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PREFACE

This IMPACT I report is the result of an international research project supported by the
Commission of the European Communities. Thirteen institutes of five EU-member states worked
together. Sometime waves were running high but always a calm followed.

The good cooperation resulted in a really integrated report with all the results combined. Due to the
size of the project, it has become a rather large report. However, by using a rather consistent
numbering in chapters 2 and 3 we hope that all those interested can find their way.

It is impossible to thank the many persons who contributed to the realization of this report, however,
we want to single out Anneke Bol-den Heijer (NIOZ) who produced a coherent lay-out of many
loose contributions.

Den Burg - IJmuiden
H.J. Lindeboom - S.J. de Groot
Project coordinators IMPACT |l



1. INTRODUCTION
1.1. GENERAL

The origin of trawling is vested in obscurity, but trawls were certainly known in northwestern Europe
in the thirteenth century. As early as the fourteenth century, fishermen in the United Kingdom were
concerned that fishing gear altered seafloor habitats (Anon. 1921). At the end of the sixteenth
century Dutch fishermen asked Prince William of Orange to place restrictions on the use of trawls,
as they were concerned about the state of the seabed after the passage of trawls, claiming that the
grounds would become rough and would probably lower future catches (de Groot 1984).

The fisheries in the North Sea increased considerably with the industrialization of the fleet at the
beginning of this century. By 1930, sailing vessels and steam trawlers in the south-eastern North
Sea had been largely replaced by motor trawlers. The first Dutch otter trawlers began fishing in
1910 and their numbers increased to a maximum of over 500 vessels in 1940. Otter trawls were
designed to catch flatfish (plaice and sole) and roundfish (e.g. cod) and were the standard gears
before the beam trawls came in common use in the North Sea sole fisheries in the mid-sixties.
Ofter trawlers are equipped with one single trawl. Horizontal spread of the otter trawl is attained by
the ‘otter boards’ or ‘doors’ which are attached to the wings of the net. Fish are guided along the
bridies from the doors into the net.

The development of beam trawling for flatfish started just after the second world war, but beam
trawler effort remained insignificant until the beginning of the 1960s. Beam trawls are efficient gears
designed to catch flatfish (plaice, sole) and are rigged with a set of tickler chains in front of the
ground rope in order to start the flatfish from the seabed. Beam trawlers are equipped with two
beam trawls. In offshore areas in the North Sea, mainly 12 m wide beam trawls are applied.
Vessels with engine power > 221 kW are not allowed in the 12 mile zone and - since 1989 in certain
seasons and since 1995 totally - in the “Plaice box” along the Dutch, German and Danish coast. In
these coastal areas trawling is carried out mainly with 4 m wide beam trawls, towed by cutters with
engine powers < 221 kW. On stony grounds beam trawls equipped with chain matrices are
employed to avoid large stones entering the net. The maximum number of beam trawlers in the
North Sea fleet occurred around 1970, but the maximum effort occurred in 1988 as a result of an
increase of effort per vessel (Rijnsdorp & van Leeuwen 1994).

International concern about the increasing trawling effort was voiced for the first time at the 58"
Council Meeting in Copenhagen in 1970, at the International Council for the Exploration of the Sea
(ICES). ICES requested information about the effects of trawls and dredges on the seabed and
benthic fauna. After a few years of investigation several members states reported on these effects
(Anon. 1973). For various reasons ICES deemed it better to leave the conclusions as stated, and
for more than ten years hardly any attention was paid to the effects of bottom trawling on the
seabed. In 1988 a study group of ICES was initiated to reexamine the ecological effects of bottom
trawling (Anon. 1988). Their main conclusion was that the heavier gears now in use might have a
greater effect on benthic communities, and new observations on the effects of these gears on the
seabed were required.

Several countries began research into the effects of physical disturbance on benthic
communities. Rees & Eleftheriou (1989) reviewed field investigations of the biological effects of
human activities in the North Sea. Redant (1987) compiled a bibliography on the effects of bottom
fishing gear and harvesting techniques on benthic biota.

In the Netherlands, studies on trawling effects were taken up by to the Netherlands Institute for
Fisheries Research (RIVO-DLO), the Netherlands Institute for Sea Research (NIOZ) and the North
Sea Directorate of the Ministry of Transport and Public Works (RWS-DNZ), within the newly
founded interministerial cooperation framework “Policy Linked Ecological Research North Sea and
Wadden Sea (BEON). As a result, three years (1989-1991) of combined research was carried out
to study the effects of the beamtrawl on the seabed. Studies were carried out to establish the
penetration depth of the fishing gear into the sediment, and the direct mortality of the benthic fauna
(Anon. 1990, 1991a, 1992b; Bergman & Hup 1992). Gradually, other Dutch institutes joined the



research project, i.e. the Geological Survey of the Netherlands - marine Geology Division (RGD)
and the Netherlands Institute of Ecology (NIOO-CEMO).

In England and Wales, a study of the effects of 4m beam trawls on benthic communities was
begun in 1991 by the Ministry of Agriculture, Fisheries and Food, CEFAS Conwy Laboratory. The
same organisation funded a project of examine the effects of scallop dredging on benthic
communities around the Isle of Man in 1994.

1.2. IMPACT-I

In 1991 a contract from the European Commission was granted to study the effects of trawling in
more detail. The project title was “Environmental impact of bottom gears on benthic fauna in
relation to natural resources management and protection of the North Sea (IMPACT-I) (EC-FAR
Contract MA.2.549). This project was undertaken from January 1992 till 31 December 1993, by the
following research institutes: Netherlands Institute for Fisheries Research (RIVO-DLO), Netherlands
Institute for Sea Research (NIOZ), Netherlands Institute of Ecology (NIOO-CEMO), in the Nether-
lands, Rijksstation voor Zeevisserij (RSZV) in Belgium, Institut fir Meereskunde (IfM) and Alfred
Wegener Institut fir Polar- und Meeresforschung (AWI) in Germany. In an assisting role the North
Sea Directorate (RWS-DNZ) in the Netherlands. and the MAFF- CEFAS' Conwy Laboratory (UK)
also joined the project.

Trawling programs were carried out in four main areas of the North Sea using various types of
flatfish (sole and plaice) and shrimp beam trawls. Sites of investigation were situated on the
Flemish Banks, off the Dutch coast, north of the Frisian Islands, and in the German Bight.

Within these areas, the effects of 4m and 12m beam trawls on benthic communities were
studied. Before and after experimental fishing, both in- and epifauna were sampled using a variety
of equipment including: box corers, Van Veen grabs, Day grabs, 3m beam trawls, 1 m dredges
attached to a 7m beam trawl, a specially developed benthos dredge (Triple-D) and video tech-
niques. Catch composition of the commercial trawls was determined. The survival of animals
caught in, and those which pass through, the meshes of the net was examined over prolonged
periods onboard ship. Direct mortality of invertebrates in the trawl path was determined. Possible
immigration of scavengers into intensively trawled areas was examined by repeated trawling over
the same line. Changes in sediment structure were also examined using side-scan sonar and
sediment profiling photography (REMOTS). The effects of towing speed and direction of tow (in
relation to current direction) on the pressure exerted by the gear on the sediment were examined
with a 4m beam trawl. An inventory of the Belgian, Dutch and German bottom trawling fleet and the
different gears used was collated.

The main conclusions obtained were (de Groot & Lindeboom 1994):

1. Flatfish beam trawl fisheries form the most important part of the Belgium and the Netherlands
fisheries producing about 81 and 66%, respectively, of the national catches.

2. Studies on the physical impact of the 4m beam trawl on the seabed show that the sole plate
exerts a force of about 2 N*cm? at commercial trawling speeds. Trawl marks on coarse sand
remain visible for up to 52 hours after fishing.

3. Discard composition of the catch of offshore 12m beam trawlers differs from that of the inshore
4m trawlers. Every kg of marketable fish may yield 1 to 2 kg of discarded fish and 1 to 4 kg of
dead invertebrates.

4. Fishing with commercial beam trawls causes a range in mortalities of benthic species caught in
the nets due to capture and handling of the catch: high mortalities (70-100%) for undersized fish,
up to 50% mortality for most crabs and molluscs and very low mortality (<10%) for starfish. Many
species, not caught by the nets, show a high mortality caused by the passage of the tickler
chains over the seabed: up to 85% of the numbers initially present in several mollusc and
crustacean species, up to 60% in some annelids and up to 45% in some echinoderm species.

! Formerly known as the Directorate of Fisheries Research.



5. Considering the high mortality of certain species and the fishing intensity, it can be expected that
commercial beam trawling affects the structure and composition of the benthic community in the
North Sea.

6. Benthic animals damaged, dislodged or discarded by beam trawls may contribute significantly to
the diet of scavengers whose populations may thus become enhanced.

1.3. IMPACT-ll

In 1994 a “renewal” contract was agreed with the European Commission, the project title "The
effects of different types of fisheries on the North Sea and Irish Sea benthic ecosystem” (EU-AIR 2
94 1664). New partners joined those of the IMPACT-I project. For the Netherlands: North Sea
Directorate (RWS-DNZ) became a full partner, as well as the MAFF-CEFAS Conwy Laboratory
(UK). Other joining institutes were: FRS Marine Laboratory Aberdeen (Scotland), the University
College of North Wales and School of Biological Sciences (both in the UK), the Institut fir
Seefischerei (BFA-Hamburg) in Germany and in Ireland the Martin Ryan Marine Science Institute
Galway (MRI) and the Fisheries Research Centre Dublin (FRC). When awarding the contract the
EU-DG XIV stressed that the report of the IMPACT-I study?® would be integrated in the final report of
IMPACT-II.

The working hypothesis of IMPACT-Il is: Demersal fishing activities and increased trawling
intensity has a direct effect and induces long term effects on the seabed and benthic communities.
To test this hypothesis the objectives of the IMPACT-II study were to estimate in space and time the
direct and indirect effects of different types of bottom fisheries on the ecosystems of the North Sea
and the lrish Sea. This was achieved by undertaking field researck and by collecting data from the
literature. The information derived from these studies is essential for the future management of
marine fisheries, if a balanced choice between nature conservation and fisheries economic issues
is to be made. The project provides essential back-ground information to support the policy of
'sustainable development' for both fisheries and natural marine ecosystems.

The IMPACT-II study consisted of five complementary subprojects. However, in the course of the
project it was decided, in close consultation with the EU, to report the results in eight subchapters,
each encompassing a clearly different aspect of the research.

Subproject 1A. Collection and analyses of historical and present-day data.

Historical and present-day data on catch and discard composition was collected; published and
unpublished data sets both on fisheries and on the species composition of demersal fish and
benthic invertebrates were identified, collected and analysed. The aim was to reconstruct possible
trends in catch and discard composition of different types of benthic fisheries and to estimate the
effects of fisheries on non-target species. Methods and results are reported in 2.8 and 3.8 respecti-
vely.

Subproject 1B. Collection and analysis of data on bottom trawling gears.

Data on the composition of the different bottom trawling gears in use by the fisheries of Germany,
The Netherlands, Belgium and Ireland was collected. The data was taken from available records,
augmented by information collected by visiting bottom trawling vessels when in harbour. Detailed
information on the gear type, net parameters, a rough indication of the area of preference of
individual fishing vessels was also collected. This data provided essential background information
for the IMPACT-Il program and was required for the overall assessment of the effects of fisheries
on the ecosystem. Methods and results are reported in 2.1, 2.2, 3.1 and 3.2.

2 All IMPACT-! results were made available in the report series of NIOZ and RIVO-DLO (de Groot &
Lindeboom 1994).
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Subproject 2. Comparative field research to document the direct effects of different types of trawl

fisheries.

The aim was to quantify and compare the direct effects of different types of trawl fisheries on the

benthic communities of the southern and central North Sea by estimating the species composition

of various benthic ecosystems and the total annual production of dead organic material (fish and

benthos) derived from trawl fisheries. In 4 selected areas different gear types were compared

simultaneously.

The following field data were collected:

e physical impact of trawling on the seabed: pressure executed by beam trawls on the seabed,
penetration depth and changes in structure and texture of the upper sediments.

s catch-efficiency of different commercial trawl gears for demersal fish and benthos species on
typical types of North Sea sediments.

o catch composition of different gears, divided into the following categories: marketable fish, dis-
card (dead/live) fish, benthos (dead/live), and long-dead (old-discard) organisms (Fig. 1).

o direct mortality of trawl fishery on the abundance’s of the smaller-sized benthos, normally not
caught by the large-meshed commercial trawl.

e production of discarded (dead) fish and benthos by different types of trawl fisheries.

The methods and results of this subproject are reported in 2.3, 2.4, 2.5, 3.3, 3.4 and 3.5.

Subproject 3. An analysis of fishing effects in fished and unfished areas.

This project consists of three parts:

3A) Scottish Sea Loch:
To follow changes in benthic community structure during a 16 month controlled fishing
experiment and for 18 months thereafter. This experiment took place in the Loch Gareloch,
Inverclyde, W. Scotland where a ban on fishing has been in place for almost 30 years, owing to
the presence of a military base.

3B) German Bight:
To measure the mid- and short-term changes in the benthos communities within the area of
the wreck "West Gamma" and within an adjacent control area open to fishing.

3C) The Irish Sea:
To study the effects of the prawn trawl fishing for Nephrops (Nephrops norvegicus) on four
experimental areas/boxes. These boxes included a wreck and fished site in a heavily fished
area (test and control), and a wreck and fished site in a lightly fished area (test and control).
New data were compared with existing ecosystem and historical fisheries data.

The methods and results of this subproject are reported in 2.7 and 3.7.

Subproject 4. The consequences of discard material on the benthic ecosystem.

The aim was to study the impact on the benthic ecosystem of dead fish and by-catch discarded by

different types of demersal fisheries. In each of 4 selected areas the exploitation of discard

materials and disturbed benthic animals by predators and scavengers were compared. The study
focused on:

o The distribution of different kinds of dead discard materials (such as dead molluscs, crustaceans
or fish) over different scavenger groups (fish, starfish, crabs etc.) The availability of benthos
disturbed and discarded by trawl fishery to different groups of scavengers, e.g. competition for
discarded food items between fast moving fish (dab and whiting) and slow moving starfish and
crabs, etc.

e The importance of "discard food" from trawl fishery for different groups of scavenging predators,
in comparison with their normal (maximum) daily food consumption and the normal pattern of
food production (availability) and consumption in the ecosystem.

« The rate of decomposition of discard materials not consumed by scavengers.

The methods and results of this subproject are reported in 2.6 and 3.6 respectively.



In discussion chapter 4 an assessment of the relative impacts of the different trawling fleets is
compiled. An overview of the results of both IMPACT projects is also given in this chapter, as well
as remarks on the working hypotheses. Chapter 5 gives summary, conclusions and recommenda-
tions. An extensive glossary is provided in chapter 6.

"catch mortality”

to fishmarket }

catch \
non-catch —D living benthos survivors
"catch efficiency” "non-catch mortality”

Fig. 1. Direct effect of beam trawling on demersal fish and benthic invertebrates as related to (1) the catch
efficiency (i.e. the number of fish and invertebrates that is caught in the nets devided by the total number of
animals in the trawl track before fishing), (2) the catch mortality (i.e. the number of dead fish and inverte-
brates in the catch devided by the total number of animals in the catch), and (3) the non-catch mortality (i.e.
the number of dead fish and invertebrates in the trawl track divided by the total number of animals in the trawl
track after fishing). The black arrows represent the fluxes of dead animals, whilst the white arrows indicate the

fluxes of (initially) living animals.



