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INTRODUCTION

This 'report concerns observations made on the Outer lIorecambc Bay

(Liverpool Bay or north-east Irish Soa) fishing erounds between 26 and

29 April 1971 at the height of the international fishery for-'soles'by

double beam trawlers. Tho aim of thc project was to assess'the' errect

on life in the sea by this fishery and was not concerned with either the

effects on the sea bed or vTi th thc lang-term effects on fish stocks.

The aim. was achieved by comparing the catchen of a Dutch beam:trawler'

with those of hTO otter trawlers fishing on the same grouhdsas the
beam trawl fleet and 0.100 on grounds which were not fished by the beam

trm'llers.

1-/fETHODS

Observations were made on three vessels by Ministry scientists:

(1) MV ENNIE EN APPIE: a Dutch commercial vessel, 27 m in length,

700 horsepower, fishing two 9.5 m beam travTls, each of which carried ten

15 mm diameter ticklor chains from the trawl heads and soven 12 mm
'.

tickler chains from thc groundrope. The groundropc was 28 m long, of

15 mm chainwrapped with rope and chain to 0. diameter of 25 cm for 8 m

in thc bosom. Thc cod-end was double-braided nylon of 75,mm mesh size;

(2) MV SILVER STAR: a 1'1elsh commercial vessel,' 15 m in length, 175 horse­

power, fishing an otter trawl with a 20 m headline, 46 m double bridles

and noiicklor chains. The groundropo was 26 m long made of chain

threaded with 8 cm rubber dises. The cod-end was single polyethylene

o/72'\nm mesh size, covored ~n top uith shrimp netting (19 mm) for the

purpose of tho projoctj (3) RV CLIONE: an English research vessel, 43 m
f:: t I '.

in length, 1 060 horsepower, fishing a I Grantonl otter 'trawl with a 24 m

'headline, no ticklerchains and a 37 m chain and rubber discgroundrope.

'The :c6d-end i,a~ :double polyethylene of 75 mm mesh size, :covered on top

with shrimp netting (19 mm).
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Observations covered day and hieht fishing at all states of the
• _ • • M M'" ~ ,. , ••• _. ,_, .' •• .. •• • ~~'"",.' ~_ '"

tides and included 29 hauls of both beams by ElrnIE EN AFPIE (40.58 hours

fishing, a~eragc haul duration 1.40 hours). 10 haulsby SILVB~ STAR

(25.33 hours, 2.53 hours) und 9 hauls by CLIONE (10.35 hours, 1.15 hours).

The position of each haul is shown in Figure 1. SILVER STAR and ENNIE

EN APPIE fished between 26 and 28 April and CLIONE on 28 and 29 April.

Radio contact was naintained during thc projcct, and the relative posi­

tions of the vessels m:re coordinated.·

The catch of fish, benthic invcrtebrates and bottom debris was

recorded for each haul. Soles and plaicc uere measured on EInTIE EN

APPIE and solos, plaico, dabs, 10fhiting and cod on SILv~R STAR. The

extent and type of damage to soles and plaice lIas recorded aeeording.

to the following seale:

.~
{ ..

GENERAL COIIDITION

SCALE DAJlIAGE
(dorsal surfaec)

BRUISING
(vontral surfuco)

. l'lOUNDS

1. Lively; slimy; Good museIe tono

2. Alive; little slime; paar museIe tone

3. Dead or almost so; no slimo; no museIe tone

O. No scales lost

1. Loss than 5 per cent lost

2. Betweon 5 und 40 per cont lost

3. More than 40 per cent lost

0 •. No bruises

1. Less than 5 per cent heavily bruised (red

appeurance) or up to 50 per cent suporficially

bruised (pink appearance)

2. Botweon 5 and 40 per cont heavily bruisod·or

behfoen 50 and 100 per cent superficially

bruiscd

3. More than 40 per cent heavily bruised

O. No cuts or lacerations

1. A feu small cuts

2. Numerous snall cuts or one seVero cut or

wound

3. Very sevoro, vory numorous or vory doep cuts

or 1ofounds

•

_.Quiek assessm~nts. of tho extent of damagc to other spccies of fish and

the invortebrates were also made. Photogruphs were tuken whenever pos-:l .

