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1 OPENING OF TUE l\IEETING

The Benthos Ecology Working Group met at the Institut
für Meereskünde, University of Kiel, Germany under the
chairmanship of Or P. Kingston. Or M. Kaiser was
appointed rapporteur. A list of participants is given in
Annex I.

1.1 Tenns of Reference

The Benthos Ecology Working Group is to;

a) review and report on how benthic communities
are affected by disturbance of the sea floor;

b) review cooperative benthic studies area through­
out the ICES area;

c) review and report on existing benthos data bases
and their compatibility and availability to benthic
scientists, and investigate how they are related to
initiatives in Europe and North America;

presented in Oecemher 1993. There is now a move to
make benthos monitoring an integral part ofthe monitor­
ing programme of the northeast Atlantic (Joint Monitor­
ing Programme). J. Craeymeersch reported that the data
from the North Sea Monitoring Master Plan have been
installed on a central database, but that the data set is
incomplete. Oata input has been particularly time
consuming, which has left no time for detailed analysis.
However, the data are available for individuals to under­
take their o....n analyses. Some institutes, eg., MAFF,
have collected sampies, but do not have the resources to
analyse the data, which is partly due to the current
programme being superseded by national monitoring
plans. It was proposed that money should be sought
from the NSTF to fund analysis of the database, especi­
ally in view of the usefulness of the data to future
surveys. H. Rees recommended that the stations should
be treated as individual entities as the temporal data
gained by continuing the survey would be invaluable
regardless of the spatial considerations. Further dis­
cussion on this topie can he found under Section 5.

2.3 Atlantic Canadian Continental Shelf Studies
d)

e)

produce an initial list of marine benthie indicator
species within the ICES area potentially vulner­
able to physical disturbances of the seabed;

review the benthic implication of global climate
change including their relation to fish stocks;

Or P. Schwinghamer reported on a similar programme
for long-term zoogeographie monitoring in Canada. The
programme involves groundfish surveys combined with
grab sampling at trawl haul stations to examine macro­
fauna associated with particular bollom characteristics
and fish communities.

f)
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if possible, prepare material for use by the
Working Group on Ecosystem Effects ofFishing
Activities at its next meeting in 1994.

ACTIVITIES OF INTEREST TO ICES AND
OTUER ORGANISATIONS

T. Rowell reported that rapid species identification
manuals for the more easily identified megabenthos are
being developed for the use of observers onboard
commercial fishing vessels for recording megafaunal by­
eatch in trawl catches. A similar, but more detailed,
system will be used during groundfish surveys.

2.2 North Sea Task Force (NSTF)

Dr A. Künitzer reported that the NSTF is currently
preparing a quality status report which is due to be

ACMP was disbanded and the Advisory Committee on
the Marine Environment set up in its place on 1
November 1992. Members of the new committee
comprise the Chairmen of relevant ICES standing
Committees and new members nominated by ICES
memher countries. Or K. Richardson has been appointed
Chairman of the ACME. The first meeting is to be held
in June 1993. Under the new system the environmental
working groups will have a more prominent role in the
provision of advice to ICES member countries and the
various commissions. The precise role of each group
will not emerge until after the first meeting. For various CEC reasons, the caST 647 programme

could not be continued. At present a follow-up pro­
gramme 'Change in Coastal Ecosystems' (CICE) is being
launched under the CEC. Environment Programme.

Coastal ßenthic Ecolo~y (COST 647)

In the last phase of caST 647, which came to an end in
1992, special attention was paid to numerical data
analysis. These analyses were supervised and earried out
by Or F. Ibanez of the Zoological Station at Velle­
franche.

Or K. Essink reported on caST 647. In the CEC
concerted action on Coastal Benthic Ecology (CaST
647), co-ordination and stimulation of long-term benthie
research has been earried out since ca. 1981 in four
(western European) coastal habitats (Annex 2).

2.4Advisory Committee on thc l\Iarine Em,iron­
ment (ACl\IE) (formerly ACl\IP)

2.1
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2.5 ßaltic Marine ßiolo~ists (ß:\Iß)

a) Dr H. Rumohr reported on the progress of the BMB
group, which holds scientific biannual meetings. The
13th Baltic Marine Biologists Biannual Symposium is to
be held in Riga, Latvia, on September 1-5, 1993. The
BMB sponsors several working groups which promote
eooperative work, covering topics such as: shallow water
fish ecology, identification keys of Baltie macroflora,
historieal benthos data (chaired by H. Rumohr), fish
diseases and parasites, diatom species identifieation,
artificial substrate communities and zooplankton.

The historie database in Kiel now incIudes 1,600 (unpub­
lished) Polish benthie stations from the Baltic Sea and the
Kattegat in addition to other data from 1902-1912, 1925­
1932 and 1949-1979. This database has revealed that
long-term trends in benthic communities in the Baltie are
only apparent when a time scale of 5-10 years is exam­
ined.

2.6 Gulf of Ri~a Projcct

Dr H. Cederwall gave a synopsis of the Gulf of Riga
project. The aims of this project are primarily to
establish a budget of nutrients and organie eontaminants
and, secondarily, to eonstruct an integrated model of the
Gulf. The project will last for 3 years with a possible
extension to 5 years, starting in 1993, and is financed by
the Nordic Council of Ministers and national funds. A
steering group leads the project, which is split into five
sub-projects dealing with:

1) Meteorology, runoff and sediment load
2) Hydrography and nutrients
3) Pelagic ecology
4) Sediments
5) Organic eontaminants and metals

The sub-project on sediments will study sedimentation of
C, N and P; sediment chemistry (fractions of C, N, P
and Si); macrofauna (production, lipid concentration,
excretion); meiofauna (annual dynamics, production).

In July 1993 a survey will map the fauna and sediments
in the Gulf. Based on the results obtained, two stations
will be chosen for intensive study, 10 times/year, during
1994 and 1995.

2.7 Joint Ocean Global Flux Study (jGOFS)

Dr N. Silverberg reported on progress in eastern
Canada. The Canadian govemment is supporting a pair
of studies on the presently very poorly known earbon
eycIe in the Gulf of St. Lawrence. The pelagic group
(with a strong phytoplankton component but with some
interest in all size cIasses of zooplankton and microbial
aetivity) is oriented towanls the understanding of food

2

ehain dynamics on a seasonal basis. Several surveys were
earried out in 1992, and a surprisingly well-developed
bloom was observed in mid-December. Five stations
were visited last year. The stations varied in their
productivity and physical attributes. The benthic group,
dominated by geochemists but with some benthic ecol­
ogy, is attempting initially to determine the style of early
diagenesis in relation to the carbon cycIe on a once-a­
year basis. There has been some degree of collaboration
in the selection of sites to be visited, and the use of
short-term drining and long-term moored sediment trap
eollections as a link between the two groups. Sedimen­
tation rates are expected to be low in the Gulf compared
to the estuary. Further work will examine how much
carbon generated by phytoplankton may be available to
the benthic community.

2.8 Land/Occan Interactions in the Coastal Zone
(LOICZ)

Dr H. Rumohr reported on developments in LOlCZ. A
planning meeting took place in Germany in 1992, and
this has been established as a new core project. In IGBP
(International Global Biological Programme), the topics
of future research will incIude: transport processes from
the land to the sea, temporal changes of coastal morphol­
ogy, ecological processes in a wide variety of marine
habitats, and scientific techniques. This group is present­
Iy undergoing development.

2.9 European Science Foundation (ESF)

Dr A. Norrevang reported that a basic science pro­
gramme, under the auspices of the European Science
Foundation, has been set up to study the zoogeographical
limits of certain benthic species along the Norwegian
coast, and possibly will be extended to the whole
European area. However, this programme is currently in
the preliminary stages of development.

2.10 Studies in thc United States

Dr Taylor reviewed some of the active, developing and
planned programs sponsored in the U.S. by the U.S.
National Science Foundation, Oceans Sciences, that are
of interest to the BEWG. The Land Margin Ecosystem
Research i (LMER) program comprises ecological
research at regions of the land-sea interface. It is a
component of the U.S. Global Change Program and a
likely major U.S. contribution to the IGBP~LOlCZ

project. Individual projects are of 5-year-duration,
focusing on estuarine systems and upstream/land influ­
ences and fluxes. Emphasis in the projects incIudes
nutrient eycling, system variation related to nutrient
loading, sediment denitrification, benthic/water column
interactions and periodic sediment loading. The projects
include seasonal monitoring and processoriented studies.
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There are currently five projects, three of which are
along the Atlantic Coast of the U.S. These are:

i. the Chesapeake Bay System, a large, enclosed
embayment with large population and agricultural
infiuences ami anoxia problems ;

ii. Plum Island Sound, Massachusetts;

iii. Waquoit Bay, Massachusetts, a very smalI, enclosed
bay with significant ground water nutrient inputs and an
ecosystem that has seen a major maerophyte shift from
seagrass to macroalgal dominance.

animal population dynamics, including benthic taxa.
Benthic systems will be an important component of the
planned Antarctic project as weil.

The RIDGE (Ridge InterdiseiplinaryGlobal Experiments)
programme is aimed at understanding the geology,
geophysics, biology, ecology and geochemistry of the
mid-ocean ridge system. The biologicallecological
aspects are a minor component of the overall program.
These emphasise:

1. the physiological ecology of animallbacterial
chemoautotrophic symbioses;

The funding of the overall program is about $3 million
(U.S.) per year; projects are of 5 years duration and
renewable.

ii.

111.

ecological succession in fauna and microbes;

larval dispersal ecology and population genetics;

•
The U.S. JGOFS (Joint Global Ocean Flux Studies)
program is part of the IGBP-JGOFS eore project directed
toward understanding carbon-cycling in the world's
oceans. The U.S. JGOFS aetivities have~ to date, a
decidedly deep ocean emphasis, wilh biological and
geochemical studies dominating. In the initial North
Atlantic project, benthic sludies were virtually absent in
the U.S. program, being completed primarily by the
U.K. and Germany. In the Equatorial Pacific and
upcoming Arabian Sea projects, benthic microbiological,
bioturbation and geochemical studies are included,
integrating with the surface and deep water column
studies. The NSF support of U.S. JGOFS is about $15
million (U.S.) per annum with additional support from
NASA (National Aeronaulics and Space Administration)
and NOAA (National Oceanic and Atmospheric Adminis­
tration). Integrated shelflcoastal carbon-c)'cling studies
are supported primarily by the Department of Energy.

The U.S. GLOBEC (Global Ocean Ecosystems
Dynamies) programme is part of the developing Interna­
tional GLOBEC (lOC, SCOR, ICES, PICES) program­
me. The seientific programme focuses on the population
dynamies of marine animals, zooplankton (inel. meso­
plankton and ichthyoplankton) and the physical infiuences
(miero- to basin scale) on these dynamies. The current
program involves sampling technology development
(acoustic and biochemical), coupled physical-biological
modelling studies and a single major field program in the
Northwest Atlantic (Georges Banks, Gulf of Maine and
vicinity). This NW Atlantic programme involves
U.S./Canadian cooperation and is viewed as part of the
naseent ICES Cod and Climate Change program. To
date, studies of the larval ecology of benthic species are
not included in the NW Atlantic project. Currently
GLOBEC is supported by NSF, NOAA and the Office of
Naval Research at about $6 million (U.S.) per annum.
Planned projects in the California Current (Eastern
Boundary and upwelling system) are to include research
on cross-shelf amI long-shore transport processes ami

. '. ,

iv. microbial ecology;

v. biological aspects of black-body radiation.