1.4. AN OVERVIEW OF THE EFFECTS OF BOTTOM TRAWLING ON MARINE COMMUNITIES:
STATE OF THE ART?

Physical impact of gears on the substratum
Systematic research on the physical effects of trawling on seabed substrata dates from 1970, when
the International Council for the Exploration of the Sea requested information on the effects of
trawls and dredges on the seabed (ICES 1971: Council Resolution 1970/S/1). Most of the experi-
ments carried out in the early 1970's examined the effects of light beam trawl gears. Almost all
beam trawls in the experiments were equipped with tickler chains and only in one case was the
beam trawl equipped with a chain matrix (de Clerck & Hovart 1972).

Due to the pressure of the gear on the seabed, certain parts penetrate to a varying extent into
the sea bottom. The penetration depth largely depends on the nature of the seabed (Margetts &
Bridger 1971; Bridger 1972; de Groot 1972; Anon. 1973). Direct observations have been made
using divers (Bridger 1970; Margetts & Bridger 1971), underwater television cameras (Margetts &
Bridger 1971; Sydow 1990) and side-scan sonar (Caddy 1968, 1973; de Groot 1972; Sydow 1990).

Depending on the sediment type, weight of the beam and shoes, weight per unit length, number
and spacing of tickler chains, towing speed and tidal conditions, a beam trawl will cause a relatively
distinct track, which is estimated to persist for up to 16 hours in sandy sediments (Margetts &
Bridger 1971; de Groot 1972; Bergman et al. 1990). The detectable disturbance is most distinct on
muddy or soft sandy grounds. On hard sandy ground, the tracks are difficult to detect, and resemble
a smoothed path. On very soft sandy grounds the tracks are ili-defined and are soon erased. The
most visible tracks are made by the sole plates. Margetts & Bridger (1971) observed sole plate
marks 80-100 mm deep on muddy sand but only 15 mm deep on a sandy ridged ground. The tickler
chains did not appear to be in firm contact with the bottom and will exert a limited pressure on the
seabed. Successive layers of sediment are resuspensed but will settle again after the gear passed.
This is unlikely to cause a problem in areas where natural sediment movement due to the effect of
tidal action and gales occurs frequently (de Groot 1984; Anon. 1973; Anon. 1988; Kaiser & Spencer
1996a). Based on measurements made using markers buried in the seabed, Bridger (1972)
concluded that only the surface of the sediment will be disturbed by a tickler chain. Even with an
array of 15 tickler chains weighing 1478 kg operating on mud at a low speed of 2.2 knots the
penetration depth did not exceed 30 mm.

Direct effects of mobile gears

it is clear that all mobile bottom gears scrape the surface of, or dig into, the seabed to varying
degrees. Hence it is not surprising that non-target fish and benthic invertebrate species comprise a
large proportion of the catch in some fisheries (Andrew & Pepperell 1992; Anon. 1995; de Groot &
Lindeboom 1994; Messieh et al. 1991; Raloff 1996; Robin 1992). While gear modifications such as
the addition of extra tickler chains increase the catch of target species, there is an unavoidable
concomitant increase in the catch of non-target species (Creutzberg et al. 1987; Kaiser et al. 1994).
Whereas nets have been refined to reduce the by-catch of non-target and undersized commercial
species (Briggs 1992), few attempts have been made to reduce by-catch or the damage of fishing
gears on invertebrate benthic species.

To date, most studies have investigated the effects of fishing on benthic communities in shallow
seas on the continental shelf at depths < 100 m. This is not surprising as the majority of demersal
fishing activity occurs in this depth range, and quantitative ecological studies become logistically
complex at greater depths. Benthic communities in these environments experience continual
disturbance at various scales (Hall 1994). Large-scale natural disturbances, such as seasonal
storms, strong tidal currents and severe winters (Posey et al. 1996; Rees et al. 1977; Warwick &

% The majority of this text has been modified from - Jennings & Kaiser (accepted). The effects of fishing on
marine ecosystems. Advances in Marine Biology.



Uncles 1980), form a background against which other smaller disturbances occur, such as those
induced by predator feeding activities (Hall et al. 1993b; Oliver & Slattery 1985; von Blaricom 1982).
Hall et al. (1993b) argued that, while very localised, frequent small-scale predator disturbances
could have a considerable additive effect on benthic communities, creating a long-term mosaic of
patches in various states of climax or recolonization (Connell 1978; Grassle & Saunders 1973).
However, their experimental study concluded that while it was possible to detect short-term effects
of predator disturbance, large-scale effects could not be inferred. This implies that small-scale
disturbance events, even when frequent, are either masked by the background of large-scale
disturbances, or that the scale of disturbance is small enough to allow rapid recolonisation such that
large-scale effects never become apparent. However, presumably there exists a threshold scale
and frequency of disturbance events at which lasting ecological effects may occur, even against a
background of natural disturbance. The additive effects of an entire fishing fleet may reach this
threshold. Moreover, fishing effort in shelf seas is not homogeneously distributed. Fishermen
concentrate their effort in grounds that yield the best catches of commercial species and generally
avoid areas with obstructions and rough ground that would damage their gear. In addition, fishing is
restricted in some areas, such as shipping lanes and around oil rigs. Consequently, early estimates
of area swept by bottom gears are unintentionally misleading as they imply that physical disturbance
is spread homogeneously across large (> 100 km?) areas (Welleman 1989). More recently, ‘black
box’ recorders have been fitted to a proportion of the Dutch beam trawl fleet which has allowed the
tracking of fishing operations. The Dutch fleet accounts for 50-70% of the total beam trawling effort
in the North Sea (Rijnsdorp et al. 1996). These records indicate that beam trawling effort is very
patchily distributed in the North Sea. It is estimated that some 3 x 3 nautical mile areas are visited >

400 times per year, while others are never fished (Rijnsdorp et al. 1996). The distribution of bottom

trawling disturbance can also be ascertained from the occurrence of physical damage in
populations of animals that are able to withstand such injuries. Up to 55% of the starfish,
Astropecten irregularis, sampled in a heavily beam trawled area of the Irish Sea were found to have
missing arms, compared with only 7% in a less intensively fished area (Kaiser 1996). Within
intensively fished areas, the background levels of natural disturbance may have been exceeded
leading to long-term changes in the local benthic community. However, as pointed out by many
previous authors, the communities observed presently may be the product of decades of
continuous fishing disturbance (Bergman & Hup 1992; Dayton et al. 1995; de Groot & Lindeboom
1994).

Detecting long-term changes in benthic fauna attributable to fishing activities has been
problematic for all but the most obvious cases (Riesen & Reise 1982; Sainsbury 1987). Even in
these cases, it is problematic to attribute these changes to fishing alone, as the southern North Sea
has been influenced by eutrophication events leading to increases in the abundance of polychaete
species and echinoderms such as A. filiformis (Pearson et al. 1985). Furthermore, recent studies
suggest that oceanic influences may have had more important effects in the North Sea than
eutrophication and fishing disturbance (Lindeboom et al. 1995). This emphasises the value of time-
series data, especially when trying to determine which factors have had most influence on changes
in community stucture.

Infauna
By-catches of non-target infaunal species indicate the extent to which benthic communities are
perturbed by a particular gear. For example, Houghton et al. (1971) suggested that the quantities of
Acanthocardia sp. and Echinocardium cordatum caught by a 9.5m beam trawl fitted with 17 tickler
chains indicated that the gear disturbed the seabed to a depth of 10 to 20 cm. Similarly, the
occurrence of the infaunal bivalve, Arctica islandica (L.), and the heart urchin, Echinocardium
cordatum (L.), in a 12m beam trawl catch indicated that the tickler chains had penetrated hard
sandy substrata to a depth of at least 6 cm (Bergman & Hup 1992). Smaller size-classes of heart
urchins were found closer to the sediment surface and hence were most vulnerable to physical
damage by the trawl. It is important to note that it is the position of small urchins within the sediment
column, and not their size, that made them vulnerable. Bergman & Hup (1992) emphasised the



importance of considering the vulnerability of animals at different stages of their life history. In the
same study, it was estimated that 90% of the A. islandica in the catch had broken shells, however
this provided no information on the number that were damaged but remained in the sediment. The
prevalence of A. islandica in the stomach contents of cod, Gadus morhua at times of intensive otter
trawling in Kiel Bay, indicated that large numbers of these bivalves are damaged by trawling (Arntz
& Weber 1970). Rumohr & Krost (1991) found large number of damaged A. islandica in a dredge
towed directly behind an otter board compared with similar samples collected in the centre of the
net. Furthermore, damaged A. islandica have been observed by divers while surveying areas of the
seabed disturbed by beam trawls (Kaiser & Spencer 1996b). Although A. islandica are vulnerable to
damage by trawls, those that are slightly damaged are able to repair cracks in their shell matrix.
Sand grains become lodged between the mantle and the growing edge of the shell as a
consequence of physical damage and eventually become incorporated into the shell matrix
(Witbaard & Klein 1994). Witbaard & Klein (1994) studied annual growth rings in the shells of A.
islandica, and were able to back-calculate the years in which they had been damaged by noting the
occurrence of sand grains in the shell matrix. The incidence of shell damage correlated with
increasing beam trawling activity between 1972 and 1991 at a study site in the southern North Sea
(Witbaard & Klein 1994). They concluded that the. study site had been disturbed by demersal fishing
gear at least once per year during this period (Witbaard & Klein 1994).

While it has been relatively simple to detect significant changes in the abundance of large
macroinfauna as a result of fishing disturbance, smaller invertebrates (< 10 mm) show conflicting
responses. Bergman & Hup (1992) found both decreases and increases in the abundance of small
invertebrates after fishing an area of the seabed with a beam trawl. A species by species analysis of
responses to fishing gear disturbance (Bergman & Hup 1992; Eleftheriou & Robertson 1992) is
probably of less use than the multivariate approaches adopted in more recent studies (Currie &
Parry 1996; Kaiser & Spencer 1996a; Thrush et al. 1995). Furthermore, studies undertaken in the
southern North Sea have been hampered by the inescapable fact that fishing disturbance has
occurred for at least the past 100 years. Kaiser & Spencer (1996a) studied the effects of beam trawl
disturbance at a site 27-40 m deep in the Irish Sea that experiences little fishing activity (Kaiser et
al. 1997). Their experimental area encompassed two distinct habitats; stable sediments composed
of coarse sand, gravel and shell debris, which supported a rich epifaunal filter-feeding community of
soft corals and hydroids, and mobile sediments characterised by ribbons of megaripples with few
sessile epifaunal species. Despite a robust experimental design with paired treatment and control
areas, the effects of beam trawl disturbance were undetectable in the mobile sediments. Shepherd
(1983) gives the levels of natural variability found in megaripple habitats. Furthermore, De Wolf &
Mulder (1985) was unable to estimate accurately the abundance of benthic species in megaripple
habitats because of their inherent spatial variability. In addition, animals living in the troughs of
megaripples are less likely to be disturbed as the fishing gear rides over the crest of each sand
wave. Similarly, Brylinsky et al. (1994) were unable to detect any adverse effects of otter trawling
over intertidal mud flats which are regularly exposed to large-scale disturbances such as ice-scour.
Conversely, in stable sediments the effects of fishing are more noticable. Kaiser & Spencer (1996a)
found that the number of species and individuals in infaunal samples collected in the relatively
undisturbed sediment community was reduced by a half and a third respectively. Their analysis also
revealed that less common species were most severely depleted by beam trawling. In a similar
study, Thrush et al. (1995) studied the effects of scallop dredging on a coarse sand community at a
depth of 27 m. They were able to detect changes in the populations of individuals and compositional
differences in the community that lasted for at least 3 months after initial disturbance. Thrush et al.
(1995) emphasised that their study was conservative as they were unable to simulate the effects of
an entire fishing fleet, implying that at larger scales of disturbance recolonisation may take longer.
Infauna that live within a few cm of the sediment surface at water depths < 30 m to include small
opportunistic species (e.g. spionid and capitellid polychaetes and amphipods) that rapidly recolonise
areas after disturbance. Hence, the effects of trawling on this component of the infaunal community
are unlikely to last more than 6 to 12 months. However, a recent study by Posey et al. (1996)
suggested that deeper burrowing fauna were not affected by severe episodic storms. Their study



site was at a depth of 13 m, and samples were collected down to 15 cm within the sediment.
“Deeper burrowing” was not defined, but it implies fauna living at a depth of 7-15 ¢cm which is well
within the depth-range disturbed by trawls and dredges (Bergman & Hup 1992; Krost et al, 1990).

Hall & Harding’s (1997) studied the effects of mechanical and suction dredging and the scale of
disturbance on intertidal benthic communities in the Solway Firth, Scotland. The immediate effects
of cockle harvesting were obvious with a drastic reduction in the abundance of individuals, however
the community in disturbed areas was comparable to that in similar undisturbed areas after only 8
weeks. This rapid recolonisation was attributed to the immigration of adult fauna against a
background of seasonal recruitment (Hall & Harding 1997). This study contrasts with an investiga-
tion of the effects of suction dredging for manganese nodules on the abyssal plain of the Pacific
Ocean (Theil & Schriever 1990). Trenches created by the suction dredge head persisted for at least
2 years in this stable environment. However, while the persistence of disturbance effects may be
approximately correlated to the level of natural disturbance experienced in a particular habitat, there
are some exceptions. This is well illustrated in a recent study in which the effects of scale of
defaunation were studied in an intertidal sandflat in New Zealand (Thrush et al. 1996). In contrast to
Hall & Harding’s (1997) findings, recolonisation rate was reduced at larger scales of disturbance.
The main difference between these two studies was the presence of dense mats of tube building
spionid worms in the New Zealand study which stabilised the sandflat sediments. Removal of these
animals destabilised the sediment and exacerbated the effects of disturbance. Furthermore, while
the changes associated with disturbance are relatively short-lived for the majority of small species,
longer-lived organisms recolonise more slowly. For example, Beukema (1995) reported that the
biomass of gaper clams, Mya arenaria (L.), took 2 years to recover after commercial lugworm
dredging in areas of the Wadden Sea, whereas small polychaetes and bivalves had recolonised the
dredged areas within 12 months. Many long-lived epifaunal organisms perform a structural role
within benthic communities, providing a microhabitat for a large number of species (see epifauna
below) (Nalesso et al. 1995). Calcareous algae of the genus Lithothamnion are amongst the oldest
marine plants in Europe and provide a substratum that takes hundreds of years to accumulate. The
branching structure of each thallus provides a unique habitat for a diverse community of animals
including commercial species such as scallops, Pecten maximus. Not surprisingly, scallop dredging
in this habitat causes destruction of the interstices between the thalli and causes long-term changes
to the composition of the associated benthic fauna (Hall & Spencer 1995).

Van Dolah et al. (1991) studied changes in infaunal communities over a period of five months
within areas closed to fishing and in adjacent areas fished by shrimp trawlers. They concluded that
seasonal reductions in the abundance and number of species sampled had a much greater effect
than fishing disturbance. However, in a power analysis of their sampling strategy, only changes in
the abundance individuals and the number of species were considered. This assumes that the
response of the infauna to trawling disturbance was unidirectional, whereas consideration of
changes in partial dominance might have been more sensitive to subtle changes in the fauna.
Hence caution is needed in the interpretation of these results, although it seems plausible that light
shrimp trawls do not cause significant disturbance to communities in poorly sorted sediments in
shallow water (van Dolah et al. 1991). In addition, van Dolah et al. (1991) sampled fauna from
fished areas located between shoals which indicates that the local sediments were probably mobile
and inhabited by fauna adapted to frequent natural disturbances (de Wolf & Mulder 1985; Kaiser &
Spencer 1996a; Shepherd 1983).