sible and.~amples of damagod fish proserved to ensure that tho condition

and damagc criteria uscd on each vcsscl were comparable.
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In addition, oxygcn and salinity sampIes from 4 m abovc the bottom

were takon at 11 stations by CLIONE and the valucs obtained were within

the expected rango. Attcmpts were made to photograph tho sea bed"using

a 9amera'and flash-uni t nttached to tho trmü headline, but owing ~o the
1

turbidity llO results were obtainod.

RESULTS

The amount of fishing by thn threo vessols and overall catch-ratos
,

of fish, benthic invertobrates and battom debris (in t cran baskets per

hour's fishing) are shown in Tablo 1. The catch-rntes nnd percentage of

different specios of fish in tho catches of euch vossol are shown in

Table 2.

•
Table Summary of fishing operations

ENNIE EN
APPIE

SILVER STAR CLIONE

Numbcr of hauls

.TO,tal hours fishing

Average duration of hauls
(hours)

29

40.58'

1.40

10

25.33

2.53

9

10.35

1.15

--------------------------------------
Catch, as baskets por hour and as porcon­
tage of total catch

Catch % Catch % Catch %

Cod-end

Fish

Invertebrates

Debris

Totnl

Cover

Fish

Invertebrates

Debris

Total

3.8 25 1.7 84 0.8 57

8.9 58 0.1 8 0.6 40 ,

2.6 17 0.2 8 0.1 3

15.3 2.0 0.5

NA 0.5 '100 0.5 100

NA 0 0 0 0

NA 0 0 0 0

NA 0.5 0.5
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'Other' fish in the cod-end und covor cntches ,Toro respectively 70

und 90 por cant by wcieht of nmoll godoids - Trisoptorus minutus(poor

cod), 1,. luscus (bib) ond 1,. üsmorkii (Nort-my pout),' but olso includcd

Eutrigla spp. (gurnords) , Pollachius virens (sai tho), Helanogrrunrnus ;"

aeglefinus (haddo.ek), l\1erluccius, merluceius(hoke), Lophius piscatorius

(angler), Zeus fober (John Dory) , Platichthys ,flosus (floundor),

Buglossidium iU:tc:wr; (;olenetto), Scophtholmus mnximus (turbot),

,2. rhombus (brilI), Ra:ia' clavnta (thorrtbnck rny) and Seyli'cirhinus--··_ ..··,

caniculus (lesser spotted dogfish). No further details 'I'TOre re~örded '

for these speeies excopt that oll appeared to bo in normal eondition for

trawl-eaught fish on SILVER STAR and CLIOlffi, and were slightly less

damaged (ncaled) than on ElrrrrE EN APPIE.

1 ~

SILVER STAR uas outfished 14.5 to 1 by ueight by EN'lIIE EU APPIE on

sole (eod-end only). The length eomposition of the enteh of these ves­

sels is plottod in Figuro 2. This shows thnt thc nelective action of,

the cod-end mosh in uso on the beam trawl was apparently tho same as

that of the cod-end on the otter trawl. The proportions of released ond

rotained, undcrsized and above minimum logoI size (24 CI:l.)solos in

SILVER STAR's eatch lwre as in Table 3.

Tablo 3 Sizo composition of solos eaught by}W SILVER STAR

Cod-ond eateh

Numbor %of total
population

Cover eateh

Numbor %of total
population

3L3

68.7: ,

100

Total'
population

Numbor %

162

355

517

13.5.