Several of these foei are being pursued in the context of
the Freneh/U.S. (FARA) studies on the Mid-Atlantic
Ridge. RIDGE is part of the international INTER­
RIDGE program. Current support from NSF is about $1
million (U.S.)/year for biologicallecological research.

The last established programme that involves benthic
ecological studies is the eoop (Coastal Ocean Pro­
cesses) program for interdiseiplinary coastal oceanogra­
phy. The one active research project furthers research
looking at transport processes (small scale to cross­
shelf), sediment geophysics, and the ecology of settle­
ment and dispersal in infaunal organisms of the inner
shelf. The 4-year program is situated along the North
Carolina coast and is supported at over $1 million (U.S.)
per annum. Other programs are planned.

There are two new initiatives being developed within
NSF-Oeean Seienees. The first naseent, basic seience,
initiative deals with Harmful Aigal B100ms (HAB). Like
the international discussions on HAB (IOC/SCOR),
initial discussions on research planning in the U.S. have
emphasized planktonic algae almost to the exclusion of
attention to benthic (macroalgal and microalgal) bloom
problems. This problem will be alleviated in the initiat­
ive. HAB will focus on the general topics of:

1. understanding biological rate processes related to
bloom dynamies;

ii. development/refinement of coupled physi­
callbiological models relevant to proper time and
space scales for blooms;

iii. field and experimental studies to look at
successional proeesses and biotic interactions
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The other initiative currently being planned is BIOMAR
(Biologieal Diversity in Marine Systems). Again, much
of U.S. and international diseussion over the past 5 years
has been occurring but with a general lack of attention to
marine systems (coastal, pelagic or deep sea). Tbis
initiative wiII concern the basic science issues related to
a broad definition of biological diversity and wiII involve
benthie and pelagic systems. It should provide a substan­
tial scientific basis for policy/management decisions on
the conservation of marine biological diversity, a founda­
tion which is currently lacking. Tbe programme will
have four main foei:

iv.

v.

vi.

i.

ii.

iii.

implicated with bloom formation (allelopathy,
competition for nutrients, grazing), and the
influences of nutrient dynamics;

physiology and physiological ecology related to
toxin production and interspecies effects
(allelopathy, toxie effects);

probe development for ecological studies and
basic assays;

ecological (community, ecosystem) effects of
blooms.

processes that control or change diversity in an
ecosystem at the species and genetic levels;

the role and importance of species and diversity
in population, community and ecosystem pro­
cesses (e.g., food web dynamics, nutrient cyd­
ing, successional patterns);

the impact of introduced species;

b) Inventory and monitoring of biodiversity

Tbe programme will be designed to provide information
on species richness and faunallfloral composition at
particular sites and also the spatial relationship among
habitat types along gradients. Careful consideration will
be given to the standardisation of the collection and
processing of data to ensure strict comparability between
laboratories. Intensive monitoring over time of a few key
reference sites, chosen on the basis of the results of the
extensive study, will also be undertaken. Here the scope
of the inventory will be expanded, both in terms of
habitats studied and taxonomie breadth. (Contact person:
Prof. C. Heip).

2.12 Europcan RC1:ional Seas Em'ironmental !\Iodel
(ERSEl\I)

D. Basford reported that there was currently a group
modeIling areas of the North Sea which intends to study
the Fair Isle innow area. Tbe model will incIude benthic
data input from five stations sampled across the innow
area over several years in both the spring and autumn.

2.13 Ecos.}'stem Projccts in the Waddcn Sca

Dr K. Essink reported on long-term benthie data for the
Wadden Sea. Data on abundance and biomass of
intertidal macrozoobenthos have been collected since
1969 in the Balgzand area by Dr J.J. Beukema (NIOZ,
TexeI) and in the eastern Dutch Wadden Sea by Dr K.
Essink. Further details of the resulting publications can
be found in Annex 2.

2.14 Quality Assurance of ßenthic Data from the
ßaltic Sca

•

iv. the maintenanee and/or improvement of taxo­
nomie understanding necessary to support the
overall program.

2.11 Network Marine ßiodil'Crsity Stccrin~ Group
(l\IARS)

J. Craeymeersch reported that at a recent meeting of the
MARS Network Marine Biodiversity Steering Group, set
up to coordinate the submission of proposals to the EC
(DG XlI), two projects were put forward:

a) Ecosystem function of biodiversity

The overall objective of this outline proposal is to
determine the relationship between the rates and effi­
ciencies of defined marine ecosystem processes and the
biodiversity of the organisms which are responsible for
or mediate these processes (Contact person: Dr R.
Warwick).

4

Dr A. Künitzer reported on a steering group that wiII
give advice on the quality control of Baltie hiological
data. Tbe aims are to provide critical analysis of the
Baltie Monitoring Programme (BMP) data and to
produce guidelines for quality assurance between each
laboratory with regard to the techniques used. As the
expertise does not exist within the steering group,
representatives from various Working Groups have been
asked to consider these problems at the BMB symposium
in Riga, in Autumn 1993 (see Section 2.5 abm.·e), and to
give advice on the procedures that should be adopted.
Hopefully there will be two workshops, one on benthos
and the other devoted to plankton, which will set the
standards for quality control. It will be mandatory for
each laboratory parlicipating in the BMP to parlicipate in
these workshops. Tbe BEWG has heen approached to
comment on quality assurance procedures for benthie
monitoring. Dr H.. Rumohr emphasizeU the need for
continuity in the stafr employed on these programmes
which aids standardization of procedures such as sorting
and iJentification, thus making results intercomparable.

•



Tbe necessary guidelines on methodology already exist
in the literature (Rees & Heip, 1990; Rumohr, 1990).
Unfortunately there were too few representatives of the
BMP to produce a set of guidelines on quality assurance
at this meeting.

3 REVIEW OF COOPERAT1VE STUDIES

3.1 Coopcration with Baltic Nations

Dr H. Rumohr pointed out that cooperation with eastern
European nations is impeded by the fact that presently
they have no money available for equipment or travel
expenses. Hence, the basic requirement for exchange to
occur is for western European countries to provide travel
money. Officials responsible for the issuance of visas
must ensure that these are expedited as efficiently as
possible. A list of addresses of known benthic experts
from Lithuania, Latvia, Estonia and Russia is given in
Annex 3.

3.2 Institut für Ostseeforschung, Warnemünde

Dr M. Powilleit related that after the political changes in
Germany, the Institut für Ostseeforschung, Warnemünde,
was officially opened in February 1992. Biological
oceanography is one of four scientific sections ami
supports ca. 20 scientists. Tbe research activities of the
institute are focused on exchange processes between
shallow lagoons (Bodden), the coastal waters and the
open Baltic Sea, and centre on a multi-disciplinary
research programme. Cooperation with other Baltic
countries is another important aim. °

No benthic research has been performed in Warnemünde
for the last two decades, so it has been necessary to
construct new laboratories and acquire new benthic
sampling equipment. A major project is planned in the
Pomeranian Bay, in cooperation with Polish institutes, to
study the effects of the input of River Odra material into
the Bay and subsequent transport and modification ofthis
material in the sediment by benthic organisms. Benthos
studies will include: i) distribution of macrozoobenthie
communities along a gradient of organie enrichment
and/or pollution from the estuary to the bay; ii) popula­
tion dynamics; iii) bioturbative activities of dominant
species; iv) content of chlorinated hydrocarbons in these
species; v) sediment characteristics.

Another project deals with the introduced polychaete
species, Marenzelleria viridis, in European coastal areas,
especially in the Baltie Sea. Tbis is a joint project
together with other institutes including the University of
Rostock. Investigations are being made into the ecophysi­
ology (oxygen, salinity and temperature stress adaptation)
and the bioturbative activity of this species.

3.3 Biological Sunoey of the Faroe Islands
(ßlOFAR)

Dr A. Norrevang presented some more results from the
BIOFAR programme which was funded by the Nordie
Council of Ministers. A model now exists for the
bottom temperature regimes in the area around the Faroe
Islands. A cold water mass separates the warm water of
the Faroes Bank from the Island coastal shelf. Tbe large
number of new benthic species encountered has required
the taxonomie expertise of 65 specialists loeated around
the world. Tbis information is stored on a database that
also incorporates boUom temperature and current veloc­
ity. On the slope of the Faroese Banks there is an area
of critical slope where stagnant water occurs, causing
increased local sedimentation. Tbis is correlated with the
occurrence of coral and sponge communities. Tbe
Faroes have a more diverse fauna than other European
areas, e.g., 190 species ofbryozoans have been found so
far, 25 are new to science. Muddy sediments are
relatively uncontaminated, PCB concentrations were 0.25
of the levels typically °found in the North Sea. Tbe
Faroes Bank has a range of bottom types, mostly shell
sand interspersed with rocky outcrops, with some
inexplicable faunal associations. Southern species have
recently been found in sampIes, eg Cancer pagurus and
Echinus esculelltus, the reason for their appearance is
unknO\\n. Trawling is destroying slow-growing (2
cmlyear) coral banks, but an appeal has been made to
the fishermen to avoid these areas as they are important
nursery areas for fishes.

3.4 Biological Sun'cy of leeland (ßlOICE)

Tbe BIOICE programme aims to map the fauna of
Ice1andie waters. Tbree scientists and five technicians
work at a newly created laboratory in Sandgerdi, west of
Reykjavik. An inter-Nordic scientitie advisory group has
been established. In eooperation with the BIOFAR, and
possibly, BIOGREEN (Greenlandic programme), pro­
grammes, it is intended to map the benthie zoogeography
of the fringe area between the Norwegian Sea and the
Atlantie. Tbis might be important for studies of possible
global c1imate change. Tbree vessels from Iceland,
Norway and the Faroes will combine their efforts to
sampIe on live conseeutive years between 1992 to 1996.

3.5 IIclsinki Commission (IIELCO:\I)

Dr H. Rumohr reported on the latest developments in the
I1ELCOM monitoring programme (the Baltic Monitoring
Programme (BMP». Under the HELCOM Environment
Committee a new approach has been implemented to
consider nature conservation issues in the HELCOM
activities as well as closer cooperation with national
coastal monitoring programmes. At present arevision of
the monitoring guidelines is being undertaken.
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3.6 Couplin~ betwl'Cn PhJsical Processes und
ßio~eochemistry(COUPPß)

Dr N. Silverberg reported on studies in eastern Canada
on sediment water column interactions. The programme
on Coupling between Physical Processes and Biogeoehe­
mistry is now at the writing stage, with an overall
synthesis still in the future. The large size of the Lower
St. Lawrenee Estuary (LSLE) permits eomplex hydrody­
namic motions more eharaeteristic of open eoastal
waters. The 1989 water column data revealed that rapid
(a week or 1ess) changes in the horizontal structure can
have as mueh influenee on primary produetion as
ehanges in the vertical strueture involving the photic
zone. Empirical orthogonal function (EOF) analysis of
the T, S, Chi and NO) profiles collected during the June­
July phytoplankton bloom was used to reduce the mass
of data. The first three "modes" accounted for only 55%
of the variability, the major interpretation being a shift
from a longitudinal separation across the estuary to a
radial pattern. Improved modelling of mesoscale (10-100
km, days-weeks) physical dynamics is essential for a true
understanding of short-term variations in the
phytoplankton regime.

