7 6 10 21 2 46+

T. ~I~U~S 0 1 S 3 25 10 6 49
1 2 1 2 18 13 19 52
2 + + 3 2 26 19 19 67
3 2 2
4 8 8 4 3 36 25 17 81

5 21 21 5 3 39 27 14 83
6 31 31 6 2 31 22 11 67

ROCKL:NGS 0 2 II'EEVER 0 + +
1 1 2 2
2 2 6 6
3 3 4 44
5 4 2 2
6 5

1 6
LeNG ROUGH DA8 0

1 2 2
2 5 1 6
3 4 18 22
4 1 93 94
5 245 245
8 359 359
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APPENDIX 1

Procedure for working up quarterly stomach contents data in terms of predator
SIZE GROUP

A Calculation of sample (haul) mean weight; Ws

If W = total weight of prey in"valid stomaehs from an individual haul, then

x (NF + NR)

(NF + N
R

+ NE)

•
where NF = Number of stomaehs in sample with 'valid' contents

NH
Number of stomaehs in sample showing evidence of regurgitation

NE = Number of stomaehs in sample classified as empty

B Calculation of rectangle mean weight; WH

WH = arithmetic mean of sample means

C Calculation of roundfish reporting area mean weightj W
HRA

Hectangle means within HRA are weighted by mean catch rates of the
appropriate predator size class:

= [SWR1 x CHR1 ) + (WR2XCHR2) + (WR3 x CHR3) ••. ~

(CHR1 + CRR2 + CRR3 .•..... )

D Calculation of total North Sea mean weightj WNS

As in C, using data from each rectangle sampled in the quarter.



APPENDIX 2
Procedure for working up quarterly stomach contents data in terms of predator

AGE GROUP

E: Calculation of roundfish reporting area mean weight:

Quarterly RRA age length key in the form:
A ~Size gp. 100-150 150-200 200-250ge ......

1 1.0
2 0.4 0.61
3 0.1 0.8 0.1

•

•

F

is applied to the RRA contents by size group data calculated in C.
Thus the average weight of the stomach contents of predator of age 2
in RRA Xis:

W2 (RRA ) = rO.4 x WRRA (100-150mm)]+ [0.6 x WRRA (150-200mm)]
X L.: X X

Calculation of total North Sea mean weight

Step 1: Total North Sea ALK prepared by weighting the RRA ALKs by
(i) RRA catch rates by age group

(U), RRA size (number of rectangles with water depth <200m)*
Thus, assuming that on1y three RRAs were sampled in the quart~r

the total North Sea age/size group composition for age group 2
is derived as foliows:

Size group

Age Area 100-150 150-200 200-250

1 Proportion 1 .4 .4 .2 1
Catch rate H>
Size 45

2 2 Proportion (.3 .7 - \

Catch rate 20
Size 25

3 Proportion l.3 .6 .H
Catch rate 50
Size 19

1
Age Area 100-150 150-200 200-250

2 Total North Sea .32 .58 .10

Step 2: Total North Sea ALK applied to total North Sea contents by
size group data calculated in D.

* Area size weightings: 1
2
3
4

45, 5
25 6
19 7
11

10,
33
13



QUARTER 1

Figure 1
Numbers of stomaehs exämined in each statistical

rectangle in each quarter
QUARTER 2

[l~ r' [1 I ~ [1 r, rs E3 f7 E9 EI [0 Fl rz F3 H [5 Fe n 09 EO EI f2 E3 l4 [5 ES f7 EI f9 FO Fl [2 f3 [4 F5 Fe n "

QUARTER 3
~ ~ ~ u u ~ n n f7 n EI ~ n n rs ~ H " n n

QUARTER 4
~ ~ ~ n U l4 n ES f7 f9 f9 ~ n n rs H " " n "

37

21

43

54

53

52

51

49

47

46

45

44

43

42

41

40

10 39

33

35

34

33

31

29

20

27

~
.~W -i .ifJ
~ ....-

!:' .'

I .~

..!If:
... F,:lo .2- "7

~~ 12- ..... I.
31 11:1...

M .: :l.lo 3lo H 30 ~ 2.. :?:
~ 30 4-1 20 2.0 ...~ '31 Z,

...

r:t.~( /:l.S 3 .. 3& 3 .. 43 I,. K:s
<,r~ ~" ... 100 31 3'1 30 ... 2.'

~t~ "Irs '30 11 "'"
. LSbt i. 3. ,,,

33 30 "
., • 'YI ~..

~)j.r..~ ~40 IS ... ,'" 31 2.lo 3S :l2.. loS " ~,

l~~F~ ~ "'3
S, 3S 2lo n ..3 ..." 5'lo SI

.,~ ~\" .... 310 ..5

I<!. ,. . ~ \1.51:. 5' 5... 10

n' ". '!'··I·' 51 /,0 ~ "0 "--:,. n \ 21 1/ " 11 10:1.~
...,

~;..... ~ ~'"
f--

) 60' i7
f--;.r f-

f--jJ- I
'V , '0 s!~K'~ .-,....1 ,/ J n

.,@ X.i .~../ .-i ~
I-'~''''';!l-r .p -J ~~~
f--- I) .... .rF--, _.

".~ '0 05 01 07 01

aI. ,r-"-.I i 45- .. . 1/ 44
f-- r. 1\ ~ .........P 43



NORTH
SEA4

~ g ~ rf' § ~
0

, NO' ~oo"
....~ Vl c.> 8

~ ~ ~ N M ~

80

60
%

40

20

NORTH
SEA

6 2 6

0
Quarter 2

100

8v.

60 IV7 % 3 NOT SAMPLED 7
40

20-
ft

KEY:
100

fi~h 0 AO
CndawaC]
Molluscs HUn 60

5 Annclid' ß1nml1l % 5
others -'

40

20

0

1 &;)?"'"