4.5
, ,18.0

70

23

93

17.8

64.2

82.0

92
332

424

< 24

> 24

Total

.' Size"'-group
(em)

•
',' "

. Tablo 4 comporos the pereentogos of the total cöd":end' cnteh öf sole

in vorious condition eategorios for EIDfIE EN APPIE ond SILVER STAR,' rind

also the:percentages in the cover enteh cf SILVER STAR~ ; In' all' four '

categories of damoge, a greater proportion of soles'caught by ENNIE EN

APPIE' ,'laS gi"lcn:a, highor eodo numbcr thon those caught by SILVER STAR;

and .thiswasconfirmed by comparison of photographs~ ThG'·biggOst dif- .'

ferenee betl-men'"the .tuo vessels ''lOS in thogreatcr extcnt :öf scale'

dam[l.ge_..~o.sol~s.:cD:ughtby tho beam trawler. The 'general condition'
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categories are thought to be of limitcd value for comparison, .bccciuse

the eondition of the fish deteriorated botwoon thc time of eaptureund

thetime·of measurement, und stundardization could not be.aehievcd.

Table 4 Solo· condition and damage eategories

.~ .~..
General condition

Scale dnmage

Bruising

Hounds

Vessel Code number

0 1 2 3

RA Cod-end 18 45 37
SS Cod-end 35 38 27
SS Cover 15 44 41

EA Cod-end 24 28 30 18
SS Cod-end 13 53 25 8
SS Cover 21 41 29 9

26
..

EA Cod-end 18 42 14 •SS Cod-end 18 55 23 4
SS Cover 13 46 33. 8

EA Cod-end 93 3 1 3
SS Cod-end 97 2 1 0
SS Cover 98 0 0 2

Number of fish: EA 343; , SS 348 (cod-ond) and 61 (cover)

The percentago of soles which had the highost code number in each

ea~egory' of dnmaga is plotted against length in Figura 3 (ENNIE EN APPIE).

General eondition improved with increasing length und the extent of seale

dnmage and wounding decreused,. i'lhereas the extent. of.bruising was greater

in the larger fish. Cover-caught soles on SILVER STAR were, on average,

slightly morg dnmaged than those caueht in tho coß-end.. This may..be n

parallel of the length/damage relationship found for tho soles caught by 4It
ENNIE EN APPIE.

There were significant positive corrolations bctween the pcrcentage
...

of fish in thc ilorst categories of scale damage, bruising and wounding

and tho .'rubbish' index (volume of vertebrates and debris divided by the

volume of fish in tho total catch) (Fie. 4). Thc analysis has been res­

tricted to samples from six hauls, all from approximately the same sandy

area in which the invertebrato specics (Corystes dominant) and dcbris

types (mainly shcll) ilere the same and varicd only in quantity between

hauls. One further haul was from a muddy sand area in which the rubbish

index was high and dnmago lOWi but the rubbish composition was different

in that it consisted mainly of.a muddy sand and Echinocardium caudatum.
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Table 5.' In all

, caugh't-by 'ENNIE

by SILVERiSTAR.

,.

•

•

A further catcgory of dnmage/conditio~whichwas rccognized'during
, '. " - _.'" . .. '" .-. '" -_." _.... -. "'.~ _ ~ _,

the projcet as sufficicntly distinct to warrant separate treatment was

the prescnee of so"':'callGd 'rotten" Tish which lacked a largo proportion

of their skin on both surfaces, exposing areas.of docomposing,flesh.

Four out of 603 eaught in tho cod-end of SILVER STAR vTOre in this catc­

gory (0.63 per cent), 2 out of 106 (1.9 per cent) on CLIONE and an

estimated 400 out of' 13 977 caught on ENIITE EN APPIE (2.9 per cont).

One of these had bean gutted (CLIONE), although thio feature could hnve

been more frequent since it may have been overlooked on the other ves­

sels. The longth composition of 'rotten' fish (ElmIE EN APPIE) is

shown in Figura 2. Although only 63 fish were moasurod (nnd not,vory

accurately bocause thoy \Tere in varying ..otatcs of. docompositio_n), .. the

length eomposition is obviously different from that of the apparent

total population in that it contains a relatively low proportion of fish

above 24cm.

