
INTERNATIONAL COUNCIL FOR
THE EXPWRATION OF THE SEA

ICES C.M. 1993/0:15
Demersal Fish Committee

•

ANALYSIS OF THE RAY (Raja spec.) SAMPLES COLLECTED DURING
THE 1991 INTERNATIONAL STOMACH SAMPLING PROJECT

by

iel Daan*, Barbara Johnson**, Jan Rene Larsen*** & Henrik Sparholt***

* Netherlands Institute for Fisheries Research
PD. Box 68, 1970 AB IJmuiden, The etherland

** Danish Institute for Fisheries and Marine Research
Charlottenlund Castle, DK-2920 Charlottenlund, Denmark

*** Present address: ICES, Palaegade 2-4, DK 1261 Copenhagen K. Denmark

Thi project has been financed by the Commission of the European Communities within the frame of
the EEC re earch programme in the Fisheries sector ("FARn, Fi heries and Aquaculture Research).

iud
ICES-paper-Thünenstempel



•

INTERNATIONAL COUNCIL FOR
THE EXPLORATION OF THE SEA

C.M. 1993/ G : 15
Demersal Fish Committee

•

Analysis of the ray (Raja spec.) sampies collected
during the 1991 International Stornach Sampling

Project.
by

Niels Daan *), Barbara Johnson **), Jan Rene Larsen ***) & Henrik Sparholt ***

*) Netherlands Institute for Fisheries Research
P.O. Box 68, 1970 AB Umuiden

The Netherlands

**) Danish Institute for Fisheries and Marine Research
Charlottenlund Castle, DK-2920 Charlottenlund, Denmark

***) present address: ICES, Palaegade 2-4,
DK-1261 Copenhagen K. Denmark

This project has been financed by the Commission of the European Communities within the frame of the
EEC research programme in the Fisheries sector ("FAR", Fisheries and Aquaculture Research).



>-••

; ", ••1 't

. , ' . ABSTRACT ",'
This repOIt provides a first. analysis, of the food and feeding of four
species of rays (Raja davata, Raja montagui, Raja naevus and Raja
radiata) in the North Sea based on 3732 stomach sarriples taken during
researchvessel suiveys iri 1991. The largest fracHon 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
differerit arid so were the size distributions sampled. The mean weights of
the stomach contents withiri coinparable size c1asses differred considerably
between species. R. clawiui stomaehs centained consistently larger
amounts offood, followed by R. montagui, R. radiata arid R. naevus iri
that order. In aIl species, there was a c1ear shift with predater size from
feeding mainly on crustaceans to feedirig rriainly on fish. However, the
size at which this shift took place vaned considerably and ranged from 15
cm in R. naevus to 80 ein in R. clavata. Other prey taxa were re1atively
unimportant. Since fish prey in stomaehs was difficult to identify to
species, possibly due to the fact that rays chew,their prey to a inuch larger
extent than ether fish predators do, the contributiori of commercially
important fish species to the total consumption is uncertain. Only for R;

, radiata a fairly consisterit pattern of feeding predominantly on juvenile
gadoids was apparerit, \vhereas sandeeis were found 'only, infrequently•.

~
he'data-SUggest.that.giv.en.the.Telativ~y...small.siZe-{lt'"\Vhich-R7radiata.
hiftslto·fee{ling'Q!!ßsh..(25_crn~combination_withJts.relativelY'high.
iomass;-this,.spefiesj)as.a....tP.uch hlghedmpact on thefisltf!~nathan· the-.

.other,tnree: .' . .---- .

1~ INTRODUCTION
During the planning of the 1991 International Stomach Sampling Project, it was realised that
theextensive research vessel effort available for the routine collectiori of the five imponant
coininercial predator species offered an excellent opportunity to collect additional data on
'Predator species of less economic importance, for which relatively fewquantitätive stomach
content data have beeri collected in the past. However, since therequired manpower for
collecting and analysing these sampIes would put an additional burden on the pärticipatirig
couritrles, arequest for additional funding was made to the EC in the frame of the "FAR"

. programme. This project, iri, which The, Netherlands, Scotland, and Denmark participated
was granted ärid the workload was spUt between these three countries.· .
This repon presents the results of the data collected for the different ray species; which
indude Raja clavata, Raja montagui, Raja naevus and Raja radiata. Since Denmark had
previoiisly deaItwith stomaehs of rays, the analysiscf the stomaehs as weIl as the iriput of
data in a data base. was done by Denmark. Subsequently, the data were transferred in
computerised format to the Netherlands, where a standard analysis of the results was made
using the available software.

2.l\IETHODS . ' . ' , ..
The methods used in sampling and imalysing stomaehs are weIl described 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 stomaehs collected for grey gurriärd.
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3.RESULTS

3.1. Sampling intensity•.
Tables 1a-d list the number of stomaehs 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 stomaehs sampled is a fair measure' of the number,of
specimens actually caught. It is evident from these tables that the sampies were in most eases
rather unevenly spread over the quarters and over the different areas. These differenees have
to be interpreted in terms of catehability in relation to distribution. ..,

