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ABSTRACT

Thls report prov1dcs a first analysis of the food and feedmg of four
species of rays (Raja clavata, Raja montagui, Raja naevus and Raja
radiata) in the North Sea based on 3732 stomach samples taken during
research vessel surveys in 1991. The largest fraction of these referred to
R. radiata (3201), but the information for.the other species was rather
limited. The distribution patterns of the different species were rather -
different and so were the size distributions sampled. The mean weights of
the stomach contents within comparable size classes differred considerably
between species. R. clavata stomachs contained consistently larger
amounts of food; followed by R. montagui, R. radiata and R. naevus in
that order. In all species, there was a clear shift with predator size from
feedmg mainly on crustaceans to feeding mainly on fish. However, the
size at which this shift took place varied considerably and ranged from 15
cm in R. naevus to 80 cmin R. clavata. Other prey taxa were relatively
ummportant Since fish prey in stomachs was difficult to identify to
species, possibly due to the fact that rays chew their prey to a much larger
extent than other fish predators do, the contribution of _commercially
important fish spemes to the total consumption is uncertain. Only for R.
radiata a fairly consistent pattern of feeding predommantly on juvenile -
gad01ds was apparent, whereas sandeels were found ‘only. infrequently.

he-data suggest-that-given-the-relatively small-size-at-which-R-radiata-

hifts-to-feeding.on fish (25.cm)_in combination.with.its relatively high.

1gmash§,-thxs~spemes,has -a_much. hlghcmmpact on thoﬁsh@_una,than ‘the~
-other.three :

1. INTRODUCTION

During the planning of the 1991 International Stomach Samplmg Pro_lect it was reahsed that
the extensive research vessel effort available for the routine collection of the five important
commercial predator species offered an excellent opportunity to collect additional data on
predator species of less economic importance, for which relatively few quantitative stomach
content data have been collected in the past. However, since the required manpower for
collcctmg and analysing these samples would put an additional burden on the participating
countries, a request for additional funding was made to the EC in the frame of the "FAR"
. programme. This project, in which The Netherlands, Scotland, and Denmark participated
was granted and the workload was split between these three countries.

This report presents the results of the data collected for the different ray specxcs, which
include Raja clavata, Raja montagui, Raja naevus and Raja radiata. Since Denmark had
prev1ously dealt with stomachs of rays, the analysis of the stomachs as well as the input of
data in a data base was done by Denmark. Subsequently, the data were transferred in
computensed format to the Netherlands, where a standard analysis of the results was made
using the available software. :

2.METHODS : :

The methods used in samphng and analysmg stomachs are well descnbed in the Manual
prepared before the project started (Anon.; 1991) and a summary is given by De Gee &
Kikkert (1993), which describe the results of the stomachs collected for grey gurnard.
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3.RESULTS

3.1. Sampling intensity. -

Tables 1a-d list the number of stomachs collected by size class, quarter and roundfish area (cf
fig. 1) for the four different ray species. Research vessel catches of rays are seldomly very
large and therefore the number of stomachs sampled is a fair measure of the number of
specimens actually caught. It is evident from these tables that the samples were in most cases
rather unevenly spread over the quarters and over the different areas. These differences have
to be interpreted in terms of catchability in relation to dlsmbuuon

Fig 1. Subdivision of the North Sea by roundﬁsh arcas
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For instance, approximately half of the R. clavata stomachs were collected during the winter
survey and three quarters came from area 5. Samples of R. montaguz were more evenly
spread over the different quarters and relatively more were caught in the northern area. Very
few R. naevus spemmens were caught durmg the autumn and the Scottish east coast (area 3)
was the most important area. During the winter also area 1 contributed significantly to the
total. Compared to these three species, for which the total number of stomachs collected
ranges from 133 to 206, R. radiata yielded over 3000 stomachs. Although all quarters appear
to have been adequately sampled, almost half of the stomachs were collected durmg the
summer. '

Figure 2 provides the spatial distribution of all stomachs collected for each of the four
species. It clearly shows the concentration of R. clavata and R. montagui off the southern
English coast with a secondary concentration around Scotland. In contrast R. naevus was
* particularly abundant off Scotland, whereas R. radiata is distributed over a wide area in the
central and northern North Sea with the hi ghest abundance northeast of the Doggerbank.

Analysis ray samples 1991 SSP _ 2




. Fig 2. Spatial distribution of ray stomachs collected by statistical rectangle.
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3.2 Feedmg intensity

Tables 2a-d provide the percentage of empty stomachs by size class quarter and area. Due to
the low numbers per cell the estimated values are rather variable. Still, there are some
interesting trends. Overall, R. montagui shows the lowest fraction empty (ca 4%), followed
by R. clavata (ca 9%) and R. radiata (ca 20%). The real exception, however, is R. naevus
with more than 40% of the stomachs bemg empty. In addition there is a clear seasonal trend
within all species, highest fractions occurring in winter and lowest fractions during summer.

Size specific and/or regional differences are less easily to detect, because of the variability in
total number sampled in each category.

Table 3 provides the mean stomach content welght by size class and quarter. Although forR.

clavata the winter values are obviously consistently lower than in other quarters in agreement
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with the hxgher fraction of empty stomachs, this is less obvious for the other : species. The
differences between species for the same size are illustrated in fig 3

Fig 3. Mean stomach content wenght by sxze class (mm) and species.
Weight stomach contents (g)
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'Independent of the differences in the total size class spectrum, it appears that on average R.

clavata of a certain size has more food in its stomach than R. montagui. Then follows R.
radiata and R. naevus appears to have the lowest stomach content weight.