2Plaice

SILVER STAR was outfished by 1~44 to 1 by weight by EmrIE EN APPIE

on plaice Ccod-end catehes). The length conpositions are shown in

Figure 5. It is likely that the proportion of large plaice caught by
, ,

ENNIE EN APPIE was underestimated beeause these were rotained in one

basket,and those from different hauls Ivere not kept separately. At-,

least 70 per cent of above legal minimum' size plaice were rejeeted on

ENNIE EN APPIE when the observer was aboard (first two days of asix-
'.. :. ',1'

daytrip) because they were too small to be marketable in HOlland and

fish-hold capacity uas loft clear for the more profitable soles until

nearer the date of landing.

The length composition of SILVE~ STAR'~ cod-end plus cover catches

represents that of the total population on the grounds. The mean selec­

tion,lengthof plaiee for a 75 mm mesh is about 16.5 cm, but only 5 out

, of 1 362 of the plaiee entered the cover. Gf the total, population

30.8 per cent were below minimum size (25 cm) and 69.2 per cent were of

legal size; an cstimated 70 per cent of the 1atter Here rejccted by the

beam trmiler.

Percentages of plaice in the various damage categories,are shown in

four categories of damage a' greater proportionof plaiee

EN'APPIE were given higher codenumbers than those caught

Plaice vlere in a l'1Orse condition on capture' than soles

in all eases •.
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Table 5 Plaice condition and damaee categories

Vessel Code number

0 2 3

General condition EA 0 11 89
SS 8 64 28

Scale damage EA 1 32 48 19
SS 4 45 42 9

Bruising EA 7 25 37 31
SS 6 57 28 9

vTounds EA 95 3 2 0
SS 98 1 1 0

'Rotten' and dead fis}l of all sizes were seen on all vessels -

1.4 per cent on SILVER STAR (18 in 1 212 observed), CLIONE 1.6 per cent

(2 in 124), and an estimated similar percentage on ENNlE EN APPIE (not

measured) - but the numbers were so small that thc length composition

could not be accuratoly dotermined.

•
3 Dab

SILVER STAR outfished El~iIE EN APPIE by 1.16 to 1 by weight on dabs

(cod-end catches). Thc longth composition of SILVER STAR's catch is

shol'm in Figure 6A. That of ElOOE EN APPIE was not measurod but, assum­

ingthat the length composition of ElniIE EN j\PPIE's catch was the same

as that of SILVER STAR, 54 per cent of tho total dab population 1'1ould

have been retained by the cod-cnd and 46 per cent roleased. Condition

of dabs and damage to thOlli was not accurately recorded on any vossel,

but 106 out of 5 130 (2.6 per cent) caught by SILVER STAR were dead on •

capture, though none were 'rotten' fish. Foul' out of 578 caught by

CLIONE were dead on capture (0.7 per cent) and one of thc remainder was

reportcd as being badly scale-damagcd, but other'üse the fish were in

very good condition in all respects. Dabs caueht by ENNIE EN APPIE were

immediately rejccted after capture, irrespective of size, and were there­

fore not closely scrutinized.

4 rlliiting and cod

Length compositions of these species caught by SILVER STAR are

.'~.' shown in Figures 6B and 6C. Cod less than about 40 cm and Hhiting less

,.' than''35 cm ,'lere rejccted on ENNIE EN APPIE. Condition vTaS normal for

trawl-caughtfish on the otter trawlers. One whiting out of 1 040 was

8
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caught doad by SILVER STAR and one out of 223 by CLIONE. ,Unfortunately,

no observations were made on the boam trawler because of practical

difficulties.

5 Invertebrates and debris

Whoreas' SILVER STAR caught 0.15 and CLIOlffi 0.57 baskets of invorte­

brate animals per hour, ENIITE EN APPIE caught 8.87 baskets per hour

(4~43 per 'not). ElffiIE EN APPIE also 'outfished" the otter trawlers on

d~bris (shell, mud, sand and rock) by 2.64 baskets/hour (1.32 per net)

compared with 0.16 baskcts/hour by SILVER STARa~d 0.05 baskets/hour by

CLIONE. No benthos was caught in SILVER STAR's cod-end cover.