So far we have only considered the effects of bottom fishing on infaunal communities living in
coarse substrata. Most animals are found within the top 10 cm of these sediment habitats.
However, in soft mud communities a large proportion of the macrofauna live in burrows upto2m
deep (Atkinson & Nash 1990). Consequently few of these deep burrowers, such as thalassinid
shrimps, are likely to be affected by passing trawls. However the energetic costs of repeated burrow
reconstruction may have long-term implications for the survivorship or fecundity of individuals. In
addition, diel variation in behaviour may periodically increase the vulnerability of some species to
fishing activities. For example, the burrowing shrimp Jaxea nocturna Nardo moves to the entrance
of its burrow to feed at night (Nickell & Atkinson 1995). These animals, along with other



bioturbators, have an important role in maintaining the structure and oxygenation of muddy
sediment habitats (Fenchel 1996; Fenchel & Finlay 1995; Reise 1982; Rowden & Jones 1993).
Consequently, any adverse effects of fishing on these organisms would presumably lead to
substantial changes in habitat complexity and community structure.

Epifauna
Intuitively, sessile epibenthic species are vulnerable to the passage of bottom gears. Observations
that epifaunal communities had altered in heavily fished areas have provided some of the first
indications of the potential long-term effects of fishing on benthic communities. The disappearance
of reefs of the calcareous tube building worm, Sabellaria spinulosa, and their replacement by small
polychaete communities, indicated that dredging activity had caused measurable changes in the
Wadden Sea benthic community (Riesen & Reise 1982). Similarly, Sainsbury (1987) reported a
measurable decrease in the biomass of the sponge by-catch in the Australian North West Shelf
pair-trawl fishery between 1967 to 1985. Loss of the sponge community and associated fauna such
as alcyonarians and gorgonians led to a reduction in the catches of porgies, Lethrinus spp., and
snappers, Lutjanus spp. which sheltered and fed among the emergent fauna (Sainsbury 1988).
Langton & Robinson (1990) observed about 26% reduction in the mean density of the sabellid
worm, Myxicola infundibulum and the cerianthid anemone, Cerianthus borealis, after one season of
intense commercial scallop dredging on the Fippenies Ledges, Gulf of Maine. In addition, the
significant negative association between these species became random after intensive fishing
(Langton & Robinson 1990). Langton & Robinson (1990) hypothesised that cerianthid predation of
scallop and sabellid worm larvae was an important factor controlling the spatial distribution of these
species, thus the species association was broken down by dredging disturbance. Using a
combination of fishing effort data and direct observations from side-scan sonar surveys, Collie et al.
(1997) were able to identify comparable substrata that experienced ditferent intensities of scallop
dredging on the Georges Bank, northwest Atlantic. Areas that were less frequently fished were
characterised by abundant bryozoans, hydroids and worm tubes which increased the three-
dimensional complexity of the habitat. Furthermore, examination of evenness within the community
suggested dominance by these structural organisms, which indicated that this environment was
relatively undisturbed. In contrast, the more intensively dredged areas had lower species diversity,
biomass of fauna, and were dominated by hard-shelled bivalves (e.g. Astarte spp.), echinoderms
and scavenging decapods. The higher diversity indices observed at the less intensively dredged
sites were attributable to the large number of organisms, such as polychaetes, shrimp, brittle stars,
mussels and small fishes, that were associated with the biogenic fauna (Collie et al. 1997). Many of
these associated species were also important prey for commercial fish species such as cod, Gadus
morhua (Bowman & Michaels 1984). Similarly, Auster et al. (1996) reported a reduction in habitat
complexity as a result of trawling and scallop dredging activity at three sites in the Gulf of Maine.
Video obeservations made with an Remote Operated Vehicle (ROV) revealed cleared swaths in the
epifaunal cover on the border of the Swans Island conservation area which has been closed to
fishing with mobile gears since 1983. As in other studies (Bradstock & Gordon 1983; Collie et al.
1997; Sainsbury 1987), hydroids, bryozoans, sponges and serpulid worm matrices were greatly
reduced in the fished areas. In addition, there was a reduction in the habitat features produced by
some of the target species, e.g. pits created by scallops and crabs (Auster et al. 1996). The
Jeffreys Bank site was surveyed by submersible in 1987 and again in 1993. Boulders, 2 m wide,
were a prominent feature of the site, which had excluded the use of towed fishing gear until 1987.
However, when the site was resurveyed, the percentage cover of sponges was greatly reduced, the
thin mud veneer that previously covered the underlying gravel was no longer evident, and boulders
appeared to have been moved across the seabed. The Stellwagen Bank area ranged in depth from
20 to 50 m, with a mixture of sand, gravel and shell debris habitats formed by large storm waves.
These storm events are intermittent compared with the daily scallop dredging activity in the area.
ROV surveys revealed that the area was characterised by dense aggregations of the hydrozoan
Corymorpha pendula which provided shelter for shrimp, Dichelopandalus leptoceros. Wide linear
swathes through benthic microalgal cover indicated the occurrence of recent trawling and scallop
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dredging activity. The hydrozoans and associated shrimps were absent from these fished areas
(Auster et al. 1996).

Where fishing occurs in shallow clear waters, marine plant communities are likely to be severely
affected. In particular, seagrass meadows are vulnerable to physical disturbance as dredges and
trawls reduce plant biomass and abundance by shearing off fronds and digging shoots from the
substratum (Fonseca et al. 1984). Seagrass meadows are highly productive, support complex
trophic food webs and provide sediment and nutrient filtration, enhance sediment stabilization and
act as breeding and nursery areas for species of commercial importance (Short & Wyllie-Echeverria
1996).

These studies illustrate the two main effects of mobile gears on epifaunal communities i) modifi-
cation of substrata (shell debris, boulders, mud veneers) and jj) removal of biogenic taxa and a
decline in the abundance of species and communities associated with them. The loss of biogenic
species not only reduces the supply of important prey species, but also increases predation risk for
juvenile commercial species thereby lowering subsequent recruitment (Walters & Juanes 1993).
Bradstock & Gordon (1983) reported the removal of extensive beds of bryozoans as a result of
trawling activity and advocated the protection of these communities, noting that they provided an
important habitat for juvenile commercial fish species. Moreover, Dayton et al. (1995) discuss the
importance of diffferent functional groups in maintaining community structure. Communities
dominated by long-lived suspension feeders are most likely to be replaced by a community of
opportunistic deposit feeding species and mobile epifauna when subjected to large-scale and
intense fishing disturbance. In particular, biogenic structures that increase the complexity of the
epibenthic habitat (e.g. corals, bryozoans, worm tubes) create specialised environmental conditions
by altering local hydrographic conditions that encourage the development of a specialised
associated community. Loss of such structures will also affect the survivorship of any associated
species and prolong the recolonization process.

Scavengers

Here, we discuss the effects of fisheries associated carrion on populations of marine scavengers.
For an extensive review of marine scavenger biology and ecology see Britton & Morton (1994).
Fishing activities result in the death of both target species and non-target biota, especially in
multispecies fisheries. Animals that are not retained by fishers are termed discards and by-catch. A
practice known as ‘slipping’ also occurs in fisheries for pelagic species such as herring, when the
catch is too large to be landed, leading to mass mortality of the catch. This situation occurs when
the size of the school of fish or the tow length is misjudged.

Discards are species that are returned to the sea because i) they are undersized, ij) the quota
for that species has been used up, iij) the vessel has no quota for that species or iv) they have no
commercial value. High-grading also occurs when fishers reject fish above the minimum legal
tanding size in favour of larger, more valuable, specimens. Pauly & Christensen (1995) estimated
that 27 million tonnes of by-catch are generated by global fishing activities each year. it is estimated
that 475 000 t of fish, offal and benthic invertebrates are discarded in the North Sea annually
(Camphuysen et al. 1993). Camphuysen et al. (1993) undertook field experiments to calculate the
percentage of each component of discards eaten by seabirds. They estimated that seabirds
consumed approximately 90% of offal, 80% of roundfish, 20% of flatfish and 10% of the inverte-
brates discarded annually in the North Sea. This was estimated to be enough food to maintain
about 2.2 million seabirds, which is more than the entire estimated population of scavenging
seabirds in the North Sea. The effects of this additional supply of food, which would otherwise have
been unavailable under natural conditions, have provided a clear signal of population changes of
breeding seabirds form 1900-1990 (Furness 1996; Lloyd et al. 1991). Field studies have demon-
strated that there is intense competition for offal and discards between scavenging species
(Camphuysen et al. 1993; Furness et al. 1992; Garthe et 4. 1996; Hudson & Furness 1988). Some
species are more adept than others at utilizing certain components of the discards. Fulmars,
Fulmarus glacialis, and gulls are the main consumers of offal in the northern and southern North
Sea respectively, their feeding success is positively correlated with their numerical dominance at
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2. MATERIALS AND METHODS
2.1. SIZE OF BOTTOM TRAWLING FLEETS
Introduction

The results of the Impact-projects provide information on the effects of bottom trawling on the
benthic ecosystems in the North Sea and the Irish Sea. In order not to restrict the conclusion to the
present day situation it was decided to make the link with the past and provide data on fishing
activities, fishing fleets and fishing gears, for the past 100 years.

2.1.1. HISTORICAL REVIEW OF FISHING FLEETS AND GEARS

The review of fishing fleets and gears for the past century was based on a large amount of historical
data from a wide variety of historical sources. These were national fleet statistics and landings
statistics (Anon. 1912-26, 1927-29, 1931, 1934-38, 1950-57, 1959, 1976, 1991b, 1992a, 1992c;

Welvaert 1991, 1993) and historical books (de Boer 1984; Tesch & de Veen 1933: Timmerman

1962; Toet & Ouwehand 1967) completed with data provided by the national fishery services from

Belgium, Germany and the Netherlands. In order to make this review a tool easy to use, most of the

data were gathered in graphs and figures accompanied by explanatory text.

Following data were investigated:

* Numbers of vessels: Numbers of vessels were given according to the vessel type. The vessel
types were sailing vessels, steamtrawlers, motorised drifters, motorised otter trawlers and
motorised beam trawlers. For the Netherlands the group of sailing vessels were split up into
trawling and non-trawling vessels.

» For Belgium and the Netherlands numbers of trawling vessels were grouped into engine power
classes in order to show the evolution of the engine power installed on board of the fishing
vessels.

* Landings: Data on landings were, where possible, split up into the different species groups,
Nephrops and shrimp — pelagic — demersal for Belgium, shrimp — herring — roundfish — flatfish
for the Netherlands. For Germany only total landings could be given.

¢ A summation of the total engine power of the fishing fleet has been made for Belgium, since
1936, and the Netherlands, since 1950.

» For Belgium the total tonnage of the fishing fleet was investigated. The tonnage of a vessel can
be given in two units, BRT and GT. In the statistics these figures occur mixed and it was not
possible to split the data according to the two units used.

No freezing/factory trawlers, and for the Netherlands no shellfish trawlers, were inciuded in the

review.

2.1.2. SIZE OF THE BOTTOM TRAWL FLEET - PRESENT SITUATION

Data on fleet sizes and total landings were collected from the national databases for the year 1994
for the three participating countries in sub-project 1-B and also for England and Wales, Scotland
and the main fishing ports on the east coast of Ireland. A sub-division was made for the fleet sizes
based on fleet engine power classes as defined in section 3.1.2. In addition the landings data were
divided into groups according to the fishing gear they were caught with.

These data gave an idea of the importance of the different fishing gears and the several sections
of the fishing fleets active in he North Sea and the Irish Sea.
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2.2. FISHING GEARS USED BY DIFFERENT FISHING FLEETS

Introduction

The effects of bottom trawling were studied in this project with a selection of the most typical fishing
gears used in the North Sea and Irish Sea bottom trawling. In order to make the link with the real
situation in the fishing industry it was necessary to make an inventory of the fishing gears used,
together with all necessary technical details and operational parameters. An inquiry among netting
and fishing gear companies and skippers and vessel owners seemed the best way to obtain this
information.

For impact studies it is not enough to know details on the fishing gears used. It is also necessary
to know the geographical distribution of the use of the different types of fishing gear in order to be
able to link the effect of a gear to the sensitivity of a specific area. Therefore data on fishing effort
were collected for all participating countries.

2.2.1. FISHING GEAR INVENTORY

In order to gather detailed information on vessels, fishing gears, netting and operational parameters
an inquiry has been carried out. Most of the vessel characteristics were available in the national
databases. Basic data on fishing gear and netting have been collected from fishing gear and netting
manufacturers. Detailed information on vessels, gears, netting and operational parameters have
been gathered by interviewing skippers and vessel owners in situ, i.e. the fishing vessel.

For the inquiry a wide range of information is collected but special attention is given to items
which relate to the impact of fishing gears, like the weight of the gear and its components, numbers
of tickler chains, dimensions of chain matrices, factors affecting selectivity, operational parameters
like towing speed and warp length / depth ratios etc.

The minimum set of vessel and gear data to be included in the inquiry, which was agreed upon
in the early stages of the project, is shown in Table 2.2.1. Depending on specific local situations
extra information have been added to this list.

These data led to a definition of a “typical fishing gear” for each sub-fleet.

2.2.2. DISTRIBUTION OF FLEET ACTIVITIES

in order to obtain an idea about the geographical distribution of the activities of the fishing fleet,
landings and effort data were extracted from the official statistics in the national databases for each
ICES statistical rectangle. These data have been divided according to the previously defined sub-
fleets and fishing gears and have been plotted as dots on a North Sea map per ICES statistical
rectangle. This will give an idea about the geographical distribution of the disturbance of the sea
floor by different bottom trawling activities.

16




TABLE 2.2.1
Parameters included in the standard inquiry forms

Beam trawlers

Vessel data: Homepont, registrationnumber, name, engine power (kW and hp)(nominal or fishing), LOA (m),
breadth (m), BRT, Kort nozzle (y, n) and diameter, propeller diameter (m), propeller with controliable pitch (y, n),
average towing speed relative to the bottom (kn), min and max, positioning system (gps, decca, ...}, warp depth
ratio (depth keel of the vessel included, warp length from the top of the outrigger boom to the top of the bridles.

Fishing gear. beam length (m), trawl-head-height (cm)(up to the centre of the beam), type of groundrope and
diameter of the roller or bobbins and chains, length of groundrope (m), weight of the groundrope (kg), use of flip-
up rope (y, n), weight of the gear (kg)(weighed or estimated), netting material of upper and lower panel, different
mesh sizes in upper and lower panel (mm), length of the net (m), netting material of codend, dimensions of
codend (numbers of meshes round and deep), target species, alterations to the net depending on the target
species, numbers of hours transit and fishing per day, week or trip.

For chainmat gear. dimensions of the quadrants (no’s of shackles), diameter of the shackles (mm), weight of the
chain-matrix (kg), what type of bottom.

For tickler chain gear. numbers of tickler and net tickler chains, diameters of the shackles (mm) and weights
(kg), what type of bottom.

Are other gears used, if yes what period + details.

Otter trawlers

Vessel data: homeport, registration number, name, engine power (kW and hp) (nominal or fishing), LOA (m),
breadth (m), BRT, Kort nozzle (y, n) and diameter, propeller diameter (m), propeller with controllable pitch (y, n),
average towing speed relative to the bottom (kn), min and max, positioning system (gps, decca, ...), warp depth
ratio (depth keel of the vessel included).

Fishing gear. Type of net, length of the headline, type of groundrope and diameter of the roller or bobbins and
chains, length of groundrope (m), weight of the groundrope (kg), netting material and different mesh sizes in the
different panels, netting material of codend, dimensions of codend (numbers of meshes round and deep), target
species, alterations to the net depending on the target species, numbers of hours transit and fishing per day,
week or trip.