3.3 Food composition

Tables 4a-d summarise the data on the food composition by quarter for each sizeclass.

Although more detailed data are available, only the weight percentages by major taxa and for

the individual commercially i important species are presented here. Fxg 4 provides a graphical
representation of the food composition by major taxa. In all four species crustaceans and fish
represent by far the most important component of the food in all size classes. Annelids and

molluscs are only a minor component in most size classes. Still, there appear to be significant
differences between the ray species. R. clavata represents the largest species in this data set,

but up to 80 cm they feed predominantly on crustacea. R. montagui feeds almost exclusively

on crustaceans up to 50 cm, but has turned into an almost exclusive fish consumer at 70 cm.

The food of R. radiata consisted for more than 50% of fish from 25 cm onwards and for R.

naevus the corresponding size was even 15 cm.

The component of commercially 1mportant fish species (table 4) was relatively low in most

stomach samples. Also the different species occur rather scattered through different size
categories mdlcatmg a high variability in the present results. This is particularly true for R. .
clavata, R. montagui and R. naevus, which in many quarters appeared not to have had eaten

any commercial species at all. The species observed reflect what is available in their area of
distribution. Thus, plaice, sole and brown shrimp appear in R. clavata, whereas Norway

pout appears in R. naevus. Thanks to the larger number of stomachs investigated R. radiata ‘ 1
shows a slightly more consistent pattern between neighbouring size classes and over the

quarters. Gadoids appear to be the most important prey of this species. Apart from R.

clavata, sandeels appear to be mfrequently consumed by rays.

4. DICUSSION !
The present report covers only a first approach to analysing these data. In view of the

relatively small number of stomachs investigated for 3 of the species, it would probably be

appropriate to combine these data with scattered information from earlier years, which was

not readily available at this stage. However, it is quite clear that there are species-specific

differences in the amount and type of food eaten, which may be partly related to differences

m distribution but also to differences in their general biology.

Analysis ray samples 1991 SSP 4
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The present observation that R. naevus feeds more intensively on fish, despxte its smaller
size, than R. clavata and R. montagui supports earlier evidence provided by Holden &
Tucker (1974) on species specific differences; based on samples taken around the British
1sles Also, Rae and Shelton (1982) found higher incidence frequencies of fish in R. naevus
in Scottish waters, but their data are difficult to interprete because large size ranges were
lumped and percentage occurrence does not provide a truly quantitative measure. For R.

radiata earlier quantitative feeding information from the North Sea is available from Vinther
(1989), but since his paper is in Danish it was not readily accessible. However, the mean
stomach content by size class for this species observed by this author appears to be in
agreement with the present results.

The study indicates that both pelagic and demersal fish species are taken as prey. This is in
agreement with Rae and Shelton (1982) and Vinther (1989) for R. radiata. In contrast with
these authors the amount of sandeels observed during this study, however, was extremely
low in all species. Sparholt and Vinther (1991) estimated the biomass of R. radiata in the
North Sea in the mid-1980s and noted that commercial fish species and particularly sandeels
contribute significantly to the diet of this species. This conclusion was based on the stomach
analyses done by Vinther (1989), who found that sandeels constituted up to 30% in weight
of the stomach contents. This suggests a major shift in food habits.

The main question underlying the present research was to fill in certain information gaps in
the Multispecies models presently applied to quannfy interactions between the important
exploited North Sea species and other predators in the system. In the case of rays, this is
clearly hampered by the fact that a relatwely small component of the fish remains in the
stomachs could be identified to the species level. This may be caused by the particular
behaviour of rays. If they chew their food to a much larger extent than gadoid predators do,

this would explain why ray stomachs are much more difficult to analyse. In any case, the
percentages of the food which could be positively identified as belonging to a pamcular fish
species is undoubtedly an underestimate of the actual consumption of that species. It i is
therefore necessary to determine the fraction identified at each species level in proportion to
fractions estimated at the corresponding genus family and class level in order to make an
appropriate correction based on these proportions. Such an extensive analysis, however, fell
beyond the scope of the present paper.
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Table 1. Number of stomachs sampled by predator size class (mm), area and quarter.

