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SUMMARY

Since in general little is known about the influence of 
the present beamtrawl fishery on the benthic 
ecosystem of the North Sea, the BEON members 
Ministry of Transport and Public Works/North Sea 
Directorate (DNZ), Netherlands Institute for Fishery 
Investigations (RIVO) and the Netherlands Institute 
for Sea Research (NIOZ) have carried out a study of 
the effects of this type of fishing. The aim of this 
project is to get insight into the penetration depth of 
the fishing gear into the sediment and the direct 
short-term effects on the benthic fauna.

The research was executed in August 1989 in an 
area with fine to medium hard-sandy, well-packed 
sediments situated in ICES quadrant 36F5, 25 nM 
north of Ameland. In this quadrant, which is part of 
the ‘plaice box ’89’, an area of 200 x 200 m (position 
53°51'45" N and 05°49'00" E) with a water depth of 
about 30 m was chosen. A commercial beamtrawler 
(length 41 m, 1550 kW), RV ‘Mitra’ and RV ‘Tridens’ 
carried out the research, using highly accurate 
navigational equipment.

After initial sampling of the bottom fauna with a 
boxcorer, the fishing vessel trawled over the quadrant 
covering the 200 x 200 m area with one serie of 
eleven parallel hauls. Then the benthos was sampled 
again, immediately followed by another trawling in 
two series of 11 and 13 parallel hauls, respectively.

W ith the aid of underwater video equipment and 
side-scan sonar recordings, DNZ studied the 
penetration depth of tickler chains and shoes. RIVO 
studied the pull force of the fishing lines on the two 
12 m beamtrawls (5050 kg each), and estimated the 
pressure of shoes and chains on the bottom. NIOZ 
and RIVO examined the trawl catches for numbers 
and condition of macrobenthic organisms and fish.

In order to estimate the number and survival of 
animals escaping through the meshes of the com
mercial nets, a short haul was carried out with the 
cod-end of the net covered with a narrow-meshed 
net. To estimate the survival of animals caught by 
commercial nets, or escaping through the nets, sur
vival experiments with seawater tanks on board of the 
vessel were carried out.

The macrobenthic fauna was sampled before and 
after each trawling series by 24 bottom grabs with a 
Reineck boxcorer. An additional sampling was car
ried out two weeks after the last trawling had taken 
place. Larger and less abundant epibenthic macro
fauna was sampled with a small beamtrawl.

At the NIOZ the macrobenthic fauna was sorted 
out and identified w ithin 3 months of sampling.

CONCLUSIONS

—Although the side-scan sonar indicates the pas
sage of a trawl over the bottom, the penetration 
depth caused by the tickler chains and shoes can
not be estimated from the present side-scan sonar 
recordings, which were collected 8 and 16 hours af
ter trawling. Depending on sediment type and 
water currents, the tracks usually disappear after 
2-8 hours.

—The video survey did not show visible effects proba
bly because the time between fishing and observa
tion was too long (8 hours). In future research the 
video survey should start immediately after trawl
ing.

—The application Of high-quality position equipment 
(e.g. hyperfix) is essential in this type of research.

—The average pressure of the gear used (total weight 
under water 5050 kg) on the bottom is 0.15 
kg.cm -2 for the shoes and 0.11 kg.cm ~2 for the 
tickler chains during fishing operations at about 6 
knots.

—The groundrope chain is only wearing on the un
derside of the vertical shackles; the 8 tickler chains 
and 11 net tickler chains are wearing all around 
and especially between the shackles.

—Tickler chains differ from about 16 to 22 mm for a 
small trawler (220 kW) up to 20-24 mm for the big
gest (3000 kW).

—The pilot study indicated that the sampling tech
nique with a boxcorer is well suited to study the ef
fects of bottomtrawling.

—The presence of benthic infauna in catches of the 
beamtrawl indicated that tickler chains and the 
ground chain most likely scraped off successive 
layers of sediment and reached at least 6 cm into 
the sediment. It is possible that this happened only 
in part of the trawled area.

—Threefold trawling on the investigated hard-sandy 
bottom resulted in a statistically significant 
decrease in density (40-65%) of starfishes Asterias 
rubens, small individuals of the heart urchin 
Echinocardium cordatum  and the polychaete 
worms Lanice conchilega and Spiophanes bom
byx. A statistically not-significant decrease in den
sity (10-25%) was observed for small crustaceans 
(Cumacea, Natantia, Amphipoda), the larger in
dividuals of the bivalve Tellina fabula and the heart 
urchin Echinocardium cordatum. The starfishes 
are probably dispersed, the other animals killed.

—Trawling fatally damaged a large proportion (90%) 
of the large bivalves Arctica islandica caught in the 
nets. Mortality of brittle star Ophiura texturata, 
swimming crab Liocarcinus holsatus and edible



3

crab Cancer pagurus was estimated at approxi
mately 40%. Mortality of the starfish Astropecten ir
regularis and masked crabs Corystes cassivelau
nus was estimated at approximately 30%. On the 
other hand the hermit crab Eupagurus bernhardus 
and the starfish Asterias rubens probably have a 
good chance (resp. 100% and 80%) to survive, 
when they are returned in the sea after sorting out 
on board the trawler.

—Direct effects of beamtrawling on the benthic fauna 
in the investigated area are clearly detectable, in
dicating that the structure of the benthic communi
ty in the area studied, which was intensively 
trawled in the past, already differs from a non
fished area.

— Direct effects of beamtrawling on the densities of 
fish species in the studied area could not be de
tected by the methods used.

—Most fish caught in the trawl were dead or died 
soon after. During this experiment the amount of 
dead discard fish was estimated at 2-4 time the 
amount of marketable fish. This cannot be ex- 
trapollated to other seasons or areas.

—Of the fish escaping through the net, depending on 
the species 56% to 100% survived during this ex
periment.

—Of the benthos escaping through the meshes of 
the net the starfish Asterias rubens, the brittle star 
Ophiura texturata and the swimming crab Liocarci
nus holsatus have a change of almost 100% to 
survive.

RECOMMENDATIONS

—The present study only gives indications of the 
short term effects of beamtrawl fishing on an al
ready affected benthic fauna. The results, clearly 
detectable effects, were in line with previous 
research, but can never be translated into long 
term predictions. To be able to study long and 
short-term effects of beamtrawl fishing on the 
North Sea ecosystem fishing should be banned in 
a large representative fishing area. In such an 
area, as well as in a normal trawling ground (all 
types of bottom gear), the development of the ben
thic fauna, commercial and non-commercial fish 
and sediment characteristics should be studied for 
at least 10-20 years.

—The present study demonstrates that the tech
niques used, such as hyperfix, a research vessel 
with direct positioning facilities, underwater in
spection system, commercial trawler, boxcorer and 
survival tanks, lead to reliable results. Therefore, in 
the future sim ilar research should be carried out 
using at least the same methods and techniques.

— During the present study not enough funds were 
available to cover the costs of sorting out all the 
samples taken. To enable a proper, statistically 
justifiable research programme in the future, more 
funds should be made available.

— Future work should be carried out in an interna
tional framework (e.g. EC research programme).
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SAMENVATTING

Aangezien over het algemeen weinig bekend is over 
de invloed van de huidige boomkorvisserij op het 
benthische ecosysteem van de Noordzee, hebben 
drie leden van het BEON (Ministerie van Verkeer en 
Waterstaat/Directie Noordzee (DNZ), Rijks Instituut 
voor Visserij Onderzoek (RIVO) en het Nederlands 
Instituut voor Onderzoek der Zee (NIOZ)) een onder
zoek uitgevoerd naar de effecten van de boomkorvis
serij. Het doei van dit project is vast te stellen hoe 
diep het vistuig in het sediment doordringt en wat de 
directe effecten van deze visserij op bodem orga
nismen zijn.

Het onderzoek werd in augustus 1989 uitgevoerd 
in een gebied met goed samengepakt zand in ICES 
quadrant 36F5, 25 nM ten noorden van Ameland. In 
dit gebied, gelegen in de ‘scholbox '89, werd een 
vierkant van 200 bij 200 m (positie 53°51'45" NB en 
5°49'00" OL) met een waterdiepte van ca. 30 m ge
kozen. Een commerciële kotter (lengte 41 m, 1550 
kW), OV ‘Mitra’ en OV Tridens’ voerden het onder
zoek uit, gebruik makend van zeer nauwkeurige navi
gatie apparatuur.

Na bemonstering van de bodemfauna met een bo- 
demhapper, beviste de trawler het 200 bij 200 m ge
bied met een serie van 11 parallelle trekken. Hierna 
werden de bodemorganismen weer bemonsterd, 
waarna hernieuwde bevissing met twee series van 
respectievelijk 11 en 13 trekken volgde. Hierna, als
mede 14 dagen later werd de bodem weer be
monsterd.

Met behulp van onderwater video en side-scan so
nar bestudeerde DNZ de penetratie diepte van de 
kettingen en schoenen in het sediment. Het RIVO on
derzocht de trekkracht van het vissersvaartuig op de 
beide 12 m boomkorren (5050 kg elk) en berekende 
de druk van schoenen en kettingen op de bodem. 
NIOZ en RIVO onderzochten samen in alle net- 
vangsten het aantal bodemorganismen en vissen, en 
de mate waarin deze waren beschadigd.

Om het aantal dieren, dat door het net heengaat, 
en hun overlevingskans te schatten werd een korte 
trek uitgevoerd, waarbij het uiteinde van het grote net 
met een fijnmazig net bedekt was. Voor het schatten 
van de kans op overleving van zowel de dieren die in 
het net gevangen werden als die door de mazen ont
snapten, werden experimenten met aquaria aan 
boord van de kotter uitgevoerd.

De macrofauna organismen werden voor en na het 
vissen verzameld met behulp van 24 bodemhappen 
met een Reineck boxcorer. Grotere en minder vaak 
voorkomende organismen die op de bodem leven 
werden met een kleine boomkor bemonsterd. Bij het 
NIOZ werden de bodemorganismen binnen 3 maan
den uitgezocht en gedetermineerd.

CONCLUSIES

— Hoewel op de side-scan sonar beelden het spoor 
van de netten over de bodem te zien is, kan de pe
netratie diepte van de schoenen en kettingen niet 
berekend worden uit de opnamen die tijdens dit 
onderzoek 8 tot 16 uur na het vissen werden ge
maakt. Afhankelijk van het type sediment en 
stroomsnelheden verdwijnen de sporen meestal 
na 2 tot 8 uur.

—Op de video beelden waren geen effecten van de 
visserij zichtbaar, waarschijnlijk omdat de tijd tus
sen het vissen en de opnamen te lang was (8 uur). 
Bij toekomstig onderzoek moet hier rekening mee 
worden gehouden.

— Positionerings apparatuur van zeer hoge kwaliteit 
(bijv. hyperfix) is noodzakelijk voor dit soort onder
zoek.