Fig 1. Subdivision of the North Sea by roundfish areas
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For instance, approximately half of the R. clavata stomaehs were colleeted during the winter
survey and three quarters came from area 5. Sampies of R. montagui were more evenly
spread over thedifferent quarters and relatively more were eaught in the nonhem area. Very
few R. naevus specimens were eaught during the autumn and the Scottish east coast (area 3)
was the most important area. During the winter also area 1 eontributed significantly to the
total. Compared to these three species, for which the total number of stomaehs 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 stomaehs were colleeted during the
summe~ .
Figure 2 provides the spatial distribution of all stomachs colleeted for eaeh of the four
species. It clearly shows the coneentration of R. clavata and R. montagui off the southem
English coast with a seeondary coneentration around Scotland. In contrast R. naevus was
particularly abundant off Scotland, whereas R. radiata is distributed over a wide area in the
ceritral and nonhem North Sea with the highest abundance northeast of the Doggerbank.
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, Fig 2. Spatial distribution ofray stomaehs collected by statistical rectangle.
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3.2 Feeding intensity . , " .' .
Tables 2a-d provide the percentage of empty stomachs by size dass, 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 stomaehs being empty. In addition there is a clear seasorial trend
\vithin 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 inean stomach content weight by size dass and quarter. Although for R.
clavata the winter values are obviously consistently lower than in other quarters in agreement

Analysis ray sampies 1991 55? 3



E3 R. naevus

o R. montagul

• R.clavata

lllI R. radiata

15

10

5

O+';':;'--I-;';';;";'~-+-'-1/1-mpIIII::WIItII;;LIiI4aJ~I..US~41.1iL4&....;.~~

with the higher 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 stom~ch content weight by ~ize class (mm) ;nd species.
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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 stornach than R. montagui. Then follows R.
radiata and R. naevus appears to have the lowest stornach 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 important species are presented here. Fig 4 provides a graphical
representation of the food composition by major taxa. In all four species crustaceans and fish
represent by far the ri10st iinportarit componerit of the food in a11 size classes. Annelids and
molluscs are only a minor component in most size classes. Still; there appear to be significant
differences beiween the ray spedes. R. clavata represents the largest species in this data set,
but up to 80 cm they feed predomiriantly on crustacea. R.montagui feeds almost exclusively
on crustaceans up to 50 cm, but has tumed into an almost exclusive fish consumer at 70cm.
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 important fish species (table 4) was relatively low in most
stornach sampIes. Also the different species occur rather scattered through different size
categories indicating a high variaoility in the present results. This is pilrticularly true for R.
clavata, R. montagui and R. naevus, which in many quarters appeared not to have had eaten
any commercial species i11 a11. 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 numberof stomachs investigated R. radiata
shows a slightly more consistent pattern between neighbouring size classes arid over the
quarters. Gadoids appear to oe the most important prey of this species. Apart from R.
cla~ata, san~eelsappear t? be infrequently"consumed by mys.
4. DICUSSION . . .
The present repoi1 covers only ci. first approach to arialysing these data. In view of the
relatively small ilUmber 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 c1ear that there are species-specific
differences in the amount and type of food eaten, which may be paitly related to differences
in distribution but also to differences in their gen~ral biology.

..•
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Fig 4Food composition in % by major taia of rays by size ciass (mm) for all quarters combined.
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d. Raja radlata
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The present observation that R. naevus feeds more intensivelyon fish, despite its smaller •
size, than R. clavata arid R. montagui supports earlier evidence provided by Holden &
Tucker (1974) on species specific differences, based on sarnples taken around the British
isles. 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 sizeranges were
lumped and percentage occurrence does not provide a truly quantitative measure. ForR.
radiata earlier quantitative feeding iriformation from the Nonh Sea is avililable from Vinther
(1989), but since his paper is in Danish it was not readily accessible. However, the mean
stomach content by size dass 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 iri
agreement with Rae and Shelton (1982) and Vinther(1989) for R. radiata. In contrast with
these authors the amount of sandeeis observed durlrig 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 sandeeis
contribute significantly to the diet of this species. This conclusion ,was basoo on the stornach
analyses done by Vinther (1989), who found that sandeeis 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 cenain information gaps iri •
the Multispecies models presently applied to quantify interactions between the important
exploited North Sea species and other predators inthesystem. In the case of rays, this is
clearly hampered by the fact that a relatively small component of the fish remains in the
storriachs could be identified to the species level. This may be caused by the particulär
behaviour of rays. Ir they chew their food to a rritich larger extent than gadoid predators do,
this would explain why ray stomaehs are much more difficult to analyse. In any case, the
percentages of the food which could be positively identified as belonging to a piuticular fish
species is undoubtedly an underestimate of the actualconsumption of that species. It is
therefore riecessary to determine the fraction identified at each species level in proportion to
fractions estimated at the corresponding genus, family and dass level in order to make an
approprlate 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 stomaehs sampled by predator size dass (mm), area and quarter.

a. Raja clavata
Slze dass 100 120 150 200 ßO 300 350 4öö 500 600 100 800 1000 tötäl

QUARTER 1
Area 1 2 4
Area 3 I 1
Area 5 3 12 17 20 13 13 10 10 99
Area 6 1 2 2 5
Total 4 12 21 22 14 14 10 10 169

QUARTER 2
Area 3 2 2
Area 4 3 1 5
Area 5 2 2 6
Area 6 5 5
Total 3 3 7 3 18

QUARTER 3
Area 4 1 1
Area 5 2 2 20 12 10 5 5 57
Area 6 8 4 2 14
Total 2 2 28 17 12 5 5 72

QUARTER 4
Area 4 4 5
Area 5 1
Area 6 I I
Total 4 2 7 •TOTAL YEAR
Area 1 2 4
Area 3 2 1 3
Area 4 3 4 2 1 1 11
Area 5 3 14 20 42 26 26 15 15 163
Area 6 1 2 15 5 2 25
Total 2 4 17 26 61 '34 30 15 16 206

b. Raja montagui
size dass 100 120 ISO 200 250 300 350 400 500 600 700 800 1000 TOlal