The data also show that simple algorithms for determin­
ing the f-ratio (the proportion of primary production
derived from nitrate assimilation as opposed to that of
regenerated ammonia) may not be applicable in the
coastal zone. The f-ratio correlates poody with the
nitrate distributions. At the 50 % light level it is not
Iinearly correlated but can be predicted from the
horizontal concentration field. At lower light levels it can
be related to the vertical stratification of nitrate using
EOF analysis, but the relationships are not as expected,
i.e., higher f-ratios are found at the 25 % light level,
rather than next to the "nitracline".

ETS activity profiles (using filtered material from Niskin
bottles in 1990) showed a very strong dominance of CO2

production within the photic zone. In the aphotic zone
there was little relation to changes in primary production
and much remains to be understood to balance the carbon
budget in the water column.

Preliminary data are now available from sediment traps
moored at three sites along the axis of the LSLE. They
reveal that sedimentation is maintained throughout the
winter months at levels which may be higher than during
the iee-free season. These eontinuous weekly to monthly
settling matter data are eonsistent with the inverse
relationship between carbon content and total sedimen­
tation rate, a pattern observed at both shorter and longer
time seales. Thus, the earbon flux to the benthos is
somewhat equalized throughout the year. The quality of
the organic matter is likely to be important, however.
Results from a recent study of the organic geoehemistry
of the settling material indicates that the terrigenous
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component makes up roughly 50% of the total C flux,
and that more labile marine components increase in a
seaward direction and, as expected, during the SUmmer
phytoplankton production.

3.7 Dogger Bank

Dr I. Kröncke reported on further results from the
Dogger Bank study. There are high concentrations of
heavy metals and organic contaminants in the sediment
and in the livers of dab, Limallda limallda. There is a
large riverine input into the area resulting in
phytoplankton production throughout the year, and a high
settlement of organie matter into the area. There has
been a decrease in the number of long-lived macroben­
thic species and an inerease in the number of
opportunistic species. There are two seasonal peaks in
biomass and abundance of animals which occur in the
spring and summer. The distribution of food found in
the stornach of dab also followed this pattern, the
interpretation is that dab may be partly responsible for
the drastie seasonal decrease in benthic biomass.

3.8 Arctie Studies

a) Arctie Monitoring and Assessment Programme
(AMAP)

S. Dahle reported on cooperative research with Russian
scientists. There are few biological or eontaminant data
from the Barents Sea area, although there are large oil
and gas resources in this area and dumping of radioaetive
materials has been frequent.

An Arctic Monitoring and Assessment Programme
(AMAP) has been started. This involves the 8 arctie
nations whieh are studying areas north of the Aretie
Circle. In 1996 areport will be produced that lists the
geographieal distribution of benthic species and maps the
levels of eontaminants (metals, organochlorines,
radionuclides). Included in AMAP are efforts to
standardize methods and analyses, and to implement
specific quality assurance procedures. As part of the
AMAP studies, Akvaplan-Niva carried out three different
cruises in the Barents Sea in 1992. The aims of the
studies were i) to map geographieal distributions of
different benthic species and to characterize the species
eomposition; ii) to map the level of different
contaminants in sediment and biota; the contaminants
determined were metals, organochlorines (PCBs, pesti­
eides, ete.), PAlIs and radionuclides, as defined by
AMAP; iii) intereomparison of Russian and Western
methodology and results.

All the cruises were carried out in cooperation with
seientists from the Murmansk Marine Biological Institute
of the Russian Academy of Science. On the cruises to
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Franz losef Land and to the Pechova/Novaya Zemlya,
Russian research vessels were used.

Van Veen grabs and gravity corers were used for the
benthie studies, whilst the Russians used Okean grabs.
Organisms for studies of contaminants were collected by
siedge, trawl and angling. Sediment analyses involve
cooperative studies with the Norwegian Institute of Water
Research (NIVA) and the Bedford Institute of Oceanog­
raphy, Canada. The cooperative studies with the
Russians have been so far been very fruitful and have
scope for further development. The Russians have been
working in Arctie areas for decades; they have many
data and resuIts which, to a great extent, are unknown to
western science.

Based on the success in 1992 a cruise has been proposed
to the eastern Kara Sea and the estuaries of the major
Siberian rivers, Ob and Seneki. This cruise will take
place in September on the same ship and with the same
organisations.

Other Norwegian benthos studies in the area are carried
out by the Norwegian research institute. During 1991/92
they have carried out several cruises where sampling to
meet the AMAP requirements has been included.

b) Alfred-Wegener Institut (AWI) Arctie Programme

Dr E. Rachor reported on a research cruise in the
Barents Sea and planned work in the eastern Arctie. The
latter will concentrate on the sensitivity of the Arctie
ecosystems to global c1imate changes, and how the
ecosystem is affected by the impinging water masses.
The intent is to study the main ecological processes,
biogeography and natural variability of marine popula­
tions and communities.

In 1991 a transect from the Nansen Basin to the Central
Barents Sea was surveyed. Benthie biomass dropped
from 50-250 g/m2 on the upper shelf (200 m) to 3 g/m2

on the floor of the basin. Oxygen uptake of the micro­
and macrofauna revealed that 48 % of the oxygen was
respired by the micro-organisms, 41 % by the macro­
epifauna and 11 % by the infaunal animals. This is
prohably the first time an oxygen budget has been
calculated for this benthie community.

Ecological research by the Alfred-Wegener Institute in
the Arctie Ocean is aimed at a better understanding of
the interrelationships of the deep basins and the eastern
shelf seas (which have enormous riverine runoft) as well
as the rela~ive importance of the Atlantie influx in terms
of whole global c1imatie changes and, moreover, playing
a key role in triggering such changes. The understanding
of ecological processes as weil as biogeographical
distribution patterns and community fluctuations are

prerequisites for the prediction of possible future changes
in the biotie conditions of the Arctie Ocean.

Russian scientists have an in-depth knowledge of the
Eastern Arctie ecosystems, but due to the pack-ice
coverage, the very important transition zone between the
well-investigated shelf seas and the poorly explored deep
Arctie basins and the continental slope zone still needs
extensive work. We are very interested in understanding
the ecological processes in these slope areas and compar­
ing Siberian shelf seas and their slopes (Laptew) with the
shelves subjected to strong Atlantie influx (e.g., Barents
Sea).

Plans for the intended 1993 cruise of the RN Polarstern
and cooperating Russian vessels are, therefore, to be
considered a first west to east comparison of the water
circulation and the different life conditions, distribution
patterns and ecological processes along the shelf slopes.
The main focus of biology will be on processes related
to the pelago-benthic coupling (production, vertical flux
of organie matter and incorporation in benthie commun­
ities) and to the advection of plankton and organie matter
from productive waters to sedimentary habitats down and
along the slopes. In the Laptew Sea, stratification and
modification of water masses due to the river runoff
during summer are expected to be a main factor control­
ling the whole pelagie productivity. Tberefore, informa­
tion from the relevant shallow shelf areas and the Lena
Estuary is necessary to understand processes and life
conditions in the deeper shelf slope environments.

3.9 Geo~raphic Infonnation S}'stcms (GIS) in
Marine Research

P. Hempel reported on ODER (Oder Discharge-Environ­
mental Response) which is an EC-funded research
programme centred in the Pomeranian Bay to study
discharges from the River Oder. Tbe programme
examines biogeoeycling in the marine ecosystem, in
particular, sediment transport from the River Oder into
the marine environment. Tbe project is split into:
radiochemistry; sediment transport and organie geochem­
istry; benthie ecology; heavy metal geochemistry.
Techniques will include ROV, the use of carbon isotopes
and remote sensing, and the data produced are fed into
a GIS (Geographie Information System) database. Tbis
is a powerful tool for combining a 'last array of different
data types which can be overlaid to give an informative
visual presentation of results. Tbe potential to combine
normally incompatible data such as side-scan sonar
survey results and benthie community data should aid the
analysis and interpretation of studies centred on factors
affecting benthie communities.
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4 USE OF l\IESOCOS:\IS IN ßENTIIIC
RESEARCH

4.1 The Institut l\Iaurice-LamontaJ:ne (Canada)
ßenthocosm

Or N. Silverberg reported on the progress of the project,
ineluding the results of his colleague, J-M. Gagnon. The
latest (Series IV) of the three 1m x 1m benthie meso­
cosms containing blocks ("self-annealed") of sediment
box cores from a depth of 350 m in the Laurentian
Trough, eastem Canada, have now been maintained in a
relatively healthy condition for at least 12 months.
Recent improvements inelude isolation of the seawater
reservoirs for each basin and the use of Instant Ocean­
augmented readily available sea water from 17 m depth
to renew one-third of the reservoir after every two weeks
to suppress the build-up of nutrients. Ammonia levels,
which can be high due to the release of reduced pore
waters during the set-up of the basins, can now be
controlled at near ill situ levels (2 M). Oxygen uptake
measurements can now be performed routinely using a
YSI Endeco pulsed oxygen electrode system. \Vhole­
sediment respiration rates consistently fall around 0.4
moles.cm-z.d- I •

More details of the macrofauna abundances after the
benthocosms were terrninated are now available. They
reveal that the densities of the dominant taxa are elose to
those observed in freshly obtained box cores. The four
most dominant species represented an average of 72 % in
the benthocosms compared to 65 % ill situ. In general,
rank order varied both in individual benthocosm basins
and in field sampIes. A number of small species actually
appeared to show preferential enhancement in the
laboratory (e.g., 171yasira e.f. equalis, Aricidea alba­
trossae, 17laryx acuta). Some of the megafauna were less
resistant and showed gradual disappearance or sensitivity
to temperature fluctuations or unknown contaminants or
pathogens (e.g., Ophiura sarsi, Brissaster fragilis,
Pellllatula acuta). Small crustaceans were also affected,
perhaps because of their swimming ability (lost through
the overflow, trapped at the air-water interface, eaten by
anenomes). Many of these differences were apparent as
well for Series IlI, which was screened after only 50
days, suggesting that the origins for the changes begin
early on, reflecting stresses associated with the initial
installation procedures.

Ouring Series 11 it was demonstrated that the bacterial
numbers and activity remained elose to that of freshly
collected material. Similarly, during Series IIl, the
counts of meiofauna (exclusively nematodes apparently)
was also sho\\n to be indistinguishable between the
benthocosm and fresh field subsampIes.