— De gemiddelde druk van het gebruikte vistuig (to
taal gewicht onder water 5050 kg) op de bodem is 
voor de schoenen 0.15 kg.cm -2  en voor de wek- 
kerkettingen 0.11 kg.cm -2 bij een vissnelheid van 
6 knopen.

— De ketting van de grondpees slijt alleen aan de on
derkant van de schakels; de 8 wekkerkettingen en 
de 11 wekkerkettingen aan het net slijten rondom 
en speciaal daar waar de schakels elkaar raken.

—Wekkerkettingen verschillen in dikte van 16 tot 22 
mm voor een kleine kotter (220 kW) tot 20 tot 24 
mm voor een grote (3000 kW).

— Dit verkennende onderzoek heeft aangetoond dat 
de bemonsterings techieken met een boxcorer ge
schikt zijn voor het bestuderen van de effecten van 
boomkorvisserij.

— De aanwezigheid van bepaalde bodemorga
nismen in de netten is een indicatie dat de kettin
gen en de grondpees waarschijnlijk kleine laagjes 
van het sediment opwervelen, waarbij de grond
pees uiteindelijk ten minste 6 cm diep door het se
diment gaat. Dit gebeurt mogelijk niet in alle delen 
van het beviste gebied.

— Drievoudige bevissing op het bestudeerde hard- 
zandige sediment resulteerde in een statistisch 
significante afname (40 -65% ) van het aantal zee- 
sterrren Asterias rubens, kleine exemplaren van de 
hartegel Echinocardium cordatum  en de wormen 
Lanice conchilega  en Spiophanes bombyx. Een 
statistisch niet significante afname (10-25% ) werd 
gevonden voor kleine kreeftachtigen (Cumacea, 
Natantia, Amphipoda), en de grotere exemplaren 
van de tweekleppige Tellina fabula en de hartegel 
Echinocardium cordatum. De zeesterren worden 
weer in zee verspreid en blijven waarschijnlijk in le
ven, alle andere dieren gaan dood.

—Van de grote tweekleppige Arctica islandica is een 
groot deel (90%) van de in het net gevangen exem-
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piaren dodelijk beschadigd. De mortaliteit na 
vangst in het net van de brokkelster Ophiura textu
rata, zwemkrab Liocarcinus holsatus en Noordzee- 
krab Cancer pagurus werd vastgesteld op ca. 
40%. Het sterfte percentage van de kamster Astro
pecten irregularis en de helmkrab Corystes cassi
velaunus is 30%. Daar tegenover hebben de 
heremietkreeft Eupagurus bernhardus en de 
zeester Asterias rubens waarschijnlijk een zeer 
goede kans (respectievelijk 100% en 80%) om te 
overleven ais ze na de vangst weer in zee worden 
gegooid.

— Directe effecten van de boomkorvisserij op bodem
organismen in het bestudeerde gebied zijn duide
lijk aantoonbaar. Dit impliceert dat de structuur van 
de benthische gemeenschap in dit gebied, dat al 
jaren intensief bevist wordt, reeds op voorhand ver
schilt van een niet bevist gebied.

—Directe effecten van de boomkorvisserij op aantal 
en soorten vissen in het bestudeerde gebied zijn 
met de bij dit onderzoek gebruikte methoden niet 
aan te tonen.

—Vrijwel alle vissen die in de netten worden gevan
gen zijn dood of gaan spoedig dood. Gedurende 
dit onderzoek bedroeg de hoeveelheid vis die dood 
overboord werd gegooid 2 - 4  maal de hoeveelheid 
vis die voor consumptie werd meegenomen. Dit 
aantal kan niet naar andere seizoenen of plaatsen 
geëxtrapoleerd worden.

—Van de vis die door de mazen van het net ontsnap
te, overleefde gedurende dit experiment, afhanke
lijk van de soort 56%-100%.

—Van de bodemdieren die door de mazen van het 
net glippen hebben de zeester Asterias rubens, de 
brokkelster Ophiura texturata en de zwemkrab Lio
carcinus holsatus een kans van bijna 100% om dit 
te overleven.

AANBEVELINGEN

— Het huidige onderzoek project kan alleen informa
tie geven over de korte termijn effecten van de 
boomkorvisserij op een reeds door jarenlange vis
serij beïnvloede bodemfauna. De resultaten, zijnde 
duidelijk aantoonbare effecten, komen in grote lij
nen overeen met voorgaande onderzoeken, maar 
kunnen nooit worden vertaald in voorspellingen 
voor de lange termijn. Om zowel de lange ais korte 
termijn effecten van de (boomkor)visserij op het 
Noordzee ecosysteem wetenschappelijk te kunnen 
vaststellen, moet in een groot representatief ge
bied, waar nu gevist wordt, de visserij worden ver
boden. In zo’n verboden visgebied, zowel ais in 
een normaal visserij gebied (waar alle soorten 
vistuig worden gebruikt) moet de ontwikkeling van 
de bodemfauna, commercieel en niet-commercieel 
interessante vissoorten en de sediment karakte
ristieken gedurende ten minste 10 -20  jaar worden 
bestudeerd.

— Het huidige onderzoek toont aan dat de gebruikte 
technieken, zoals hyperfix, een onderzoeksvaar- 
tuig met accurate positionerings apparatuur, on
derwater video, commerciële kotter, boxcorer en 
overlevings aquaria tot betrouwbare resultaten lei
den. Daarom moet in de toekomst soortgelijk on
derzoek worden uitgevoerd met ten minste 
dezelfde methoden en technieken.

— Gedurende de huidige studie waren onvoldoende 
financiën aanwezig om alle genomen monsters uit 
te zoeken. Om in de toekomst een goed, statistisch 
voldoende onderbouwd wetenschappelijk onder
zoek uit te kunnen voeren zijn meer financiële mid
delen noodzakelijk.

—Toekomstig onderzoek moet in een internationaal 
kader geplaatst worden (bijv. in EG verband).
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1. Introduction

The Dutch fishing fleet consists for a major part of trawlers equipped 
with beam trawls. By this form of fishery fishnets supplied with tickler 
chains or chain mats are towed across the seabottom through which 
(flat)fish is driven out.
During the last 15 years the total engine power of the Dutch beam 

trawl fleet has been increased considerably.
By beam trawl fishery sediment composition and penetration-depth are 

important for the volume of the disturbance.
Within the framework of the research on the influence of beam trawl 

fishery on the benthos the r.v. Mitra of the North Sea Directorate of 
the Department of Public Works had granted assistency in 1989 in 
scanning the bottom situation before and after beamtrawling (sonar- 
scanning and video-inspection) and sampling of bottomfauna.

The research activities took place in an area of 2 x 2 nautical miles 
in the ICES-quadrant 36F5.

2. Aim of the research

In general little is known about the influence of trawl-fishery on 
benthos and very little is known about the effects on benthos of the 
present beam trawl fishery.

The aim of this research project is to get an insight in the effects 
of beam trawl fishery on the seabottom (penetration-depth of the tickler 
chains) and also in the effects on the benthic systems (disturbance).

The experiment is supervised by BEON and was carried out in co
operation with the Netherlands Institute for Fishery Investigations 
(RIVO) and the Netherlands Institute for Sea Research (NIOZ).

3. Experimental area (Fig. 2)

The research was executed in the ICES-quadrant 36F5, geographical 
coordinates: 53°30'-54°00'N; 5°00'-6°00'E. In this quadrant an area of 
200 x 200 m was plotted (inner compartment) with central point: 
53°51'45"N; 5°49'00"E (geographical coordinates) or x=685225;y=5972030 
(UTM co-ordinates UTM(3)). The 200x200 m area was situated in a larger 
area of 2x2 nautical miles (outer compartment).

In the afore mentioned areas no known wrecks, obstacles, pipelines, 
telephone cables etc. could be found according to the map. At about 1 
nautical mile NE there were 2 shipwrecks and a wreck at 2 nautical miles 
south of the outer compartment and also 2 telephone cables south of the 
outer compartment.

4. Used apparatus

Various instruments were used that belong to the standard equipment of 
the r.v. Mitra. Table 1 gives a review of the used apparatus and their 
function in the project.



Table 1. Review of instruments on board m.s. Mitra used at the 
research on effects of beam trawlfishery on benthos.

Apparatus Manufacturer Function

SMS 960+tape deck EG&G Sonar scannings with 
recordings of the 
scanning pictures on 
tapedeck.

DESO 20 KRUPP ATLAS Echosounder depth- 
profile-scanner.

AUTOCARTA 2+ DIGITAL Ship's transect regi
strator .

SYLEDIS SR3 (backup) SERCEL Position fixing sys.
HYPERFIX (Primary) RACAL Position fixing sys.
ROHP RWS/SEATEC Underwater inspection 

system.
VHS Video Rec. SONY UMATIC Videorecording of 

underwater pictures.

REINECK-BOXCORE-SAMPLER 
SIEVES

Bottomsampling sys. 
Sieving of samples.

5. Side scan sonar surveys

In the inner compartment (200x200 m) 
specified below:

5 transects were plotted as

First transect number
Start X
Start Y
End X
End Y

DX

DY

230
685075.00

5972180.00
685375.00

5972180.00

00 . 00 

-75.00

Line nr. increase: 10 
Last transectnr.: 270 
Transect length:300 m 
Transect direction:90 
/270 degrees 
Distance between 
transects:75 m 
Sonar reach:100 m

The transects were sailed in from one side while the side scan sonar 
signal was recorded on tape by means of a digital tape-deck for later 
composition of a mosaic.

The distance between the transects was 75 m and the side scan sonar- 
reach was adjusted at 100 m. At the same time the depth was recorded 
with the DESO 20 and registrated with the Autocarta II-survey system. 
The survey program was used during the surveys.

The sailing speed was kept minimal to get detailed pictures. The 
transects were sailed as precise as possible with deviations less than 
m. The surveys were administrated on the plotlist.
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During the fishing procedure by the commercial beam trawler the r.v. 
Mitra recorded sonar-surveys of parts of the fishing tracks that were 
made before in the outer compartment. The co-ordinates of the actual 
trawlhauls were passed on to the Mitra by the trawler.

6. Video surveys

With a videocamera mounted on the ROHP (an underwater inspection system) 
the seabottom of the inner compartment was inspected before and after 
f ishing.

The video pictures were recorded on tape and also date, time, 
position, ship's name etc. were administrated.

A number of short surveys in the inner compartment were carried out 
with the videocamera preceding to the benthic sampling to get an 
impression of the bottom situation of the area of investigation.

7. Bottom sampling

In the inner compartment 36 sampling points were plotted and 24 sampling 
points were selected and sampled.

The selected sampling points are presented in fig. 1 with filled 
squares. Sampling was carried out with a Reineck boxcore-sampler of the 
Netherlands Institute for Sea Research (Texel).

The samples were sieved on board and the biological material preserved 
on formaline by co-operators of the NIOZ.