Apart from the differences in quantity there were very evident
, .

dissimilaritios in thc specics composition of tho invertebrato catch

between tho boam travl1er and ,the 'otter trmvlcrsö·ln Table 6 the most

abundant spocios in thc catches havc been divided intothree groups

acc'ording to' their habit of living in relation to the bottom sediment,

i.e. those which live on it (epifauna) or in it (infauna)and those

which live partially buried or closely adhorod to it and which have bean

cln~'~ified sometimon as infauna and sometimcs as opifauna (.jOnes 1940,

J6~os 1'952). A fourth group :l..ncludos a11 the 'rarer' species inthc'

catches. (lt nhould bo notod that a 75 mm mosh will release a high

proportion of small animals and thereforc many bivalvc, polychaote and

- crustaccan 'species ldll not havo been rcprasontod.)

Table 6 Percentago invertebrate catch composition

--~:. .. ENNIE EN
APPlE

SILVERSTAR ' CLIONE

• A EPIFAUNA
Buccinl.JJIi-undatum/Neptunia

(adults and egg masses)
Eupagurus bernhardus
Metridium senile

,Asterias rubens

spp. )'

j
27 90

":

70

B INFAillJA

Acanthocardia echinata )
20Echinocardium caudatum )

C PARTlALLY BURIED SPEClES

Corystes cassivelaunus )
Astropectcn irregularis ) 45
Ophiura sp~ )

D 'RARER' SPEeIES 8

9

2

'5 ','

3

20
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The beam trawler'n eateh eontained a relatively higher proportion of

buried or partially buried speeien than those cf the otter trawlers,

w}lose eatehes eonsisted almost entirely of non-burrowing spocies, partieu­

larly those of SILVER STAR.

The beam trawler's eatch of invertebrates and debris varied from haul

to haul. Two hauls corresponded 1-Ti th thc edge of an area of muddy sand

reeorded durinG a geological survey of the area (Cronan 1969) at 54°08'N

30 45'U, in 1'lhieh ElnJIE EU APPIE's. invertebrato eateh e.onsinted cf 30 per

cent eaeh of Eehinocardium eaudatum and Corvstos eassivelaunus - nee

Figure 1, hauls roarkod H. The rerollining 27 hauls lTore on sand,or sand

vli th some Gravel, in the rectangle 54°11 'N 3°58 '11, 540 12'lf 3°50 'U ,

53°47'N 30 35'1'1. 530 45'N 3°44'1'[, in whieh the dominant species \'lore

Q. eassivelaunus and Astropeeten irregularis (15 por cent of tho eateh

each). Aeanthoeardia echinata eonprined a further 10 pcr cent both north •

of 54°05'N and south of 530 47'!f, and Ophiura 15-20 per cent botween these

latitudes. The enteh of debris (mainIy empty sholls) also varied in

quantity between hauls and made up as roueh as 40 per cent of the total

eateh near 500 56'U 30 46'\'1 (total eateh 13.7 baskds/hour. Le. 2.3·baskets/

hour fish, 5.7 baskets/hour invertebratesand 5.7 baskcts/hour debris).

The oxtent of damage to different npeeies of invertebraten by the

beam trawler varied with both the quantity of the eatch and itn eomposi­

tion. In the hauls from the muddy sand area, 70 per cent of Eehinoeardium

1,.lere damaged. In the hauls from thc nandy area the extent of damagc to

individual speeies varied Hith the quantity of empty shells caught uith
. . '., . . . -, ... . '-

them. For example, 40 por cent ·of Corystes ,vero damaged "lhen fmT shells

we~e caught und 70 per cent ,-{hen largo quantities of shollo "lero caueht.

Comparable valuen for Astropocten llore 5 and 15 per cent. Ophiura sp.

90 and 100 per cent, Buccinl~ 0 und 10 per cont, Acanthocardia 5 and
, ... ~

30 per cent and Asterias 0 and 5 por cent.