Time-Iapse video imaging has permitted the elucidation
of behavioural traits otherwise unattainable ill siru (e.g.,
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periodie ventilation of oxygen depleted burrow water by
Calocaris templematllli, and the progression ofBrissaster
fragilis below the surface by passing sediment back­
wards using its dorsal spines). Multiple video observa­
tions of burrows have permitted the quantification of
their mean rate of sediment displacement for several
species: the head-down feeding Maldallidae sp. displaces
anoxie sediment from 2 cm depth towards the surface in
the form of fecal pellets at rates of 0.3 L.m-Zyl;
Ampharete arctica collects surface material radially
around its tube and redistributes it as pellets at 2.4 L.m·
Zyl; the mudstar Ctellodiscus crispatus accounts for both
horizontal and vertical mud displacement of 89 L. m-Zyl,
while the heart urchin Brissaster fragilis displaces a
conservative estimate of 16 L.m-Zyl.

4.2 NIOZ 1\Icsocosm Studics

Or G. Ouineveld reported on research activities at Outch
institutes conceming mesocosms. The mesocosms study
southem North Sea subtidal communities. Mesocosms
were stocked with 6 Nephtys spp, 6 Echillocardium spp.
and 6 Telilla fabula, which made a biomass of 14.5 g
AFOW.m·z• This community was housed in a plastie
container ,40 cm high x 30 cm wide. The mesocosm was
fed pulses of dried Phaeocystis spp. A single pulse feed
was given (22.5 gC.m·~ to one set of mesocosms, to
another weekly pulses were given (145 gC.m-Z). The
effect of food on macro- and meiofauna, bacteria and
protists was assessed. The macrofauna did not survive
well, only Echillocardium spp. showed an increase in
weight. However, growth curves did not increase
exponentially, possibly because the animals spa\med
during the experiment. Experiments with meiofauna
have not been successful so far. An experiment to
examine the effects of macrofauna on the mesocosm
showed that with macrofauna present, detrital and
bacterial carbon increased, whereas nanoflagellate carbon
decreased. Oxygen uptake was not affected by the
presence of macrofauna; these animals only account for
about 10% of the total respiration in the system.
Bacterial respiration was higher in the presence of
macrofauna. The bioturbatory activity ofEchillocardium
spp. increased the amount of inputed carbon accounted
for in measurements of respiration.

5 l\IONITORING PROGRAMMES

5.1 Coordination of North Sca ßcnthic l\Ionitor­
inJ:

The Monitoring Master Plan of the North Sea Task
Force (NSTF) requi red , as aminimum, sampling at
specified stations for a wide range of determinands in the
North Sea (including the Skagerrak and the English
Channel) by bordering countries. Sampling of the
benthie macrofauna was inc1uded as a voluntary require­
ment. The DEWG provided basic advice and procedures
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The international dimension to such national monitoring
plans raises a number of issues regarding the study of
benthic communities:

As a follow up to (or in parallel with) NSTF work,
"Master Plans" have been developed or revised on a
national scale, generalIy incorporating original NSTF
positions to meet the future needs of both domestic and
international assessments. The rationale is explained
elsewhere but generally includes the sampling of
"estuarine", "intermediate" and "offshore" stations by the
appropriate national agencies.

For the purpose of the Quality Status Report (QSR)
boundaries in time were set governing the suitability of
historical data for inclusion, and the ICES North Sea
Benthos Survey conducted in 1986 was acceptable on this
basis. As a result, much reliance has (rightly) been
placed on the results from this spatial survey. Among
other things, this work identified natural regional-scale
differences in the types of benthic assemblages. These
differences will need to be taken into account in future
comparative work aimed at "qualityassessments". As
far as possible, comparisons should be made between
similar assemblage types; the benefits of assessing the
status of one particular assemblage type by reference to
alI others across the North Sea are less clear.

to be followed in their 1990 report. In the event, most
were sampled, and in some regions, ego the Netherlands,
stations additional to those specified were included.
However, only a proportion have been worked up and
the data submitted to the Delta Institute for analysis and
archiving on behalf of ICES (see Figure 1). Further,
only a preliminary analysis of the available data has
been conducted owing to a lack of resources and, while
only providing partial coverage, the BEWG stron~ly

recommends completion of this task. Remaining
stations should also be worked up and added to the
database, since only by this means can the validity of the
station selection for benthos be assessed. It seems likely
that there will be a future requirement for comparable
North Sea-wide assessments of "ecosystem health". A
lack of effort directed at an assessment of the suitability
of the existing NSTF "baseline" will therefore simply
become a problem deferred.

intercomparability of data between institutions,
both on anational and international level; in
order to achieve this, there will be a similar
requirement for the adoption of standard pro­
cedures for sampling and analysis and also a
significant commitment of effort e.g., "intercali­
bration"exercises. Guidelines for the former
can be found in the 1990 BEWG report and
subsequent BEWG documents published in the
leES Techlliques ;11 Marille Ellviroll1nelllal
Sciellces series;

stations will be requi red , probably entailing a
more extensive grid-type survey of the general
area at infrequent intervals;

the "internal" consistency of the data; important
aspects include continuity in personnel and the
adoption of standard procedures;

iv.

iii.

5.2 l\Ionitorin~of Gcomorphology in Relation to
Benthos and Bird Populations

v. frequency of sampling. For the monitoring of
long-term trends, this should be at least once per
year (in February to May).

In conclusion, the BEWG considers that it has an
important role to play in the provision of advice at the
national and international level concerning the
coordination of benthic monitoring programmes, the
application of standard methodology for sampling and
analysis, and other aspects relevant to "quality control".
However, since at this stage the degree of emphasis to be
placed on the outcome of benthos sampling as part of the
new Joint Monitoring Programme is not clarified, at least
for some countries, then the scope for providing detailed
advice is presently considered to be somewhat limited.
The BEWG nevertheless strongly supports the incorpor­
ation of a benthos component in future national/inter­
national monitoring plans, because of its unique advan­
tage as an integrator of environmental effects over time.
For example, many benthic species do not migrate and,
therefore, patterns of distribution do not alter over short
time scales; the characteristics of most benthic assem­
blages therefore, clearly reOect local environmental
conditions.

J. Craeymeersch reported that a programme has been
started to monitor the effects of aland reclamation
scheme, which is designed to extend Rotterdam harbour,
and has been recommended to last for 30 years. So far
there have been few changes in community distribution.
However changes in biomass did occur. In the shallowest
areas, there was a decrease in the biomass of the subtidal
community from 1983 to 1990 due to fishing for cockles.
In ueeper areas, Spisula subtrullcata showed periouic
massive spat falls hut these were washed out during the

the "representative" nature of stations; agencies
must satisfy themselves that the location and
sampling practices are realistic. Moreover, a
periodic review of the continued validity of these

the importance of a long-term time series of
data; while the degree of spatial intercomparison
between sampIes taken from different areas may
be useful, the main focus of attention should be
long-term changes with time at individual sta­
tions treated as separate entities;

i.

ii.

•

•
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winter. Spiophalles bombyx disappeared from this area
between 1983 and 1990. On the tidal flats there was a
85 % decline in the density of Corophium volutator from

·1983 to 1990.

5.3 Rijkswatcrstaat l\Ionitorin~ Pro~r.unme

Dr K. Essink reported on the monitoring programme
undertaken by the Dutch research organisations subcon­
tracted by the Rijkswaterstaat. The areas covered are:
i) North Sea, Dutch sector; ii) southwest Netherlands;
east and west Scheldt; iii) Wadden Sea (see Annex 4).

Some of the macrofauna have increased from 1970 to
1990, e.g., Nereis spp. and lIeteromastus spp.; this is
possibly linked to increased eutrophication of the Wadden
Sea from riverine input and discharge from Lake IJssel.
However, similar results in the German Wadden Sea,
where there is no riverine input, question this conc1usion.
The seasonal temperature fluxes in the Wadden Sea have
an important effect on the winter survival of macroinfau­
nal populations. Primary production increased from
1960 to the mid-1980s, which was highly correlated with
inputs of phosphates from Lake IJssel. Measures of
increasing biomass divided by the increase in density of
animals towards 1990 indicated that the mean weight of
individual animals is decreasing with time. This suggests
that benthie populations are currently composed of
smaller individuals, on average, compared with the
previous 20 years. Marellzelleria viridis was recorded
for the first time in the Dollard Estuary in 1983 and
continued to increase in density up to 1990. This
increase has coincided with a decrease in the density of
Nereis spp.; this may be as a result of interspecifie
competition. Enc10sure experiments have revealed that
M. l'iridis is at least partly responsible for the decline of
juvenile Nereis spp. However, the species has become
a component of the diet of some fishes.

J. Craeymeersch reported on the progress of monitoring
meiobenthos on the Dutch coastal shelf. R. Huys is
examining the abundance and biomass of nematodes and
harpacticoid copepods. The stations examined so far fall
into three of the North Sea community types and are
perceived to be useful for long-term monitoring to detect
natural or anthropogenie changes in the community.

Dr G. Duineveld reported on monitoring of the macro­
benthos of the Dutch eoastal shelf. Studies have so far
been earried out in 1991 ami 1992. The aim was to
investigate whether there had been a shift in the com­
munity. Most of the stations were very c10sely associ­
ated in the multivariate analysis, whieh showed that there
was lillle change between 1991 and 1992. Changes that
were observed were explained by the periodic settlement
of transient species such as Abra alba. Only in the
coastal regions were there clusters of stations that
showed synchronous changes in the abundance of certain
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infaunal species. H. Rees suggested that annual vari­
ations in the timing of recruitment might have a bearing
on the results.

5.4 l\Ionitorin~ in the Baltic Sea

Dr H. Rumohr gave an overview of present monitoring
activities in the Baltic Sea. Stations are sampled from
the Kallegat to the inner Baltie Sea. Each of the Baltie
countries share the responsibility for the representative
sampling stations in all parts of the Baltie Sea. The main
river discharges into the Baltic are from Poiand, Sweden
and Russia. These organie inputs are built up in the
deep basins of the Baltie and contribute to the decrease
in dissolved oxygen and the formation of H2S in the deep
waters. This is a key problem in the Baltic as the
occurrence of water exchange is infrequent , although
such an event occurred in January 1993, and changes in
the fauna following this event will be monitored. There
is no c1ear trend in these water exchange events.
Assessment of environmental status is speculative
because of limited temporal coverage. The status quo
can only be judged when you know the history of these
events. The long-term fluctuations mean that short-term
studies, for trend assessments, are irrelevant. Broaden­
ing of the data basis with historical data, Le., retrospec­
tive monitoring and the retrieval of additional environ­
mentally important data from contaminated structures,
will enhance scientific judgements on the status of the
Baltic Sea. Access to previously unpublished quantitative
historieal data from as far back as the 1920s has revealed
major changes in the benthie community.

5.5 U.K. National l\Ionitoring Pro~ramme and
Other Acthitics

H. Rees described MAFF activities to monitor former
NSTF sites, whieh have nowbecome national monitoring
sites. In 1\1ay and December 1992, two cruises were
carried out. SampIes were taken with grabs and a 2-m
beam trawl. There was a higher number of epifaunal
species in the English Channel than in the North Sea.
Grab sampIes have not yet been worked up.