a. Raja clavata

size class 100 120 150 200 250 300 350 400 500 600 700 300 1000  Total
QUARTER 1
Area 1 1 2 1 4
Area 3 1 1
Area 5 < 12 17 20 13 13 10 10 1 9
Area 6 1 2 2 5
Total 1 4 12 21 22 14 14 10 10 | 109
QUARTER 2
Area 3 2 2
Area 4 3 1 1 S
Area 5 1 2 1 2 6
Area 6 5 5
Total 3 3 d 1 3 1 18
QUARTER 3
Area 4 1 1
Area 5 1 2 2 20 12 10 5 S 57
Area 6 8 4 2 14
Total 1 2 2 28 17 12 4 S 72
QUARTER 4
Area 4 4 1 S
Area 5 1 1
Area 6 1 1
Total 4 2 1 i
TOTAL YEAR
Area 1 1 2 1 4
Area 3 2 1 3
Area 4 3 4 2 1 1 11
Area 5 1 3 14 20 42 26 26 15 15 1 163
Area 6 1 2 15 S 2 25
"Total 2 4 17 26 61 33 30 15 16 1 206
b. Raja montagui
size class 100 120 150 200 250 300 350 400 500 600 700 800 1000  Total
QUARTER 1
Area 1 1 1 S 4 4 15
Area 3 1 1
Area 5 4 10 8 2 2 2 29
Total 4 12 9 | 2 (3] 4 45
QUARTER 2
Area 1 1 1
Area 3 1 1
Area 4 4 1 5
Area 5 1 3 2 6
"Total 1 1 3 3 4 ¥ 13
QUARTER 3
Area 3 4 2 1 7
Area 4 1 3 1 5
Area S 1 4 7 2 3 17
Total i 4 2 5 8 S 4 29
QUARTER 4
Area 2 2 2
Area 4 1 2 5 13 1 2 24
Area 5 1 4 7 1 3 16
Area 6 1 3 4
Total 1 3 9 23 5 S 46
TOTAL YEAR
Area 1 1 1 5 ] 4 16
Area 2 2 2
Area 3 1 5 2 1 9
Area 4 1 2 ) 14 4 7 1 34
Area 5 5 10 10 10 19 T 6 68
Area 6 1 3 4
Total 1 S 17 15 21 36 19 17 1 133
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Table 1 ctd.

¢. Raja naevus

size class 100 120 150 200 250 300 350 400 500 600 700 800 1000 Total .
: QUARTER 1
Area 1 3 3 13 18 .8 46
Area 2 3 -3
Area 3 1 2 1 15 9 4 32
Area 5§ 1 1 2
Total 1 1 2 4 3 29 31 12 &3
QUARTER 2
Area 1° 1 1
Area 2 1 2 2 1 6
Area 3 1 5 1 8 21 3 39
Area 4 2 4 1 1 8
Total 1 1 5 1 12 28 5 1 54 .
QUARIER 3
Areal , 1 1 1 3
Area 2 3 . 3
Area 3 1 2 2 10 2 2 1 17 8 45
Total] 1 2 2 10 2 2 1 18 12 1 L1
QUARTLR ¢
Area 2 1 1 1 3
Area 3 1 1
Total 1 1 1 1 4
TOIAL YEAR
Area 1 1 3 3 14 20 9 50
Area 2 1 3 9 1 1 15
Area 3 1 2 3 10 5 8 3 40 38 7 117
Area 4 2 4 1 1 8
Area 5 1 1 -2
Total 1 2 3 12 S 11 [ 60 72 18 2 192
d. Raja radiata S ‘
size class 100 120 150 200 250 300 350 400 500 600 - 700 800 1000 Total
GARTER 1 )
Area ] : 17 17 21 il 29 41 4 160
Area 2 2 37 62 53 44 124 12 354
Area 3 6 31 13 23 39 1 113
Area 4 1 3 4
Area 5 3 3
Area 6 1 1
Area 7 1 1. 2
Total 39 60 115 98 99 207 19 637
QUARTER 2
- Areal 2 4 11 15 19 31 3 85
Area 2 15 54 26 41 63 151 31 381
Area 3 2 4 15 12 13 38 1 85
Area 4 2 8 12 11 37 1 7
Area 6 1 1 2 4
Area 7 4 3 2 11 5 25
Total 25 66 60 82 107 270 41 6351
QUARTER 3
Area 1 2 26 78 81 113 127 83 13 523
Area 2 42 95 89 91 102 164 33 616
Area 3 2 2 14 33 39 35 56 1 182
Area 4 6 16 10 18 22 21 93 -
Area 6 1 1 2
Area 7 2 4 5 7 14 21 6 59
‘Total 2 78 207 219 268 300 346 - 53 1475
QUARTER 4
Area 1 2 8 12 10 20 31 35 4 122
Area 2 2 6 10 25 32 45 82 5 207
Area 3 2 3 3 6 4 2 20
Area 4’ 2 2 10 24 3 12 2 55
Area 5 1 1 2
Area 6 1 3 15 2 21
" Area 7 4 2 1 4 11
Total ' % 13 33 81 50133 13 38
TOTAL YEAR
Area 1 4 53 111 123 179 206 190 24 890
Area 2 2 85 196 202 217 254 521 81 1558
Area 3 2 4 26 82 67 77 137 5 400 -
Area 4 10 18 28 55 39 70 3 223
Area 5 1 4 5
Area 6 1 2 4 18 3 28
Area 7 6 7 10 11 15 36 12 97 .
. Total 2 6 158 359 447 529 596 976 128 3201
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Table 2. Percentage of empty stomachs by predatof size class (mm), area and quarter.