QUARTER 1
Area 1 1 I 5 4 4 15
Area 3 I 1
Area 5 4 10 8 2 2 2 29
Total 4 12 9 7 2 6 4 45

QUAR'I'ER2
Area 1 1
Area 3 1
Area 4 4 5
Area 5 1 3 2 6
Toiäl r----~---r 4 I~

QUARTER 3
Area 3 4 2 I 7
Area 4 I 3 I 5
Area 5 4 7 2 3 17
Total 4 2 5 g 5 4 29 •QUARTER 4
Area 2 2 2
Area 4 2 5 13 1 2 24
Area 5 I 4 7 I 3 16
Area 6 1 3 4
Total 3 9 23 5 5 46

'I'ÖTALYEAR
Area I I 5 5 4 16
Area 2 2 2
Area 3 5 2 1 9
Area 4 1 2 5 14 4 7 34
Area 5 5 10 10 10 19 7 6 68
Area6 1 3 4
Total 5 17 15 21 36 19 t7 133

Analysis ray sampies 1991 55P 8
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TableI 1 ctd.'
I c. Raja naevus

size dass 100 120 150 200 250 300 350 400 500 600 700 800 1000 Total

Area 1
QUAIUt:Rl

133 3 18 8 46
Area 2 3 3

I
Area 3 2 15 9 4 32
Area 5 1 1 2

I
Total 2 4 3 29 31 12 83

Area I'
QUAR'l'i::KZ

1 1

rl
'

Area 2 2 2 1 6
Area 3 5 8 21 3 39
Area 4 2 4 1 1 8
Total 5 1 12 28 5 1 54·

I' Area 1
QL;ARlt:RJ

1 3
Area 2 3 3I Area 3 2 2 10 2 2 17 8 45
Total 2 2 lö 2: 2 IR 12 31

Area 2
QL;AR'l'i::K4

3
Area 3 1 1
Total 1 4

'l'OlALU;AR

• Area 1 1 3 3 14 20 9 50
Area 2 1 3 9 1 15
Area 3 2 3 10 5 8 3 40 38 7 117
Area 4 2 4 1 8
Area 5 1 1 2
Total [ 2 3 12 5 Il 6 6ö 72 18 2 192
d. Raja radiata
si7.e dass 100 120 150 200 250 300 350 400 500 600 700 800 1000 Total

Area 1 17 17
QLARH;Rl

21 31 29 41 4 160
Area 2 22 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 6ö 115 98 99 207 19 637

Area 1 2 11
QLAR'l'i::K Z

314 15 19 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 71
Area 6 1 1 2 4
Area 7 4 3 2 11 5 25
Total B 66 6ö 82 107 27ö 41 ~l

QL;ARH:KJ
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 2 78 207 219 268 300 346 53 1475

Area 1 8
QUAR'l'ER4

2 12 10 20 31 35 4 122,
Area 2 2 6 10 25 32 45 82 5 207

I
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 4 16 26 53 81 90 153 15 438

~
'l'OlAL~EAR

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

f' Area4 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 stomaehs by predator size dass (mm), area and quarter.

a. Raja clavata
SIze dass 100 120 150 200 250 300 350 400 500 60U 7UO 800 1000 TotäI

QUARTER 1
Area 1 100.00 100.00 0.00 75.00
Area 3 0.00 0.00
Area 5 0.00 8.33 17.65 20.00 7.69 23.08 0.00 30.00 0.00 15.15
Area 6 0.00 0.00 0.00 0.00
lotal 100.00 0.00 &.33 23.81 1sTE 7.14 21.43 0.00 30.00 0.00 16:51

QUARTER 2
Area3 0.00 0.00
Area 4 33.33 0.00 0.00 20.00

'\Area5 0.00 0.00 0.00 0.00 0.00
Area 6 0.00.. 0.00 'jToiäI ~~J~ Ö.öö 0.6d Ö.OO Ö.OO 7:1.00 B6

QUARTERJ
Area4 0.00 0.00
Area 5 0.00 0.00 0.00 0.00 0.00 0.00 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 O.M 0.00 0.00 0.00 0.00

QUARTER 4
Area 4 0.00 0.00 0.00
Area 5 0.00 0.00
Area6 0.00 0.00 •Total 15.150 0.00 0.00 0.00

TOTAL YEAR
Area 1 100.00 100.00 0.00 75.00
Area3 0.00 0.00 0.00
Area 4 33.33 0.00 0.00 0.00 0.00 9.09
Area5 0.00 0.00 7.14 15.00 9.52 3.85 11.54 0.00 20.00 0.00 9.20
Area 6 0.00 0.00 0.00 0.00 0.00 0.00

-'otal 50.00 0.00 11.76 19.23 636 2.94 10.00 0.00 18.75 0.00 9.22

b. Raja monta~ui
150 200 250 3W 3:>0 400 500 000 700 800 1000 totalSIze dass 100 20

QUARTER 1
Area 1 0.00 0.00 40.00 0.00 0.00 13.33
Area 3 0.00 0.00
Area 5 0.00 0.00 12.50 0.00 0.00 0.00 3.45
10iil 0.00 olm 11.11 ~g.:S7 lHio Mo o.l1l rJ.lJ7

QUARTER 2
Area 1 0.00 0.00
Area 3 0.00 0.00
Area 4 0.00 0.00 0.00
Area5 0.00 0.00 0.00 0.00
'Total 0.00 0.00 0.00 0.00 0.00 0.00 Ö.OO