MAFF has been monitoring a dredgings disposal site off
the mouth of the River 1\1ersey. This has generated a
time series of data for infaunal animals. Despite daily
disposal of dredged material at this site, populations of
some animals such as Pectillaria spp. were high nearby,
and remained so over several years. Guidelines for sea
disposal of wastes in UK waters have been laid do....n on
the basis of simple concepts, such as the Pearson and
Rosenberg (1978) model. A steering group is attempting
to define guidelines for acceptable levels of alteration to
the benthic community as a result of dumping activities.
Action points have been defined/suggested, whieh
compare the number of taxa, their abundance and
biomass at a reference site with those found at the
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disposal site. If, for example, disposal:reference site
ratios exceed a certain level, then some preventative
action should be instigated.

6 EFFECTS OF PIIYSICAL DlSTURßANCE
OF TIIE SEA FLOOR ON TIIE ßEl'liIlOS

6.1 l\Ian~ancse Nodulc l\linin~ in thc South
Pacific Occan

Dr G. Schriever reported on the disturbance created by
manganese nodule mining in the south Pacific Ocean.
Tbe project is centred 400 miles south of the Galapagos
Islands. Tbe first cruise in 1989 was divided into seven
phases. A suitable area was sought that had a density of
manganese nodules suitable for commercial extraction.
Tbe experimental survey area had a diameter of 2 nmiles
and was divided into 10 experimental areas. Multiple
corer, box core and video surveys were conducted prior
to the removal of manganese nodules in the area. After
removal of the nodules, side-scan sonar revealed that
about 25 % of the area had been impacted. A large
sediment plume was produced by the removal activity,
which was transported away and blanketed the remaining
75 % of the experimental area. Animals living in the
area were collected using baited traps. After 28 months
the tracks made by the nodule removing device were still
visible. Studies have also concentrated on the effects of
the sediment plume on the near-bottom and surface
plankton. In addition, a elose bottom side-scan sonar has
been used to collect accurate information on the distribu­
tion of the impacted areas. Meiofauna densities
decreased after nodule removaI. Nematodes and harpac­
ticoid copepods further decreased 6 months later, but
after 3 years had exceeded initial densities. Foraminifera
increased, and attained initial densities approximately 3
years later. Megafauna densities fell from 1500 ani­
mals/1000m2 to <500 animalsll000m2• Tbe majority of
these animals were holothurians. Mobile animals such as
crustaceans had left the area after nodule removal,
however after several years the density of animals in the
impacted area far exceeded the initial densities. It
appeared that the impacted area was now more attractive
to some macrofauna, possibly because the depressions in
the sediment collected phytoplankton bloom detritus and
consequently increased bacteria growth.

6.2 Thc Effccts of Ag~regatc Extraction on
ßcnthic Communitics

H. Rees reported on work by MAFF on the effects of
aggregate extraction on benthic communities. Aggregate
extraction 'is a contentious issue in view of its potential
conflict with commercial fisheries and conservation
interests. Tbe project has two main aims: 1) to compare
spatially distributed gravel areas around the UK coast­
line, 2) to study the recolonization of an experimentally

dredged area in comparison to undredged areas. Future
work will hopefully determine how long the sediment

.and benthos will take to "recover", and what possibil-
ities exist for generalizing the effects to other areas. A
copy of the report is given in Annex 5.

T. Rowell described a project, being initiated in 1993 by
the Geological Survey of Canada, to assess the potential
for the extraction of aggregates around the coast of Nova
Scotia. Tbe project will include a biological sampling
program by the Department of Fisheries and Oceans to
evaluate likely impacts to marine habitats and benthos.

6.3 Thc Effl'Cts of Durnpin~ Drcdgc Spoil on
ßcnthic Communitics

Dr K. Essink reported on the effects that dredge spoil
dumping have on benthic communities of the north coast
of the Netherlands. Benthic surveys were undertaken
before and after dumping the spoiI. In the first instance,
544,000 tonnes and, in the second instance, ca. 900,000
tonnes of spoil were dumped. Tbere was a significant
reduction in the number of species from 10 to 5 after the
dumping event. Species affected included: Nephtys
homberg; which reduced from ca. 60 to ca. 15 ani­
mals1m2• The greater the thickness of spoil deposited,
the greater the percent reduction in number ofindividuals
and species. The density of some benthic infauna
attained normal levels after one year. At every dumping
event there is a negative effect on the infauna, but the
community "recovers" after approximately one year.

6.4 The Impact of ßcam Trawlin~ on ßcnthic
Communities in the North Sea

J. Craeymeersch reported on a project which has exam­
ined historical benthic by-catch data collected by Dutch
scientists since the 1970s. Tbese data will be analysed
for temporal trends and correlated with the possible
influence of fishing activity.

An investigation of the direct effects of 4-m beam
trawling on the Flemish ßanks has been funded under the
EC IMPACT I project (see Annex 6). Survival experi­
ments have been undertaken which indicate that many of
the invertebrates survive the trawling experience much
better than flatfish. Tbe mortality of animals collected in
a covering net was also examined; the sole which
escaped the commercial net had a higher survival rate
than those retained in the commercial net. Tbe density
of infaunal animals was so variable that it has been
difficult to make any statistical conclusions about the
effects of fishing on the infauna.

S. Kühne reported on German input into the EC
IMPACT I project. A wreck has been used to quantify
the change in degree of fishing disturbance in terms of
changes in benthic communities. Tbe assumption is that
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the presence of the wreck will prevent fishing activity
due to the risk of fouling gear. Changes in the sediment
composition also occur as sampies move further away
from the wreck. It is still to be determined whether the
changes in the benthic community are explained by the
presence of the wreck or by fishing activity.

6.5 The Impact of 4-m Beam TrawIin~ in the
Irish Sca

Dr M. Kaiser reported on a MAFF study that is investi­
gating the short- and long-term effects' of 4-m beam
trawling on a benthic community in the Irish Sea (see
Annexes 7 and 8). After an experimental box had been
fished 10 times with a 4-m commercial beam trawl, the
density of sessile animals such as Alcyollium digitatum
and hydroids decreased by ca. 50 %. The density of
more mobile animals, such as fishes, crabs and Palaem­
011 spp., remained constant or increased. An assessment
of the survival of animals caught in the codend indicated
large variation between species. Echinoderrns with
flexible tests, e.g., A. rubms, showed low mortality,
whereas those with brittle tests, e.g., Psammechillus
miliaris, were readily damaged leading to high mortal­
ity. Mortality in fishes seemed to be related to the
amount of epidermal armour, such as scales, spines,
boney plates and slime. Calliollymus spp. suffered 68 ­
97% mortality, whereas between 34 - 38% of Pleuro­
lIectes platessa and Raja naevus died respectively. Those
animals which are able to survive the trauma of being
caught in the codend and handled on deck (e.g., A.
rubens) may be able to capitalize on dead animals and
discards and hence benefit from the effects of trawling in
the long-term.

Dr M. Kaiser also reportedthat ajoint proposal had been
submitted to the EC to fund a two-year project to study
the effects of "ghost fishing" set nets on a subtidal
community in the lrish Sea. This would be a
collaborative venture with English Nature (EN) and the
Countryside Council for Wales (CCW). It is proposed
that set nets be fished in the voluntary marine reserve at
Skomer Island. The main perceived problem is the
potential damage to fragile hard-substrate species that are
chafed by the nets. There is little kno\\'D about the
longevity or "ghost fishing" capabilities of lost set nets.

6.6 The Effccts of the Size and Frequency of Ex­
perimental Disturhance on Benthic Commun­
ities

D. Basford reported on a SOAFD project which is
examining the effect of a disturbance gear (20-m long
rake) on an inshore benthic community. The experimen­
tal area is off Stonehaven on the east coast of Scotland.
A baseline survey examined benthic communities and
sediment stmcture prior to the beginning of experimental
disturbance. The experiment has been set up to examine
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the effects of different sizes of disturbed area and the
frequency of disturbance. Problems with weather and
the development of the disturbance gear have deIayed the
start of the experimental part of the programme.

6.7 I~pacts of Fishin~ Gcar in Canada

T. Rowell reported on progress made in various projects,
both completed and currently undertaken (Annex 9).
They ha..:e concentrated on mobile gears, in particular
otter trawls, and the physical and biological impacts
these have. Three potential study sites were evaluated in
1992, two within a large cIosed area on Western Bank
and another on a cIosed area of the Grand Banks. The
Western Bank area has been cIosed to otter trawling
since 1988, which made it a potentially useful area for
the study of trawling effects. UnfortunateIy, the area is
not cIosed to scallop dredgers and the security of any
expenmental sites could not be assured. The Grand
Banks site appears more secure in view of the complete
ban, at least until 1994, due to the complete moratorium
on fishing put in place in response to the northern cod
problem. Additionally, the Grand Danks site has a much
richer fauna, higher biomass, and more homogeneous
conditions than the Western Dank sites. On average, 61
species were found in each grab sampie. It is planned to
conduct three cmises in 1993; one to establish corridor
studies in the c10sed area, followed by two others to
determine changes after 1 month and again after 3 to 4
months. In another aspect of the study, carried out in
collaboration with geologists from the Geological Survey
of Canada, an open trawl will be towed over a distance
of 60 km in depths extending from 140 m to 70 m. This
will provide information on the effects of otter trawling
over diffe,rent energy levels and substrate types.

Videos ami descriptions of the three principal sampling
gears to be used in the studies were also provided.
These were a Dottom Referencing Underwater. Instm­
mented VehicIe (DRUTIV), a video-equipped epibenthic
sied, and 'a newly designed video equipped 0.5 m2 grab
which is hydraulically cIosed and can be reopened while
still on the seabed should cIosure not have been satisfac­
tory.

A video was also sho\\'D of a long-term bottom sampier
(RALPH) that has been developed by the Geological
Survey of Canada. This can be deployed from the surf
zone to the continental shelf edge. A time-Iapse stills
camera reeords changes in the seabed. Other parameters
measured incIude: wave height, sediment load, seabed
profile, wave power, wave current. This would be a
useful instrument far measuring lang-tenn changes in
seahed morphology which could he related to environ­
mental cOllditions.

Dr P. Schwinghamer reported on the use of ohserver
data collected from onhoard commercial fishing vessels
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in the Grand Banks area. This data set covers the past
10 years, and will be fed into a GIS system to plot the
bottom area swept by trawls in 7-km diameter sampling
areas. This will give an overview of the miero-distribu­
tion of trawling disturbanee. A study is currently being
undertaken to relate morphological variation in bivalves
to trawling intensity, whieh will also be tied in with the
observer data.

In addition, the use ofhigh-resolution aeoustic techniques
to identify benthic infauna and biogenie structures is
described in Annex 10.