200x200 m

1 2 3 4 5 6

■ o ■ 0 ■ ■

7 8 9 10 11 12
o ■ o ■ ■ ■

13 1 4 15 16 17 18

■ o ■ ■ ■ o

19 20 21 22 23 24
0 ■ ■ ■ o ■

25 26 27 28 29 30

■ ■ ■ o ■ o

31 32 33 34 35 36

■ ■ o ■ 0 ■

Fig. 1 Bottom sampling pattern Sampling-rank: 1, 3, 5,
12, 10, 8, 13, 15, 17, 24, 22, 20, 25, 27, 29, 36, 34, 
32 and 31-26-21-16-11-6. Positions in geographical co
ordinates are given in table 2.
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After the sampling activities the r.v. Mitra fished with the 2.80 m 
shrimp beamtrawl:
- after the first benthic sampling (TO) at a distance of 50 m around 

the quadratic of 200 x 200 m. Haullength 250 m.
- after the second benthic sampling (T 1) at a distance of 25 and 50 m 

West and East of the quadratic. Haullength 250 m.

8. Fishing inner/outer compartment

The bottom situation of the 200x200 m-area before fishing is called TO.
After the T0-sampling the commercial beam trawler fished the inner 

compartment completely and the benthos was sampled again (T1).
After the T1-sampling the inner compartment was fished 2 times with 

each next series of hauls perpendicular on the preceding hauls. For this 
purpose 11 transects were plotted in the inner compartment in 
North/South-direction and 11 transects in East/ West-direction.

Tables 3 and 4 give a review of the geographical co-ordinates of the 
start and end-positions of the transects. The trawled transects were 
recorded on Autocarta II (2+).

The commercial beam trawler made testhauls in the outer compartment 
for technical research purposes (pull-force calculation) for the 
Netherlands Institute for Fishery Investigations and survival 
experiments carried out by NIOZ and RIVO.

Each track was numbered and recorded on Autocarta II.
The co-ordinates of the testhauls were passed on to the r.v. Mitra for 

the sonar/video-inspections of the fishtracks.

9. Position fixing

The Hyperfix Terschelling Chain was used for position fixing during the 
experimental period.

The distance to the transmitters, cutting angles of the hyperbolics 
and lane widths are not optimal for the experimental area. During the 
night a less stable reception of the signals appeared.

The precision of the Hyperfix Chain System in this area is ± 20 m.

10. Weather circumstances during the experiment

The r.v. Mitra left Scheveningen on Monday the 21st of August with a 
good visibility and wind force 3 coming from the NW direction.

The next day the wind had a force of 3 in the experimental area and 
came from the SW-direction, the visibility was good and the wave height 
was about 1 m.

On Wednesday the 23th of August the wind increased to force 5 and the 
direction changed to West,the visibility was still good and the wave- 
height remained the same as the day before.

Thursday the 24th of August the wind kept increasing to force 6 coming 
from the West while the waveheight increased to about 2.5 m. Under these 
circumstances no surveys could be made. Later on the weather improved 
and the surveys were resumed.
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Next week Tuesday (29-8-1989) samples and apparatus could be taken off 
board at Den Helder and brought to NIOZ (Texel). On Wednesday the 6th of 
September 1989 the r.v. Mitra steamed again to the experimental area.

The next day benthic sampling (T3) was carried out with a variable 
winddirection, force 3, a waveheight of less than 1 m and a good 
visibility.

11. Results

11.1 Video pictures

Video pictures were made from the TO- and T1-situation. The recordings 
of each situation last about 30 and 40 minutes and show the seabottom in 
original state and about 8-10 hours after fishing. No fish tracks could 
be found so no pictures of the T1-bottom situation can be shown. The 
pictures (fig. 3) show macrobenthos on the seabottom at the T0- 
s ituation.

11.2. Side scan sonar recordings

The Seafloor Mapping System (SMS) uses a high frequency 100 KHz sound 
beam to create a picture of the seafloor. An underwater towed fish emits 
a short high frequency "sound burst" which is sharply beamed on either 
side of the fish in a direction perpendicular to the direction of 
travel. On board the r.v. Mitra a dry graphic/digital recorder converts 
the incoming data from both channels after several automatic 
corrections, such as for slant range, speed, depth, etc., into an 
acoustic picture of the seabed. The SMS-fish was towed aproximately 
12-18 meters above the seabed, necessary for obtaining a good sonar 
recording and operates about 50 m behind the Mitra. Longitudinal tracks 
were sailed along the cable route using ranges of 200 m per channel. The 
sonar records were continuously evaluated at the recorder. The data were 
stored on tape and used for onshore processing and scaling to obtain 
sonar compositions of the seabed (mosaics). Rough weather circumstances 
(increase of swell) influence the recording-quality.
The T0-, T1- and T2-situation were recorded with swells of ca 0.5 m, 

ca 1 m and ca 2.5 m. The T0-situation (fig. 4-6) shows the seafloor 
before trawl fishing, T1 gives the situation after beamtrawl fishing in 
West/East-direction and T2 after beamtrawl fishing in W/E- and N/S- 
direction.

Hardly any differences in the TO and T1 pictures can be seen. In the 
T2-picture slight traces of beamtrawl fishing can be seen parallel to 
the transects as sailed by the commercial beam trawler.

11.3. Calculation of penetration-depth as judged from side scan sonar 
recordings

The penetration depth caused by the tickler chains and shoes cannot be
calculated or estimated from these side scan sonar recordings.

An estimation with aid of the available video pictures can also not be
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given because the video did not record any track.

Table 2. Positions and waterdepth of the sampling points 
in the inner compartment.

Sampling 
nr.

Waterdepth
(m)

Easting
(X)

Northing
(Y)

1 29.08 685138.9 5972122.3
2 29.32 685190.1 5972123.1
3 29 . 41 685269.6 59721 21 .9
4 29 . 50 685310.8 5972092. 8
5 29 . 52 685243 . 5 5972048.2
6 29 .52 685170.6 5972082.2
7 29.35 6851 34 . 7 5972049.1
8 29 . 90 685207.3 5972047 . 8
9 30.00 685279.0 5972048.0

10 30 . 06 685315.0 597201 2 . 0
1 1 30.12 685243 .0 5972012.0
1 2 30.11 685171 .0 5972012.0
1 3 30.1 1 685135.0 5971976.0
1 4 30.12 685207 . 0 5971976.0
1 5 30. 1 2 685279.0 5971976.0
1 6 30.07 685315.0 5971940.0
1 7 30.02 685243.0 5971940.0
1 8 29 . 98 685171.0 5971940.0
1 9 30.04 685135.0 5971940.0
20 29.96 685171.0 5971976.0
21 29.88 685207.0 597201 2 . 0
22 29.70 685243 .0 5972048.0
23 29.83 685279.0 5972084.0
24 29 .74 685315.0 5972120.0
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Table 3. Review of the start- and end-positions in geographical
co-ordinates of 11 fish tracks.

Transect length : 300 ra
Transect direction: 90/270 degrees

Track nr. Start X Start Y End X End Y

1 685075.0 5972135.0 685375.0 5972135.0
2 685075.0 59721 25 . 0 685375.0 5972125.0
3 685075.0 5972093 . 0 685375.0 5972093.0
4 685075.0 5972083 . 0 685375.0 5972083.0
5 685075.0 5972051 . 0 685375.0 5972051 .0
6 685075.0 5972041 . 0 685375.0 5972041 . 0
7 685075.0 5972009 . 0 685375 . 0 5972009 . 0
8 685075.0 5971 999 . 0 685375.0 5971 999 . 0
9 685075.0 5971967.0 685375.0 5971967.0

10 685075.0 5971957.0 685375 . 0 5971957.0
1 1 685075.0 5971925.0 685375 . 0 5971925.0

Table 4.

Transect
Transect

Track nr.

Review of the start- and end-positions 
co-ordinates of 11 fish tracks.

length : 300 m 
direction: 180/360 degrees

Start X Start Y End X

in geographical 

End Y

21 685120.0 5971880.0 6851 20 . 0 5972180.0
22 6851 30 . 0 5971880.0 685130.0 5972180.0
24 6851 62. 0 5971880.0 685162.0 5972180.0
25 6851 72 . 0 5971 880 . 0 685172.0 5972180.0
26 685204 . 0 5971 880 . 0 685204 . 0 5972180.0
27 685214.0 5971 880 . 0 685214.0 5972180.0
28 685246.0 5971880.0 685246.0 5972180.0
29 685256.0 5971880.0 685256.0 5972180.0
30 685288.0 5971880.0 685288.0 5972180.0
31 685298.0 5971880.0 685298.0 5972180.0
32 685330.0 5971880.0 685330 . 0 5972180.0
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Starfish 
(Asterias rubens)

Dead shells

Tub gurnard 
(Trigla lucerna)

Fig. 3
Video pictures 
of the seabottom 
fauna in the T0- 
situation (before 
trawling).BENTOS UISTUI3EN 0N01»Z0E<
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SCRATCH ON RECORDING

§85300 K~ *8 . 2025 m

TO-situation recorded on 23-08-1989 with windcondition SW 4 and 
seastate: 100 cm by research vessel: r.v. Mitra, recording system: 
Autocarta MK II, position fixing: Hyperfix Terschelling Chain pattern 
2-1 3-1 3-4, side scan sonar system: EG&G (Seafloor Mapping System type 
960, range 100 m BB/SB), echo system: Atlas Deso 20. A mosaic length 
and width of 200 x 200 m.

Fig. 4 Side scan sonar images of a 200x200 m area of the seabottom
during the TO-situation.
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FISH TRACKS

FISH TRACKS

T1-situation recorded on 23-08-1989 with windcondition W 4-5 and 
seastate: 100 era by research vessel: r.v. Mitra, recording system:
Autocarta MK II, position fixing: Hyperfix Terschelling Chain pattern 
2-1 3-1 3-4, side scan sonar system: EG&G (Seafloor Mapping System type 
960, range 100 m BB/SB), echo system: Atlas Deso 20. A mosaic length 
and width of 200 x 200 m.

Fig. 5 Side scan sonar images of a 200x200 m area of the seabottom
during the T1-situation.
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DARK REFLECTIONS ARE CAUSED BY SWELL OF 2.5 m. AND ROUGH  
WEATHER CONDITIONS

T2-situation recorded on 24-08-1989 with windcondition W-NW 6 and 
seastate: 250 cm by resarch vessel: r.v. Mitra, recording system: 
Autocarta MK II, position fixing: Hyperfix Terschelling Chain pattern 
2-1 3-1 3-4, side scan sonar system: EG&G (Seafloor Mapping System type 
960, range 100 m BB/SB), echo system: Atlas Deso 20. A mosaic length 
and width of 200 x 200 m.

$85300

 r r-
05-«»-C« C

68S2GC

FISH TRACKS

Fig. 6 Side scan sonar images of a 200x200 m area of the seabottom
during the T2-situation.
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CRUISE REPORT EXPERIMENTS ON THE INTERACTION 
FISHING GEAR (BEAMTRAWL) - BENTHOS WITH A COMMERCIAL BEAMTRAWLER,

21 August - 1 September 1989

In charge: Wim van der Hak, Technical Research Department,
Netherlands Institute for Fishery Investigations, 
IJmuiden, The Netherlands.