Otter boards and rig: type, dimensions, material and weight of the otter boards, length of the bridles and other
comment.
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2.3. PHYSICAL IMPACT

Introduction

In this sub-project, the physical effects of different types of commercial beam trawls and otter trawls
were investigated. Experimental fishing took place between 1992 and 1995. The fishing areas were
located in the southern North Sea for the beam trawls, in the western Irish Sea for a Nephrops trawl
and in a Scottish loch for an otter trawl, and covered shallow sandy areas as well as offshore silty
areas (Fig. 2.3.1; Table 2.3.1). The physical effects of trawling on the sea-bed include pressure
exerted by the trawls on and penetration depth into the sea-bed, and changes in structure and
texture of the upper sediment layers.

2.3.1. PRESSURE EXERTED BY A BEAM TRAWL
2.3.1.1. PRESSURE MEASUREMENTS

In order to make direct measurements of the forces exerted by the sole plates on the bottom, an
instrumented trawl head was developed and built. The principle is shown in Fig. 2.3.2. The loose
sole plate is connected to the trawl head by means of two measuring axles 1 and 2. Strain gauges
on the axles measure the forces generated in the x- and y-directions. The forces in the y-direction
are a measure for the pressure exerted by the sole plate on the bottom whereas the forces in the x-
direction are a measure for the friction between the sole plate and the bottom sediment. By
measuring the bottom reactions at two different points, the eccentricity e of the resultant R of these
forces can be determined. The eccentricity results mainly from the difference between the forces F1
and F2. This difference depends on the difference in load on each axle as well as on the tilt angle
between the sole plate and the bottom profile. The measured values of the forces acting on the
axles are averaged over a preset time interval and stored in an internal RAM memory for later
readout. The time interval between the two recordings can be choosen as 1, 2 or 4 seconds. In the
present experiments, readings were made at 1 sec time intervals.

The pressure exerted by the 4m beam trawl rigged with a chain matrix was studied whenever
possible when fishing with this gear. The pressure exerted by the sole plates was measured by the
instrumented trawl head. Simultaneous measurement of the warp load enabled the later calculation
of the whole gear pressure. The warp load was measured by an underwater load cell inserted
between the bridles and the warp. The range of the load cell was 200 kN. Two series of
measurements were made: (i) with a constant warp length /depth ratio to assess the influence of
towing speed on the pressure exerted by the gear (ii) at constant towing speed to assess the
influence of the warp length / depth ratio on the pressure exerted. Towing speed was measured by
the vessel's Doppler log and speed through the water by a SCANMAR speed log attached to the
bridles.

2.3.1.2. RELATION BETWEEN GEAR PRESSURE AND ENGINE POWER

The pressure measurements described above were made on a beam trawl with a beam length of 4
m as used by many beam trawlers of the Eurocutter type (221 kW) when fishing within the 12 miles
limits. In order to obtain an insight in the variation of gear pressure with vessel and gear
characteristics, data from a former series of gear performance measurements and from a detailed
inquiry on vessel and gear characterics (especially weight of the different gear components and
actually measured on a number of vessels) were analysed to model the gear pressure against
vessel hp and gear weight. The data collected during the inquiry are given in Table 1 of section 2.2.
- Fishing gears used.

2.3.2. SEA FLOOR DISTURBANCE

The sea-bed disturbance was studied for 12m and 4m beam trawls rigged with tickler chains, for a
4m beam trawl rigged with a chain matrix, for an otter trawl and for a Nephrops trawl. These gear
types are fully described in section 2.2. The characteristics of the gears used in the experiments are
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given in Table 2.4.2. The gears were mainly operated from research vessels. Their characteristics
are given in the Glossary. The fishing areas are given in Table 2.3.1 and Fig. 2.3.1.

2.3.2.1. BEAM TRAWLS
Immediate effects

REMOTS observations

The REMOTS camera was lowered from the drifting observation vessel and 5-10 consequent
pictures of the structures on the sea-bed were taken on the trawl tracks, before and after fishing.
The REMOTS camera was guided with a b/w pilot video camera. However the pilot camera was
unuseable in extremly turbid waters. The REMOTS pictures were analysed under normal projection
following a protocol developed for this case. Both the penetration depth of the prism and the
sediment surface roughness were tested with a non-parametric median test. Precise navigation
was an indispensable prerequisite for such an integrated approach.

Video observations

In the North Sea studies the underwater video-sled was used according to routines developed for
the HELCOM monitoring of the Baltic (Rumohr 1993). The sled was towed at a speed of approx.
0.5-1.0 kn over the sea-bed with the camera mounted 30-50 cm above the bottom. In North Sea
waters it was sometimes necessary to go as close as possible to the bottom to get images,
because of the considerable turbidity of the water. This was particularly the case after the passage
of the towed gear. 1-2 transects on each of these lines were investigated with the video-sled,
crossing the trawl tracks two or more times.

Longer term effects

Side-scan sonar

At the request of RVZ, side-scan sonar observations of the sea-bed disturbance caused by a 4m
beam trawl rigged with a chain mat, were made by the Research Unit Marine and Coastal
Geomorphology of the University of Gent in April 1992 and March 1993 (De Moor et al. 1992) and
by "Marine Geological Assistance” in June 1996 (Anon. 1996a). Prior to the fishing operations, side-
scan sonar recordings were made along a number of lines parallel to the predetermined fishing
tracks to check for possible earlier trawling activities. Then the reference track was fished for a
number of times. After fishing, sonographs of the fished area were obtained at regular time
intervals. A first series of surveys was made on the Flemish Banks (Table 2.3.1 - 1992, 1993, 1996)
and a second series on the Scheveningen area (Table 2.3.1 - 1996).

RoxAnn

The RoxAnn system was used by RVZ to evaluate sediment disturbance by the same 4m beam
trawl as mentioned above. Calibration and ground truthing of the system was accomplished during
several earlier cruises with RV BELGICA. Additionally Van Veen samples were taken on the test
sites during the RoxAnn survey for later analysis ashore. The survey methodology was the same as
for the side-scan sonar observations. A blank recording was obtained of the reference track and on
lines 20, 40 and 50 m on either side of the track. After fishing these lines were surveyed again at
regular time intervals.

2.3.2.2. OTTER TRAWLS
Immediate effects

REMOTS and SPI
In the Irish Sea Nephrops grounds, a SPI | 3731 Sediment-Profile camera (supplied by Aqua-Fact
International Services, Galway, Ireland) was deployed to investigate the direct physical impact of the
Nephrops trawl on the sea floor. Three replicate SPI photographic images were taken at each of 14
stations before and after trawling. These images were taken back to the laboratory and imported
into the computer using a frame grabbing package and analysed using an image analysis system.
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Video and stills
In the Irish Sea Nephrops grounds following trawling, video footage of the sediment surface was
recorded at both inshore and offshore stations using the HYBALL remote operated vehicle (ROV).
The trawl tracks were located using the research vessels DGPS. The research vessel was then
anchored upstream of the tracks, the ROV was deployed and then the ship was allowed to drift
back across the tracks.

Longer term effects

Side-scan sonar

Experimental trawling disturbance was studied using a modified rockhopper groundgear with no net
attached in Loch Gareloch, Inverclyde, Scotland, a sheltered muddy sealoch closed to commercial
fishing for almost 30 years. Disturbance effects were monitored in this and a reference area prior to,
during a 16 month disturbance and 18 month recovery period by FRS-MLA. Trawling disturbance
commenced in January 1994 and continued on a one day per month basis until April 1995. Each
disturbance event consisted of ten tows over the treatment area, with each trawl tow disturbing a
track 35-40 m wide (measured between the trawl doors using SCANMAR distance sensors).
Surveys of treatment and reference areas were carried out employing side-scan sonar to visually
examine the sea-bed topography.

RoxAnn surveys
In the same disturbance experiment in Loch Gareloch (see above) surveys of treatment and
reference areas were carried out employing the RoxAnn system to measure roughness and
hardness parameters. Equipment changes and calibration difficulties between surveys mean that
comparison can only validly be made between areas on the same survey, and not between surveys.

20




52
51

50
49
48
47

46
45
a4
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25

D8 D9 EO E1 E2 E3 E4 ES5 E6 E7 E8 E9 FO F1 F2 F3 F4 F5 F6 FE7 F8

g
Vb .g
14 )
: IVa| B
mE:
ﬂ /
T lla
Via V % (
’,QE S
‘g\ /
? \\ IVb
P o
3 q _ 2
r'*"'( ﬂ o) \
e, WU
% A‘:? N We
(; e L/ /J
Z
Viig-k T Vild
Vile,
Q,J ~1> - Test areas
12° 10° ge 6° 4° 2° [ol 2° 40 ge° 8e

Fig. 2.3.1. Fishing areas physical impact studies.

21

62°

61°

60°

59°

58°

57¢

56°

55¢

54°

53¢

52°

51°

50°

49°

48°




trawl head

1, 2 : measuring axles

"
=< Y

__sole plate

‘ —
IRERRE

rrrrrrr i

YR

Fig. 2.3.2. Instrumented trawl head - principle.

22




TABLE 2.3.1
Areas visited in the physical impact studies.
ICES area hame water | grain silt year month commercial study
rectangle depth size gear item
m pm %
NORTH SEA (sandy)
31F2 Flemish Banks 25 370-880 1-21
1992 April 4BTM pr, dss
1992 November 4BTM pr
1993 March 4BTM pr, dss
1994 May/June 4BTM pr
1995 Aug./Sept. 4BTM pr, dRO
1996 June 4BTM pr,dRO,dss
33F4 Dutch coast south 20 370 1
1994 June 4BT,4BTM tm, pr, dss
1995 September 4BT,12BT,4BTM tm, pr, dRO, dvi,
dss
1996 June 4BTM pr, dRQ, dss
34F4 Dutch coast north 20 100-200 ~5
1993 April 4ABT tm, dss
36F5 Dutch Wadden coast| 24 205-280 1-8
1992 June/July 4BT tm, dss
1994 June 4BT,12BT,4BT™M tm, pr, dss
1995 September 4BTM pr, dRO ,dss
NORTH SEA (silty)
37F7 German Bight 25 225 8
1994 September 4BT,12BT,0T tm, dss, dvi, dRE
38F4 Oystergrounds 43 155-170 | 0.6-9
1992 March/April 12BT tm, dss
1993 September 12BT tm, dss
1994 September 4BT,12BT,0T tm, dss
38F6 Weisse Bank 45 fine? 5-10
1995 May 4BT, 128BT,0T tm, dvi, dRE, dss
Loch Gareloch 40 110 >80
1993 November oT dss, dRO
1994 May oT dss, dRO
1994 October oT dss, dRO
1995 November oT dss, dRO
1996 December oT dss, dRO
IRISH SEA
36 E4 inshore | westem Irish Sea 35 10-100 45-55
1995 May NOT dRE
1996 April, May NOT dRE
36E4 offshore westem lrish Sea 75 10-100 45-55
1995 May NOT dRE
1996 April, May NOT dRE
1994 May, June NOT dRE
4BT = 4 m beam tr. pr = pressure on seabed
78T =7 m beam tr. dRO = disturbance /Roxann
12BT = 12 m beam tr. dss = disturbance/sidescan
4BTM = 4 m beam tr.+mat dvi = disturbance/video
OT = ofter trawl dRE = disturbance/REMOTS

NOT = Nephrops otter trawl
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2.4. CATCH EFFICIENCY OF COMMERCIAL TRAWLS

Introduction

The catch composition of commercial demersal gears depends both on the faunal composition in
the fishing ground and the type of trawl involved. In field studies in the southern North Sea, the
catch composition of different types of commercial beam trawls (12m-, 4m-, 4m with chain matrix)
and ofter trawls was measured and compared. The catch composition of the Nephrops trawl was
studied in the western Irish Sea. In addition, the efficiency of the different types of commercial
trawls in catching invertebrates and fish was estimated.

The field studies were performed in several locations in the southern North Sea (Belgium, Dutch
and German sector) and the western irish Sea, in the years 1992 to 1996, in both spring and
autumn. Substrates covered included both (coastal) sandy areas as well as offshore silty areas
(Fig. 2.4.1; Table 2.4.1).

2.4.1. CATCH COMPOSITION

In the North Sea, the relative catch composition was measured of 12m and 4m beam trawls rigged
with tickler chains, 4m beam trawls rigged with a chain matrix, and otter trawls. The characteristics
of the different types of commercial trawls used in the field studies are given in Table 2.4.2. (for
general information on trawl types: see glossary). In general, gears were used that were repre-
sentative of commercial trawling in that particular area and season. The towing speed of the trawls
was within the range used in commercial trawling. All flatfish trawls were rigged with a codend with
a mesh opening of 8 cm, except in the studies S19 and S21 (Table 2.4.1) where a codend with a
mesh opening of 10 cm was used in the otter trawls.

The studies were grouped into four study areas (Fig. 2.4.1; Table 2.4.1). Some of the trawl types
involved in the experimental studies are not used commercially in all of the selected areas. To keep
the studies as realistic as possible, an otter trawl was not used in the southern study areas,
whereas a 4m beam trawl with chain matrix was not used in the northern study areas. The entire
catch, or a subsample, was analyzed and the numbers and/or weight of the different species caught
were recorded. Fish species were separated into marketable and undersized. The following were
considered below marketable size: sole < 24 cm, plaice, dab and flounder < 27 cm, turbot and brill <
30 cm, gurnard and whiting < 30 cm, cod < 35 cm and all herring. The weight was either measured
aboard or calculated using length-weight relationships. Both the caught and the discarded weights
were calculated, per hectare trawling and per hour fishing. In case of the otter trawls, fishes in the
path of the gear are herded by the otter boards, the bridles and the legs into the mouth of the net.
Therefore, to calculate the amount of fish caught per hectare, the width of the trawl path was
defined as the distance between the otter boards.

If trawling with more than one gear was performed in a particular area, and during a single study,
differences in catch composition between trawl types were tested using one-way analyses of
variance: June 1994 (4m rigged with tickler chains, 4m rigged with a chain matrix, 12m beam
trawis, area: Dutch coast south), September 1994 (12m and otter trawl, area: German Bight), May
1995 (4 m, 12m and otter trawl, area: German Bight) and September 1995 (4m rigged with tickler
chains, 4m rigged with a chain matrix, 12m beam trawls, area: Dutch coast south). The data were
log-transformed prior to the analyses.

Nephrops trawling was undertaken using a modified otter trawl in in the north western Irish Sea
during Spring and Autumn 1994 and 1995, and in Spring 1996 (Fig. 2.4.1; Table 2.4.1; Table 2.4.2).
In the Nephrops trawl the mesh size in the codend was 70 mm diamond size (streched mesh). The
haul returns were first weighted and a sub-sample of about 50 kg was sorted on deck to provide
estimates of weights of Nephrops, whiting, poor cod, other round fish, flatfish and invertebrate
species to be discarded. Nephrops were divided into the marketable fraction (ie. the tails of
specimens larger than about 2.5 cm) and discards (i.e heads and specimens less than 2.5 cm
carapace length). The retained and the discarded weight was calculated per hectare trawled and
per hour fishing. The width of the trawl path was defined as follows: the door spread for fish
species, the net spread for invertebrates.

24




Differences in the catch compostion between season and year were tested using two-way
analyses of variance. The data were log-transformed prior to the analysis.

2.4.2. CATCH EFFICIENCY FOR SMALL SIZED FISH AND INVERTEBRATES

The catch efficiency was measured of 12m and 4m beam trawls rigged with tickler chains, 4m
beam trawls rigged with a chain matrix and otter trawls in the North Sea, and of Nephrops trawls in
the Irish Sea (the characteristics of the different types of commercial trawls used in the field studies
are indicated in Table 2.4.2). The catch efficiency of commercial trawls was calculated by express-
ing the catch in one haul per swept area as a percentage of the initial density of benthic fauna in the
seabed.