6.8 Impact of Shrimp TrawlinJ: in the Wadden
Sea

Dr H. Rumohr reported on the impact of shrimp trawling
on the benthie community in the German Wadden Sea,
which is apart of the EC IMPACT I project. Observa­
tions were made by attaching a SIT camera to the beam
shoes to observe the behaviour of shrimps in relation to
the gear. Divers were used to survey the trawl tracks 10
minutes after fishing. A standard shrimp beam trawl, 10
m wide, was used in the study. The video reeord
revealed that the rollers used on the gear do not roll over
the ground, but tend to slide across the surface of the
sediment. The disturbance generated by the rollers
caused the shrimps to initiate an escape response, which
led to themjumping into the nel. After trawling, diving
observations revealed a large immigration of Carcillus
maenas into the trawl tracks.

7 EFFECTS OF GLOBAL WARI\IING

7.1 Nonr~ian Studics

An overview of global warming studies in the northern
and Arctie regions was given by S. Dahle and Dr A.
N"rrevang. Diving stations have been operated since
1976 from the University of Troms" (Bj"rn Gulliksen),
which have been regularly surveyed for their commun­
ities and could provide useful long-term data. S. Dahle
reported on work by Dr T. Brattegard and T. nolthe,
who have been looking at coastal speeies colleeted from
Norwegian museums and published literature. This
colleetion is composed of 3988 coastal species (benthie
macrofauna and flora), which were divided into 4 distinct
groups based on the limits of their latitudinal distribution;
one of the groups incIuded only endemie Norwegian
speeies. They studied 17 areas along the Norwegian
eoast, and arrived at a cIassifieation into 3 regions: one
Aretie, one western area south of the latter, and one
southern region. One of the main problems associated
with these studies is the overwhelming requirement for
taxonomie expertise, as nearly 3,000 species in the
BIOFAR study alone have been eneountered so far.

The plan ofBIOICE, BlOFAR and possibly BIOGREEN
is to monitor shelf areas between the land masses
bordering the Norwegian Sea from the Atlantie.
Changes in the water masses passing over caused by
global warming might be refleeted in the distribution of
long-lived benthie species.

7.2 Gem13n Aretie Studics

Dr 1. Kröncke described research undertaken by the AWI
in the Arctie region. A transeet was studied across the
polar region. In general, the abundance of animals
found was low, with a large variance of the mean. The
majority of the biomass was composed of amphipods.
There was a decrease of meiofaunal speeies towanls the
pole; this may be a response to the move away from
areas of riverine input. Dr P. Schwinghamer expressed
the view that the amphipods in the area may remain
dormant until a food source arrives on the bottom, when
they become activated to take advantage of this food
source.

7.3 Land/Oeean Interaction'i in the Coastal Zone
(LOICZ)

Dr H. Rumohr reported on a LOICZ workshop in 1992
where the aims of this project were better defined; details
are given elsewhere in this report (see Section 2.8).
Mesocosm, long-term monitoring and remote techniques
to study the sea floor were recommended to examine the
effects of global change. This will ultimately be the
group that directs European scientifie research
programmes directed at marine research into global
warming effects. The use of historieal evidence to
examine changes in marine ecosystems has been under­
taken. Research in the Limfjord in Denmark has used
sediment cores to examine historical events preserved in
the sediment column. A sand layer that is a well­
recorded historical event gives these cores an accurate
time scale. Hot periods seven years long are weil
recorded in the historical literature, from sources as
diverse as the Bible and monastie reeords. Although this
is anecdotal evidence, it could be correlated with findings
in cores. A comparison of species found in more
southerly regions (with a mean sea temperature 2' C
higher than that of the Baltie Sea) with Baltie species,
could be used to model the effeets of prolonged periods
of higher than average temperatures.

7.4 Use of LonJ:-lh'cd Species in Assessin~ Emi­
ronmental Chan~e

Dr G. Duineveld gave a presentation, on behalf of Dr R.
Witbaard, that centred on studies of Arctica islalldica.
He is currently growing these bivalves on trays in the
North Sea, while monitoring plankton availability. The
growth bands of the shell incorporate particles, such as
sand grains, into the matrix of the shell. This results
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from damage to the edge of the shell, possibly resulted
resulting from fishing activities. The occurrence of the
enclosure of the particles in the shell acts as a historical
record, that could be used to catalogue the intensity of
fishing activity and other long-term changes. The
frequency of these enclosures has increased from 1967 to
1991, with the highest frequency occurring around 1985­
1987. This correlates with the increase in fishing
activity and also with the development of gears, such as
the use of heavier chains, larger beam trawls and boats
with more powerful engines. Dr H. Rumohr pointed out
that Arerica from the shallow areas of the Baltic Sea are
impossible to age because the growth rings show no
defined pattern, possibly because of frequent storms that
resuspend phytoplankton causing spasmodie feeding, and
the periodie anoxie conditions that occur in these shallow
areas. There has also been a long-term change in the
strength of the shell of these Baltie animals; they have
become so fragile that they can be broken by hand,
whereas 20 years ago they could only be broken with a
hammer.

7.5 Use oe llistorical Data Sets in Lon~-tenn

Benthic Studics

Dr H. Rumohr reviewed the use of historical data sets in
10ng-term benthie studies (Annex 11).

9 EFFECTS OF AQUACULTURE ON
BENTHOS

9.1 Impact oe Manila Clam Cultimtion

Dr M. Kaiser reported on a MAFF study to examine the
potential impact of Manila c1am (Tapes philippinarum)
cultivation on the intertidal zone. The presence of the
c1ams and/or the presence of the plastie netting used to
protect them from predation could cause changes in the
infaunal benthie community. Baseline studies of the
benthic communities at two sites, one in the River Exe,
Devon, England, and the other in the Menai Strait, North
Wales, were carried out in 1991-1992. In April 1992
Manila c1ams were seeded on experimental plots at a
density of 500/m2

• Six months after the c1ams had been
laid the species eomposition and biomass (increased)
under the experimental plots with netting and with netting
and c1ams differed significantly from adjacent control
plots. These changes are possibly caused by i) the
increase in the organic content of the sediment due to the
output of. faeces and pseudofaeces of the c1ams; ii) the
changes in topögraphy associated with the presence of
the netting; iii) the exclusion of predators such as fish,
crabs and wading birds from the plots covered with
netting. The study will continue to monitor changes
before, and several years after, harvesting of the c1ams.
Details of the study are given in Annex 12.

8 ENDANGERED SPECIES 9.2 Studics under Fish Cagcs in Israel

Dr E. Rachor reported that there had been little progress
in compiling an endangered species list, but he was about
to participate in a meeting in Germany to discuss emlan­
gered species lists for benthos. He will report on the
outcome at the next Working Group meeting. General
discussion amongst the group revealed some concern
over the use of the word "endangered", and the ability to
accurately identify such species, other than perhaps
locally. There was also a risk that such a list might be
wrongly taken to imply that changes in other species or
even whole communities were of little importance. Dr
A. Norrevang proposed that spccies were certainly
vulnerable on local scales (1 m to 1000 m) to complete
extinction, particularly where high levels of
anthropogenie activity impinge on the environment. Dr
E. Rachor and H. Rees made the point that the marine
environment is an open system that allows recruitment
from distant populations. However, Dr P. Taylor
informed the group that the trend in the USA is to
consider the vulnerability of populations and standing
stocks rather than individual species. Without good data
on the population dynamics of the, benthic species
considered to be endangered, it will be difficult to truly
assess their vulnerability to fishing and other activities.
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Dr H. Rumohr described a stuuy unuertaken by P. Krost
(Kiel), D: Angel and D. Zuber (Eilat) in Eilat, Israelthat
has examined the effects of caged fish farming on the
environment. The fish farm was set up in late 1992.
Transects from under the fish cages to the surrounding
area were surveyed with a diver-operated REMOTS
sediment profile camera and video camera. Only a few
months after the farm was set up, the fall out from the
fish cage (fish food and faeces) caused a build up of mats
of Beggiattoa spp. At the site of a decommisioned farm,
the surface sediment was highly bioturbated by burrow­
ing shrimps (Charybdis IO/lgieollis).

10 OlL SPILL IMPACT STUDIES

10.1 Al~ean Sca on Spill

Dr E. L6pez-Jamar described the progress in the study
of the effects of this oil spill. About 80,000 tonnes of
crude oil were rdeased near La Coruiia, although a large
proportion of this oil evaporated or was burot by the
resulting fire. The spill progressed in a northeasterly
direction affecting mainly the Ria de Ferrol, Ria de Ares
antI Ria de la Coruna. The dispersion of the oil was
rapid because of severe weather conditions. Benthic
sampIes are being colIected monthly in the Rias and the



nearby coastal shelf. Preliminary results inuicate that
immediately after the acciuent the species richness
decreased dramalically (30% lower lhan normal) at a
station in La Corui'ia Bay. There is an inuication that
some increase in richness occurred three months after the
spill, but again some species were found to be more
sensitive than others. A more detailed account of lhis
project is given in Annex 13.

10.2 Braer Oil Spill

Or P. Kingston reported on the current stale of affairs
regarding the Braer oil spill. The ship went aground off
the southem coast of Shetlanu amI released 80,000 tonnes
of Gullfaks light crude oil into the environment. The
severe weather conditions at the time resulted in the total
dispersion of the oil into the sea and atmosphere. The
efficient dispersion of the oil into the sea resulted in
exceplionally high concenlrations of hyurocarbons in the
water column. However, monitoring studies carried out
by SOAFD Marine Laboratory show that this quickly
dropped 10 background levels within a relatively short
period. The acute toxie effects on the shore fauna
appeared to be limited to the area in the immediate
vicinily of the wreck. However, substantial numbers of
sublittoral rocky shore species were seen on the strand
line of shores over a wiuer area. Oiver observations
have not shown gross changes in the sublittoral rocky
fauna, although widespread mortalily of Ensis spp. was
observed on sanuy bottoms.

Hyurocarbon resiuue analyses of sediments carried out
by SOAFO have indicated accumulations of hyurocar­
bons in areas of fine seuiment deposition. One "hot
spot" was identified approximately 5 km west of the
south Shetland mainland and one southwest of the Fair
Isle. SampIes for stuuy of the benthos have been taken
from transects running across the affected areas and the
results should be available for reporting at the next
BEWG meeting.

11 GROWTII AND PRODUCTION OF ...WR,.\
...\LB,\ AND ...WR,.\ NITID...\

Or E. Lopez-Jamar reported on growth and prouuction
of Abra alba anu Abra lIitida off the coast of northem
Spain. He discussed the recruilmenl, growlh rate and
population dynamics of these species. Results of this
study are given in Annex 14.

12 BENTIIIC DATABASES

Or H. Rumohr stated that a database had been set up for
the Institut für Meereskunde and had been programmed
in-house. It is a relational datahase and would require
transfer to a commercial package for wider use. It

contains data from the 1950s to the present. It also
contains data from Poland from the late 1940s, however
this data is the property of BMB.