a. Raja clavata

si1ze class 100 150 200 250 300 350 400 500 [ 700 800 1000 Total
: QUARTER I
Area 1 100.00 100.00 0.00 75.00
Area 3 0.00 0.00
Area 5 000 833 1765 2000 7.69 23.08 0.00 30.00 0.00 15.15
Area 6 0.00 0.00 0.00 0.00 -
Total 100.00 Q.00 833 23.8] 18.18 1142143 000 3000 0.00 1651
QUARTER 2
Area3 0.00 0.00
Area 4 33.33 0.00 0.00 20.00
Area 5 0.00 0.00 0.00 0.00
Area 6 . 000. . . 0.00
Jotal 33.33  0.00 0.00  0.00 0.00 0.00 5.56
QUARTER 3
Area 4 0.00 0.00
Area 5 0.00 0.00 0.00 000 000 000 0.00 0.00 0.00
Area 6 . 0.00 0.00 0.00 0.00
Total 0.00 0.00 0.00 0.00 " 0.00 0.00 0.00 0.00 0.00
QUARTER 4
Area 4 000 0.00 0.00
Area 5 ’ 0.00 0.00
Area 6 0.00 0.00
Total 0.00  0.00 0.00 0.00
TOTAL YEAR
Area l 100.00 100.00 . 0.00 75.00
Area3 . 0.00 0.00 0.00
Area 4 33.33 000 000 000 0.00 9.09
Area 5 000 000 714 15.00 952 385 1L54 000 2000 000 920
Area 6 0.00 0.00 0.00 0.00 0.00 0.00
“lotal 50000  0.00 11.76 19.23 656 294 10.00 000 18.75 0.00  9.22
b. Raja montagui .
s1ze class 100 150 200 250 3W 350 400 S00 o) 700 800 1000 Total
QUARTER 1
Area l 000 0.00 40.00 000 0.00 1333
Area 3 0.00 . 0.00
Area 5 0.00 000 1250 0.00 000 0.00 3.45
Tota] 0.00 000 1111 2857 0.00 000 0.00 6.67
QUARTER 2
Areal 0.00 0.00
Area 3 0.00 0.00
Area 4 000 0.00 0.00
Area 5 0.00 0.00 0.00 0.00
Total 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00
QUARTER 3 :
Area 3 2500 0.00 0©.00 14.29
Area 4 . 0.00 0.00 0.00 0.00
Area s 0.00 000 1429 000 0.00 5.88
Total 0.00 2500 000 0.00 1250 T 0.00 000 6.90 .
QUARTER 4 .
Area2 0. . 0.00
Area 4 000 0.0 0.00 000 000 000 0.00
Area 5 0.00 000 000 000 000 0.00
Area 6 0.00 0.00 : 0.00
Total 000 0.0 0.00 000 000 0.0 0.00
TOTAL YEAR
Area l 000 0.00 40.00 000 0.00 12.50
Area 2 0.00 0.00
Area 3 0.00 2000 000 0.00 11.11
Area 4 000 000 0.00 0.00 0.00 0.00 0.00 0.00
Area 5 0.00 000 1000 000 526 000 000 294
Area 6 0.00 0.00 0.00
Total 0.00 0.00 5.88 6.6/ 952 2.3 0.00 0.00  0.00 3.76
- Analysis ray samples 1991 SSP 10



Table 2 ctd.

c. Raja naevus

- 120

150

200

250

035040

500

0 T00

size class - 100 800 1000 - Total
- QUARTER I - R
Area 1 100.00 3333 0.00 4615 6111 50.00 50.00 .
Area 2 . 100.00 100.00
Area 3 0.00 5000 000 9333 44.44 100.00 71.88
Area 5 . . “100.00 100.00 : 100.00
Total - - 0.00 100.00 50.00 25.00 - 0.00. 7241 .61.29 66.6/ . 61.45
QUARTER 2
Area 1 ... 0.00 0.00
Area 2 . 0.00 - 100.00  0.00 100.00 50.00
Area 3 000 2000 000 2500 2857 33.33 . 25.64
Area 4 : . . 100.00 50.00 0.00 100.00 62.50
Total 0.00 0.00 ~20.00 - 0.00 50.00 2857 40.00 100.00 - - 33.33
QUARTER 3 - .
Area 1 000 000 000 0.00
Area 2 . . . 66.67 66.67
Area 3 000 000 S50.00 -20.00 000 0.00 100.00 23.53 25.00 - " 22.22
- Total 0.00 0.00 "50.00 = 20.00  0.00 - 0.00.100.00 222233337 000 23.53 .
B A QUARTER 4
Area 2 . 100.00 100.00 0.00 66.67
Area 3 0.00 000 .
Total - 0.00 - 100.00 100.00 0.00 50.00 .
TGIAL YEAR
-Area 1 100.00 3333 0.00 4286 55.00 444 46.00
Area 2 o 0.00 ‘ 100.00 66.67 100.00 0.00 66.67
Area 3 000 000 3333 2000 2000 1250 3333 5000 3158 71.43 . 36.75
Area 4 100.00 5000 0.00 100.00 62.50
Area § . . : : 100.00 10000 .. 100.00
lotal 0.00 - 000 "33.33 2500 20.00 18.18 16.67 5333 4444 55.56 50.00 4323 ..
d. Raja radiata S
QUARIER 1
Area 1 0.00 000 1429 2581 1379 3L71 25.00 18.13 |
Area 2 000 000 17.74 2642 3864 3145 5833 24.86
Area 3 000 5806 4615 39.13 71.79 100.00 54.87
Area 4 100.00 0.00 25.00
Area 5 66.67 66.67
Area 6 o 0.00 0.00
Area 7 o 000 : 0.00 0.00 .
“Total 0.00  0.00 27.83 29.59 3030 39.61 4737 28.57
QUARTER 2
Area 1 5000 2500 909 4667 1053 3548 3333 28.24
Area 2 000 1296 1923 26.83 31.75 2848 3871 25.72
Area 3 000 000 1333 1667 53.8528.950.00 25.88
Area 4 0.00 . 5000 1667 9.09 27.03 0.00 2394 |
Area 6 100.00 000  0.00 25.00
Area 7 0.00  0.00 50.00 45.45 40.00 32.00
Total 4.00 13.64 2000 28.05. 28.04 29.63 36.59 26.11
QUAR TER 3 .
Area 1 000 000 769 864 1062 866 10.84 30.77 9.37
Area 2 000 000 " 899 879 1863 - 2561 39.39 14.61
Area 3 0.00 000 714 2121 1282 571 893 0.00 10.99
Area 4 000 ~ 625 1000 3333 1364 2381 17.20
Area 6 0.00 0.00 0.00
Area 7 . 0.00 2500 20.00 0.00 1429 33.33 66.67 25.42
“Total 0.00  0.00 " 0.00""4.35 1096  11.57 1233 7 19.65 39.62 12.87
] ; QUARTER 4 -
Area ] 000 0.00 25.00 40.00 .00 645 1429 0.00 13.93
Area 2 000 0.00 20.00 1600 1875 2222 26.83 40.00 22.22
Area 3 0.00 3333 3333 350.00 000 0.00 25.00
Area 4 000 000 1000 1667 3333 1667 0.00 14.55
Area 5 100.00 0.00 50.00
Area 6 0.00 3333 2000 50.00 23.81
Area 7 ' 000 000 000 2500 9.09
~Total 0.00 . 0.00 19,23 18.87 17.28 20.00 2157 20.00 1891
. : ~ TOTAL YEAR -
Area 1 000 189 901 1220 1676 922 2000 2500 13.37
Area 2 - 000 000 459 1386 1797 2598 28.02 4198 20.67
Area 3 0.00 000 3.85 34.15 2090 2727 32.12 20.00 2725
Area 4 0.00 556 2143 23.64 12.82 2429 0.00 18.83
Area 5 100.00  50.00 50.00 .
Area 6 100.00 0.00 2500 1667 3333 21.43
Area 7 : : 0.00 1429 10.00 9.09 1333 36.11 5000 24.74
Total - 0.00 000 - 063 641 1745 1834 19330 2695 3750 19.51
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Table 3. Average stomach content weight (g) by size class (mm) and quarter.