QUARl'ER3
Area 3 25.00 0.00 0.00 14.29
Area 4 0.00 0.00 0.00 0.00
Area5 0.00 0.00 14.29 0.00 0.00 5.88
Total 0.00 25.00 0.00 0.00 12.50 0.00 0.00 6.00 . •QCARTER4
Area2 0.00 0.00
Area 4 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00
Area 5 0.00 0.00 0.00 0.00 0.00 0.00
Area 6 0.00 0.00 0.00
lotal O.OÖ 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL YEAR
Area 1 0.00 0.00 40.00 0.00 0.00 12.50
Area 2 0.00 0.00
Area 3 0.00 20.00 0.00 0.00 11.11
Area 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Area5 0.00 0.00 10.00 0.00 5.26 0.00 0.00 2.94
Area 6 0.00 0.00 0.00
Total 0.00 0.00 5.&& 6.67 9.51 2.'S D.M Ö.OO D.M 3.76

. Analysis ray sampies 1991 SSP 10
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Table 2 etd.
c•. Raja naevus
Slze class .. 100 120 !5U 200 250 300 ,35U 400 500 600 700 800 1000 . Totäl

Area 1 100.00
QlJARTI::Rl

46.1533.33 0.00 61.11 50.00 50.00
Area 2 100.00 100.00
Area 3 0.00 50.00 0.00 93.33 44.44 100.00 71.88
Area 5 100.00 100.00 100.00
Toiäl 0.00 löO.OO 30.00 25.00 0.00. 72.41 o61.29 66.61 61.45

Area 1
QlJARTI::R:l

0.00 0.00
Area 2 0.00 100.00 0.00 100.00 50.00
Area 3 0.00 20.00 0.00 25.00 2857 33.33 25.64
Area 4 100.00 50.00 0.00 100.00 6250
Total Ö.Oö 0.00 20.00 o0.00 50.00 2837 40.00 100.00 33.33

Area 1
QlJARTER3

0.00 0.00 0.00 0.00
" Area 2 66.67 66.67

Area3 0.00 0.00 50.00 20.00 0.00 0.00 100.00 2353 25.00· 2222
loiäl 0.00 0.00 30.00 !1l.ÖÖ O.no 0.00 . j 00.00 !!.~~ ~DJ . 0.00 ~Bj,

A~2
Ql.ARTlR4

100.00 100.00 0.00 66.67
Area 3 0.00 0.00
Total. 0.00 . 100.00 106.00 0.00 3'0.00

TUIAL \I::ARoArea 1 100.00 33.33 0.00 42.86 55.00 44.44 46.00
Area 2 0.00 100.00 66.67 100.00 0.00 66.67
Area 3 0.00 0.00 33.33 20.00 20.00 1250 33.33 50.00 31.58 71.43 36.75
Area 4 100.00 50.00 0.00 100.00 6250
Area5 100.00 100.00 100.00
Total 0.00 0.00 33.33 25.00 2O.M 18.18 16.67 53.33 44.44 55.56 50.00 43.23 ' ,
d. Raja radiata

Ql.ARlt.Rl
Area 1 0.00 0.00 14.29 25.81 13.79 31.71 25.00 18.13
Area 2 0.00 0.00 17.74 26.42 38.64 31.45 58.33 24.86
Area 3 0.00 58.06 46.15 39.13 71.79 100.00 54.87
Area 4 100.00 0.00 25.00
Area 5 66.67 66.67
Area 6 0.00 0.00
Area 7 0.00 0.00 0.00 '
Total Ö.OO Ö.OO 2U3 2~.S~ 30.3ö 3~.61 47J1 2B7
Area 1 50.00 25.00 9.09

Ql.ARI't:Rl
35.4846.67 10.53 33.33 28.24

Area 2 0.00 1296 19.23 26.83 31.75 28.48 38.71 25.72
Area 3 0.00 0.00 13.33 16.67 53.8528.95 0.00 25.88
Area 4 0.00 50.00 16.67 9.09 27.03 0.00 23.94
Area 6 100.00 0.00 0.00 25.00
Area 7 0.00 0.00 50.00 45.45 40.00 3200
Total 4.00 13.64 20.00 28.05 28.04 29.63 36.59 26.11

Area 1 0.00 0.00
QUARnRJ

30.777.69 8.64 10.62 8.66 10.84 9.37
Area 2 0.00 0.00 8.99 8.79 18.63 . 25.61 39.39 14.61
Area 3 0.00 0.00 7.14 21.21 1282 5.71 8.93 0.00 10.99
Area 4 0.00 6.25 10.00 33.33 13.64 23.81 17.20

oe Area 6 0.00 0.00 0.00
Area 7 0.00 25.00 20.00 0.00 14.29 33.33 66.67 25.42
Totäl 0.00 0.00 0.00 4.3S 10.96 11.57 12.33 1~.65 39.62 1287

Ql.ARl'ER4
Area 1 0.00 0.00 25.00 40.00 15.00 6.45 14.29 0.00 13.93
Area 2 0.00 0.00 20.00 16.00 18.75 22.22 26.83 40.00 2222
Area 3 0.00 33.33 33.33 50.00 0.00 0.00 25.00
Area4 0.00 0.00 10.00 16.67 33.33 16.67 0.00 14.55
Area 5 100.00 0.00 50.00
Area 6 0.00 33.33 20.00 50.00 23.81
Area 7 0.00 0.00 0.00 25.00 9.09