In the North Sea, initial densities of invertebrates, mainly consisting of - at least partially -
burrowing species, were estimated in the studies on total direct mortality (see chapter 2.5), involving
4m and 12m beam trawls and otter trawls, on sandy and silty bottoms (Table 2.4.1). The initial
densities were estimated with the Triple-D (for larger sized, less abundant in- and epifauna; mesh
opening 14 mm, sampling depth 10 cm, sample size 30 m?) or with a Reineck boxcorer (for small
in- and epifauna; sampling depth 15-20 cm, sample size 0.06 m2). In species that showed a large
size range the catch efficiency was estimated for different size classes. Each study vielded one
result per commercial gear used in that study, except in the studies carried out in 1995, when
replicate-strips were trawled. For the large and sedentary bivalves Arctica islandica and
Acanthocardia echinata, an estimate of the initial density could be obtained from the studies in
which a strip was repeatedly trawled (see chapter 2.6). The initial density of these species is
estimated from the sum of all catches of the subsequent hauls with the 12m beam trawls, assuming
that most of the specimens present on the strip were caught during this intensive trawling.

An estimate of the catch efficiency of the Nephrops trawl for invertebrates in the Irish Sea was
made in one study (Study S27 in Table 2.4.1), in which a 3m beam trawl was used to estimate the
initial density. Contrary to the Triple-D or grab sampler, a 3m beam trawl is not suited to quanti-
tatively sample infauna. Therefore, the catch efficiency of a Nephrops trawl could be estimated only
for a limited number of strictly epifaunal invertebrate species. In the calculations of the catch
efficiency for invertebrates of otter- and Nephrops trawls, the width of the trawl path is defined as
the distance between the wings of the net.

For small sized demersal fish, the catch efficiency for 12m beam trawls was calculated based on
studies in which initial densities were sampled with a 3m beam trawl (see chapter 2.6). For large
fish species, it was not possible to estimate catch efficiency in a quantitatively reliable way, as the
3m beam trawl appeared unsuitable to sample these fish, which are too swift and avoid the nets.
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TABLE 2.4.1
Field studies on catch composition of commercial trawls and catch efficiency for invertebrates and small sized fish.
4 TBB = 4m beam trawl; 12 TBB = 12m beam trawl; 4 TBBm = 4m beam trawl with chain matrix; OTB = otter trawl;
OTBn = Nephrops otter trawl; cc = catch composition; ce = catch efficiency.

Area ICES Water Grain St Year Month Commercial Study  Study
quadrant depth size gear item nr
m um %
NORTH SEA (sandy)

Dutch coast south 33F4 20 370 1 1994 June 4TBB,4TBBm ce S1
1995  September  4TBB,12TBB,4TBBm ce S2

Dutch coast north 34F4 20 100-200 ~5 1993 April 4TBB ce S3
Dutch Wadden coast 36F5 24 205-280 1-8 1992 June/July 47BB ce S4
1994 June 4TBB,12TBB,4TBBm ce S5

German Bight 37F7 25 225 8 1994  September 4T8B,12TBB,0TB ce S6
Dutch coast south 31F2, 31F3; 32F3, 32F4 10-256 175350 <2 1992 Spring 4TBBm cc S7
1993 Spring 4TBB,12TBB cc S8

1994 Spring 12TBB, 4TBB, 4TBBm cc S9
1995 Autumn 12TBB, 4TBB, 4TBBm cc S10

Dutch Wadden coast 36F5 20-35 <175-250 2-10 1992 Spring 4788 cc S11
1994 June 12TBB, 4TBB cc S12
1995 May 12TBB,4TBB cc S13
NORTH SEA (silty)
Oystergrounds 38F4 43 155-170 6-9 1993  September 12T8B ce St4
1994  September 4TBB,12TBB,0TB ce S15
Weisse Bank 38F6 45 ~150 510 1995 May 47BB, 12TBB,0OTB ce S16
Qystergrounds 38F4, 39F4, 38F5 45 <175 10-15 1992 Spring 12TBB cc S17
1993 Autumn 12TBB cc S18
1994 Autumn 12TBB, 41BB, OTB cc S19
German Bight 36Fs6, 37F6, 36F7, 37F7 20-30 <175-250 2-15 1993 Autumn 12TBB cc S$20
1994 September 127BB,0OTB cc S21
1995 May 12TBB, 4TBB, OTB cc S22
IRISH SEA (muddy)
western Irish Sea 36E4 offshore 75 10-100  45-55 1995 May OTBn ce S23
1996 April, May OTBn cc S24
1994 May, June OTBn ce S25
1994 October OTBn cc S26
1995 August OTBn cc,ce 827
TABLE 2.4.2

Characteristics of commercial gears used in this study. For general descriptions, see glossary. *S-numbers refer to
study numbers in Table 2.4.1 or Table 2.5.1; n.d. stands for not-determined.

Type of trawl Width Total Tickler Net  Roller Mesh size Towing
weight chains (**matrix) ticklers streched speed

bottom contact between  between

net (+bridles)  wings doors number weight number diameter front  codend
m m m kg*10°3 kg*10°3 cm mm mm nm/h
12m beam +ticklers 12 - - 5.9-7.8 9-10 1.1-22 8-10 25 260 80 5-7
4m beam +ticklers 4 - - 1.4-15 5 0.1-0.3 56 15 170 80 3.5-55
4m beam +matrix 4 - - 27 - 0.95™ - 25 120 80 35
otter 20*-32 15*-20 35*-55 1 - - - -*/20 120 80*/100 3.54
Nephrops n.d. 18 41 0.5 - - 1 - 70 70 2-3
*5$15,19,41 *515,19,41_*$15,19,41 *$6,21,38 *$16,22,43
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2.5. DIRECT MORTALITY DUE TO TRAWLING

Introduction

Trawling causes mortality in target and non-target species. A certain percentage of the non-target
specimens that are caught in the trawl will not survive after their return (as discards) into the sea. In
field studies in the southern North Sea, the mortality of discarded species was measured and
compared for different types of commercial beam trawls (12m-, 4m-, 4m with chain matrix) and for
otter trawls.

Direct mortality due to trawling occurs not only among caught and subsequently discarded animals
(i.e. mortality of discards) but in the trawl path as well, among animals that are damaged or
exposed due to the passage of the trawl. The occurrence of such damaged specimens was studied
qualitatively by means of two of dredges attached to a beam trawl in North Sea field studies. In
subsequent, more detailed studies, the total direct mortality of invertebrates was estimated: in the
North Sea, the mortality due to trawling with commercial beam (12m-, 4m-, 4m with chain matrix)
and otter trawls, and in the Irish Sea due to Nephrops trawls. The design of these fieldstudies, in
which the total direct mortality was measured by comparing initial densities with remaining densities
two days after trawling, made the results reliable only for sedentarian invertebrate species or
species with a very limited migration behaviour. Mortality of fish and high mobile epibenthic
invertebrate species could therefore not be estimated, as migration into or even out off the trawled
area might not be excluded in this 48 hours interval and dead fish might be swept away by the tidal
currents from the rather narrow strips.

During the years 1992-1996, field studies were undertaken in both Spring and Autumn, covering
shallow (coastal) sandy areas and offshore silty sites. Investigations centred on several locations in
the southern North Sea (Dutch and German sectors) and the western Irish Sea (Fig. 2.5.1; Table
2.5.1).

2.5.1. MORTALITY OF DISCARDS

The mortality was estimated of non-target epibenthic invertebrates and undersized flatfishes that
were frequently caught in the North Sea fisheries. In experiments on board the research vessel, this
mortality was determined of species caught in 12m and 4m beam trawls with tickler chains, 4m
beam trawls with chain matrix and otter trawls. The characteristics of the different types of commer-
cial trawls used in the field studies are given in the previous chapter (Table 2.4.2; for general
information on trawl types see Glossary). In general, gears were used that were representative for
commercial trawling in that particular area and season.

The percentage mortality of animals brought dead aboard (immediate discard mortality), and the
percentage of animals that died over the next few hours or after three days (secondary discard
mortality) was estimated. For the latter experiment, animals that were caught alive were placed in
survival tanks designed by Van Beek, van Leeuwen & Rijnsdorp (1990). The system consists of
plastic holding tanks of 40 by 60 cm and 12 cm high. Two stacks of ten holding tanks were placed
in a wooden frame and supplied with a continuous flow of fresh sea water. Water wass pumped into
the top tanks, flowing vertically from one tank into the next through vertical overflow pipes. The
tanks were checked regularly, and dead animals recorded and removed. At the end of the
experiment the surviving animals were counted.

2.5.2. DAMAGE OF INVERTEBRATES

One meter wide dredges (“Kieler Kinderwagen”; mesh opening 10 mm; sampling depth 1-5 cm)
attached to a 7m beam trawl (without net) were used to determine the damage to benthic inverte-
brates due to the contact with the tickler chains. Two dredges were attached to the beam: one was
towed behind the tickler chains, and one - as a reference - in front of the tickler chains. The length
of the hauls was about 1000 meters; several replicates were made. Catches of the dredges were
sorted and specimens were checked for damage. Studies were carried out in sandy sediments in
the North Sea.
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2.5.3. TOTAL DIRECT MORTALITY OF INVERTEBRATES

The total direct mortality, both in caught animals and in those that were damaged in the trawl path,
is determined by the difference in densities of benthic fauna, before and after trawling. In the North
Sea, total mortalities were determined due to four types of commercial trawls, all rigged for sole
fishery, in the Irish Sea due to Nephrops trawling. The towing speed of the trawls was within the
range used in commercial trawling.A number of replicate studies were carried out in different
locations (Table 2.5.1). The characteristics of the different types of commercial trawls used in the
field studies are given in Table 2.5.2. (for general information on trawl types: see Glossary). As the
set up of the studies in the lrish Sea differed from the North Sea studies, they are described
separately.

North Sea

Effects of trawling were studied in a single strip (IMPACT-I) or in a number of parallel strips

(IMPACT-II). The length of a strip was about 2000 m, the width about 60 m: the distance between

parallel strips was about 300 m. Each of the strips was trawled with one of the trawl types involved:

12m beam trawls, 4m beam trawls, 4m beam trawls with chain matrix, or otter trawl. In 1995,

replicate strips were trawled with each type of trawl in each study. This was done to reduce the

possible influence of uncontrollable variables (e.g. patchiness and gradients in sediment type and

benthos densities) on the direct mortality and to increase the statistical power of the tests. A

standard sampling and trawling procedure was applied in all studies (for main characteristics of

sampling gears, see Table 2.5.2):

(1) In each strip ten samples were taken with the Triple-D dredge to estimate the initial densites of
invertebrate macrobenthic species (t;-sampling). This Triple-D was specially designed to sample
larger-sized, often low abundant invertebrate species (Bergman & van Santbrink 1994a). After
sorting the catches, the numbers (per size class) per species were counted and the densities of
the species in each strip were calculated. In some studies, additional sampling was carried out
with a Reineck box corer (20 samples, which were sieved on a 1 mm mesh) or a Van Veen grab
(12-18 samples, which were sieved on a 5 mm mesh).

(2) Within 24 to 48 hours after the t;-sampling, each of the strips was trawled with a different type of
commercial gear, in such a way that the total surface of the strips was trawled on average 1 to
1.5 times. The number of hauls varied from 4 to 10, depending on the width of the trawls used. In
some studies, an extra heavily trawled (on average 3 times) strip was created with 12m beam
trawls. The catches in the commercial trawls were sorted, analysed and discarded some miles
away from the study location.

(3) At least 24 (1995: 48) hours after the commercial trawling, the remaining fauna in the strips was
sampled with the Triple-D. Ten samples were taken in each strip (t;-sampling). After sorting the
catches and counting the numbers of specimens, the densities of the remaining invertebrate
macrobenthos species in each strip were calculated. In those studies where a t;-sampling had
taken place with a box corer or Van Veen grab sampler, a t;-sampling was carried out in a
similar way.

During the experiments, side-scan sonar (see chapter 2.3) was used intensively. Before t,-sampling

the study strips were checked with side scan sonar to detect obstacles at the seabed and to get an

impression of recent trawling activities in the area. Immediately after sampling or trawling, the
positions of the t,- and ti-sampling with the Triple-D as well as the tracks of the commercial trawls,
were checked. The actual length and the width of the trawled strips were determined: the mean
trawling intensities in the strips appeared to range from 100 to 200% (about 300% in the heavily
trawled strips). Fig. 2.5.2 shows side scan sonar recordings of tracks of different types of
commercial gears as well as of the Triple-D. The t-samples that appeared to be situated in
sections of the strip that were not trawled, were excluded from the calculations of mortality.

The total direct mortality (M) is calculated using the difference between the initial density of the
species in the trawl track and the density of the remaining, surviving animals. The density of
surviving animals is the sum of the t;-density recorded in the strip and the number of (larger-sized)
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animals that survived being caught and discarded by the commercial trawler some miles outside the
strip.

- [Dn + C* (1 - 0,0 1 MdiS)]

D
Mair (%) = 100*

Dw
Dw = density in the strip before trawling (to-sampling; n/m )
Dy = density in the strip after trawling (t;-sampling; n/m?)
C = number of animals caught in the commercial trawling (n/m® swept area)
Mgs = mortality among animals caught in the commercial trawling of the strip (% of catch; see

2.5.1).

The differences in the geometric mean initial and remaining densities were statistically tested (t-test
on log-transformed data) and the 95% confidence intervals of the differences were calculated.

Total direct mortality could be calculated in this way under the assumption that all mortally
damaged or exposed animals in the strip were consumed by predators in the 24-48 hours interval
between trawling and t;-sampling. Because migration of highly mobile epibenthic species in this
interval can be expected, mortality could not be determined reliably for such species, like Pagurus
bernhardus, Asterias rubens, Liocarcinus holsatus, Psammechinus miliaris, Cirolana borealis and
shrimp species. For the heart urchin Echinocardium cordatum, the measured mortality was
corrected for the proportion of the population actually in reach of the Triple-D, under the assumption
that no mortality due to trawling occurs in the specimens living too deep to be caught in the Triple-
D. Based on literature data (Bergman & Hup 1992) and additional unpublished NIOZ-data, the
mean depth frequency distribution of the heart urchin was estimated. This provided an estimate of
the proportion of the population in reach of the Triple-D: about 25% of the population in sandy areas
and about 60% in silty areas. In the reproductive season, however, the urchins will migrate to the
surface layers of the sediment and the majority of the population will be in reach of the dredge.
Because the Triple-D itself damages the majority of the heart urchins caught and full numbers in the
catch cannot be counted, the to-density could not be estimated with this sampling gear.

For each species, total direct mortality was calculated per trawl type and sediment type (coastal
sandy sediments and offshore silty sediments). Replicate results, i.e. strips in which the same trawl
type was studied in the same type of sediment, were averaged after a weighing based on the 95%
confidence mtervals Mortality was not calculated, when the |n|t|al density of a species was less than
5 per 100 m? (Triple-D sampling) or less than 10 per m? {boxcore sampling). Mortalities in the
heavily trawled (about 300%) strip could be compared to those in the normally trawled (about 200%)
12m beam trawl strips only in a few studies in which both treatments were applied. To compare the
mortalities due to two different types of commercial trawls, the only studies used were those in
which parallel strips were trawled with both types of gears.

To determine the relative vulnerability of invertebrate species, the species have, in each study
and for each trawl type, been ranked according to the mortality estimates. The species have been
sorted according to their mean ranking. The species with the highest mean rank number is the most
vulnerable.