Project: Interaction fishing gear - benthos
BEON (RIVO, RWS-Noordzee, NIOZ).

Task: To study the effects of penetration into the seabed of
beamtrawl gear, in order to evaluate recent developments 
with previous data (mid-seventies). In co-operation with 
the Netherlands Institute for Sea Research (NIOZ) Texel to 
estimate the survival rate of undersized fish and benthos 
(by-catch) after staying in the cod-end and on deck of a 
trawler and returned to the sea.

Location: Based on available data on superficial sediments, fishing
information, a representative fishing area was selected in 
the German Bight with a firm sandy bottom. Centred around 
54.00 N and 05.50 E. Inner test area 200x200 m, outer test 
area 5x5 nautical miles.
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NARRATIVE 

W. van der Hak

Monday, 21 st of August was spend installing tension meters and hyperfix 
position equipment. At midnight (24.00 hrs) the chartered vessel, a 
beamtrawler with a length overall of 41 meter, 2100 hp, left the harbour 
of Den Helder.

In the morning of the following day, near the Vlieland Buoy the 
hyperfix was adjusted, and steered for the test area. The survival tanks 
(containers - plastic, 60x40x15 cm) were connected to the seawater 
system and partially filled with sand. In the area a trial run was made 
to adjust the rigging of the gear to the bottom characteristics and 
type, e.g. the bridle length and tickler chains. For the survival 
experiments a 20 mm mesh covering net was attached to the cod-end of the 
beamtrawl (see figure 1).

The duration of hauls to collect live material was established to be 1 
minute. Durations of 2 and 7 minutes gave an excess of material. The 
living specimens were put into the tanks, and their survival at regular 
intervals noted down.

When contact was established with RV "Mitra" (Rijkswaterstaat - North 
Sea Directorate) the hyperfix readings were checked and adjusted again. 
After initial benthic sampling (t 0) the bottom of the test area (inner) 
was now completely disturbed by trawling. Eleven runs were needed to 
cover the area of 200x200 meter. The tracks were paralel, the ship 
turned during trawling in the outer test area. On the 23rd of August six 
additional hauls were made in the outer test area. On one of these the 
starboard gear struck an underwater obstruction, causing damage to the 
netting material only. The trawl tracks made were inspected by ROHP and 
side scan sonar by the "Mitra".

An attempt of the RV "Tridens" (Ministry of Agriculture, Nature
Conservancy and Fisheries) to locate the trawltracks with their side 
scan sonar (on loan of RWS-North Sea Directorate) failed by lack of the 
proper navigation instruments.

For a second and third time the 200 x 200 metre area has been fished in 
respectively 11 and 13 runs after the "Mitra" had inspected the area and 
the second benthic sampling (t 1). Near midnight the required number of 
hauls were made and the fishing gear brought ship. Now the gear was 
inspected on typical wear and tear by chafing, underside shackle, place 
were shackles connect, to see if the gear had optimal functioned. The 
gear had good groundcontact. During the 24 runs no changes in warp
tension and warp length took place. On the 24th of August the "Mitra"
was informed that area was covered with the required number of hauls. 
"Mitra's” bottom sampling (t 2) took place. Weather conditions 
deteriorated during the morning making inspection possible only with 
side scan sonar in the afternoon. On the beamtrawler survival test 
benthos were resumed. Also data were collected on warp tension for the
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calculations of the forces of the gear on the bottom. Further hauls were 
made with an beamtrawl net with an inner cod-end (20 mm mesh) rigged up 
in the existing cod-end. Now it was possible to estimate the number of 
fishes (sized, undersized) escaping the net under normal conditions. 
Considerable amounts of just marketable sole (Solea solea) did escape 
from the net. During the evening after completing the work, and not any 
longer needed by the "Mitra", the beamtrawler steered for home and 
berthed on Friday morning in Den Helder. Equipment not anymore needed 
was unloaden and the ship prepared for sea again. On the 28th, Monday, 
the ship went to sea again, partly for other tasks, but also to complete 
the measurements of fishing parameters (with/without tickler chains, 
warp length, warp tension, trawling speed, headrope changes, shoe and 
beam, and ticklers without netting material (and with)).

Fig. 1. Covering net (9 m; mesh 20 mm)
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SOME REMARKS ABOUT THE BEAMTRAWL 

W.C. Blom

At first for a better understanding how a beamtrawl operates and 
disturbs the upperlayers of the bottom some general remarks.

An impression of the fishing method is given in figure 1. The 
beamtrawler operates with two identical gears. A beamtrawler (beamer) of 
e.g. 1600 kW fishes with a speed of 5,5 to 6,5 knots (10 to 12 km/hr) 
over the bottom. Figure 2 shows a 1600 kW (2200 hp) beamer, fishing with 
a double fishline.

Data of the gear used during the experiments with the beamertrawler 
August 22-25 1989, are presented in figure 3 and 4. The eight tickler 
chains (together 1020 kg), eleven light net-ticklerchains (total 350 kg) 
and the groundrope have no lift-power from the bottom during fishing.
The shoes (skates), beam and bridles (total 3300 kg) however have a lift 
force from the bottom derived from the pullforce of the fishline. The 
fishline has a vertical power vector of the pull in the fishline by the 
slope of the fishline (14 degrees) see figure 4. During a pull of 9200 
kg (as established during the trials) there was a vertical pull on the 
foreside of the shoes of one gear:
sin 14° X 9200 kg = 2200 kg; hence each shoe was pressing the bottom
with a force of

3300-2200 = 550 kg 
2

The pressure per square cm (of the wearing plates of the shoes) was

550 ka_________ =0,15 kg/cm2
15 cm X  120 cm X  2

The mean pressure of the tickler chains is about

11 ka (2 2 a ) x  7/8 = 0.11 kg/cm2 
ca. ( 1 0 0 x 1 )  cm2

This pressures are about the same as for a 400 kW beamer with 3-tons-
gears (1970). The weight on the shoes is about half, but also the
wearing surface. The thickness of the ticklerchaines of the 400 kW-gear 
was about the same, the number about 2/3. The fishing speed was about 
2/3 of that of the 1500 kW beamer.

In comparison the pressure of a car-tire on a road is approx. 0,8 
kg/cm2, so you could suppose the horizontal movement and pushing sand 
mainly are making eventually problems.

Likely there is also a lifting effect of the net, but we have no 
method to measure it. With the high speed of about 6 knots, the tickler- 
chains are nearly stiff under tension. Therefore the chaines are not 
dragging over the bottom continually, but are more hopping and beating
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over it. Also with the eight tickler chaines every place of the seabed 
has to be reached some. Topping of sand ripples takes place only in a 
few instances.

The shoes only made visible tracks. This we have seen with formerly 
underwater views of Scottish divers.

Hardly any disturbance of the seabed by the chaines could be observed 
by the video recordings when compared with the images of the bottom 
outside the trawl track.

An other aspect of chain contact with the bottom is wearing of the 
chain-groundrope: especially the underside of the vertical shackles is 
worn, not withstanding the sand blasting of the whole chain during the 
fishing operations (see photo and/or sketch).

¿ k á m

The tickler chains and light net tickler chains are rolling between 
pulls and are wearing all around and special between the shackles. A 
breakdown of the net-resistance is given in figure 5, based on earlier 
experiments (1982). For a 4 knots-speed has been calculated a division 
of 60% hydrodynamical resistance and 40% bottom resistance. At higher 
speeds the bottom-resistance decreases. Extrapolation gives at 6,5 
knots a bottom resistance cf <. 30%.

A comparison of gearweight and propulsion power can be made with 
figure 6 and 7. Tickler chaines differs from about 16 to 22 mm for 220 
kW 300 (HP) up to 20-24 mm for the biggest one's. (3000 kW (4000 HP). As 
can be seen in figure 7 the fishing speed varies about 4 knots for the 
smallest type of trawler up to nearly 7 knots for the greatest type. A 
part of the gear weight is needed for holding the gear to the ground 
against the vertical resolvation of pull of the fishline, so when 
fishing 25% up to more than 40% of the gear weight is pulled off the 
bottom.

“t>Vl 2t c V l d



FIG-1 BEAM TRAWLING
DERRICK

t ic k l e r  c h a in s -

LAZY DECKEY

Figure 2 GENERAL ARRANGEMENT 1600 kW (2200 HP) BEAMER
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F ig u re  3 B E A M T R A W L-G E A R Figure 4 GEAR-DETAILS

1600 kW (2200 HP) BEAMER 
the 7.3 tons gears.
(for "north-fishery")
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(most rubber )
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L = 1x 220 2405
M-0 = 3 X 180 435 / 1020 kg
P-S =4x220 700j

1080 kg

shoe and beam
ca. 3200kg 

bridle and block
ca. 550 kg 

vert. power :
/sin 14°x9200 kg =

2850kg
(chains weared off 15% & 300 kg 
from new , after 6 weeks of fishing.)

/ 2800 

/ 480
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(X fishline is 12-16° , in the South. Northsea, 
with dunes and stones.up to more than 20° )
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DIRECT EFFECTS OF BEAMTRAWL FISHING ON BENTHIC FAUNA

IN THE NORTH SEA

- a pilot study -

M.J.N. Bergman, M. Fonds, M. Hup, W. Lewis, P. van der Puyl, A. Stam
and D. den Uyl (RIVO)

NIOZ - BEWON 
TEXEL
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INTRODUCTION

Possible effects of bottomtrawl fishery on sediment structure and the 
benthic ecosystem have been mentioned in the literature for centuries 
(de Groot, 1984). The effects of bottomtrawls, both ottertrawl and 
beamtrawl on the benthos were studied frequently in the 70 s, when gears 
were still relatively light and the trawl speed much lower than now. 
Conclusions on the effects of bottomtrawls on bottom fauna have been 
summarized by de Groot (1973, 1984); ICES (1988); Welleman (1989); Rees 
& Eleftheriou (1989) and Witbaard (1989).

During the last 15 years engine power in the beamtrawl fishery has 
increased considerably in the southern North Sea (Welleman, 1989). 
According to research on the effect of beamtrawling carried out in the 
period 1955-1975, the depth of penetration of the beamtrawl shoes varied 
with bottom type from 1,5 cm on hard sediments to 8-10 cm on soft 
sediments (Margetts & Bridger, 1971). Tracks of the shoes could be 
identified up to 1 hour after trawling on hard sediment and up to 3.5 
hours after trawling on a muddy sediment (Margetts & Bridger, 1971; de 
Groot, 1973). Observations on the penetration of tickler chains into the 
seabed, using a beamtrawl of 700 kg with 15 tickler chains, revealed 
that the disturbance was restricted to the upper 10 (sandy) to 30 
(muddy/silty) mm of the sediments (Bridger, 1972).
Most benthic organisms living in the sediment show a species-specific 

depth preference depending on temperature and sediment composition. The 
mere passage of a beamtrawl at a speed of about 2-4 nM.h'1 which each of 
the tickler chains scraping a few millimetres off the sediment surface, 
may already cause damage to benthic animals living within the reach of 
this gear. Beamtrawls rigged out with more or heavier tickler chains 
will catch more (damaged) benthic organisms (Graham, 1955; Bridger,
1970; de Groot, 1984; Creutzberg et al., 1987). Once caught in the net, 
benthic organisms may be damaged or killed by the mass of debris and 
other fauna in the net (Houghton, 1971) or during their escape through 
the meshes of the net. Finally damage may occur to benthic fauna during 
sorting on board the trawler, before the animals are returned to the 
sea. In the literature, evidence is given of serious effects of 
beamtrawling on coelenterates (Tubularia 1. annelid worms I Lag is1. 
molluscs (Ensis, Solen ) . echinoderms (Echinocardium, brittle stars) and 
crustaceans <Corystes. Macropipus. Hva) (Graham, 1955; Bridger, 1970; 
Margetts & Bridger, 1971; de Groot, 1973).