,Total 0.00 Ö.OO '0 19.23 18.87 17.28 20.06 2137 20.00 18.91
TUI'AL\EAR

Area 1 0.00 1.89 9.01 12.20 16.76 9.22 20.00 25.00 13.37
Area 2 0.00 0.00 4.59 13.86 17.97 25.98 28.02 41.98 20.67
Area 3 0.00 0.00 3.85 34.15 20.90 27.27 32.12 20.00 27.25
Area 4 0.00 5.56 21.43 23.64 12.82 24.29 0.00 18.83
Area 5 100.00 50.00 50.00
Area 6 100.00 0.00 25.00 16.67 33.33 21.43
Area 7 0.00 14.29 10.00 9.09 13.33 36.11 50.00 24.74
Total 0.00 0.00 0.63 6.41 17.45 1&.34 19.30 26.95 37.50 19.51
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Table 3. Average stornach content weight (g) by size dass (mm) and quarter.

a. Raja clavata
size dass 100 120 ISO 200 250 300 350 400 500 600 700 800 1000 tötäl
Ql 0.00 1.56 0.:>3 1.31 2.13 5.45 9.35 14.20 22.35 27.10 6030
Q2 1.10 4.63 6.94 16.39 14.63 12.32 7.69
Q3 0.43 0.59 2.22 5.38 10.34 17.08 29.66 35.51 11.99
Q4 7.51 8.53 1.79 6.99
Total 6.22 1.56 0.64 1.76 4.5~ 8.39 12.72 19.36 i.H~ 27.10 8.43

~

b. Raja montagui
Slze dass WO 120 ISO 200 250 300 350 400 500 000 700 800 1000 Total
Q1 0.30 0.44 0.73 0.73 3.79 2.79 12050 i08
Q2 0.12 0.47 2.97 6.74 25.91 14.87 11.40 ~
Q3 0.47 0.12 0.17 0.29 3.08 10.63 10.04 4.16 I
Q4 0.75 1.90 1.79 3.73 4.21 3.44 3.19
Total 0.12 0.49 0.39 0.88 1.08 3.52 5.85 12.41 14.87 3.83

c. Raja naevus
SIze dass 100 1io 150 200 250 300 3:>0 400 300 600 700 800 1000 Total
Ql 0.00 0.00 0.13 0.22 3.00 0.13 0.86 1.23 0.67 •Q2 0.00 0.1 I 0.03 0.22 0.43 2.85 3.69 0.00 1.92
Q3 0.02 0.14 0.20 0.19 0.57 1.16 0.00 2.01 1.70 0.60 1.24
Q4 0.23 0.00 0.00 7.46 1.92
Total 0.02 0.14 0.14 0.16 0.30 0.30 1.57 0.75 1.76 1.88 3.73 1.20

d. Raja radiata
size dass 100 120 150 200 250 300 350 400 500 600 700 800 1000 tötäl
Ql 0.36 0.30 1.14 1.69 1.60 3.10 3.24 1.87
Q2 0.22 0.21 0.93 1.18 1.81 3.79 3.73 2.37
Q3 0.14 0.06 0.17 0.37 0.87 1.35 2.43 2.47 2.62 1.62
Q4 0.29 0.22 0.12 0.93 1.01 1.62 3.23 4.91 1.94
Total 0.14 0.22 0.23 0.31 0.95 1.33 2.06 3.09 3.34 1.86
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Table 4a~ Summary of 'Raja clavatiz stomach contents by predator size c1ass (mrn) and
quarter.

Quarter 1
Slze class 150 200 250 300 350 400 500 600 700 800 1000

Nr 01 sampies I 2 2 5 4 3 4 3 I I
Nr of stomachs samJled 1 4 12 21 22 14 . 14 10 10 1
Nr oe emply stoma s 1 0 1 5 4 1 3 0 3 0
% empty stomachs 100.00 0.00 8.33 23.81 18.18 1.14 21.43 0.00 30.00 0.00
Mean Si content wght(g) 0.95 0.48 0.95 1.55 5.49 9.49 14.95 22.35 21.10
Mean nr of prey hems 15.85 13.52 13.87 5.91 1.00 1.42 11.35 5.30 3.00
Mean weight per prey(g) 0.06 0.04 0.07 0.22 0.71 1.28 1.32 3.55 9.03

WEIGHT % by major TAXA
PHAEOPHYTA 2.08
ANNELIDA 20.66 15.81 20.11 1.59 1.28 0.11
CEPHALOPODA 0.54 5.45
CRUSTACEA 19.34 83.13 51.01 86.19 80.90 61.78 . 74.31 31.76 0.96
GNAlllOSTOMATA 18.29 9.83 12.37 32.10 25.69 65.16 99.04
UNKNOWN 1.65

WEIGHT % COMMERCIAL SPEC.
MERLANGIUS MERLANGUS 11.69
CLUPEA HARENGUS 4.22 1.16 20.30
SPRATTUS SPRATTUS 4.19 38.04
AMMODYTIDAE 2.10 4.20

e PLEURONECTES PLATESSA 15.62
SOLEASOLEA 10.04

. CRANGON CRANGON 1.83 0.10 2.14,

Quarter 2
Nr of sampIes I 2 2 1 3 I
Nr of stomaehs sampled 3 3 1 1 3 1
Nr of emply stomaehs 1 0 0 0 0 0
% empty stomachs 33.33 0.00 0.00 0.00 0.00 0.00
Mean st contcnt wghl(g) 1.10 4.51 1.14 16.39 14.53 12.32
Mean nr of prey items 1.61 14.00 21.87 15.00 6.00 7.00