Irish Sea

Total direct mortality due to a Nephrops otter trawl was studied in two study sites, on one or two
parallel strips with a length of about 1500 m and a width of about 40 m. The offshore site (depth 75
m) was very heavily trawled by commercial Nephrops trawlers, the inshore site (depth 35 m) was
fished less frequently, primarily at dawn and dusk. Initial positioning and later repositioning of the
transect strips was achieved by means of a differential global positioning system (DGPS). ROV
video was used as confirmation when relocating the trawl strips. The standard procedure for the
Day grab sampling at both the offshore and inshore stations was:
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(1) 10-20 samples were each taken in one or two strips, with the Day grab to estimate the initial
density of invertebrate macrobenthic species (t;-sampling). Grab samples were sieved on a 1
mm mesh and fixed in 10% phosphate-buffered formalin. In the laboratory grab samples were
sorted for their macrofauna and identified to species level, where possible.
(2) Within 24 to 48 hours after the ty-sampling, commercial trawling of the strips took place with
the Nephrops otter trawl. In general, the strips were trawled with a mean trawling intensity of
| 200%.
‘ (3) At least 24 hours after the commercial trawling, the remaining fauna in the strips was sampled
with the Day grab. Between ten and twenty samples were taken in the strips (t;-sampling).
These samples were also sieved on a 1 mm mesh and fixed in 10% phosphate-buffered
formalin. In the laboratory grab samples were sorted for their macrofauna and identified to
species level, where possible.
An attempt was made to calculate the direct mortality of invertebrate species based on the densities
in the strips, before and after trawling. Direct mortality is equal to the difference between the initial
density and the density of the remaining, surviving animals. Because migration of highly mobile
epibenthic species cannot be excluded, the mortality could not be determined reliably for such
species. For the prawns Nephrops norvegicus, the proportion of the population actually in reach of
the sampling gear is not known, so estimates of direct mortality were not possible.
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Fig. 2.5.1. Locations of field studies on mortality of discards, damage to invertebrates and total direct morta-
lity. tm = total direct mortality of invertebrates; md = mortality of discards; dam = damage to invertebrates.
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a.

Fig. 2.5.2. Side-

tracks of two 12m beam trawls (port and starboard);

strip trawled with 12m beam trawls (trawling intensity ca. 150%), after t1-sampling (tracks of Triple-D
indicated by arrows);

strip trawled with 4m beam trawls (trawling intensity ca. 150%);

area heavily fished by commercial 4m beam trawlers.
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TABLE 2.5.1
Field studies on the mortality of discards, the damage of invertebrates and the total direct mortality due to
trawling . 4 TBB = 4m beam trawl; 4 TBBm = 4m beam trawl + matrix; 12 TBB= 12m beam trawl; 7 TBB = 7m
beam trawl; OTB = otter trawl; OTBn = Nephrops otter trawl. tm = total direct mortality of invertebrates; md =
mortality of discards; dam = damage to invertebrates.

Area ICES Water  Grain Sit  Year Month Commercial Study  Study
quadrant depth size gear item nr
m pm %
NORTH SEA (sandy)
Dutch coast south 33F4 20 370 1 1994 June 4TBB,4TBBm tm S26
1995  September 4TBB,12TBB,4TBBm tm 827
Dutch coast north 34F4 20 100200 ~5 1993 April 4TBB tm S28
Dutch Wadden coast 36F5 24 205-280 1-8 1992 June/July 4TBB tm S29
1994 June 4TBB,12TBB,4TBBm tm,md S30
Belgium/Dutch sector  32F2, 32F3 10-40 250->350 <2 1992 Spring 4TBBm md S31
1993 Spring 4TBBm md 832
1995 Autumn 4TBBm md 833
Dutch coast north 33F4,34F4,35F4,34F3 10-25 175-350 <2 1992 Spring 4TBB, 12TBB md S34
1993 Spring 4TBB md S35
1993 Autumn 4TBBm, 12TBB md S36
1995 Autumn 4TBBm md 837
German Bight 37F7 25 225 8 1994  September 4TBB,12TBB,0TB tm S38
North Sea 36F7 25 sandy - 1993 May 78T dam S39
NORTH SEA (silty)
Oystergrounds 38F4 43  155-170 0.6-9 1992  March/April 12TBB tm S40
1993  September 12TBB tm S41
1994  September 4TBB,12TBB,0TB tm S42
Weisse Bank 38F6 45 ~150 5-10 1995 May 4T8B, 12T8B,0TB tm 843
German Bight 36F5,37F5,37F6,38F6 20-40 150-<250 2-15 1995 Autumn 4TBBm, OTB md 544
fRISH SEA (muddy)
western lrish Sea 36 E4 inshore 35 10-100 45-55 1995 May OTBn tm S45
B 1996 April, May OTBn tm S46
western lrish Sea 36E4 offshore 75 10-100 45-55 1995 May OTBn tm S47
1994 May, June OTBn tm S48
1995 August OTBn tm S49
TABLE 2.5.2
Sampling gears used in this study.
type of gear sampling sampling mesh target
depth size opening species
cm m? mm
Reineck boxcorer 15-20 0.06 1 (sieve) small in-/epi fauna
VanVeen grab 8-15 0.2 5 (sieve) small in-/epi fauna
Day grab 8-15 0.1 1 (sieve) small in-/epi fauna
Triple-D 10 30 14 large in-/epi fauna
Kieler Kinderwagen 1-5 1000 10 in/epifauna
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2.6. SCAVENGER RESPONSES TO TRAWLING

Introduction

Trawling inevitable results in the mortality of many non-target benthic species (van Beek et al. 1990;
Kaiser & Spencer 1995; see also chapter 3.6). Mortality occurs via two pathways, discard mortality
and non-catch mortality. Consequently trawling generates carrion which becomes available as food
for scavengers. Some of the discards are eaten by seabirds (Furness et al. 1988; Hudson &
Furness 1988; Camphuysen et al. 1995) while those that sink to the seabed become available to
benthic scavengers. Those animals that are damaged by the trawl but remain on the seabed also
become potential food for benthic scavengers; in addition, some animals become more vulnerable
to predation as a result of sublethal physical damage caused by the trawl.

The importance of fisheries-derived carrion to benthic scavengers was investigated in the North
Sea and Irish Sea using a variety of techniques.

2.6.1. FIELD INVESTIGATIONS
2.6.1.1. REPEATED TRAWLING
General Methodology

To test the hypothesis that predatory and scavenging species migrate into areas disturbed by
bottom fishing gears, changes in the abundance of mobile epibenthic species were measured using
repeated trawling before and after creating a fishing disturbance using a commercial trawl. In some
of the studies, certain species of fish and invertebrates were retained from catches before and after
creating the disturbances with the commercial gears, and changes in their food consumption and
dietary composition ascertained (Stomach contents analyses: 2.6.1.4). Details of dates and
locations of all the studies mentioned below are given in Figs. 2.6.1, 2.6.2 and Table 2.6.1.

Eastern Irish Sea

At each of three sites a trawling disturbance was created by fishing a 1.5 km treatment wayline 10
times using a 4m commercial beam trawl fitted with a chain matrix, flip-up ropes and an 80 mm
diamond mesh cod-end. All fishing operations were conducted using the RV CORYSTES. At each
site up to 6 replicate 2.8m beam trawl tows (Table 2.6.1) were completed on one or two control (un-
fished) waylines and a treatment (fished) wayline, before and at intervals (about 24 h) after fishing
the treatment wayline with the commercial 4m beam trawl (for precise details see Ramsay et al.
1996).

Western Irish Sea

These studies were performed in the Nephrops trawl grounds in the lrish Sea. A preliminary
experiment to investigate migration of scavengers and predators into an area following trawling was
conducted. A 3 km wayline was trawled with a modified otter trawl (mouth of net 18 m wide, 70mm
diamond meshed codend, knot to knot) by the RV LOUGH BELTRA. The codend of the trawl was
fitted with an outer 20 mm mesh cover to assess the abundance of smaller scavenging species.
This wayline was then repeatedly trawled until an area of the seabed had been completely swept by
the gear twice. The cover was left open during this period to allow undersized and damaged
animals to pass through the meshes of the main net, and then retrawled 3 h and 72 h later with the
cover closed.

In the following year, a fishing disturbance was created along 2 waylines, with two adjacent
control waylines at a distance of about 500 m on either side. Initially, 2 or 3 tows, each of 10 min.
duration were made with a 3m beam trawl, fitted with a 20 mm meshed codend liner, along each of
the control and treatment waylines (5 tows in total on either treatment or control). The two treatment
transects were then trawled using an otter trawl as before. The sampling protocol with the 3m beam
trawl was then repeated 24 and 48 h after the completion of otter trawling. Once these samples had
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been collected, both control and treatment waylines were fished with the otter trawl to collect larger,
less common, mobile scavenging species.

This study was repeated in 1996, when a fishing disturbance was created along only one wayline
such that the seabed had been completely swept 4 times. Only 3 replicate samples were collected
from the two adjacent control waylines.

Southern North Sea

At each location, a fishing disturbance was created using a small otter trawl (mouth of net 20 m
wide, 80 mm diamond meshed codend) were studied on the Weisse Bank. On each of 3 conse-
cutive days, the same wayline was trawled 3 times with a commercial otter trawl fished from the RV
WALTHER HERWIG Ill. After an interval of 4 h, this line and adjacent untrawled areas were
alternately trawled with the same otter trawl. Thus over the 3 days 9 tows were collected from
disturbed and undisturbed areas.

At the ‘Impact Box’ a wayline was repeatedly trawled by the RV SOLEA using a 7m commercial
beam trawl on two separate occasions. Towing speeds varied between 2.5-4 knots, and tow
duration between 45-60 min. Changes in the abundance of epibenthic and fish species were
recorded.

In another study, repeated trawling of a wayline with commercial 4m and 12m beam trawls was
carried out at four locations in 1992 and 1993, with the aim of estimating the catch efficiency of
commercial trawls. The 4m and 12m beam trawls were fished from the RV ISIS and RV TRIDENS,
respectively. At the end of the first tow, the ship realigned so that the area left undisturbed between
the trawls was swept by the gear on the return passage. Samples were collected with a fine-
meshed 3m beam trawl before trawling and immediately afterwards.

In 1994 and 1995 a similar program was carried out with 12m beam trawls at 6 different loca-
tions. A treatment line was trawled 4-5 times (8-10 tows) with the 12m beam trawls as described
before, leading to an estimated 2.5 to 3.5 times disturbance of the total surface. Samples with 3m
beam trawl were collected 24 h before creating the fishing disturbance with the commercial gear,
immediately afterwards and then at time intervals of about 12 and 24 h afterwards over a period of
2 to 4 days. In 1994 sampling with 3m beam trawl was restricted to single hauls over the treatment
line and the control (reference) area. In 1995 replicate hauls were made with the 3m beam trawl.
The 3m beam trawl was fitted with a meter wheel that measured the distance trawled over the
bottom and allowed to estimate the surface swept by each haul.

From sampling in 1994 it became apparent that catches with fine-meshed 3m beam trawl in the
morning were often lower than in the evening, hence to avoid diel variations in catchability all
sampling was only undertaken in the evening during the experiments conducted in 1995.

Changes in the density of animals were expressed as a proportion of the untrawled density,
estimated for animals caught in the initial 3m beam trawl tows prior to creating the fishing
disturbance together with the estimates on the untrawled reference area. Thus the data are
expressed as relative densities, values > 100% indicate immigration, those < 100% indicate
depletion or emigration.

2.6.1.2. BAITED TRAPS

In order to identify scavenging benthic predators, baited traps of different types were used in the
Irish Sea and in the southern North Sea. The selectivity of traps is highly variable. Therefore
different types of traps (Fig. 2.6.3) were deployed to catch epibenthic predators or potential
scavengers. Following initial trials the traps selected for use are indicated in Fig. 2.6.3, f, g, h, i.
Traps were usually set for two days, for at least two tides and included one night, in order to
compensate for effects of tidal currents or diurnal effects (see legend Fig. 2.6.2).

Traps were baited with different kinds of typical discarded material, and unbaited traps were
included as controls. Duration of soak time (absorbing time) and the effect of distance from the
shore were also examined.

For some sites an ‘area of attraction’ was calculated. Mean background densities of scavengers
were estimated from catches from 3m beam trawl or benthos dredge samples. Numbers of animals
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caught in the traps were divided by their estimated density per m2 in the vicinity of the traps, to
estimate the area of attraction.

2.6.1.3. IN SITU OBSERVATIONS

Various methods were used to directly observe scavengers as they fed on discards. The rate of
consumption of discards on the seabed was also investigated.

Scavengers feeding on discards - Eastern Irish Sea

Stills cameras with a time-lapse setting were deployed at 3 different sites in the Irish Sea baited with
dragonets (Callionymus lyra) attached directly below the camera.

Video cameras baited with dead dragonets were also used to record the behaviour of
scavengers feeding on discards in more detail (Ramsay et al. 1997b). For the first deployment the
camera frame was baited with 6 dragonets and the following night the camera frame was baited
with one dragonet to study the effects off the amount of carrion present. Numbers of hermit crabs
(the main scavenger), feeding success and aggressive interactions were all examined in relation to
crab size.

Scavengers feeding on trawl tracks - Eastern Irish Sea

The numbers and activities of scavengers along two transect lines (one treatment and one control)
were recorded by divers before and after fishing the treatment line with a commercial scallop
dredge (Red Wharf Bay). The dredging disturbance was created by a commercial scallop boat
fishing eight scallop dredges each with a width of about 0.75 m.

Divers recorded numbers of mobile macrobenthic species within areas measuring 5 m by 2 m;
for each species the number feeding were recorded and for the feeding individuals their food was
also noted. A similar diver survey was carried out one year later, this time using a 4m beam trawl to
create the fishing disturbance.

In situ consumption of discard fish by scavengers in the southern North Sea and rate of
decay

A separate set of experiments were carried out in the North Sea, to examine the rate of consump-
tion of discards. Weighted fish were attached to nylon lines and lowered to the seabed. The fishes
were retrieved after 1, 2 or 3 days of exposure. The rate at which these fish were consumed was
measured by weighing the fish beforehand and also inspected on retrieval for signs of scavenger
activity.

The rate of decay of dead fish (dab and whiting) was estimated in tanks with running seawater
on board ship at the ambient seawater temperature and in the laboratory, at constant temperatures
of 5, 10 and 15° C.

2.6.1.4. STOMACH CONTENTS ANALYSIS
Eastern Irish Sea - Beam Trawl

The investigation of the effects of beam trawling in the eastern Irish Sea concentrated on the diets
of two hermit crab species, Pagurus bernhardus and Pagurus prideaux (Ramsay et al. 1996). A
detailed review of the sampling design is given in Section 2.6.1.1. In April 1995, hermit crabs were
collected from each 2.8m beam trawl catch and stored frozen. In the laboratory animals were
defrosted and for each individual, thorax length was measured to + 1 mm and the stomach was
dissected out. Stomach contents were examined using a microscope and the points method (Hynes
1950; Williams 1981) was used to estimate the volumetric abundance of different phyla. The
stomach contents of 20 randomly chosen crabs were analysed per treatment (fished or unfished
control) on each day and the data pooled. For details of the statistical analyses used see Ramsay et
al, 1996.

Stomach contents were filtered and dried at 60°C and weighed. Differences in the relationship
between crab size (thorax length) and dry weight of stomach contents were calculated (Ramsay et
al. 1996). In October 1995 the sampling protocol was repeated at the same site, but on this
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occasion, only changes in hermit crab size frequency distribution (based on the height of the right
cheliped) was examined.