a. Raja clavata

size class 100120 130 200 230 300 350 400 300 600 700 800 1000 Total
Q1 00 136 033 131 203 345 035 1430 2235 2710 &30
Q2. 110 463 694 1639 1463 1232 7.69
Q3 0.43 059 222 538 1034 17.08 29.66 3551 11.99
Q4 751 853 179 6.9
Total 033138~ 088 178433839 T 1930 3383 21.10"%.43
1
b. Raja montagui .
size class 100120 130 200 230 300 330 _ 400 _ 300 600 700 800 1000 Total
Q1 030 044 075 03 379 209 1230 708
Q2 0.12 0.47 297 674 2591 14.87 11.40 s
Q3 047 012 017 029 308 1063 10.04 416 i
Q4 075 150 179 373 421 3.44 3.19
Total 002049 039088 08533 335 1241 1487 353
¢. Raja naevus
size class 100 120 130 200 230 300 330 400 300 600 700 800 1000 Total
Q1 0.00 000 013 022 300 013 086 123 0,67
g2 000 011 003 022 043 285 36 000 192 o
Q3 002 014 020 019 057 116 000 201 170 060 1.24
Q4 023 000 0.00 7.46 1.92
"Total 002 004 013006030030 I3TT O T IR TS 30
d. Raja radiata
Szeclass 100 120 150 200 230 300 330 400 300 600 700 800 1000 Towl
Q1 03 030 103 1.6 180 310 3.4 T.37
Q2 022 021 093 118 181 379 373 2.37
Q3 014 006 017 037 087 135 243 247 262 1.62
Qa 029 022 012 093 101 162 323 491 1.94
Total 004022 023 031 095 133 206 300 334 188
1
1
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Table 4a: Summary of Raja clavata stomach contents by predator size class (mm) and