, Mean weight per prey(g) 0.66 0.33 ' 0.26 1.00 2.44 1.76
WElGHT % by major TAXA

13.30 1.34 1.02 0.02ANNELIDA
CRUSTACEA 44.14 69.96 98.49 74.31 99.95 100.00
GNAlllOSTOMATA 42.55 28.70 0.50 25.67
UNKNOWN 0.05

\\ EIGH I % CÖ1\IMERCIAL SPF.C.
,,' Quarter 3

Nr of sampies , 1 I 1 4 4 3 I 2
Nr of stomachs sampled I 2 2 28 17 12 . 5 5
Nr of ernply slomachs 0 0 0 0 0 0 0 0
% empty stomachs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean st content wght(g) 0.43 0.59 2.22 5.99 9.58 15.56 29.66 35.24
Mean nr of prey items 3.00 2.00 13.00 4.20 7.14 10.24 9.80 14.00
Mean weighl per prey(g) 0.14 0.29 0.11 1.42 1.34 1.52 3.03 .' 2.52

WE1GHT % by major TAXA
0.90ANNELIDA• CEPHALOPODA 0.11

CRUSTACEA 100.00 100.00 99.10 100.00 100.00 96.16 72.14 89.49
GNATHOSTOMATA 3.73 ' 21.86 6.11

,·UNKNOWN 4.40
WE1GHT % COMMERClAL SPEC•

.Quarter 4
Nr of sampies . 2 2 I

I Nr of stomachs sampled 4 2 1
I

Nr oe empty stomachs 0 0 0

I . % empty stomachs " 0.00 0.00 ' 0.00
Mean st content wght(g) 8.00 8.53 1.79

I Mean nr cf prey items 34.78 9.00 4.00
I ' Mean wei~ht per prey(~) 0.23 0.95 0.45

r
\\ EIGH r %by major I AXA

0.07 7.03ANNELIDA
CEPHALOPODA 9.22
CRUSTACEA 90.71 91.33 100.00
GNA1liOSTOMATA 1.53

r

WE1GHT % COMMERClAL 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 dass WO 120 150 2011 250 300 350 400 500 600 100

Nr of sampies I 3 4 2 i 3 i
Nr of stomachs sampled 4 12 9 7 2 6 4
Nr of ernpty stomachs 0 0 1 2 0 0 0
% empty stomachs 0.00 0.00 11.11 28.57 0.00 0.00 0.00
Mean st content wght(g) 0.50 0.45 0.76 1.14 3.79 3.07 12.50
Mean nr of prey items 5.00 3.94 8.71 9.25 31.50 8.92 4.75
Mean weight per prey(g) 0.10 0.11 0.09 0.12 0.12 0.34 2.63

\\EIGHT % by major TAXA
Am."ELIDA 1.07 7.00 3.84 18.66 13.28
CRUSTACEA 100.00 98.93' '91.02 96.16 100.00 79.28 17.24
GNATIIOSTOMATA 1.98 2.06 69.48
WEICHr c;., coKlMERCULsPEC.

Quarter 2
Nr of sampies i i j 3 1 1
Nr of stomaehs sampled 1 1 3 3 4 1
Nr of ernpty stomaehs 0 0 0 0 0 0
% empty stomachs 0.00 0.00 0.00 0.00 0.00 0.00
Mean st content wght(g) 0.12 0.47 2.97 6.74 25.91 14.87
Mean nr of prey items 16.00 31.00 12.673 6.67 4.00 6.00
Mean weight per prey(g) 0.01 0.02 0.23 0.18 6.48 2.48.·

WEIGHT % by major TAXA
ANNELIDA 17.26 6.74 1.72
BIVALVIA 9.91
CRUSTACEA 100.00 82.74 50.49 9.08 4.83 27.87
GNATIIOSTOMATA 40.48 78.34 95.17 71.96
UNKNOWN 2.29 0.96 0.17"

\\ EIGHT % COM~lERClAL SI'EC.
SPRATTUS SPRAlTUS 64.94 71.82
AMMODYTIDAE 2.37

Quarter 3
Nr of sampies I I i 2 j j 2
Nr of stomaehs sampled 1 4 2 5 8 5 4
Nr of ernpty stomaehs 0 1 ' . 0 0 1 0 0
% ernpty stomachs 0.00 25.00 0.00 ,0.00 12.50 0.00 0.00
Mean st content wght(g) 0.47 0.12 0.17 0.20 2.88 12.85 8.38
Mean nr of prey items 1.00 0.75 '1.00 2.00 2.97 1.67 1.50
Mean weitt per preY(f) 0.47 0.17 0.17 0.10 0.97 7.71 5.59

\\EIGHT ;l, by major 'AXA
ANNELIDA 20.00 4.14 0.30 1.16
CRUSTACEA 100.00 100.00 85.38 64.88 39.17 6.89 43.36
GNATIlOSTOMATA 14.62 56.69 92.81 55.49
UNKNOWN 15.12

\\ EIGHT % COt\lXIERCUL SPEC. •Quarter 4
Nr of sampies _ I 2 4 , 3 3
Nr of stomaehs sampled 1 3 9 23. 5 5
Nr of ernpty stomaehs 0 0 0 0 0 0

.. % empty stomachs 0.00 0.00 0.00 0.00 0.00 0.00
Mean st content wght(g) 0.75 1.96 1.55 3.98 4.42 3.76
Mean nr of prey items 24.00 54.00 16.19 15.43 11.22 5.50
Mean weight per prey(g) 0.03 0.04 0.10 0.26 0.39 0.68

WEIGHT % by major TAXA
M'NELIDA 2.65 6.05 5.81 6.74
BIVALVIA 0.46
CEPHALOPODA 2.26
CRUSTACEA 100.00 97.11 93.49 64.70 84.56 91.93
GNATIIOSTOMATA 27.22 8.70 8.07
UNKNOWN 0.24 0.02

WEIGHr %COKIMERClALSPEC.
. SPRAlTUS SPRATTUS 20.98

CRANGON CRANGON 0.01 1.37
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Table 4c. Summary of Raja naevus stornach contents by predator size c1ass (mm) and
quarter.