Western Irish Sea - Otter Trawl

Representative samples of the most abundant species present were collected before, and at inter-
vals following, trawling (2.6.1.1). On return to the laboratory, approximately 60 each of whiting
(Merlangius merlangus), haddock (Melanogramus aeglefinus), and Nephrops from each trawl were
defrosted for analysis of stomach contents. For fishes, stomach fullness was noted on a scale from
0 (completely empty) to 5 (completely full) while the state of the gut contents was recorded using a
scale ranging from O (empty) to 3 (intact prey). The stomach filling index (SFI) was also calculated
(Hyslop 1980). Prey items were then removed, separated into phyla and weighed. Where possible,
these were than identified to species level and their numbers recorded. Nephrops were defrosted
and the foregut was dissected out. Prior to examining the contents, the degree of fullness of the
foregut was estimated using the method decsribed by Wienberg (1980). A scale of 4 degrees was
used to estimate the stomach fullness: 0 = Empty stomach; 10 = fullness of up to 10%; 50 =
Stomach clearly more than 10% full but less than 50%; 100 = Full and bulging.

Southern North Sea - Otter Trawl

Possible dietary changes in fishes following otter trawling were investigated on the Weisse Bank in
May 1995. Two size classes of dab (size range 12-16 cm and 19-25 cm) and one size class of grey
gurnard (19-25 cm) were collected from 9 hauls taken in both the treatment and the control area
over 3 consecutive days. Length and weight of each fish were measured on board and the stomach
and gut were dissected out and fixed. A total number of 1600 stomachs were collected, and their
contents weighed and where possible, identified to species level and SFI was estimated (Hyslop
1980).

Southern North Sea - Beam trawl

In 1992 dab, plaice and grey gurnard were collected for stomach contents analysis using the
methods described above. Fish were also collected in spring and autumn in 1994 and 1995 from
RV TRIDENS. Prey items were identified to species level, food composition was determined to
ascertain dominance (number of a given prey specimen ingested as a fraction of the total number
of prey specimens ingested) and occurrence (the fraction of fish in which the given prey species
appears) (Hyslop 1980) and SFl was calculated.

2.6.2. LABORATORY INVESTIGATIONS
2.6.2.1. FEEDING & GROWTH OF SCAVENGERS

Estimates of the length-weight relationships and ash-free dry weight
The ash-free dry weight (afdw), and in some cases the relationship between size and weight, of
different species of invertebrates was determined from frozen or fresh animals. Different para-
meters were used for body dimensions in the length-weight relationships: for fish total length; for
starfish the total diameter between the tips of the stretched arms; for sea urchins the test diameter
without spines; for ophiurids the oral disc diameter; for crabs carapax width; for hermit crabs the
length or height of the largest claw (chela).

Further laboratory measurements of metabolism, food consumption and growth were carried out
with selected species that showed scavenging behaviour in the field. These animals were stored in
temperature controlled seawater tanks (2.5x0.6x0.6 m) with running seawater. They were regularly
fed with fresh mussel meat (Mytilus edulis) or shrimp (Crangon crangon), and measurements were
started after a period of about 1 month for acclimatisation to laboratory conditions and different
constant temperatures.
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Measurements of daily food consumption

Animals were held in constant temperature conditions, either single or in groups with a seawater
supply flowing to waste. Animals were fed with weighted excess rations of food. Excess food was
collected and weighed the next day, together with a control ration kept in a tank without animals for
measurement of the change in weight of the food in seawater over the measuring period. Daily food
consumption and growth were measured over periods of 1 to 4 weeks at each constant tempera-
ture according to methods described in Fonds et al. 1992b, using three different kinds of food: fresh
mussel meat (Mytilus edulis), deep frozen shrimp (Crangon crangon) or fresh fish (dab, plaice or
dragonet).

Measurements of growth

In some experiments with starfish (Asterias rubens) and hermit crabs (Pagurus bernhardus) the
relation between food ration and growth was estimated. Single animals were given different rations
and growth plotted against food consumed, in order to estimate the efficiency of conversion of food
into growth (Brown 1957). The maximum growth rate of different species was measured using
standard techniques (Warren & Davies 1967; Fonds et al. 1992a) at different constant tempera-
tures over periods of 4 weeks. The relationship between daily food consumption, growth and body
weight was determined.

2.6.2.2. BEHAVIOUR OF SCAVENGERS IN THE LABORATORY

Video recording of feeding behaviour in the laboratory
The feeding behaviour, speed of movement (only Asterias rubens) and competitive behaviour of
swimming crabs, hermit crabs, whelks and starfish was studied in a large sea water tank. Typical
discard material was offered to groups of these species. The movements and interactions of the
animals were recorded by time-lapsed video over 3 to 4 days, with a period of starvation of at least
one day between trials.
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Fig. 2.6.1. Map of the Irish Sea showing the geographical positions of experimental sites.
Dates and positions in the table below.

Nron  Year Date Position North Position East Depth
map Net Ship (R.V.} °N min. °E min. m
Stati for repeated trawling
1 1994 29-11-11  OTTERT. LOUGH BELTRA 53 36.52 5 4519 72
1 1985 29-8/2-9 OTTERT. LOUGH BELTRA 53 37.08 5 46.03 70
1 1996 (10-15)-4 OTTERT. LOUGH BELTRA 53 36.60 5 45.04 71
1 1994 29-10 4mBT CORYSTES 53 36.5 5 452 72
1 1995 29-8 4mBT CORYSTES 53 371 5 46.0 70
1 1996 10-4 4mBT CORYSTES 53 36.6 5 45.0 71
3 1995 244 4m BT CORYSTES 53 265 4 01.7 39
3 1995 27-10 4mBT CORYSTES 53 265 4 02.8 39
4 1985 28-4 4mBT CORYSTES 53 216 4 11.5 145
5 1995 2-11 4mBT CORYSTES 54 05.1 3 40.7 37

exposure
Stations for baited traps hrs n
1 1995 31-8 TRAPS LOUGH BELTRA 53 36.33 5 4560 72 24 16
2 1996 294 TRAPS LOUGH BELTRA 53 38.14 5 58.47 34 24 54
3 1895 26-4 TRAPS CORYSTES 53 26.60 4 00.60 41 25 10
3 1995 27-4 TRAPS CORYSTES 53 26.60 4 00.64 M 3 10
4 1995 28-10 TRAPS CORYSTES 53 21.07 4 00.76 24 23 10
4 1995 29-10 TRAPS CORYSTES 53 21.08 4 00.78 25 48 10
5 1995 2-11 TRAPS CORYSTES 54 05.43 3 40.13 33 24 10
3 1996 6-4 TRAPS CORYSTES 53 26.60 4 0074 43 26 10
3 1996 8-4 TRAPS CORYSTES 53 26.55 4 00.68 42 22 10
Stations with baited cameras hours
1 1994 299 CAMERA CORYSTES 53 26.19 4 02.01 38 17.3
1 1996 6-4 CAMERA CORYSTES 53 26.60 4 01.46 43 477
2 1995 28-10 CAMERA CORYSTES 53 221 4 12.18 24 756
3 1985 2-11 CAMERA CORYSTES 54 05.11 3 42.67 37 22.9
3 1995 2-11 CAMERA CORYSTES 54 05.64 3 39.64 32 14.1
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Fig. 2.6.2. Map of the southern North Sea showing the locations for repeated trawling (o) and for baited traps
(*). Dates and positions below.

Nr. Year Date Net Position North Position East Depth

Ship (R.V.) °N min. °E min. m
Stations for repeated trawling Direction
1 1992 25-6 4mBT I1SI1S 53 24.14 5 4.20 24 20-200
2 1993 27-4 4mBT 1S1S 52 37.51 4 33.11 15 20-200
3 1992 2-4 12mBT TRIDENS 54 30.45 4 41.45 45 90-270
4 1993 15-9 12mBT TRIDENS 54 32.28 5 66.04 44 50-230
5 1994 8-6 12mBT TRIDENS 53 44.00 5 22.21 30 90-270
6 1994 146 12mBT TRIDENS 52 13.30 4 12.24 20 30-210
7 1994 31-8 12mBT TRIDENS 54 2230 7 3518 24 95-275
8 1994 5-9 12mBT TRIDENS 54 57.24 4 39.18 42 90-270
9 1995 3-5 12m BT TRIDENS 54 34.54 S} 15.45 41 92-272
10 1995 11-9 12m BT TRIDENS 52 13.03 4 9.42 20 26-206
11 1992 22-9 7mBT SOLEA 54 12-14 7 06-30 35 90-270
12 1995 16-8 OTTERT.  W.HERWIG 54 28-38 6 15-23 40 170-350
Stations for baited traps exposure days n traps
1 1994 76 TRAPS TRIDENS 53 426 5 23.1-248 30 2 14
2 1994 14-7 TRAPS TRIDENS 52 11.3 4 9.26 19 2 7
3 1994 2-9 TRAPS TRIDENS 54 238 7 47.45 25 2 35
4 1994 79 TRAPS TRIDENS 54 29 4 429 42 2 35
5 1994 18-10 TRAPS NAVICULA 52 531 4 41.0 8 2 15
6 1995 14-2 TRAPS PELAGIA 54 285 6 7.9 41 2 19
7 1985 8-3 TRAPS PELAGIA 52 48.1-2 4 31.5 22 2 20
8 1995 2-5 TRAPS TRIDENS 54 36.0 6 17.0-9 40 13 45
9 1995 8-5 TRAPS TRIDENS 53 55.8-56.3 6 122 30 1-3 45
10 1995 228 TRAPS NAVICULA 52 21.3-24.4 4 7.2-31.5 8-19 1 12
" 1995 59 TRAPS TRIDENS 52 13.2-183 4 7.1-18.6 22 2 36
12 1995 12-8 TRAPS TRIDENS 52 147 4 6.6 22 1-3 36
13 1995 13-9 TRAPS TRIDENS 52 128 4 49-54 22 2 21
12 1995 19-9 TRAPS TRIDENS 52 12.7 3 37.9-38.5 28 2 36
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Figure 2.6.3. Different kinds of traps used in the investigations on preference of scavenging species for
different kind of bait.

a. Round cage with lower- and upper entrances;

b. Rectangle cage with sloping entrances;

¢. Commercial small fyke net;

d. Small lift-net with bait attached in the middle;

e. Large perspex- or PVC- pipes, attached to iron ring;

f.  Small perspex- or PVC- Amphipod pipes, attached to iron ring;

g. Short perspex tubes with assymmetrical attached weight;

h. Commercial Danish crab-trap, weighted in the middle and small floatsat the top. Two entrances and two
bags with bait.

i. Trap type used in the eastern Irish Sea, entrances narrowed with tubes

j-  Modified shrimp pot used in the western Irish Sea, with baited small trap inside for Amphipods.

k. General arrangement of traps on the sea bottom (top view).
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TABLE 2.6.1
Details of the sites studied, the commercial gears used to create a fishing disturbance and the sampling
gears used. CS/G/Sh = coarse sand gravel and shell debris, mS = medium sand, fMs = fine muddy sand, fS =
fine sand.

Site Date Depth Bottom No. Days sampled Protocol
type after initial disturbance
IRISH SEA
MAFF/UWB
Anglesey offshore 04/95 40m cS/G/Sh 4 10 tows 4 m beam trawl to create disturbance, 6

replicate tows 2.8 m beam trawl on each of 2 control
and 1 disturbance line

Anglesey offshore 106/95 40m ¢S$/G/Sh 3 As above, but only 3 replicate tows on each of the 2
control lines

Red Wharf Bay 04/95 1Zm mS 1 As above, but only 1 control line

Walney Istand 11/95 36m fMs 3 As above, but only 3 replicate tows on each of the 2
control lines

MRI

Offshore site 10/94 75 m Ms 3 2 tows otter trawl to create disturbance. 1 tow
immediately prior to and 1 tow 3 and 72 h after
creating the disturbance, using the same trawl.

Offshore site 08/95 75m Ms 2 2 tows otter trawl, total of 5 replicate tows 3 m beam
trawl on treatment and control lines.

Offshore site 04/96 75m Ms 2 4 tows otter trawl, total of 6 replicate tows 3 m
beam trawl on treatment line, 3 replicates on 2
control lines

NORTH SEA
AWI
Impact Box 06/92 35m mS 1 2 tows 7 m beam traw!
09/92 35m mS 1 7 tows 7 m beam trawl

Weille Bank 05/95 40 m S 3 3 tows otter trawl to create disturbance, 3 replicate
tows otter trawl on treatement and control lines on
3 consecutive days

NIOZ

N. of Vlieland 06/92 24 m mS 1 12 tows with a pair of 4 m beam trawls.

Coast N. Holland 04/93 I5m mS 2 8 tows pair 4 m beamtrawls, treatment and control
line sampled by duplo hauls with 3 m beamtrawl
before and afterwards, another two tows with 4 m
beam trawl in moming and evening next day.

Opystergrounds 04/92 45m Ms 1 4 times trawling with pair of 12 m beam trawls
(8 tows, last tow nr. 8 about 3 hrs after tow 7).
Oystergrounds 09/93 44 m Ms 2 5 times trawling (10 tows) with pair of 12 m beam

trawls. Duplo samples with 3 m beam trawl before
and afterwards (4 tows) both on treatment line and
reference area. Trawling the line with 12 m beam
trawls again the next day (2 tows).

Oystergrounds 09/94 42m fMs 3 5 times trawled (10 tows) with 12 m beam trawls,
single samples with 3 m beam trawl every 12 hours
on treatment line and reference area.

N. of Terschelling 06/94 30m mS 2 5 times trawled with 12 m beamtrawls as above,
single samples 3 m beamtraw] every 12 hrs.
Coast S. Holland 06/94 20m mS 3 5 times trawled 12 m beamtrawls as above,
single samples 3 m beam trawl every 12 hours.
09/95 20 m mS 4 4 times trawled (8 tows) with 12 m beamtrawl,
duplo samples every 24 hrs with 3 m beam trawl.
NW of Helgoland 08/94 24m fS 2 5 times trawled 12 m beam trawls (10 tows),
single samples with 3 m beamtrawl every 12 hours.
Weille Bank 05/95 41 m Ms 4 4 times trawled (8 tows) with 12 m beam trawl,

duplo samples with 3 m beam trawl every 24 hrs.
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2.7. COMPARISON OF UNDISTURBED AND DISTURBED AREAS
Introduction

While the immediate and short-term effects of fishing disturbance on benthic communities have
been examined for a number of habitats (de Groot 1984; Currie & Parry 1996; Kaiser & Spencer
1996a), longer term studies are particularly scarce in the literature (Hall et al. 1993a). The spatial
and temporal variability in benthic communities invariably means that long-term effects are difficult to
identify. Comparisons are usually between areas which are “fished” and “un-fished”, but interpre-
tation can be difficult since “un-fished” areas are usually un-fished precisely because they differ from
fishing grounds. A variant on the above approach has been to investigate localised areas within
fishing grounds that are protected in some way (i.e. by presence of a light ship, Graham 1955; or
wreck, Hall et al. 1993a). Another possible approach is to examine fishing effects experimentally, in
an area that has been closed to fishing for many years.

Three studies comparing undisturbed and disturbed areas to investigate the long-term effects of
fishing disturbance were carried out, utilising two essentially different methodologies. The unique
opportunity offered by a previously unfished Scoftish sealoch was utilised to carry out a
manipulative disturbance experiment. Two other studies used the approach of Hall et al. (1993a),
employing areas of seabed “protected” from fishing by the presence of wrecks in the German Bight
and Irish Sea, and making comparisons with the surrounding fished areas.