l quarter.
Quarter 1 ; L ; . - . L
size class . 150 200 250 . 300. 350 400 S00 . 600 . T00 800 - 1000
Nr of samples ) 1 -2 2 F] 4 3 . 4 3 1 1
Nr of stomachs sam led 1 4 . 12 21 22 4. 14 10 10 1
Nr of empty stoma 1 0 1 5 4 1 -3 0 3 0
% empty stomachs 10000 000 833 2381 1818 7.14 2143 000 3000 000
Mean st content wght(g) 095 048 095 155 549 949 1496 2235 27.10
Mean nr of prey items 1585 1352 1387 691 7.09 742 1135 630 3.00
. Mean weight per prey(g) - 006 004 007 022 077 128 1.32 355  9.03
WEIGHT % by major lAXA
PHAEOPHYTA 2.08
ANNELIDA 2066 1687 2071 169 128 0.11 .
[ CEPHALOPODA . ~ 064 545
CRUSTACEA 79.34 83.13 6101 8619 8090 67.78 ' 7431 31.76 0.96
GNATHOSTOMATA ‘ 1829 9.83 1237 3210 2569 6616 99.04
UNKNOWN 1.65 '
WEIGHT % COMMERCIAL SPEC. . .
MERLANGIUS MERLANGUS : . N - 11.69
CLUPEA HARENGUS 422 1.16 2030 .
SPRATTUS SPRA’ITUS : . 4.19 38.04
AMMODYTIDA 210 420
‘ . PLEURONECTES PLATESSA . 16.62
- @ SOLEA SOLEA o o 1004
! - CRANGON CRANGON - .. . . . " - . 183 . - .. 010 214.
Quarter 2 . .
~Nr of samples 1 2 2 1 3 1
Nr of stomachs sampled 3 3 7 1 3 1
Nr of empty stomachs 1 0 -0 0 0 Y
% empty stomachs 3333 000 000 0.00 000 0.00 .
Mean st content wght(g) 110 457 7.14 1639 1463 C1232
Mean nir of prey items 1.67 1400 2787 1500 6.00 7.00
- Mean weight per prey(g) . 0.66 033...026 - 1.09 244 1.76
WEIGHT % by major TAXA . .. . - :
ANNELIDA 1330 134 102 002
CRUSTACEA 44.14 6996 98.49 7431 99.95 100.00
GNATHOSTOMATA ' 4256 2870 050 25.67
- UNKNOWN .. ; . . 0.05
WEIGHT t/nT:OM\lERCIAL SPFC S [ : s - -
Quarter 3 ; . L « ,
" Nrof samples 1 T 1 4 4 3 I 2
Nr of stomachs sampled 1 2 2 28 17 12 5 5
Nr of empty stomachs 0 0 0 0 -0 -0 0 0
% empty stomachs 0.00 000 000 000 000 000 000 000
Mean st content wght(g) 0.43 059 222 599 958 1556 29.66 3524
’ Mean ur of prey items 3.00 200 1300 420 7.14 1024 9.80 14.00
P Mean weight per prey(_g) 0.14 029 017. 142  .134 152 . 3.03 . 252
WEIGHT % by major lAXA
i . ANNELIDA : ) © 090 ’ L
CEPHALOPODA . . . 0.11 ~ "
. CRUSTACEA 100.00 100.00 99.10 100.00 100.00 96.16 72.14 89.49
GNATHOSTOMATA 373 218  6.11°
- UNKNOWN : - . . . 4.40
WEIGHT % (.O\lx\ll:RuAL SPLC. . . )
. Quarter 4 R .
Nr of samples . 2 2 1
Nr of stomachs sampled 4 2 1
Nr of empty stomachs 0 0 0
. 90 empty stomachs . 000 0.00- 0.00
Mean st content wghl(g) 800 853 179
Mean nr of prey items 3478 9.00 4.00
- Mean weight per prey(g) o IR . R 023 095 045 -
WEIGHT % by major TAXA T
ANNELIDA : 007 7.08
CEPHALOPODA 922 . . .
. CRUSTACEA . .. . 90.71 91.38 100.00
GNATHOSTOMATA . . - . -1.53
WEIGHT % COMMERCIAL SPEC,
' CRANGON CRANGON : 0.62
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Table 4b. Summary of Raja montagui stomach contents by predator size class (mm) and

quarter.
Quarter 1 ;
size class 150 - .20 250 300 350 400 500 600 700 .
- Nrof samples 1 3 4 2 1 3 1
Nr of stomachs sampled 4 12 9 7 2 6 4
Nr of empty stomachs 0 0 1 2 0 0 0
% empty stomachs 000 0.00 1111 2857 000 000 000
Mean st content wght(g) 050 045 076 114 379 307 1250
Mean nr of prey items 500 394 871 925 3150 892 475
Mean weight per prey(g) 0.10 0.11 009 012 012 0.34 2.63
WEIGHT % by major TAXA
ANNELIDA 107 7.00 3.84 18.66 13.28
CRUSTACEA 100.00 98.93° '91.02 96.16 10000 7928 1724
GNATHOSTOMATA 1.98 2.06 . 6948
WEIGHT % COMMERCIAL SPEC, -
Quarter 2 . ,
- Nrof samples 1 1 3 3 1 1
Nr of stomachs sampled 1 1 3 3 4 1
Nr of empty stomachs 0 0 0 0 0 0
% empty stomachs 0.00 0.00 000 000 000 000
Mean st content wght(g) 0.12 0.47 297 674 2591 14.87
Mean nr of prey items 16.00 31.00 12,673 667 400 600
Mean weight per prey(g) 0.01 0.02 0.23 0.18 648 248 .-
WEIGHT % by major TAXA .
ANNELIDA 17.26 6.74 1.72
BIVALVIA 9.91 .
CRUSTACEA 100.00 8274 5049 9.08 483 27.87
GNATHOSTOMATA 4048 7834 9517 7196
UNKNOWN 229 096 0.17 .
WEIGHT % COMMELERCIAL SPEC.
SPRATTUS SPRATTUS 6494 71.82
AMMODYTIDAE - 237
_Quarter 3 ; S
Nrof samples i 1 1 2 3 3 o2
Nr of stomachs sampled 1 4 2 5 8 S 4
Nr of empty stomachs 0 1 -0 0o . 1 0 - 0
% empty stomachs 000 2500 000 000 1250 000 000
Mean st content  wght(g) 047 012 017 020 2838 1285 838
Mean nr of prey items 1.00 075 '1.00 200 297 1.67 1.50
Mean wexght per prey(g) 0.47 017 017 010 097 . 771 5.59
WEIGHT % by major TAXA
ANNELIDA 2000 414 030 Ll6
CRUSTACEA 10000 100.00 85.38 64.88 3917 6389 4336
GNATHOSTOMATA . 14.62 5669 92.81 55.49
" UNKNOWN - . . 15.12
WEIGHT % CO\I\IERCIAL SPl- C.
Quarter 4
. Nrof samples . I 2 4 7 3 3
Nr of stomachs sampled 1 3 9 23. 5 5
Nr of empty stomachs 0 0 0 0 0 0
- - % empty stomachs 000 000 000 0.00 000 0.00
Mean st content wght(g) 075 196 155 398 442 376
Mean nr of prey itemns 2400 5400 1619 1543 1122 550
Mean weight per prey(s) 003 004 010 026 0.39 0.68 .
WEIGHT % by major TAXA
ANNELIDA 265 605 581 6.74
BIVALVIA 0.46
CEPHALOPODA : 2.26
CRUSTACEA 100.00 97.11 93.49 6470 8456 91.93
GNATHOSTOMATA 2722 870 807
UNKNOWN 0.24 0.02 .
"WEIGHT %TO\I\IERCIAL SPLEC.
- SPRATTUS SPRATTUS 20.98 Co
CRANGON CRANGON 0.01 1.37
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Table ‘4c. Summary of Raja naevus stomach contents by predator size class (mm) and