Quarter 1
Slze dass - 100 ,120 150 200 250 300 ,·350 400 500 600 . 700

Nr of samp!es 1 2 4 2 il 13 7
Nr of stomachs sampled 1 2 4 3 29 31 12
Nr of ernpty stomachs 1 1 1 0 21 19 8
% empty stomachs . 100.00 50.00 25.00 0.00 72.41 61.29 66.67
Mean st content wght(g) 0.13 0.22 226 0.23 0.67 1.81
Mean nr of prey items 1.00 4.50 275 1.27 0.93 1.17
Mean weight per prey(g) 0.13 0.05 0.82 0.18 0.72 1.55

WEIGHT % by major TAXA
ANNELIDA 1273 5.32 8.131 6.90
CRUSTACEA 12.74 48.62 68.96 64.89 28.08 23.73
GNATIIOSTOMATA 87.26 38.65 31.04 29.79 63.79 59.37
«EICHt Ck coMMERCIALsPEC.
MERLANGIUS MERLANGUS . 6.67
AMMODYTIDAE 2.43

Quarter 2 .1

• Nr of sampies 1 4 1 6 IÖ 5 1
Nr of stomachs sampled 1 5 1 12 28 5 1
Nr of ernpty stomachs 0 1 0 6 8 2 1
% ernpty slomachs 0.00 20.00 0.00 50.00 28.57 40.00 100.0
Mean st content wght(g) 0.11 0.02 0.22 0.33 . 3.01 3.69
Mean nr of prey items 2.00 0.50 1.00 0.79 1.59 0.80
Mean wei~ht per preY(f) 0.05 0.04 0.22 0.42 1.89 4.61

\\ EICHT )'e by major A AXA
ANNELIDA 74.07 25.06 0.08
BIVALVIA 0.12
CRUSTACEA 100.00 25.93 19.19 9.85
GNATIlOSTOMATA 100.00 55.75 88.83 100.00
UNKNOWN 1.12
\\EICHI %coMMERCIALsPEC.
IRISOPTERUS ESMARKI 5.52
SOLEASOLEA 41.36

Quarter 3
Nr of sampies . . 1 1 2 4 2 1 1, 6 6. 1
Nr of stomachs sampled 1 2 2 10 2 2 1 18 12 1
Nr of ernpty stomachs 0 0 1 2 0 0 1 4 4 0
% ernpty stomachs 0.00 0.00 50.00 20.00 0.00 0.00 100.00 22.22 33.33 0.00
Mean st content wght(g) 0.02 0.14 0.20 0.14 0.57 1.16 2.88 2.85· 0.60 .
Mean nr of prey items 1.00 1.00 0.50 0.99 1.00 1.00 1.81 1.74 1.00
Mean wei~ht per preY(f) 0.02 0.14 0.41 0.15 0.57 1.16 1.59 1.63 0.60

"EICHl %by maJor AXA
ANNELIDA 48.79 327 1.89

• CRUSTACEA 100.00 51.21 29.67 21.43 8.97 11.44 2.02
GNATlIOSTOMATA 100.00 70.33 78.57 91.03 82.38 95.96 100.00
UNKNOWN 2.92 0.13

«EICHt' %coMMERCIALsPEC.
TRISOPTERUS ESMARKI 76.12

Quarter. 4.
Nr 01 sampies .. 1 I i i
Nr of stomachs sampled 1 1 1 1
Nr of ernpty stomachs 0 1 1 0
% ernpty stomachs . 0.00 100.00 100.00 . ' 0.00
Mean st content wghl(g) 0.23 7.46
Mean nr of prey items 1.00 2.00
Mean weight per prey(g) 0.23 3.73

WEIGHT % by major TAXA
CRUSTACEA . 100.00 1.48 .
GNATlIOSTOMATA 98.52

WEiGHT % COMMERClAL SI'EC.
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Table 4d. Summary of Raja radiata stomach contents by predator size dass (mm) and
quarter.

Quarter 1
Slze dass 100 120 150 2UO 25U 300 35U 400 500 6öO 700

Nr of sampIes 7 9 27 23 27 34 14
Nr of stomachs sampled 39 60 115 98 99 207 19
Nr of ernpty stomachs 0 0 32 29 30 82 9
% ernpty stomachs 0.00 0.00 27.83 29.59 30.30 39.61 47.37
Mean st content wght(g) 0.38 0.33 1.00 1.15 1.40 3.02 2.67
Mean nr of prey iterns 9.94 6.14 3.29 1.65 2.51 2.56 1.71
Mean weight per prey(g) 0.04 0.05 0.30 0.70 0.56 1.18 1.57

WEIGHT % by major TAXA
9.62 4.01 3.17 0.29ANNELIDA 30.00 8.01 3.37

GASTROPODA 0.05
BIVALVIA 2.91
CEPHALOPODA 0.75 0.28
CRUSTACEA 65.58 55.62 25.14 35.33 34.01 12.30 4.86
GNATIIOSTOMATA 2.79 12.01 66.59 57.94 57.94 83.89 94.84
UNKNOWN 22.00 1.62 0.26 0.44 4.05 0.31 0.01