In order to gain more information on the depth of penetration of 
modern, heavy, high-speed beamtrawls and their possible effects on the 
benthic system, some trawling experiments were carried out in a well- 
defined area with hard-sandy sediments in the North Sea. The penetration 
depth of a commercial beamtrawl was estimated by visual inspection of 
signs of wear of the gear, by side-scan sonar observations and video 
recordings of trawl tracks. Sampling of benthic fauna was carried out 
before and after experimental beamtrawling had taken place. Differences 
in densities of benthic animals before and after trawling, combined with 
estimates of the survival chances of animals caught in the net, may give 
information on the effect of modern beamtrawling on benthic fauna.
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MATERIALS AND METHODS

1. Area of investigation

The effect of beamtrawling on bottom fauna was studied in August 1989 in 
an area (2x2 nM) with fine to medium hard-sandy, well-packed sediments 
situated in ICES quadrant 36F5, 25 nM north of Ameland (centre position 
53051 '45"N and 05°49'0U"E). Water depth was about 30 m; water tempera
ture 19° C; temperature in the bottom sediment 18° C. The area of 
investigation was within the "Plaice-box", a coastal zone where only 
small-engined beamtrawlers (maximum 300 hp) were allowed to fish during 
the period April to October 1989. Therefore the bottomfauna in the area 
was probably not entirely undisturbed. A relatively small quadrant 
(200x200 m) was chosen in the centre of the area of investigation to 
determine the effects of beamtrawling on the benthos. During the 
experiments all positions were verified with high accuracy navigational 
equipment (Hyperfix).

2. Trawling

After initial sampling (t0 sampling) of the bottom fauna in the 
quadrant, a commercial beamtrawler (2100 hp, fishing speed 6 nM.h'1) 
using conventional gears (two 12 m beamtrawls; 7.000 kg each; towing 
force of 9 ton each; mesh size of cod-end 9 cm; 8 tickler chains and 11 
net-tickler chains) trawled over the quadrant in series of parallel 
hauls. Continuous parallel hauls were made with a run-up and braking 
distance of ca 1 nM outside the quadrant. Trawl catches were examined 
for numbers and condition of macrobenthic organisms. About 8 hours after 
the first series of hauls in the area the coverage of the quadrant was 
checked with side-scan sonar and the trawling tracks were recorded on 
video. After trawling the benthos was sampled again (tj sampling). 
Immediately after this benthic sampling, trawling over the quadrant was 
repeated twice, each series of parallel hauls perpendicular to the 
preceding one. Coverage of the quadrant with trawl tracks was checked 
again with side-scan sonar after 16 hours.

3. Composition of trawl catches

From the catches of the commercial trawler, fishing in the area of 
investigation, samples of fish and benthos were taken regularly during 
trawling operations and fish and starfishes were measured in cm 
classes. In order to estimate densities of the different species 
caught by the trawler, one of the first hauls was measured by Hyperfix 
over a distance of 3500 m.

In order to estimate escape of animals through the meshes of the 
commercial nets, a short haul of 2 min. was carried out with the 
cod-end of one of the nets covered on the outside with a narrow meshed 
net (mesh size 2 cm). Animals escaped through the large (9 cm) net 
were collected in the narrow-meshed covering net and their numbers and
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size were compared with the catch in the large net.
The distribution and composition of benthic animals such as fish and 

macrobenthos in the small quadrant were also estimated by fishing with 
a small 2.80 m beamtrawl. The net had no tickler chains and a ground 
chain wound around by a rope. Mesh size of the net was 2 cm and 1 cm 
in the cod-end. Four hauls of 300 m each were made just outside the 
small quadrant before the commercial trawler started operations and 
four hauls were made again after the trawler had fished the area once. 
All fish and invertebrates were counted and divided into 0.5 cm 
classes.

The total weight of the different fish species in the catches was 
estimated from length-weight relationships, and used to compare the 
amount of discard fish to the amount of landed marketable fish.

4. Survival of benthic animals from trawl catches

Fish and benthos caught by commercial trawl nets will either pass 
through the meshes or they will be retained in the cod-end. The 
question arises whether the animals are damaged when they escape 
through the net, and what the chances of survival are for those 
animals that are caught by the net and returned to the sea after 
handling and sorting of the catch on board the ship.

In order to estimate the survival of animals caught by commercial 
nets two survival experiments were carried out:

1. In one experiment a very short haul of only one minute was made with 
one of the trawl nets covered with the narrow-meshed net. The catch 
in the narrow-meshed net was rapidly and carefully hoisted on board 
and immediately put into a tub with seawater. The net was opened 
under water and animals were collected for survival experiments. 
Animals in the covering net had passed through the 9 cm meshes of the 
large trawl net and been enclosed in the narrow-meshed net for only a 
short time, less than 15 minutes.

2. In another experiment living animals, particularly invertebrates, 
were collected for survival experiments during sorting of the catch 
after the first series of hauls with the beamtrawls, which lasted 
about two hours, at a speed of approximately 11 km.h'1 (3 m.sec"1). 
Different species were stored in different seawater tanks and their 
survival was recorded over a period of two days.

For the survival experiments two different kinds of seawater tanks were 
used :

1. Series of shallow white plastic tanks of 60 x 40 x 12 cm, each 
provided with an overflow pipe of 10 cm height in one corner. The 
tanks were stacked vertically in two series of 10 tanks enclosed in a 
holding system. Seawater from the deck-wash of the ship was pumped 
into the top tanks, flowing vertically from one tank into the next 
through the vertical overflow pipes. This system has been used before 
for survival experiments with flatish (van Beek et al., 1989).
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2. Series of 10 round black poly-ethylene tubs, 55 cm diameter by 35 cm 
height, each provided with a seawater supply from the deck-wash.

Both the flat tanks and the round drums were provided with a shallow 
layer of sediment, in order to give animals in the tanks the opportunity 
to dig into sediment. Each tank was stocked with about 10 to 5.0 living 
animals collected from the catches, depending on size. Survival was 
estimated after one day and again after two days, and dead animals were 
removed. The arrangement of the survival tanks is illustrated in Fig. 1. 
Survival tanks were placed on the aft of the trawler, in order to reduce 
the effect of movements of the ship. The weather conditions were fairly 
good during the experiments.

5. Sampling of bottom fauna

The macrobenthic fauna in the quadrant (200 m x 200 m) was sampled 
before and after each trawling series by 24 bottom grabs with a 0.071 
m2 Reineck boxcorer. Samples were sieved over 1 mm mesh size and 
preserved in 8% neutralized formalin stained with Bengal rose. 
Macrobenthic fauna was sorted out and identified in the laboratory 
within 3 months of sampling. Benthic fauna was sampled four times:

* Tg sampling - before trawling started.
* T 1 sampling - next day, about 8 hours after the trawler had fished the

quadrant once.
* T2 sampling - next day, about 16 hours after the trawler had fished

the quadrant for the second and third times.
* T3 sampling - two weeks after the t2 sampling.

It was presumed that after two weeks animals touched by the tickler 
chains or escaped through the meshes of the trawl nets would have died 
or had sufficient opportunity to recover. Recolonisation during the two 
weeks was assumed to be negligible because an extensive area (approxi
mately 7 km2) had been trawled around the experimental quadrant as well. 
Some emigration or immigration of fast moving animals may have taken 
place, so the t3 sampling was restricted to benthic infauna.

Due to lack of time and money only the tg and t3 samples have been 
analysed so far. In the tj and t2 samples only the heart urchin Echino
cardium cordatum was counted.

Larger and less abundant epibenthic macrofauna was sampled with a 2.80 
m beamtrawl (mesh size 2 cm, cod-end 1 cm) by four hauls of 300 m length 
around the small quadrant. Due to weather conditions fishing for macro
benthic epifauna was only possible during the t0 and t3 samplings.

In order to determine the length-dependent depth preference of the 
heart urchin Echinocardium cordatum, boxcore samples were taken during 
the t3 sampling along prolonged diagonals of the experimental quadrant 
in sediments not disturbed by the experimental trawling. The vertical 
distribution of the animals in the sediment was established by opening 
one side of the boxcores and measuring both the distance of the sediment 
surface to the lower side of Echinocardium and their size.
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RESULTS

1 . Composition of trawl catches

The length frequency distributions of the most abundant species in the 
catches were estimated for all animals measured during the survey (Fig. 
2). In one haul the 12 m net of the trawler was covered with a narrow- 
meshed covering net and the length distribution of fish in the covering 
net (2 cm meshes) was compared with the length distribution of fish in 
the large net (9 cm meshes), to obtain an indication of the mesh size 
selective catch efficiency of the large nets.

Small fish, such as gobies or solenettes, were not found in catches 
with the large nets, because they pass through the 9 cm meshes. They 
were only observed in catches with the large net covered with the 2 cm 
mesh covering net and, of course, in catches with the narrow meshed 
small beamtrawl. Catches were mainly of two year classes (Fig. 2): 2.5- 
year-old plaice, sole, turbot (Fig. 2d and h) and 1.5-year-old dab and 
starfish (Fig. 2b and p).

Densities of the different species were estimated from hauls over a 
precisely measured distance: 8 hauls of 300 m length with the small 2.80 
m trawl (Table 1) and one haul over 3500 meter with the large 12 m 
trawl. The total numbers of animals in the catches were estimated and 
presented as the number per 100 m 2 or the surface area per animal in the 
Tables 2 and 3. Total numbers of animals in large net and covering net 
together are also presented in the Tables.

The densities of different fish species estimated from the catches 
with the commercial trawl were comparable with densities estimated from 
catches with the small narrow-meshed beamtrawl. The numbers of echino- 
derms (Asterias. Astropecten. Qphvura). however, are much lower in the 
catches of the small beamtrawl, probably due to the absence of tickler 
chains in the small net. Catches of echinoderms usually increase with 
increasing numbers of tickler chains (de Groot, 1984). Sole (Solea 
solea) were not caught at all with the small trawl.