"'-

., 0 <:> 0 C"> <:>o 0 0
(Tl ... '"

~ g g IN (Tl ...-- ---
--r-~""""''''''''!'I~ 100..--=--=."..,.-,...,..".,"',., , , ,''''

..; '".,·"-,·,,.":':.•. ,"'\1 80

100

80

60
%

40

20

0

100

80

60
% 2

40

20

0
Ouarter 1

100

80

60
%

40

20

0• 100

80

60
4%

40

20

0 8 <:> <:> C"> g
'" <:> 0

~
N

~ '" ... Ln

G\ C">
,.., b

<> '" C>
~~ N N (Tl-- --

100

80

60
%

40

20

• 2 6 2 6

0

Ouarter 3 Quarter 4
10' f-' --'
80

60
% 3 7 3 7

40

20-

ft

4

~ g ~ g

8~_· 6bb
U1 <> l/l_ N N

20

80

60
%

40

Fig 2 Percentages by weight of each major prey group In each whiting length
group !in each area



NORTH
SEA

7NOT . SAMPlED

o 1 2 3 4 5 6•.

.
;;.0~g~~J~J.~~~?(}f1;;:<7"';"'~.:'i"':';;;':

NORTH
SEA

o 1 2 3 4 5 6.

z

4

3

Quarter 4

z

3

In each whiting age group

2 3 4 5 6.

20

I
I
I 2~-t--r--'--'---"T-i

I 100

80

I
60

%
40

I 0 Quarter 2
100m;;;:E=~~~ ,..--------,

I 80 [t7'""
60

%

I
40

20

0f-...,...--,--,---r---1

I 100Im::S;;:::;:::;~IIIlII_
:: J~%i(~!!f!}t:'}:"';:~""'!i"':'

I \0 4
20

o+--r---,--,............--i

+ 1 2 3 4 5 6.

100--

--<:80

60
%

40

20

0

100

80

6
60

%
40

20

0

80

60
7 %

40

20

0

100

80

5

6

NORTH
SEA

3 4 5 6.

2 3 4 5 6.

012

----- --

NORTH 60

SEA I %40

20

I
by weight of each major prey group

in each area

3

3

4

1 2 3 4 5 6.

Fig 3 Percentage

100
;0.--

80

60
%

40

20

0

100

80

60
%

40

20

0
0

. . ,.
wo

80

1

20

0

100

80

60
%

40

20

1oo"1llllllll:_....
Quarter 1

.0
1oo~~~~~

.; [;:i:"i?'
40 ',"

20



l • I •.

15
01 •
02 0

03 ~

04 x x

-CI)

~QJ
E
E •ro
L-
0\ 10-
CI)
~c:
QJ
~c:
0 0u

..c::.
u
ro XE
0
~
CI)

'5
~

5..c::.
~0\

'Cü
~ X
c: •ro
QJ
E 0

~
0

•x

0
100 500 600

Fig 4. Total North Sea. Mean weight, g, of stomach contents of whiting
in each size group in each quarter.



10

15

· ".'

."

· .

Q4
I (

..
" ...

· ,·..

I
I
I
I
I
I
I .... ::
I ..... ~::

',': I :'. ,.,.

r I I J, .

80

60

40

20

11' I I , 11 I r-r-r--1I'
60 :. U1 I Q2 Q3 I

40 ~" -.:" 1 :
20 [ .: :.:..: I . .. II :':::. I

"'-"'''''"''"'-'-_1..'---~..Ir'-·...:-·.::_1..:.:..-.::1-__--'-'-a.L-..~..a=__----1...--':.:.L....f-'"----+'-'-'-'-----..JL:-:--.......: --'

60 [ : .

ti .. :

20~~.~~~~:~.~~~.~~~~~~~~~~~~-. .~:~.~:.~:.:~.~~~~~.~.:L~20

40

......
E
u

a. "
25 cn

Q)
N

'Vi

cn
c
*-
..c
3=

30

>50

· ,
· ,

· .· .

·.

· .·.

· .

· ...

{) c m 's i z c 0 r 0 U P

, .
. '

I
.. I
::: I
':". I

I
I

I
I

n:·' :· '. I
~ :. I

: ..

I
I
I
I

. . I

, .'
..
. "

' ..
..
..

, .. .

1 I i I

30? I 0
I

..

..

... .
. . .......

! I 1

10 20

... ,

..- ..

I I
I I
I I
I ."::'. I....

.. , I .. ' : , .'.' I
:' .. ::. .::. I ' :.':. J

----.....'-'-'-'-"-~o...L-.L......:C!_r_"_-'-"==L:...~-"---'-.......:l-F"----.:-:....:.L:....:..L--L~.:.L.+_=..:...:..L--L......:..L--.L.:.·~·L---J

I J
I I

: I
J I
J

Io
, I -l_LJ I I I I I I 1 J I 1-1-I.-...l--JL.-..-L.I I -J,I_.J

10 20 30? ~ 0 10 20 30? I 0 20 30 ?
Prey size gp (cm) .

Total North S'oa: Percenlage by weight of prey of each
whiting of each size group in each quarter of 1981

o Fish OOther prey

100

60

20

60

40 

20 -

60

Q)
cn
260
c
Q)

~ 'tO
Q)

Q..

*..c
·~40
QJ

3:

~20
.0



.. ',.. .,

WHITING DIGESTION RATE EXPERIMENTS
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Figure 6 Rates of elimination ef haddock (6-12 CIIl. 2.7-16.4 g) sprats
(6-10 CID. 1.4-6.8 g) and sandeel.s (5-10 an. 0.5-1.5 g) from the
stomaehs of whiting ef 27-~ cm. Range of experimental temperatures: 9-14°C