WEIGHT % COl\1~lERClAL SPEC.
IRISOPTERUS ESMARKI 3.25 4.44
SPRAlTUS SPRAlTUS 0.70 •AM..MODYTIDAE 0.79 5.91 0.61
CRANGON CRANGON 1.16 1.29

Quarter 2
size dass 100 120 15U 2UU 250 300 350 400 500 600 700

Nr of sampIes 9 22 25 31 35 41 11
Nr of stomachs sampled 25 66 ·60 82 107 270 41
Nr of ernpty stomachs 1 9 12 23 30 80 15
% empty stomachs 4.00 13.64 20.00 28.05 28.04 29.63 36.59
Mean st conlent wght(g) 0.29 0.18 0.70 1.07 1.97 3.92 2.74
Mean nr of prey items 5.59 3.41 3.42 2.46 1.87 1.58 1.25
Mean weight per prey(g) 0.05 0.05 0.21 0.44 1.05 2.49 2.19

\\ EIGHT % by major TAXA
ANNELIDA 32.36 26.61 14.17 9.02 2.45 1.67 0.91
GASTROPODA 0.11
BIVALVIA . 0.18
CEPHALOPODA 0.86 0.84
CRUSTACEA 40.66 44.83 51.77 31.51 25.77 22.15 22.04 .
EClnNODERMATA 4.40 0.00
GNATIIOSTOMATA 12.77 17.95 31.95 57.74 70.84 74.09 75.26
UNKNOWN 9.82 10.61 1.93 0.75 0.94 1.25 1.78

WEIGHT % COMMERClAL SPEC.
MELANOGRA~EMUSAEGLEnNUS 13.42
MERLANGIUS MERLANGUS 6.17 12.08
TRISOPTERUS ESMARKI 13.98 6.45 3.30
CLUPEA HARENGUS 8.35
UMANDA UMANDA 7.93

Quarter 3 •Slze dass 100 120 150 200 250 300 350 400 500 600 700
Nr of sampies 1 1 24 29 43 44 48 52 13
Nr of stomachs sampled 2 2 78 207 . 219 268 300 346 53
Nr of ernpty stomachs 0 0 ·0 9 24 31 37 68 21
% ernpty stomachs 0.00 0.00 0.00 4.35 10.96 11.57 12.33 19.65 39.62
Mean st content wght(g) 0.14 0.06 0.17 0.36 0.89 1.49 2.45 2.34 2.99
Mean nr of prey items 4.00 1.00 3.64 2.69 2.10 1.84 2.17 1.72 0.88
Mean wei~t per preY(f) 0.04 0.06 0.05 0.13 0.43 0.81 1.13 1.36 3.39

WEIGHT by major AXA
PIIAEOPIIYTA 0.00
ANNELIDA 9.09 18.42 24.96 8.17 3.79 2.42 3.62 0.20
BIVALVIA 0.69 0.11 0.17 0.08 0.04 0.10
CEPHALOPODA 0.03 0.18
CRUSTACEA 90.91 100.00 68.03 49.36 25.00 19.63 20.19 22.99 21.54
PRIAPUUDA 0.77
ECIIINODERMATA 0.02 0.02 0.00
GNATIIOSTOMATA 11.33 24.84 65.95 75.70 77.09 72.68 78.05

·UNKNOWN 2.22 0.09 0.50 0.22 0.67 . 0.10
\\EIGHT So COMMERClAL Sl'EC.
GADUS MORHUA 0.53 1.11 0.33 31.04
MERLANGIUS MERLANGUS 0.91 4.32
IRISOPTERUS ESMARKI 3.06 5.81 10.76 16.42 4.07
CLUPEA HARENGUS 4.00
UMANDA IlMANDA 1.79 0.63 0.29
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Table 4dctd

Quarter 4
size class HlO 120 ISO 200 250 300 350 400 500 600 700

Nr of samp!es 2 5 11 20 26 31 32 8
Nr of stomaehs sampled 4 16 26 53 81 90 153 15
Nr of ernpty stomaehs 0 0 5 10 14 18 33 3
% ernpty stomachs 0.00 0.00 19.23 18.87 17.28 20.00 21.57 20.00
Mean st content wght(g) 0.24 0.20 0.11 0.87 0.96 1.66 3.47 4.84
Mean nr of prey items 1.33 2.92 2.30 2.97 3.44 2.16 2.15 1.36
Mean weight per prey(g) 0.18 0.07 0.05 0.29 0.28 0.77 1.61 3.55

WEIGHT % by major TAXA
ANNELIDA 21.40 14.52 12.32 13.43 5.44 1.85 0.12
GAS1ROPODA 1.88
BIVALVlA 0.68 0.01
CEPHALOPODA 0.13 0.80 0.05
CRUSTACEA 100.00 74.57 76.59 63.79 37.04 20.89 16.29 36.75
GNATIiOSTOMATA 2.15 8.21 23.19 46.12 71.39 81.43 62.12
UNKNOWN 0.58 2.61 2.24 0.44 1.02

WEIGHT % COMMERClAL SPEC.
GADUS MORHUA 1.75
MELANOGRAMMUS AEGLEFINUS 0.56 4.25
MERLANGIUS MERLANGUS 6.36
IRISOPTERUS ESMARKI 1.16 1.87 20.23 29.55
CLUPEA HARENGUS 44.88
SOLEASOLEA 16.62
LlMANDA LlMANDA 0.56
CRANGON CRANGON 0.12
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