Or A. Künitzer reported that the Bundesamt für Seeschif­
fahrt und Hydrographie (BSH) marine environmental
databank (MUDAB) contains information from the Baltie
and North Sea. Dr A. Künitzer is responsible for the
databank which is installed on a mainframe computer but
contains no biological data. However, such data are
reauily available on diskette. BSH has a second databank,
the German Oeeanographic Oata Centre (DOD). There
is also a databank for the Wadden Sea (WATIS) which
contains biological information from research projects.

Or H. Rumohr stated that HELCOM held a database at
the Finnish Environmental Oata Centre which stores all
BMP monitoring data and uses the RUBIN code for
species iuentificalion.

H. Rees said that the UK Joint Nature Conservancy
Committee (JNCC) had established a large database
using information from their current Marine Nature
Conservation Review (MNCR) which surveyed inlertidal
and subtidal marine fauna and flora around the UK. UK
government pollution agencies have deciued to use the
NODC system for coding species.

J. Craeymeersch reported that the North Sea datahase is
being used as a model for the proposed Rijkwaterstaat
database which is to incluue chemical as weil as biologi­
cal parameters.

Dr P. Schwinghamer stated that Canaua has plans to put
data into aalS that incluues a fully relational database.
T. Rowell also reported that there were plans for a GIS
for the Scotia Fundy region which will incIude benthic
and fishery data.

Dr N. Silverberg said that the Canada Green Plan
intended setting up a database for coastal biologieal
information which would involve environmental agency
and academic study data.

Or P. Kingston put forward the view that a cenlral
database, with open access to relevant individuals, and
logged benthic data in the ICES area, would be highly
desirable and informative. However, this would require
permanent staff to run such an undertaking. Dr A.
Kunitzer expressed the view that the BEWG should
recommend that ICES set up a benthic database, using
the dalabase currently operating in Yerseke. H. Rees
pointed out that ICES al ready has databases for chemical
ami physical data. However, these databases exist
because of the mandatory requirement for monitoring.
Dr H. Rumohr expressed concern that unpublished data
incIuded in a datahase would be vulnerable to pre-
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emption by workers outside the control of those generat­
ing the data.

The general consensus of the BEWG was that it should
recommend that ICES should develop a database for
benthic data using the Yerseke database as a start, amI
if necessary restricting initial input to data currently in
the public dornain.

which include the use of REMOTS and grabs and
dredges fitted with cameras for quality contro!. This led
to the suggestion that the group should consider gear
developments at the next meeting. Photographie tech­
niques used to sampIe hard bottom communities should
be explored by inviting relevant scientists to the next
meeting.

16 RECOl\ll\lENDATIONS

14 TAXONOl\lY AND SYSTEMATICS

Dr A. Norrevang commented that there is a cTUcial need
for a firm basis of taxonomy before credible studies of
ecology can be undertaken. There is a lack of knowl­
edge about the natural history of many species. There is
a Norwegian seheme in whieh the relevant references and
other essential biological data for eaeh species is col­
lated. However, this database is quite unique and similar
systems are required for other areas. Dr H. Rumohr had
the view that taxonomy does not attraet enough funding,
because it is a subject vulnerable to swings of fashion.
The group was in general agreement that an official
compilation of benthic taxonomie identification sheets
should be undertaken. Although this is a mammoth
undertaking, it will be indispensable for future benthic
biologists. Such identification sheets for fish and
plankton have already been published by ICES.

Prof. C. Heip suggested by letter that the NSBS survey
should be repeated in 1996. U. Daam concurred that to
examine the effects of global warming a resolution of 10
years would be correcl. J. Craeymeerseh emphasised
that this would be invaluable to reinforee statutory
monitoring studies. If the BEWG is to recommend a
repeat of the 1986 survey, a decision by politieians
would be needed rapidly to allow organisation of sea
time and personnel in time for the survey. H. Rees
expressed the opinion that the NSTF sampling stations
may weil suffice for long-term data, especially as these
sampies have been laken on a regular basis. Dr M.
Kaiser cautioned that any differences detected in 1996
may only be due to natural ßuctuations rather than other
effects, however Dr P. Kingston and Dr H. Rumohr
were convinced that the scale of the study and additional
interim data would overcome this problem. Dr H.
Rumohr recommended that the study be repeated, but
that the magnitude of the survey and the possible use of
current sampling programmes be reviewed, and that
political support is essential.

The Benthos Ecology Working Group will meet in
Yerseke, Netherlands, 2-6 May, 1994 to:

review and report on how benthic communities
are affected by disturbanee of the sea ßoor;

ACTION LIST

Dr G. Duineveld to report on work on sedi­
ment phytopigments and bioturbation.

review cooperative benthic studies throughout
the ICES area;

Dr G. Duineveld will report on monitoring
resuIts from NIOZ studies in the Netherlands.

review current techniques for sampling the
benthos of hard bottom substrata;

further review existing benthos databases and
their compatibility and availability to benthic
scientists, and investigate the establishment of
an ICES North Sea benthos database;

produce an initial list of marine benthic imlica­
tor species within the ICES area potentially
vulnerable to physical disturbance of the sea
bed;

Dr G. Duineveld will report on recent devel­
opments in NIOZ benthic sampIers.

organize the production of ICES identification
sheets on marine benthos and explore the
possibility of producing a computer aided
'expert' system.

review the feasibility of conducting an analysis
of all available North Sea benthos data and
explore the desirability of a follow-up North
Sea benthos survey in 1996;

f)

e)

C)

1.
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d)

a)

b)

g)

3.

2.

THE NORTH SEA BENTHOS SURVEY13

IS SAl\IPLING TECIINIQUES

During the meeting, the group was shown the sampling
devices now adopted by the Institut fur Meereskunde,

4. Dr I. Kröneke to report on the latest resuIts
from the analysis of the Nordeney long-term
data series.
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5. Dr E. Rachor and Dr I. Kröncke to 20. H. Rees to report on surveys of epibenthos in
report 011 progress on German Arctic U. K. waters.
studies.

21. H. Rees to report on benthic responses to
6. Dr I. Kröncke to report on benthic chemical contamination.

studies in the Wadden Sea area.
22. Dr N. Silverberg will report on sedi-

7. Dr E. Rachor will report on progress ment/water interactive studies in the Gulf of St
in establishing a list of threatened Lawrence region.
benthic species.

23. Dr A. Künitzer to report on the new Joint
8. S. Dahle will report on Norwe- Monitoring Programme.

gian/Russian cooperative studies in the
Barents Sea. 24. Dr A. Künitzer to report on the final results

of the Wadden Sea macroalgae research pro-
9. Dr K. Essink to report on ongoing ject.

monitoring studies in the Netherlands.
25. Dr A. Künitzer to report on the current status

10. Dr K. Essink to report on the effects of the Arctic Monitoring
of sand barrier construction on and assessment Programme.

• benthos off Terschelling (Nether-
lands). 26. J. Craeymeersch to report on the analysis of

beam trawl by-catches for monitoring long-
11. Dr M. Powilleit will report on the term environmental change.

first results of the Pomeranian benthos
project. 27. J. Craeymeersch to report on progress in the

Dutch national monitoring
12. Dr P. Schwinghamer to report on programme.

progress on Canadian sludies of trawl-
ing impacts on benthos. 28. J. Craeymeersch to report on progress on the

ICES benthic mapping scheme.
13. Dr P. Schwinghamer 10 report on

progress on experiments with acoustic 29. D. Basford to report on Abenleen benthic
imaging systems. disturbance experiments.

14. Dr L. Loo to produce a list of experts 30. Dr M. Kaiser to report further on the results
in the taxonomy of benthic organisms. of 4-m beam trawling on a benthic community

in the Irish Sea.
15. Drs P. Kingston, H. Rumohr and T.

Rowell to review current benthic sam- 31. Dr M. Kaiser to report on the recent spat falls
pIer technology. of Crassostrea gigas in the UK.

16. Dr E. L6pez-Jamar to report on 32. Dr M. Kaiser to report on the impact of a
studies of the impact of the Aegea/l Phaeocystis spp. on an intertidal benthic com-
Sea oil spill on the benthos. munity.

17. Dr P. Kingston to report on studies of 33. Dr M. Kaiser to report on a possible EC
the offshore benthos impacted by the funded study which will examine the effects of
Braer oil spill. "ghost fishing" set nets on a subtidal commun-

ity.
18. D. Basford will report of the effects

of the Braer oil spill on inshore 34. J. Craeymeersch to review computer aided
benthos. expert systems for use in identification.

19. Dr A. Norrevang to report on further 35. T. Brattegard to report on the Norwegian
progress on the BIOICE project. phytoplankton computer aided expert system.
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36.

37.

T. Rowell to report on benthos studies on
aggregate extraction impacts in Nova Scotian
waters.

H. Rees to report on sampling techniques for
coarse substrata.

39.

40.

Dr J. Warzocha to report on long-term
changes in macrofauna in the Gulf of Gdansk.

Dr L-O. Loo to report on progress on the
Skagerrak project.

38. Dr J. Warzocha to report on PoIish contribu­
tions to benthic studies in the Pomeranian Bay.
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ANNEX 1

List of participants of the lCES BEWG meeting in Kiel
3-8, May,1993

D. Basford
S.O.A.F.D., Marine Laboratory
P.O. Box 101
Victoria Road
Aberdeen AB9 8DB tel
United Kingdom fax

+44 224 876544
+44 224 295 511

H. Cederwa11
Dept of Systems Ecology
Stockholm University tel
S-106 91 Stockholm fax
Sweden

+468 164 243
+468 158417

J. Craeymeersch
Nether!. Inst. of Ecology
Vierstraat 28
4401 EA Yerseke tel
Netherlands fax

+31 1131 1920
+31 1131 3616

S. Dahle
Akvaplan-niva
Strandtorget 2B
Postbox 735
N-9001 Tromso tel
Norway fax

+47 83 85 280
+478380509

U. Damm
Bundesforschungsanstalt für Fischerei
Deichstr. 12
D- 2190 (27472) Cuxhaven tel + 49 4721 38035
Germany fax + 49 4721 53583

+31 2220 69300
+31 2220 19674

tel
fax

G. Duineveld
Netherlands Institute for Sea Research
P.O. Box 59
1790 AB Den Burg
Texel
Netherlands
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K. Essink
Ministry of Transpon, Public Works

. and Water Management
Tidal Waters Division
P.G. Box 207
Kerklaan 30
9750 AE Haren tel
Netherlands fax

+31 50 331 373
+31 50 340 772

•

K. v. Juterzenka
Institut für Polarökologie
Wischhofstr. 1-3, Geb 12 tel +49 431 720 8777
2300 Kiel 14 fax +49431 720 8720

MJ. Kaiser (Rapponeur)
MAFF Fisheries Laboratory
Benarth Road
Conwy
Gwynedd LL32 8UB tel +44 492 593 883
United Kingdom fax +44 492 592 123

M. Kamp
Institut für Meereskunde
Düsternbrooker Weg 20
D-2300 Kiel 1
Germany

tel +49 431 592 3792
fax + 49 431 597 3994

P. Kingston (Chairman)
Institute of Offshore Engineering
Heriot-Watt University
Research Park
Riccanon
Edinburgh EH 14 4AS tel
United Kingdom fax