quarter.
Quarter 1 . . g v .
size class - 100 . -120 150 200 250 300 .~-350 . 400 500 600 .- 700
Nr of samples 1 2 4 2 11 13 -
Nr of stomachs sampled 1 2 4 3 29 31 12
Nr of empty stomachs 1 1 0 21 19 8
% empty stomachs . 10000 5000 2500 000 7241 6129 6667
Mean st content wght(g) 013 022 226 023 ' 067 181
Mean nr of prey items 1.00 450 275 127 093 1.17
Mean weight per prey(g) 013 005 0.82 0.8 0.72 1.55
WEIGHT % by major TAXA
ANNELIDA 12.73 532 8131 6.90
CRUSTACEA 12.74 4862 6896 6489 2808 2373
GNATHOSTOMATA . 8726 3865 31.04. 29.79 6379 5937
WEIGHT % COMMERCIAL SPEC.
. MERLANGIUS MERLANGUS - 6.67
- AMMODYTIDAE 243 ..
Quarter 2 A . ;
Nr of samples 1 4 -1 6 10 S 1
Nr of stomachs sampled 1 5 1 12 28 5 1
Nr of empty stomachs 0 1 .0 6 . 8 2 1
% empty stomachs 0.00 2000 000 5000 2857 40.00 1000
Mean st content  wght(g) 011 002 022 033 -3.01 3.69
Mean nr of prey items 200 050 100 079 1.59 0.80
Mean weight per pre)(g) 005 004 -022 042 1.89 4.61
WEIGHT 5/0 by major TAXA .
ANNELIDA 74.07 2506  0.08
BIVALVIA L . 0.12
CRUSTACEA 100.00 2593 19.19 9.85
GNATHOSTOMATA 100.00 5575 88.83 100.00
UNKNOWN o= L12 .
“WEIGHT % COMMERCIAL SPET,
TRISOPTERUS ESMARKI 5.52
SOLEA SOLEA . 4136 . .
Quarter 3 ‘ L
Nr of samples 1 i 2 4 2 1 1, 6 6. 1
Nr of stomachs samp]ed 1 2 2 10 2 2 1 18 12 1
Nr of empty stomachs 0 0 1 2 0 0 1 4 4 0
% empty stomachs 000 000 5000 2000 000 0.00 10000 2222 3333 0.00
Mean st content wght(g) 002 014 020 014 057 L16 288 285 060
Mean nr of prey items 100 100 050 099 1.00 100 1.81 1.74 1.00
Mean weight per prey(g) 002 014 041 015 057 116 159 163 . 0.60
WLEIGHT % by major TAXA .
ANNELIDA 48.79 ) 327 1.89
CRUSTACEA 100.00 51.21 29.67 2143 897 1144 202
GNATHOSTOMATA ’ 100.00 7033 78.57 91.03 8238 9596 100.00
UNKNOWN . - . RE 292 . 0.13 -
WEIGHT % COMMERCIAL SPEC.
TRISOPTERUS ESMARKI . . 76.12
. Quarter 4. U
Nrot samples 1 i i -
Nr of stomachs samplcd 1 1 1 1
Nr of empty stomachs 0. 1 1 0
% empty stomachs 0.00 100.00 100.00 * 0.00
Mean st content wght(g) 0.23 7.46
Mean nr of prey items 1.00 2.00
Mean weight per prey(_E) 0.23 3.73
WEIGHT % by major TAXA L
CRUSTACEA 100.00 1.48 .
GNATHOSTOMATA 98.52 . -
WEIGHT % COMMERCIAL Sl’h(.. ;
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Table 4d. Summary of Raja radiata stomach contents by predator size class (mm) and