For most fish species differences in mean density of the tg series of 
hauls as compared to the tj series of hauls (Table 1), were not signifi
cant when tested with Wilcoxon's test or the t-test. Only solenettes and 
scaldfish appear to have been significantly more abundant in the t^ 
series (Q = 16, p 0.05).

2. Survival of benthic animals from trawl catches

Survival experiments were carried out with animals that had passed 
through the 9 cm meshes of the commercial trawl nets and with animals 
collected from 2-hours hauls during the sorting out on deck. For the 
first series animals were collected from the narrow-meshed covering net 
after a very short haul of about 1 min. The catch in the covering net 
consisted mainly of large heart urchins (Echinocardium cordatum) (3-4 
cm). The very vulnerable heart urchins were all damaged to such an 
extent as to make survival experiments useless. The other animals were
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still very lively, although many fish were scratched by the heart 
urchins. Different species of fish and invertebrates were put in 
seawater tanks and their survival is presented in Table 4.

At least half the catch in wet weight in the large nets of the trawler,,.__
consisted of starfishes (Asterias rubens!. in large catches often 
pressed together. Most of the fish in the catches were dead or damaged, 
because they had been pressed together with the starfishes and other 
debris in the cod-end. Large edible crabs (Cancer pagurus) were often 
damaged in daytime catches (40% dead), but rarely in night catches. Of 
the only bivalves in the catches, Arctica islandica, about 90% were 
severely damaged.

The general condition of the animals in the catches was recorded and 
samples of living animals were collected from the trawl catches during 
sorting of the fish, just before the benthos rest was returned to the 
sea. They were put into the seawater tanks and their survival rate is 
shown in Table 5, together with an estimate of the total survival of the 
animals in the catches of the trawler.

3. Densities of benthic fauna on the quadrant

The mean densities of macrobenthic fauna on the quadrant before the 
start of experimental beamtrawling are given in Table 6. Species 
composition is characteristic of the "Terschellinger Bank", a zone of 
transition between the more sandy coastal area north of the Wadden 
Islands and the deeper muddier "Oyster Grounds". Typical species with a 
high abundance are Montacuta ferriaunosa. Tellina fabula and Echino
cardium cordatum. Mean biomass is considerably higher than in the more 
southerly parts of the North Sea and comparable with mean values on the 
Dogger Bank. Higher values of biomass are found in the frontal zone 
south of the "Oyster Grounds" (Duineveld, NIOZ, pers. comm.).

Based on comparison of the tg and the t3 samplings, changes in 
densities of benthic fauna in consequence of the threefold trawling 
followed by a stabilization period of two weeks (t3) are expressed as 
percentages of the densities before trawling (tg) (Table 7). Only in the 
case of Asterias rubens is the effect of one single series of trawling 
given, based on the comparison of the tg sampling and the tj sampling, 
carried out 16 hours after the first series of trawlhauls. Statistical 
significance was tested with the Mann-Whitney test. Low densities were 
observed in many species, so a number of species have been clustered in 
Table 7. Changes in densities of species or groups of species were 
estimated only in cases of more than 35 individuals caught at the tg 
sampling.

Table 7 shows the direct effects of a threefold trawling to be a 
significant lowering of the densities (40-60%) of the echinoderms 
Asterias rubens, small individuals of Echinocardium cordatum and the 
polychaetes Lanice conchilega and Spiophanes bombyx. A clear, but not 
statistically significant decrease in density (10-25%) was estimated for 
small crustaceans (Cumacea, Natantia and Amphipoda) and larger indivi
duals of Tellina fabula and Echinocardium cordatum. Direct effects were 
not found on densities of Ophiura spec., molluscs (except Tell ina
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fabula). and worms (except Magelona papillicornis. Lan ice gpp.gh i l e .g3 and 
Spiophanes bombyx). Only the densities of Magelona papillicornis and 
small-sized Tellina fabula appear to have increased after experimental 
trawling.

For Echinocardium cordatum the direct effects on densities after a 
single (tj sampling), a threefold (t2 sampling) and a threefold beam
trawling followed by a stabilization period of two weeks (t3 sampling) 
have been estimated separately (see Table 8). The differences in mean 
densities of the small Echinocardium cordatum (mean length 0,8 cm) in 
the t0, tj and t2 samplings are not statistically significant although 
the ln-transformed mean densities show a decreasing tendency. The mean 
density in the t3 sampling, however, is significantly lower than with 
the density at t0 (Table 7). The increasing standard deviation of the 
mean densities of small Echinocardium cordatum with an increasing number 
of trawl operations is remarkable (Table 8).

Large individuals of Echinocardium cordatum were found in the covering 
net outside the 12 m trawl. Therefore Echinocardium cordatum may serve 
as an indicator species to collect information on the actual penetration 
of the beamtrawl into the sediments. The size-dependent vertical 
distribution of Echinocardium cordatum in the sediment is shown in Fig. 
3 .

Small individuals of Echinocardium cordatum (0.5-1.0 cm) were mainly 
found at a depth of 2-4 cm, while large individuals (3.6-4.8 cm) were 
mainly found at 10-12 cm.

DISCUSSION

1. Composition of trawl catches

The small net was apparently not very effective for catching echino- 
derms, owing to the absence of tickler chains and the presence of a 
rope-covered ground chain. For fish, except the small-sized gobies and 
solenettes, however, the catches with the small net were comparable to
the catches of the large trawl. Variation in numbers of fish in the
different catches with the small trawl suggests that there may have been 
some avoidance of the net by several species. Differences in mean 
densities of most fish species before and after trawling were not 
statistically significant (Table 1). Only solenette I Buglossidium 
luteum) and scaldfish (Arnoglossus laterna) showed a significant 
increase in numbers after trawling.

2. Survival of benthic animals from trawl catches

Small species passed through the 9 cm meshes of the 12 m nets of the 
trawler and therefore remained in the area. Survival of these animals 
was probably high. In the survival experiments with animals collected 
from the covering net vulnerable fish like dab, solenette and dragonet 
showed a survival of 56-68 % (Table 4). Mortality of these fish in our 
experiments may have been due to damage during the short stay (10-15
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rain) in the covering net. The actual survival of animals escaped through 
the 9 era meshes during trawling is possibly higher.

Some species of invertebrates are particularly affected: heart urchins 
are too vulnerable to be collected unharmed by narrow-meshed trawl nets, 
even with a very short haul. Only sampling the heart urchins before and 
after trawling may give reliable information on possible mortality due 
to the trawling. Survival of starfish fAsterias rubens), brittle star 
(Ophiura texturata) and swimming crab (Liocarcinus holsatus) tends to be 
almost 100%.

Many animals in the ordinary 2 hour trawl catches from the 12 m trawl 
were already dead or severely damaged. Survival of living animals 
collected from the catches was fairly high (Table 5). Most of the fish 
were dead or severely damaged, only plaice showing a slight survival 
(about 10%). The amount (wet weight) of dead discarded undersized fish 
was estimated at approximately two to four times the amount of marketa
ble fish. However, this relation is only valid for this particular area 
and season (August 1989), and cannot be extrapolated to other areas or 
seasons. More extensive information on survival of plaice and sole 
discards from trawl catches is given by Van Beek et al. (1989).

Edible crabs (Cancer pagurus) were often severely damaged, parti
cularly in daytime catches (40%). These nocturnal animals possibly dig 
into the sediment during the day and are damaged by the tickler chains 
of the net, while at night they move about and are scooped up undamaged 
by the nets. The bivalve Arctica islandica was often (90%) severely 
damaged. This large, sturdy bivalve (about 10 cm 0) lives in the bottom 
close to the surface and is probably damaged by the tickler chains. Some 
damage of Arctica may also have occurred during sorting and handling of 
the catch on board the trawler. When these animals were still intact and 
alive in the net, their subsequent survival in the experiments was high 
(Table 5).
When also the mortality in the net is considered, only hermit crabs 

protected by their shell-housing, and the very hardy starfishes showed a 
high survival rate (80-100 %). Earlier information on the effect of 
trawling on starfishes is given by de Graaf & de Veen (1973). The total 
survival of other invertebrates (brittle stars, swimming crabs, etc.) 
was estimated at about 60-70% (Table 5).

3. Penetration of the trawl into the sediment

The depth at which the shoes of the beamtrawl pass through the sediment 
is possibly different from the thickness of the sediment layer scraped 
off by the many tickler chains and passing through the net.

In the present study tracks of the beamtrawl shoes were still 
detectable after 8 hours, but their actual depth could not be 
established by side-scan sonar. Besides, due to tidal currents the 
tracks are probably partly wiped out already after 8 hours (de Groot, 
1973). According to Margetts & Bridger (1971) the depth of beamtrawl 
shoe tracks in hard-sandy sediment is about 1,5 cm.

The occurrence in the trawl catches of different species of animals 
living in the bottom may give an indication of the thickness of the
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Sediment layer scraped off by the thickler chains of the trawl. In this 
respect Arctica islandica and the heart urchin Echinocardium cordatum 
are valuable indicator species. Most of the Arctica caught in the net 
were severely damaged (90% broken) (Table 5). These large bivalves with 
a size of about 8x10 cm live vertically in the upper 10 cm of the 
sediment. From their occurrence in the trawl catches it can be concluded 
that the tickler chains of the net must penetrate about 6 cm deep into 
the sediment. Since no independent estimates of the actual density of 
Arctica are available, it is possible that the net reached this depth 
only in part of the area. Arntz & Weber (1970) mentioned the occurrence 
of Arctica in the stomachs of cod (Gadus morhua) in Kiel Bay, during the 
season with intensive ottertrawl fishery. The boards of the ottertrawl, 
going as deep as 15 cm through the sediment, dig out and break up the 
bivalves, which then become available for cod. In the southern North Sea 
Arctica ' s were also often found (without shell) in the stomachs of cod 
in winter (Cramer & Daan, 1986). However, it is not yet clear whether 
this is related to commercial beamtrawling.

The heart urchin Echinocardium cordatum was found in the short hauls 
with the 12 m trawl covered with a small-mesh net. Heart urchins of 
about 4 cm apparently had passed through the large meshes (9 cm) of the 
commercial net and they were collected in the covering net (2 cm 
meshes). After threefold trawling, the large individuals of Echino
cardium showed a decrease in density. Natural mortality of Echinocardium 
in the southern North Sea off Terschelling and Texel was estimated by 
Beukema (1985) to be in the order of 27-28% per year, i.e. approximately
1-2% per two weeks, much lower than the 14% observed in this study. The 
decrease of 14% in the quadrant (Table 7) suggests that only a minor 
part of the population is actually reached by the net, possibly the 
animals living slightly higher in the sediment (6-9 cm below the 
surface) as compared to the majority living at 10-12 cm depth (Fig. 3).

Even after repeated trawling the penetration depth of the net into the 
bottom will not increase, because the same top layer of the sediment 
will be scraped off by the tickler chains, pass through the meshes of 
the net and settle again after passage of the net. According to De Groot 
(1973 and 1984) the numbers of (broken) heart urchins in trawl catches 
with a fine-mesh trawl only increased with increasing numbers of tickler 
chains, where the majority of the large Echinocardium were also found at 
10 cm depth in the bottom, as in our observations.