On the otter trm'1lers daI:lago uas mueh loss in'alT'casOs, and 'was

ostimatcd as a maximum of 20 por cont for Corystes and 40 per cent for

Ophiura sp., uhen thone uere caught. Buccinum!Ueptunia, Asterins and

Eupagurus were all undamaged.

DISCUSSIOU

Tho similarity of tho length eompositions of soles und plaicc caught

by ENIITE EN APPIE and SIL~~R STAR indicates that tho selcctivc action of

thc 75 mm cod-end on tho beam trawler was not approciubly restrictcd by

thc lurgerquan~iticG of dcbris und invertebraten in thc ca~_~~;~ __ .

10
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Thc bcam trawler had higher enteh-ratoG of flatfish (partieularly.

solos) than tho hm ottor traulers and eompa~ablocatch-ratos of round­

fish. The beam trawl also eaught more buriou or partially buricd
, '. '; ..

invertebrates • Those two faeb ::;hm1 that a boam trmvl uith multipie

tieklcrs disturbs tho sen bed to a greator depth than a light otter trawl

without tieklers. Judgine from tho quantities of Aeanthocardia und

Echinocurdium whieh were caught and their known habitat, tllO dcpth to

which a heavily chained beam tr~.l disturbs the sea bed may bo of tho

order of 10 to 20 em.

All Hsh eaught by tho benn trmüer Hore more badly damaged than

those caught by the otter trawlers. This applies to all eatogories of

drunage und lengthn of fish and it was purtieularly evident in pluiee,

but less so in soles •

. Tho damago of thc beam trawl cateh could be due to eithor or both of

two. eauses: to tho action of tho goar itself in disturbinG fisll from the

sea bod, or to thc presenee of largo quantities of invertebraten und

dcbris in the cod-ond. lt lTas apparent that sole damago WaS groater in

hauls when larGe quantities of 811ells \lere caught than in those vThon few

were eaught, as is also normal oxperienee with otter trmüs. It is thcre­

foro valid to eoneludc that a largo proportion of the damagc oeeurred in

the eod-:cnd and was eaused by tho byeateh and debris.

The preGenee of 'rotton' and dead fish in tho eatehos has Geveral

possiblo explanations. They may have been fish romaining in the not from

carlier hauls, but in this easo it in hard to account for thcir advanced
,-,'" :.\ ~ l . '

stato of docomposition and numbers. It is also possiblo that they Were
.. " .' ". .

fish which bad been daDago~,b~ a traw~ pansing ov~r them, and whieh had

subscqucntly dccomposod and.beon partially .consumcd,by invertcbrato
_. • 1

seav.ont?C:!s, bofore..bcing roeD.uehtby anotho:r trmTl. The third possibility

is thatthcy \wre·fish rejoctod by trmüoro. after eapturo, and this is
. , . . .

supported by tho high proportion .of'rotto~' small Dolos on E1~rrE EN
\ .... :. . " .' .

APPIE. Tho fm1 large solos eaught in this condition eould be explained

by chance rcjoction beeauso the eateh in washod do~m on dock with thc

seuppors open and oeeasionally largo soles eoeape (thio was seen to hap­

pen on EUHlE EU APPIE). Ncarly a11 plaiee und all dabs "TOre rojoeted

and 1vould soon achievo a 'rotten' eondition in tho presencc of efficicnt

invertebratc seavongers such as Buccinum undatum (wholk) on the sea bed.



CONCLUSIONS

1 Fish captured by a hoavily chained beron trmil ure dumugod by the

quantity ef benthos und debris cuught in tho cod-end.

2 Thora is no cvidenco that tho sclcctivo action of tho ced-cnd moshes

is impaired or that fish which escape from the cod-end a~o extcnsively

dronaged.

3 The prosence of dcad nnd 'rotten' fish on tho grounds ismainly·due

to rejcction of small fish und unwunted specics from the boam trawlers,

und is not causcd by the diroct action of tho trawl hcnds and tickler

chnins.