quarter
Quarter 1 . :
size class ‘ 100 120 150 200 250 300 350 400 500 600 700
Nr of samples I 9 21 23 2/ 34 14
Nr of stomachs sampled 39 60 115 98 99 207 19
Nr of empty stomachs 0 0 32 29 .30 82 9
% empty stomachs 0.00 000 27.83 29.59 3030 39.61 47.37
Mean st content wght(g) 038 033 1.00 115 140 3.02 267
Mean nr of prey items 9.94 6.14 329 165 251 256 171
Mean weight per prey(g) 0.04 005 030 070 056 1.18 1.57
““WEIGHT % by major TAXA . N
~ ANNELIDA 9.62 3000 801 337 401 317 029
GASTROPODA . 0.05
BIVALVIA 291
CEPHALOPODA 0.75 t 0.28 .
CRUSTACEA 6558 5562 25.14 3533 34.01 1230 4.86
GNATHOSTOMATA 279 1201 6659 5794 57.94 83.89 9484
UNKNOWN 2200 162 026 044 4.05 031 0.01
WEIGHT % COMMERCIAL SPEC,
TRISOPTERUS ESMARKI 325 4.44
SPRATTUS SPRATTUS ’ . 0.70
AMMODYTIDAE 079 591 0.61
CRANGON CRANGON 1.16  1.29
Quarter 2
size class 100 120 . 150 200 250 300 - 350 400 500 .. 600 TW
Nr of samples 9 22 23 31 35 47 1Y
Nr of stomachs sampled 25 66 - 60 82 107 270 41
Nr of empty stomachs 1 .9 12 23 30 80 15
% empty stomachs . 4.00 1364 2000 28.05 28.04 2963 3659
Mean st content wght(g) 029 0.18 070 107 197 392 274
Mean nr of prey items 559 341 342 246 1.87 158 1.25
Mean weight per prey(g) 0.05  0.05 021 044 105 249 219
WEIGHT % by major TAXA -
ANNELIDA 3236 2661 1417 9.02 2.45 1.67 091
GASTROPODA 0.11
BIVALVIA . 0.18
CEPHALOPODA 0.86 0.84
CRUSTACEA 40.66 44.83 5177 3151 2577 2215 2204-
ECHINODERMATA 4.40 . . 0.00 .
GNATHOSTOMATA 1277 1795 3195 5774 70.84 74.09 7526
UNKNOWN . .. 9.82 10.61 193 075 094 125 . 178
WEIGHT % (.O\IMI:R(_IAL SPEC. .
MELANOGRAMMUS AEGLEFINUS 13.42 .
MERLANGIUS MERLANGUS 6.17 12.08
TRISOPTERUS ESMARKI 1398 645 3.30
CLUPEA HARENGUS 8.35
LIMANDA LIMANDA 7.93
Quarter 3 , ‘ ‘ e
size class S 100 120 150 200 250 300 350 400 500 - 600 700
Nrof samples 1 1 24 29 43 44 48 52 13 R
Nr of stomachs sampled 2 2 7% 207 219 268 300 346 53
Nr of empty stomachs 0 0 .. 0 9 24 31 37 68 21
% empty stomachs 000 000 000 435 1096 1157 1233 1965 39.62
Mean st content wght(g) 014 006 017 036 089 149 245 234 2.99
Mean nr of prey items 400 100 364 269 210 184 217 172 088
Mean weight per prey(g) 004 006 005 013 043 08F 113 136 - 3.39
WEIGHT % by major TAXA
PHAEOPHYTA 0.00 .
ANNELIDA 9.09 18.42 2496 817 379 242 362 020
BIVALVIA 0.69 0.11 017 0.08 0.04 0.10
CEPHALOPODA 0.03 0.18 ‘
CRUSTACEA 90.91 10000 68.03 4936 2500 19.63 2019 2299 21.54
PRIAPULIDA 0.77 ‘
ECHINODERMATA 0.02 002 0.0
GNATHOSTOMATA 11.33 2484 6595 7570 77.09 72.68 78.05
- UNKNOWN 222 0.09 050 022 067  0.10
WEIGHT % COMMERCIAL SPEC,
GADUS MORHUA 0.53 111 033 3104
MERLANGIUS MERLANGUS 0.91 432
TRISOPTERUS ESMARKI 306 5381 1076 16.42 4.07
CLUPEA HARENGUS 4.00
LIMANDA LIMANDA 179 063 029
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Table 4d ctd

Quarter 4 :
size class 120 150 200 250 300 350 400 500 600 700
Nr of samples 2 5 11 20 26 31 32 [
Nr of stomachs sampled 4 16 26 53 81 90 153 15
Nr of empty stomachs 0 0 5 10 14 18 33 3
% empty stomachs 0.00 000 1923 18.87 1728 2000 21.57 20.00
Mean st content wght(g) 024 020 011 087 096 166 3.47 4.34
Mean nr of prey items 133 292 230 297 344 216 215 1.36
Mean weight per prey(g) 018 007 0.05 029 028 077 161 3.55
WEIGHT % by major TAXA
ANNELIDA 2140 1452 1232 1343 544 185 0.12
GASTROPODA 1.88
BIVALVIA 0.68 0.01
CEPHALOPODA 0.13 080 0.05
CRUSTACEA 100.00 74.57 7659 6379 37.04 2089 1629 36.75
GNATHOSTOMATA 215 821 23.19 4612 7139 8143 6212
UNKNOWN 0.58 2.61 224 044 1.02
WEIGHT % COMMERCIAL SPEC.
GADUS MORHUA 1.75
MELANOGRAMMUS AEGLEFINUS 0.56 4.25
MERLANGIUS MERLANGUS 6.36
TRISOPTERUS ESMARKI 1.16 1.87 2023 29.55
CLUPEA HARENGUS 44.88
SOLEA SOLEA 16.62
LIMANDA LIMANDA 0.56
CRANGON CRANGON 0.12
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