Small individuals of Echinocardium (mean length 0,8 cm) are mainly 
found at 2-4 cm depth in the bottom (Fig. 3). Comparison of the t0 and 
tj samplings indicates that 45% of the small Echinocardium in the 
quadrant survived a threefold trawling (Table 7). The standard devia
tions of mean densities of small Echinocardium in the quadrant increase 
from tg to t3 sampling (Table 8), indicating that a considerable part of 
the population of small heart urchins were probably redistributed over 
the quadrant in a less homogeneous way after trawling, because they 
passed through the net and dropped back undamaged into the quadrant.
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4. Direct effects of beamtrawl fishing on density of benthos on the 
quadrant

After threefold trawling some benthos species showed a significant 
decrease (40-65%) in density: Asterias rubens, small individuals of 
Echinocardium cordatum, the tube-dwelling polychaete worm Lanice 
conchilega (especially the small individuals) and Spiophanes bombyx 
(Table 7). A statistically not-significant decrease (10-25%) in 
abundance was found for some small crustaceans fAmphipoda. Cumacea and 
Natantia 1. for the bivalve Tellina fabula (> 4 mm) and for large 
individuals of Echinocardium cordatum (.> 3,6 cm). Most of these animals 
live in the sediment (to a depth of 15 cm), only starfish Asterias 
rubens lives on the sediment. The vertical distribution of the different 
species in the sediments seems to be an important factor determining the 
catchability of the fauna, even the size-dependent depth preference of 
one single species, e.g. Echinocardium cordatum appears to be essential. 
The difference in effect of trawling on small and large Lanice conchi
lega is probably related to the better escape possibilities of larger 
worms into their living tubes, which extend deeper into the sediment.

Decrease in numbers of species on the quadrant can be the result of 
destruction or transport by the trawl nets. Part of the transported
animals are returned to the sea after sorting of the catch on board the
trawler. Only in the starfish Asterias rubens and the hermit Eupagurus 
was survival after handling on board high (Table 5).

Animals escaping through the meshes of the net are found again in the
tj and t2 samplings. Actual survivors are only found in the t3 sampling, 
after a stabilization period of 2 weeks. This is probably the case with 
the small heart urchins: damaged individuals could not be distinguished 
in t1 and t2 samplings. The t3 sampling after 2 weeks stabilization 
gives a better impression of the actual change in density: 55% of the 
population had disappeared (Table 8).

The polychaete worm Magelona papillicornis, showed a considerable and 
significant increase in numbers after threefold trawling (Table 7). This 
increase is difficult to account for but may be related to a change in 
vertical distribution of the worms in the sediment after threefold 
trawling. Recolonisation within 2 weeks or such a growth of juveniles 
that they are retained the 1 mm sieve seems unlikely, also considering 
the relatively large minimum length of juveniles (2 cm) found in the 
samplings. The small individuals of Tellina fabula (<0,4 cm) also showed 
a considerable increase in density, although statistically not- 
significant. An explanation of their increased abundance may be that 
growth during the period of 2 weeks after the trawling, estimated at 
0,5-1 mm (Dekker, NIOZ, pers. comm.), may have been sufficient for the 
small bivalves to be retained on a 1 mm sieve.

The numbers of small individuals of the brittle star Ophiura (0,1-0,4 
cm) living in the upper centimeter of the sediment did not change after 
experimental trawling, suggesting that these animals escape undamaged 
through the meshes. Trawling appears to have had little effect on the 
total densities of some twenty less abundant worm species (all other 
worm species except Magelona. Lanice and Spiophanes). Nor did the total
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density of some ten less abundant species of molluscs, all species
except Tellina fabula, change after trawling.

CONCLUSIONS

* The presence of benthic infauna in catches of the beamtrawl indicated 
that tickler chains and the ground chain scraped off successive layers 
of sediment and reached at least 6 cm into the sediment. It is 
possible that this happened only in part of the trawled area.

* Threefold trawling on the investigated hard-sandy bottom resulted in a 
statistically significant decrease in density (40-65%) of starfishes 
Asterias rubens, small individuals of the heart urchin Echinocardium 
cordatum and the polychaete worms Lanice conchilega and Spiophanes 
bombyx. A statistically not-significant decrease in density (10-25%) 
was observed for small crustaceans (Cumacea, Natantia, Amphipoda), the 
larger individuals of the bivalve Tellina fabula and the heart urchin 
Echinocardium cordatum. Only Asterias rubens are probably dispersed 
alive, all other species killed.

* Trawling, including the treatment on board the trawler, fatally 
damaged a large proportion (90%) of the large bivalve Arctica islandi
ca caught in the nets. Mortality of brittle star Ophiura texturata, 
swimming crab Liocarcinus holsatus and edible crab Cancer pagurus was 
estimated at approximately 40%. Mortality of astropecten Astropecten 
irregular is and masked crabs Corystes cassivelaunus was estimated as 
approximately 30%.

* Only the hermit crab Eupagurus bernhardus and the starfish Asterias 
rubens probably have a good chance (resp. 100% and 80%) to survive, 
when they are returned to the sea after sorting out on board the 
trawler.

* The starfish Asterias rubens, the brittle star Ophiura texturata and 
the swimming crab Liocarcinus holsatus have a chance of almost 100% to 
survive after escaping through the meshes of the trawl net.

* Direct effects of beamtrawling on some species of benthic fauna in the 
investigated hard-sandy area appear to be considerable. Moreover, the 
structure of the benthos community in the investigated area may have 
become adapted to beamtrawling during the past decades. This year too, 
limited fishing was permitted. Therefore direct effects of 
beamtrawling on benthic fauna may have been less clear than in areas 
of the North Sea undisturbed by beamtrawl fishery.

* Similar investigation in other areas with a different sediment and 
fauna composition will give more conclusive information on possible 
effects of beamtrawling in the North Sea. Special attention must be 
paid to indicator species such as Echinocardium cordatum and Arctica 
islandica and to the proportion of severely damaged benthic animals in 
the trawl catches. Comparison of the benthic fauna in a trawled area 
with that of an adjacent area where beamtrawling is impossible may 
also yield valuable information on possible long-term effects of 
beamtrawl fishery.
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* In order to study both short-term and long-term effects of beamtrawl 
fishing on the North Sea ecosystem trawling should be banned in a 
large representative fishing area e.g. ICES quadrants 35F4 and 36F4. 
Comparison of the development of benthic fauna and fish populations- in 
this closed area and in a normal trawled area will give the informa
tion which is necessarily to assess the actual impact of beamtrawling 
on the ecosystem.

* Direct effects of beamtrawling on the densities of fish species in the 
area studied were not found. The density of solenettes Í Buglossidium 
luteum) even appeared to have increased after trawling. Most small 
fish apparently escape through the meshes of the commercial trawl 
fairly undamaged. At least 56% (dab), 85% (plaice), 100% (sole) and 
68% (dragonet and solenette) of the escaped fish survived the first 24 
hours after their capture in the covering net.

* Most fish caught in the trawl are dead or they will probably die soon 
after. In the particular season (August 1989) and area of investiga
tion the amount of dead discard fish was estimated to be approximately
2-4 times the amount of marketable fish. This cannot, however, be 
extrapolated to other seasons or areas.
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TABLE 1
Mean numbers of animals per 1000 m 2 caught with the narrow-meshed 3 
meter beamtrawl. Four hauls before commercial trawling and four hauls 
after commercial trawling. Statistical significance of differences in 
mean numbers is given by t, the significance by p.

Before 
trawling 

n = 4

After 
trawling 

n = 4

Mean S.D. Mean S.D. t P

Dab
(Limanda limanda 1 35.8 22. 4 41 .0 15.7 -0 . 4 0.30

Plaice
(Pleuronectes platessa) 5.5 3 . 9 2.0 1 . 4 1 . 6 0.11

Solenette
(Bualossidium luteum) 7 . 5 4.8 29.5 18.4 -1 . 9 0.08

Scaldf ish
(Arnoalossus laterna) 0.8 1 .0 6.0 5.5 -2 . 1 0.07

Dragonet
(Callionymus lvra) 19.5 6.0 12.5 8.6 1 . 1 0.16

Gurnard
(Triala luc.& our) 1 . 8 1 . 7 1 . 5 0.6 0.3 0.32

Gobies
(Pomatoschistus so.) 8.0 2 . 5 10.3 2. 1 -1.1 0.16

Dwarf squid
(Alloteuthis subulata) 1 1 9 1 1 1 54 38 1 . 1 0.16

Starfish (Asterias rubens) 
small 5.3 5 . 9 0 . 8 1 .0 1 .6 0.11
large 5.8 4 . 4 6.3 2.8 -0.2 0.35
small and large 11.0 4.3 6 . 8 3 . 4 1 . 2 0.15

Brittle star
(Ophiura texturata) 5.8 3 . 2 4.5 1 . 7 0.6 0. 25

Swimming crab
(Liocarcinus holsatus) 2.5 1 .9 2.3 1 .5 0.2 0.35

Hermit crab
(Eupaaurus bernhardus) 4.3 3.8 2.5 0.6 0.9 0.19
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TABLE 2
Densities of benthic fish estimated from trawl catches of the 12 meter 
beamtrawl (9 cm meshes) and the 3 meter narrow-meshed beamtrawl (1 cm 
meshes). Numbers of animals per 100 m2 and the surface area (m2) per 
animal (1/xm2), estimated for a precisely measured haul (3500 m for 
the large net and 300 m for the small net). Numbers in brackets 
indicate maximum densities observed in a single haul, for the 12 m 
trawl particularly the total numbers found in a short haul with the 
fine mesh covering net (*).

12 m beamtrawl 3 m beamtrawl

n/100m2 1/xm2 n/100m2 1 /xm2

Dab 0 .81 124 3.6 28
(Limanda limanda) (8.7 12)* (6.0 16)

Plaice 0.62 162 0 . 54 185
(Pleuronectes olatessa) (0.78 129)* (0.84 1 20 )

Sole 0.06 1600 0 _

(Solea solea) (0.67 148)*

Solenette 0 _ 3.0 34
(Bualossidium luteum) (3.8 26)* (5.6 18)

Scaldf ish 0 _ 0.6 167
(Arnoalossus laterna) (0.1 1000)* (1.3 76)

Dragonet 0 - 2.0 51
(Callionymus lvra) (2.2 45)* (2.4 40 )

Gurnard 0.04 2600 0.18 560
(Triala luc.& auri (0.15 660 ) * (0.28 360 )

Gobies 0 _ 1 .0 100
(Pomatoschistus s d . ) (2.4 42)* (1.3 1 1 )



TABLE 3
Densities of benthic evertebrates estimated from trawl catches. F 
explanation see Table 2.