4 Largo quantities of invertebrates are caught by n hoavily chained

beam trawl. The cxtcnt of daEag~ to these anima1s depends on the quan­

tity of debris caught uith thcm.

This projeet has dealt lIith the cffects on marine life by one benm

trawler in 0. fleet of similar vosscls operating in one area nt ono par­

ticular time. It is reasonab1e to suppose, h01icver, thc.'1. t all the main

conclusions will apply to any hcavily chained beam traul fishery.
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Fig.2 Length frequency distribution of
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und SILVER STAR.

\
\
\

~

~
\

x X ENNIE EN APPIE (rotten fish" n=63)

.----.. ENNIE EN APPIE (n =2206)

o Cover {SILVER STAR (n=603) :: Total population
D Cod-end j

\ I \

\~,
/ I
I
I
I
I
I

t t
x X

206 223

I
I

o LJrz:::z:l::z:zL..A:r:!tL--L--L--L-~.L.JL-..l. 't'..L-...L.

15 20 i 25

Minimum legal
size (2~ cm)

150

-0
Cl)----E
L.. 50Cl)

0...

-g 100
Cl)

I
-c
o
u

>.
u
c
Cl)
CT
Cl)
L..--

I
I ~

I

I
,



• •'.

60

50

40

<1J
cn
t:1-
~ 30
u
"­
<1J

c...

20

10

• • General eond ition 3

A .. & Seale damage 3

0---<> Bruising 3
~ Wounds 1+2+3

454035302520
OL-----L.-,r-----I.---r--..L--~---L-_r_-.&....-_,...---'

15

18-23 24-29 30~34

Length ( em )
35-39 40-44

Fig .3 Relationship between damage and
length - ENNIE EH APPIE I soles



. 40
Scole damage code 3• • r =0·80 P<0·05 df=5

X X Bruising code 3
r= 0-74 P<O·05 df=5

0 0
Wounds 1+ 2+3
r=0·84 P<O·02 df =5

30
>..
L-
a
Cl
QJ

o+J
c:J
U

QJ
..c::.
..-J

c

VJ
QJ

20--'a
CI':)

-a
QJ
c:n
c:J

o+J
C
QJ
U
L-
QJ
0-

10

OL.-----I.-----a......;~----L-----.L-..~---"

o 1 2 3 4 5
Rubbish index

Fig.4 Relationship between damage and the "rubbish index"
I.e. the ratio volume of invertebrates + debris: volume
of fish in the catch.

, .
"



I

~-: .. 1
:. 'I..

5040 45

ENNIE EH APPIE (eod-end l n=138

SILVER STAR (eover + eod-end) n=529

35
Length (ern)

. \..

Fig.5 Length frequeney distributions of plaice
eaught by ENNIE EN APPIE and SILVER STAR.

3025

Minimum legal size (25 em)

I . .---4
I,~ 0

t\
\

20

f"JlI

: I \
I ~

,
\

I \
I

Ir..... I..
I
I
I I

"
I

E

50

L..
GJ

Q..

150

"C
c:
GJ

-6100o
(.)

­o



..

(A) Dab - SILVER STAR

. ~ Cover } n=BOl
D Cod - end

I

I

50

100

0
5 10 15 20 25 30

~ t Size limitu

~ 200
:;)

(B) Whiting - SILVER STARt:T
OJ I.' e... '-.

~ Cover } n=102~'"C
c

I D Cod ~ endOJ, .

'"C 100
0

Iu

-0
OJ .
-J
-J

E
0

15· 20' . 25 . 30 . 35 40... . '

OJ 'I Size
0..

limit

(C) Cod - SILVER STAR
100 .>.•

D Cod - end}' n'~ 137 e

50

0 20 " 25 . 30" 35 40· ·45 50 -55 60 65' 70- 75

1Size Umit ..
Length (ern) .: .'

Fig.6 Length frequency distributions of dab I whiting
and eod eaught by SllVER STAR