2.7.1. LOCH GARELOCH
Study site

Loch Gareloch, Inverclyde, Scotland, is a sheltered fjordic sealoch in the upper reaches of the Firth
of Clyde (Fig. 2.7.1).The Loch is approximately 9 km long and averages less than 1.5 km wide, with
an estimated volume of 261x10° m® at MHWS. Fresh water input is negligible. Tidal currents of up to
5 knots occur over the shallow (12 m) sandy sill at the narrow (350 m) entrance to the loch, but in
the deeper water of the main loch currents are greatly reduced and the seabed is muddy. The close
proximity of the loch to the Clyde Estuary allows for frequent intrusions of estuary surface water
throughout the year, thereby enhancing nutrient levels (Mackay & Halcrow 1976). Such frequent
intrusions appear to inhibit bottom water stagnation and the associated reduction in dissolved
oxygen concentrations that are recorded in other Clyde sea lochs (Edwards et al, 1 986).

Owing to the presence of the R.N. Faslane Clyde Submarine Base, fishing in the loch is
presently prohibited by the Inshore Fishing (Prohibition of Fishing and Fishing Methods) (Scotland)
Order 1989. Prior to this Order, fishing was restricted by the Clyde Dockyard Port of Gareloch and
Loch Long Order 1967. Anecdotal evidence suggests that although good catches of fish have been
taken from the loch, very little trawling took place prior to the ban, and some areas may never have
been trawled. The marine fauna supported by the loch has therefore remained undisturbed by
fishing for over 25 years, and considerably longer than this in some places. The continued absence
of fishing in the loch offers a unique opportunity to conduct a long term manipulative field
experiment to examine the impact of fishing disturbance in a controlled manner. Through
experimental manipulation of the site it has been possible to examine the changes in the benthos
associated with an 16 month period of disturbance followed by an 18 month recovery period.

Survey procedure

A preliminary survey was carried out in Loch Gareloch in November 1993, during which treatment
and reference areas were selected (Fig. 2.7.2), on the basis of similar depth (30-35 m), topography,
epifauna and RoxAnn parameters. The sites chosen were to the sides of the loch, away from the
deeper channel used by naval vessels. It is therefore thought very unlikely the propeller wash from
such vessel would effect the seabed in the experimental areas in any way. Subsequent surveys
were carried out one week later, and during May and October of 1994, 95 and 96 (Table 2.7.1). The
same sampling techniques were used on each occasion.
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Infaunal sampling was carried out using a 0.1 m? Day grab. Samples were washed over a 0.5 mm
mesh, fixed in 5% formalin and preserved in 75% alcohol. The infauna were counted and identified
to species where possible. From each grab, a small sample of sediment was collected for either
organic carbon or particle size analysis. Organic carbon was determined using an elemental
analyser. Granulometric samples were analysed by laser granulometry using a Malvern Master-
sizer/E granulometer (Malvern Instruments). Underwater television surveys were carried out using a
television camera mounted on a towed epibenthic sledge (Chapman 1985). The video signal was
combined with a digital date/time signal and recorded for analysis. During the TV sledge tows the
position of the vessel was recorded using differential GPS digitally logged every 15 sec, providing an
accuracy of = 15m. The locations of each animal seen on the video were later noted, and converted
to densities using information on width of view and tow length.

Experimental trawling disturbance

Experimental trawling disturbance was carried out from a locally chartered fishing vessel (FV
Jeannie Stella) using a modified rockhopper groundgear with no trawl attached. A gear diagram is
provided in Fig. 2.7.3. Because of the repeated and intensive nature of the trawling activity we
decided to conduct the experiment using a trawl with no net. The rationale for this decision was that
the direct disturbance effects of the net are trivial compared to the rest of the gear, and that there
was a risk that we would progressively deplete populations of scavenger species to low levels in the
small and relatively enclosed loch if they were retained as catch. Since these scavengers are
themselves potentially important mortality agents for exposed benthic fauna (Kaiser & Spencer
1994; 1996b) we felt that our experiment would be more realistic if their densities were preserved
over the entire life of the experiment.

Trawling disturbance commenced in January 1994 and continued once per month until April
1995. Each disturbance event consisted of ten tows (approximately 45 mins duration at a speed of
2 knots) over the treatment area. Scanmar Netsonde units were deployed on the gear during two of
the disturbance events and measured the distance between the trawl doors (the width of the
disturbed track produced by each tow) to be 35-40 m, equating to 140-160% coverage of the
treatment area on each day.

Experimental design

In analysing the effects of human activites on the environment, the basic Before/After,
Control/lImpact (or BACI) design of Bernstein & Zalinski (1983) and Stewart-Oaten et al. (1986) has
been adopted by many researchers. Such a design involves replicated sampling over time (Under-
wood 1992). When multiple control and/or treatment sites are available, problems of spatial
confounding (pseudoreplication, Hurlbert 1984) are avoided. Unfortunately, however, the unique size
and nature of the present study (a site protected from fishing for almost 30 years) means that
multiple control sites could not be established. Rather we were constrained to comparing a single
impacted site with a single reference area. Such designs have been criticised as being only suitable
to demonstrate differences between locations (Hurlbert 1984), and strictly speaking, this is certainly
true. Such a design restrict statements about the effects of fishing outside Loch Gareloch. However,
we feel that by following our experiment through a period of impact, followed by recovery, the
conclusions we draw for this site are likely to be of wider relevance.

2.7.2. WEST GAMMA
Study site

The “West Gamma” is the wreck of an oil drilling platform which sank while on route to the
Norwegian oil fields. The site location is 54°56.5'N 6°39.3'E, in the outer German Bight, approxi-
mately 60 nm northwest of Helgoland (Fig. 2.7.4).

The wreck sank in August 1990, in 43 m of water, reaching within 2 m of the surface at low
water. As it presented a danger to surface navigation at this time, it was surrounded by four nautical
buoys, enclosing an area of approximately 0.6 km? (Fig. 2.7.5). The area directly surrounding the
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wreck was protected from trawling activities by the size and the near surface position of the wreck
as well as by the presence of the buoys. From May to August 1994 the wreck was cut off at 25 m
below surface and subsequently the buoys were removed to remove the obstacle for surface
shipping. Nevertheless the area around the wreck is still protected against trawling by the size of the
wreck and by the scattered debris surrounding it.

Corresponding to the position of the study site on the side of the pleistocene Elbe River valiey,
the sediment is characterised by a gradient from silty fine sand in the western parts to medium to
coarse sand in the east (Figge 1981; Fig. 2.7.5). The benthic fauna of the region is characterized by
the Amphiura filiformis association sensu Salzwedel et al. (1985), and the area is subjected to
average fishing activities (Polet et al. 1994), mainly fished with 12 m beam trawls.

According to the site-specific conditions the approach of Hall et al. (1993a) was modified. The
“West Gamma” wreck and the protection of its surroundings by the buoys for four years provided
the opportunity not only to compare fished and protected areas, but also to examine the
development in the benthic community over a 5 year period since protection.

Survey procedure

Between August 1992 and August 1995 cruises with WWFS Atair (BSH Hamburg) and RV Victor
Hensen (AWI Bremerhaven) were undertaken to carry out extensive grab and dredge sampling
around the wreck (187 grab samples and 17 dredge samples; Table 2.7.1) in- and outside the
protected area.

Infaunal samples were taken with 0.1 m? Van Veen grab, sieved on board (0.5 mm sieve) and
stored in 5% buffered formalin. Samples were sorted, identified mainly to species level and counted
in the laboratory. For every sample the depth of sediment in the grab and the sediment characteris-
tics were recorded. In April and May 1994 a sediment core (10 cm2 area and 10 cm depth) was
taken from about every second sample for detailed sediment and organic carbon analysis. For a
qualitative survey of the larger and more mobile fauna of a larger area, additional samples were
taken in August and September 1992 and in April 1994 with a small frame dredge of 1 m width
("Kieler Kinderwagen") with 1 cm mesh size. The larger dredge material was partly identified on
board, the remainder was preserved in 5% formalin for later identification.

2.7.3. IRON MAN AND 41 FATHOM FAST
Study site

Studies were carried out at two shipwreck sites in the Irish Sea Nephrops fishing grounds. Nephrops
is a burrowing crustacean, and behavioural adaptions to ambient light levels mean that burrow
emergence and therefore catch rates and fishing effort are highest at dawn and dusk in shallower
grounds, and get closer to midday in deeper waters (Chapman 1980). This generally means that the
shallower grounds are fished on the way to and from port while the deeper grounds are fished during
the day, and are subject to greater effort.

The first wreck site, “iron Man” is located at coordinates 53° 40.3'N 05° 59.22'W, on a muddy
fine sand substrate in approximately 35m water depth (Fig. 2.7.1). Trawlers only fish this part of the
Nephrops grounds at dawn and dusk, so the area is thought to be less heavily fished than the
deeper areas. The second wreck site, “41 Fathom Fast’, lies at coordinates 53°32.37N' 05°
43.79'W, on a sandy silt substrate in approximately 75 m water depth (Fig. 2.7.1), in a heavily fished
area. While the exact date of sinking is not available for either wreck, anecdotal evidence suggests
that both have been in place for more than fifty years and are avoided by all fishing trawlers.

The methodology employed at both sites involved the study of undisturbed (virgin) ground
around a wreck (Hall et al. 1993a) and a comparison with fished grounds.

Survey procedure

Surveys were carried out in May 1995 (“Iron Man”) and April 1996 (“41 Fathom Fast’) (Table 2.7.1).
Following location of each wreck, surveys by side-scan sonar, SCUBA diving (for the shallower site)
and HYBALL ROV. Two Multibeacon transponder-responders were then positioned, one at either
end of the wreck. A further Multibeacon was attached to the grab cable immediatly above the grab
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sampler. The system was interrogated by a Trackpoint Il transceiver, which provides > + 1 m
accuracy in position fixing. Three transects, radiating out from the wreck into the Nephrops ground,
were grab sampled. For the “Iron Man” site, transect length was about 400 m. Preliminary
observations suggested this may not be sufficient to extend into the fishing area and for the “41
Fathom Fast” site transects of about 500-700 m were used. Six to eight stations with 2 grabs per
station were included in each transect. Samples were also collected from the IMPACT Il stations
near to the wreck locations (see section 2.3) to allow for comparison with a fished area.

At both locations, samples were taken for both benthic macrofaunal identification and sediment
grain size and organic carbon content. Sediment grain size distribution was assessed by the same
method as used for Loch Gareloch, and organic carbon content was analysed by the chromic acid
oxidation technique. Grab samples were sieved on a 0.5 mm mesh, on the deck of the research
vessel, and fixed in 10% phosphate buffered formalin. In the laboratory they were sorted for their
macrofauna and were divided into five major groups (polychaetes, molluscs, crustaceans, echino-
derms and miscellaneous) and the biomass of each category measured after blotting dry on tissue
paper. The fauna was then identified to species level, where possible.

To facilitate the investigation of possible changes along the transects from the wreck into the
fished grounds, the samples taken from the different transects at a similar distance from the wreck
were grouped together. At the Iron Man wreck, six replicates were used from each of three
positions along the transects (Near 125 m, Middle 260 m, Far 400 m, distant from the wreck). At the
41 Fathom Fast wreck, three replicates were used from each of three positions along the transects
(Near 50 m, Middle 250 m, Far 500 m).

2.7.4. DATA ANALYSIS

Data analysis was similar in each study, and the effects of fishing disturbance on infauna were
examined in a number of ways. Changes in the total numbers of individuals, total number of species,
total biomass, and abundance of selected individual species, using ANOVA (individual abundance
data being In x+1 transformed) or Box and Whisker plots and U tests. Measures of diversity were
also calculated from the infaunal samples and examined for differences due to the effects of
trawling.

If benthic assemblages respond to trawling disturbance by small, but consistent directional
changes in the relative abundance of many species, this may not be identified by the above
comparisons of univariate summary statistics. Such effects may, however, be detected using
multivariate approaches (Field ef al. 1982; Clarke 1993).The PRIMER statistical software was used
to carry out multivariate analysis on the infaunal community data. A cluster analysis, using Bray-
Curtis similarity index was performed on 4th root transformed data. From analysis of infaunal data
the Bray-Curtis similarity index has been found to have high statistical power (Faith et al. 1991), and
4th root transformations are often recommended (Field et al. 1982; Clarke & Green 1988). The
resultant similarity matrices were used to carry out non-metric multidimensional scaling, with
differences between sites and dates tested with an a priori ‘analysis of similarities’ randomisation
test (ANOSIM) (Clarke & Green 1988). In some cases the SIMPER routine was used to establish
which species contributed most to similarity or dissimilarity between a priori groupings (Clarke
1993). k- dominance curves (Lambshead et al. 1983) were constructed to examine the species
frequency distribution for each of the groups, and comparison of curves for abundance and
biomass (ABC method, Warwick 1986) were used to assess levels of disturbance where species
biomasses were available.
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Fig. 2.7.4. The area of investigation “West Gamma” in outer the German Bight. The small frame indicates the
area covered in Fig. 2.7.5.
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TABLE 2.7.1
Summary of sampling details for projects comparing disturbed and undisturbed areas. DG - Day grab (0.1 m?),
TV - towed underwater television survey, V.V. - Van Veen grab (0.1 m?), Dr. - small dredge (1 m width, 1 cm
mesh), ROV - Remotely operated vehicle.

Sampling dates | Sampling gear| Number of samples Comments
Fished - Unfished
Loch November 93 DG 14 samples from Preliminary survey
Gareloch TV each area
May & October DG 14 samples from Disturbance
94, 95, 96 TV each area programme Jan 94 -
April 95
West August 92 V.V. 2 29 Sank in August 1990
Gamma Dr. 1 3
September 92 V.V. 20 16
Dr. 2 2
April 94 V.V. 22 21
Dr. 6 3
May 94 V.V. 14 1 Samples for sediment
mapping only
August 94 V.V. 15 15 Buoys removed after
sampling
August 95 V.V. 12 18
Iron Man May 95 DG 48 samples from Resuits from wreck
ROV each area survey compared with
fished area
41 Fathom April 96 DG 25 samples from Results from wreck
Fast ROV each area survey compared with
fished area
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2.8. LONG TERM TRENDS IN DEMERSAL FISH AND BENTHIC INVERTEBRATES

Introduction

The longer term effects of demersal fisheries on benthic marine ecosystems are still a point of
discussion. Investigations by means of experimental trawling showed that demersal fisheries
increase the mortality of both target and by-catch species, but also of benthic species that are not
caught in the nets but damaged by the passing fishing gear (Bergman & van Santbrink 1994a). In
general, large long-living species with a low fecundity will be affected more than small short-living
species with high fecundity. On the other hand, fisheries may be beneficial for scavenging species if
their increased mortality is counterbalanced by an increasing food supply from discarded offal, by-
catch and damaged animals in trawl tracks (Fonds & Groenewold 1996).

The effect of demersal fisheries on demersal fish and benthic invertebrates will also depend on
the type of fishing gear in relation to the vertical distribution of the species. In an otter trawl, the
groundrope slides over the seabed, whereas the otter doors plough into the bottom. Beam trawlers
use heavy tickler chains or chain matrices in order to stimulate the target flatfish species to leave
the bottom and enter into the net. Subsequently, otter trawl fisheries will mainly catch demersal fish
and epifaunal invertebrates whereas beam trawls will also affect the infauna, i.e. the animals that
live buried in the top-layer, approx.1-5 cm depending on the type of sediment. Two main problems
in evaluating long-term effects of demersal fisheries on benthic ecosystems are that (i) most
experimental work refers to short-term effects, i.e. immediate changes in abundance after one or
several trawls, and (ii) consistent long-term series on the abundance of non-commercial species
are scarce because non-commercial species were often ignored in fisheries research. Systematic
scientific surveys that aim at the total benthic ecosystem and inclu