1 2 m beamtrawl 3 m beamtrawl

n/100m2 1 /xm2 n/100m2 1 /xm2

Starf ish
(Asterias rubensl

11.6
(25.0

9
4 ) *

0 .3 
(1.4

330
70)

Brittle star 
(ODhiura texturata)

3.8
(7.2

26
14)*

0.8 100

Astropecten
(AstroDecten irreaularis)

0.7
(1.8

144
56 ) *

0.2 400

Heart urchin 
(Echinocardium cordatum) (8.0 13)* 0 -

Swimming crab 
(Liocarcinus holsatus)

0.5
(0.37

200
3)*

0.4 210

Hermit crab 
(EuDaaurus bernhardus)

0.7
(1.0

144
100)*

0.6 150

Masked crab
(Corystes cassivelaunus)

0.06 1 700 0 -

Edible crab 
(Cancer Daaurus)

0 . 02 
(0.08

5000 
1 300 ) *

0 -

Arctina
(Arctica islandica)

0.1 1000 0 -

Necklace shell 
(Natica alderi)

0 - 1
(3

800
280)

Dwarf squid 
(Alloteuthis subulata)

0 - 12
(28

83
4)
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TABLE 4
Survival of animals escaped through the 9 cm meshes 
of the large trawl, collected from a narrow-meshed 
covering net after a haul of one minute.

Numbers of 
Start

animals
End

% Survival 
after 1 day

Dab 25 1 4 56
Plaice 13 11 85
Sole 16 16 100
Dragonet 25 1 7 68
Solenette 25 1 7 68

Starf ish 148 147 99
Brittle star 1 70 169 99
Swimming crab 45 44 98

TABLE 5
Approximate % of benthic fauna severely damaged in the trawl net, 
the numbers of living animals (n) at the start and the end of 
survival experiments, the % survival of living animals collected 
from the catch, and the of total chance of survival of animals 
caught in the net after a haul 2 hours.

Damaged 
in net

%

Living
Start

n

at
End
n

Surv.
%

Total survival 
from catch

%

Dab 90 1 2 0 0 0
Plaice 80 40 19 48 10

Starf ish 10 1 30 121 93 80
Astropecten 30 1 20 1 20 100 70
Brittle star 40 80 80 100 60

Arctica 90 13 1 2 92 < 1 0

Swimming crab 40 59 59 100 60
Masked crab 30 59 56 95 70
Hermit crab 0 30 30 100 100
Edible crab 40 7 7 100 60
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TABLE 6
Mean densities (n.itT2) and size (cm) of macrobenthic fauna, sampled with Reineck 
boxcore (0.071 m2 ) on the experimental quadrant at tg.
(* Based on four hauls with 2.80 m beamtrawl (mean length ± s.d.))

Numbers of 
samples

Size range 
(cm)

Mean density 
n. nT 2 ± s.d.

CRUSTACEANS
Total small 10 0.3 - 0.7 309 ± 178
e.g. Cumacea

Natantia
Amphipoda

Total large 24 5 ± 10
Corystes cassivelaunus 24 2.5 1 ± 3
Liocarcinus holsatus 24 4 . 0 1 ± 3
Liocarcinus spec. juv. 0.4 - 0.6 4 ± 9

MOLLUSCS
Total 24 214 ± 101

Tellina fabula small 24 0.2 - 0.4 20 ± 25
Tellina fabula large 24 0.4 - 1.8 130 ± 79

Rest 24 62 ± 41
e.g. Mactra spec. 24 0.3 - 2.1 2 ± 4

Montecuta ferruginosa 24 0.2 - 0.6 29 ± 36
Thracia spec. 24 0.2 - 1.0 4 + 9
Dosinia spec. 24 0.8 2 ± 4
Spisula subtruncata 24 0.3 - 0.9 1 ± 3
Venus striatula 24 0.2 - 2.5 8 ± 14
Ensis spec. 24 3.1 - 14.0
Cultellus spec. 24 0.6 - 0.7
Natica alderi 24 0.5 - 1.6 11 ±15
Cyligna cylindracea 24 0.4 - 0.9 2 ± 4
Abra prismatica 24 0.5 - 0.7 2 ± 5
Mysella bidentata 24 0.2 - 0.3 2 ± 6

ECHINODERMS
Total 24 244 ±

Asterias rubens 24 10.0 - 10.5 1 ± 4
*Asterias rubens 4 6.0 ± 4.6* 0,01±0,005*
Echinocyamus spec. 24 0.4 2 ± 4
Acrocnida spec. 24 0.8 1 ± 3
Ophiura spec. 24 0.1 - 0.4 118 ± 120
Amphiura filiformis 24 0.5 - 0.6 2 ± 7
Echinocardium cordatum small 24 0.5 - 1.0 97 ± 51
Echinocardium cordatum large 24 3.6 - 4.8 23 ± 21

CHORDATES
Amphioxus 10 0.7 - 1.3 6 ± 7
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Cont. Table 6.

Numbers of 
samples

Size range 
(cm)

Mean density 
n.m'2 ± s.d.

COELENTERATES
Anthozoa 10 0 .5  -  2 .0 25 ± 27

WORMS
Total 10 5179 ± 1482

Magelona papillicornis small 10 2 . 0  -  3 . 0 1904 ± 976
Magelona papillicornis large 10 3 . 0  -  6 . 0 2011 ± 449

Total except Magelona papillicornis 10 1265 ± 556
Lanice conchilega small 10 0 . 5  -  1 . 5 355 ± 288
Lanice conchilega large 10 1 . 5  -  5 . 0 38 ± 39
Spiophanes bombyx 10 1 . 5  -  2 . 5 496 ± 268

-Magelona papillicornis 10
Total except Lanice conchilega 10 373 ± 127

'-Spiophanes bombyx 10

e.g. Anaitides mucosa 10 1 . 0  -  2.1 69 ± 52
Spio filicormis 1 0 1 . 0  -  2 . 5 69 ± 46
Scolelepis bonnieri 10 2 . 0  -  4 . 0 51 ± 44
Eumida sanguinea 10 0 . 5  -  1 . 0 30 ± 33
Goniada maculata 10 2 . 0  -  4 . 0 9 ± 18
Owenia fusiformis 10 0 . 5  -  2 . 5 23 ± 24
Scoloplos armiger 10 3 . 0  -  4 . 0 9 ± 10
Sigalion mathildae 10 4 . 0  -  6 . 0 17 ± 17
Glycinde nordmann i 10 1 . 5  -  2 . 5 35 ± 40
Anaitides groenlandica 10 1 . 5  -  3 . 0 21 ± 17
Nepthys hombergii 10 5 . 0  -  1 . 0 7 ± 10
Nepthys cirrosa 10 2 . 5  - 3 . 5 3 ± 6
Nereis longissima 10 2 . 5 1 ± 5
Nereis spec. 10 1 . 5 1 ± 5
Harmothoë spec. 10 0 . 5 1 ± 5
Eteone flava 1 0 2 . 0  -  3 . 0 3 ± 9
Chaetozone setosa 10 1 . 0  -  1 . 5 18 ± 23
Poecilochaetus serpens 10 1 . 5  -  2 . 0 3 ± 6
Lumbrinerus latreilli 10 2 . 5 1 ± 5
Anaitides maculata 10 2 . 0 1 ± 5
Lagis koreni 10 1 .8 1 ± 5



TABLE 7
Mean densities of raacrobenthic fauna (n.m'2 ) sampled with Reineck boxcore on the quadrant at t0 and t 3 and the change in
densities as percentages of densities at t0 after a threefold beamtrawling. Statistical significance is estimated with
the Mann-Whitney test. (* Shift in density (%) after a single beamtrawling based on four 300 m hauls with a 2.80 m beamtrawl)

Numbers of 
samples

Actual number 
of individuals 

at t0

n.ra 2
at t0

n . m" 2 
at t3

Percentage change 
in density 

100*(t0-t3 )*t0~1

a

CRUSTACEANS
Total small 10 219 309 235 -24
e.g. Cumacea

Natantia
Amphipoda

MOLLUSCS
Total 24 365 214 195 -9

Tellina fabula small 24 35 20 41 + 106
Tellina fabula large 24 223 130 98 -25

Total except Tellina fabula 24 106 62 62 0

ECHINODERMS
Asterias rubens 4 45 0,0134 0,0077 -43* 0.1
Ophiura spec. 24 201 118 1 20 + 2
Echinocardium cordatum small 24 165 96 43 -55 0.001
Echinocardium cordatum large 24 36 22 19 -14

WORMS
Total 10 3673 5179 6065 + 17

Magelona papillicornis small 10 1350 1904 2618 + 38
Magelona papillicornis large 10 1426 2011 2671 + 33 0.025

Total except Magelona papillicornis 10 897 1265 767 -39 0.025
Lanice conchilega small 10 251 355 1 25 -65 0.025
Lanice conchilega large 10 26 37 42 + 15
Lanice conchilega 10 277 392 168 -43 0.05
Spiophanes bombyx 10 352 496 213 -57 0.025

-Magelona papillicornis
Total except Lanice conchilega 10 267 376 386 + 3

LSpiophanes bombyx

e.g. Anaitides mucosa 10 49 69 75 + 9
Spio filicormis 10 49 69 42 -39
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TABLE 8
Mean densities of Echinocardium cordatum in the t0, t 1( t2 and t3 
sampling, based on 24 grabsamples. 
t0 = reference density
tj = density after unifold beamtrawling
t2 = density after threefold beamtrawling
t3 = density after threefold beamtrawling followed by a stabilization

period of 2 weeks

Mean n.m 2±s.d. Mean In (n+1).m 2±s.d.

Small individuals t0 97 ± 51 2.142 ± 1.172
ti 88 ± 72 1.726 ± 0.762
*2 109 ± 206 1.207 ± 1.303
t3 45 ± 92 0.932 ± 0.888

Large individuals t0 23 ± 21 0.771 ± 0.560
ti 24 ± 14 0.885 ± 0.397
fc2 16 ± 15 0.628 ± 0.489
t3 20 ± 17 0.733 ± 0.503

foZVm. T'.y.vZfr
-VW 77I ~Y?,,77777X

e tc .

e t c .seawater line

Deck

Fig. 1. Arrangement of two different types of survival tanks on deck 
of the trawler, with seawater supply from the deck-wash.
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Fig. 2. The length distribution (in era's) of fish, starfishes and other 
invertebrates from trawl catches, as percentage frequencies. For some 
species fishsizes from catches with the small 3 m bearatrawl are compared 
with the size of fish from catches with the large 12 m beamtrawls of the 
trawler. Similarly, for one catch with the large beamtrawl, the length 
distribution of the animals in the large 9 cm meshsize net is compared 
with the length of animals found in a 2 cm meshsize covering net.
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Cont. Fig. 2.
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ECHINOCARDIUM CORDATUM

N

20 -

5 -

0 2 64 8 1 O 1 2 1 4D E P T H  IN C M

Fig. 3. Length-dependent depth preference of Echinocardium cordatum
just outside the quadrant before experimental beamtrawling.
U = mean lenght: 0.8 ± 0.1 cm (n = 30)0 = mean lenght: 4.3 ± 0.3 cm (n = 46)
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