+44 31 449 3393
+44 31 449 6254

I. Kröncke
Senkenberg Institut
Schleusenstr. 39a
D-2940 Wilhemshaven
Germany

tel +49 4421 44081
fax +494421 42655

s. Kühne
Alfred-Wegener Institute
for Polar and Marine Research
Columbusstr.
D-2850 Bremerhaven tel
Gel111any fax

+49 471 4831 325
+49 471 4831 149
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A. Künitzer
Umweltbundesamt
Bismarckplatz 1
D-looO Berlin 33
Gennany

tel +49 30 8903 2824
fax +49 30 8903 2285

E. Lopez-Jamar
Instituto Espafiol de Oceanografia
Centro Ocean. de Ja Coruiia
Apanado 130
15080 La Corufia tel
Spmn fax

+3481 205 362
+34 81 209 077

L.-O. Loo
University of Göteborg
Marine Research Station at Kristineberg

S- 45032 Fiskebäckskil tel +46 52 32 22 80
Sweden fax +46 52 322951 •A. N~rrevang

BIOFAR
FR-180 Kaldbak
Faroe Islands

tel +298 16111
fax +298 18589
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M. Powilleit
Institute for Balitc Sea Research
Seestraße 15 tel
0-2530 Warnemünde fax
Gennany

E. Rachor
Alfred- Wegener Institut
Columbusstraße
D-2850 Bremerhaven tel
Gennany fax

H.L. Rees
MAFF Fisheries Laboratory
Remembrance Avenue
Burnham-on-Crouch
Essex CMO 8HA tel
United Kingdom fax

T.W. Rowell
Fisheries and Oceans
Bedford Institute of Oceanography
P.O. Box 1006
Dartmouth, Nova Scotia tel
Canada B2Y 4A2 fax

+49 381 58253
+49 381 58336

+49471 4831 310
+ 49 471 4831 149

+44 621 782658
+44 621 784 989

+1 902 426 3857
+1 902 426 7827



H. Rumohr
Institut für Meereskunde
Düsternbrookerweg 20
2300 Kiel 1
Germany

tel +49 431 597 3957
fax +49 431 597 3994

G. Schriever
Institut für Hydrobiologie und
Fischereiwissenschaften
Zeiseweg 9 tel
2000 Hamburg 50 fax
Germany

P. Schwinghamer
Dept of Fisheries and Oceans,
Science Branch
P.O. Box 5667
St. John's, Newfoundland tel
Canada A1C 5X1 fax

N. Silverberg
Institut Maurice-Lamontagne
Fisheries and Oceans Canada
P.O. Box 1000, Mont-JoH
Quebec tel
Canada G5H 324 fax

P. R. Taylor
U.S. National Science Foundation
Biological Oceanography
1800 G. Street, N.W., # 609
Washington, D.C. 20550 tel
U.S.A. fax

+49404123 6671
+49404123 6696

+1 709 772 6237
+1 709 772 2156

+1 418 775 0725
+1 418775 0542

+1 202 357 9600
+1 202 357 7621

J. Warzocha
Sea Fisheries Institute
ul. Kollatata 1
81 332 Gdynia
Poland

tel +48 58 20 1728
fax +48 58 2028 31
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ANNEX 2

Werkdocument

Aan

Mlnosteroe van Verlteer en Waterstaat

Directoraat·Gentful R"kswaterstaat

Dienst Getijdewateren

ICES Benthic Ecology Working Group
Kiel, FRG, 3-7 May 1991.

Van Doorktesnummer

Dr. K. Essink +31. 50. 331373
Datum Bljtage(n)

1 mei 1993 •Onderwerp Document nr,

BEWG-92 Actions GYAO-93.6lOx

1. IHTRODUCTION
At the meeting of the ICES Benthic Ecology Working Group at Bergen
(N), '4-8 May 1992, the following actions were listed:

11. Dr. Smaal/Essink to report on long-term benthic data for
the Wadden Sea

12. Dr. Smaal/Essink te review work carried out in western
Europe under COST 647.

2. LaNG-TERM BBNTBIC DATA POR TUB WADDBH SEA
Data on abundance and biomass of intertidal macrozoobenthos are being
collected since 1969 in the Balgzand area by Dr. J.J. Beukema (HIOZ,
Texei) and in the eastern Dutch Wadden Sea ('Groninger Wad') by Dr. K.
Essink. Shorter data series exist for other areas (Table l).Sampling
is usua1ly carried out in early-spring and late-summer.

Similar data series are available for parts of the German (Norderney;
Dr. H. Kichaelis) and the Danish Wadden Sea (P.B. Madsen; T. Knudsen).

Analysis of long-term data sets has been carried out in the framework
of the C.E.C. Action COST 647 on Coastal Benthic Ecology. This has
resulted in several publications (see below), showing both synchronous
fluctuations patterns (e.g. in species sensitive to low temperatures)
and differential population development in different western European
areas.

•
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Table 1. Data series on macrozoobenthos in the Dutch Vadden Sea and
Ems estuary.

AREA

intertidal:

subtidal:

PERIOD

Balgzand 1969 - present

Groninger Vad 1969 - present

Ballastplaat 1977 - 1987

Piet Scheveplaat 1977 - present

Heringsplaat (Ems est. ) 1977 - present

western Wadden Sea 1989 - present

Bocht van Watum (Ems est. ) 1977 - present

3. WOU OHDER caST , .. 7
In theC.E.C. Concerted Action on Coastal Benthic Ecology (COST 647)
co-ordination and stimulation of long-term benthic reseach was achie­
ved since ca. 1981 in four (western European) coastal habitats (Table
2) .
In the last phase of caST 647, which came to an end in 1992, special
attention was paid to numerical data analysis. These analyses were
supervised and carried out by Dr. F. Ibanez of the Zoological Station
at Villefranche (F).

For various C.E.C. reasons the CaST 647 programme could not be conti­
nued. At present a follow-up programme 'Change in Coastal Ecosystems'
(CICE) is being launched underthe C.E.C. Environment Programme'.

Table'2. Review of COST 647 organisation and habitat groups

C.E.C. ofndal:
Chairman COST 647:

Dr. A. Sors/Dr. C. Nolan
Dr. B.F. Keegan

Habitat groups: Rocky shore/subtidal
Rocky shore/intertidal
Subtidal Sediments
Intertidal Sediments

coordin.: Dr. T. Lundalv
coordin.: Dr. J.E. Lewis
coordin.: Dr. L. Gabioch
coordin.: Dr. J.J. Beukema/

Dr. K. Essink
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. 4. RBCBN'l' PUBLICATIONS Ca aeleetion)

BEUKEMA, J.J., 1991. Changes in eomposition of bottom fauna of a ti­
'dal-flat area during aperiod of eutrophieation. Mar. Biol. 111:
292-301.

BEUKEMA, J.J., 1991a. The abundanee of shore erabs Careinus maenas
(L.) on a tidal flat in the Yadden Sea after eold and mild win­
ters. J. Exp. Mar. Biol. Eeol. 153: 97-113.

BEUKEMA, J.J., 1992. Expeeted changes in the Yadden Sea benthos in a
warmer world: lessons from periods with mild winters. Neth. J.
Sea Res. 30: 73-79.

BEUKEHA, J.J., K. ESSINK, H. MICHAELIS &'L. ZWARTS (in prep.) Year-to­
year variability in food supply for wader birds on tidal flats
of the Yadden Sea.

OESPREZ, K., G. BACHELET, J.J. BEUKEHA, J.P. OUCROTOY, K. ESSINK, J.
HARCHAND, B. ROBINEAU &J.G. YILSON,: 1991. Dynamique des popula­
tions de Maeoma balthica (L) dans les estuaires de Nord-Ouest de
l'Europe: Premiere synthese. In: Elliott, M. & J.P. Ducrotoy
(eds), Estuaries and Coasts: Spatial,and Temporal Intercompari­
sons. Proceed. ECSA 19 Symposium, pp~ 159-166. Olsen & Olsen,
Fredensborg, Oenmark.

OUCROTOY, J.P., H. RYBARCZYK, J. SOUPRAYEN, G. BACHELET, J.J. BEUKEHA,
M. DESPREZ, J. DORJES, K. ESSINK, J. GUILLOU, H. MICHAELIS, B.
SYLVAND, B. ELKAIM, J.G. YILSON & F. IBANEZ; 1991. A comparison
of the population dynamics of the eockle (Cerastoderma edule) in
North-Yestern Europe. In: Elliott, M. & J.P. Ducrotoy (eds),
Estuaries and Coasts: Spatial and Temporal Intereomparisons.
Proeeed. ECSA 19 Symposium, pp. 173-184. Olsen & Olsen, Fredens­
borg, Oenmark.

ESSINK, K., J.J. BEUKEHA, J. COOSEN, J.A. CRAEYMEERSCH, J.P. DUCROTOY,
H. MICHAELIS & B. ROBINEAU, 1991. Population dynamlcs of the
bivalve molluse Scrobicularla plana:! eomparisons in time and
spaee. In: Elliott, M. &J.P. Ducrotoy (eds), Estuaries and'
Coasts: Spatial and Temporal Intereomparisons. Proeeed. ECSA 19
Symposium, pp. 167-172. Olsen & 01sen, Fredensborg, Denmark.

ESSINK, K. & H.L. KLEEF, 1993. Distribution and lifecycle of the North
Ameriean polychaete Marenzelleria vitidis (Verril1, 1873) in the
Ems Estuary. In: Proeeed. ECSA-2l Symp., 9-13 Sept. 1991, Gent,
Belgium, Netherl. J. Aquat Eeol. 27 (in press)

JONGE, V.N. OE & K. ESSINK, 1991. Lang-term changes in nutrient loads
and primary and secondary producers in the Dutch Yadden Sea. In:
EUiott, M. & J. P. Ducrotoy (eds),' Estuaries and Coasts: Spatlal
and Temporal Intercomparlsons. Proe. ECSA 19 Symposium, pp. 307­
316. Olsen & Olsen, Fredensborg, Denmark.

KEEGAN, B.F. (Ed.), 1991. Space andTime Series Oata Analysis in Coas
,tal Benthie Ecology. An analytieal exercise organised within the
framework of the COST 647 projeet on Coastal Benthie Eeology.
Commission of the European Communities, Brussels.

KEEGAN, B.F.(Ed.), 1992. COCDisslon of the European Communitles, Oi
rectorate-General XII for Scienee Research and Development, En­
vironment Research Programme. COST 647 Coastal Benthlc Ecology,
Aetivity Report 1988-1991.
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LIST OF BALTIC MARINE SCIENTISTS FROM EAST EUROPEAN NATIONS

Valentina Galtsova
Zoologicallnstitute
Academy of Sciences
St. Petersburg
199034 Russia

•

Gunars Lagzdins
Institute of Biology
Academy of Sciences
Miera str. 3
229 021 Salaspils
Rep. of Latvia

Sergei OIenin
Centre of System Analysis
KIaipeda University
Klaipeda
235800 Lithuania

tel. Riga 947 456
tlx. 161 171 SILA SU

tel. +7 01261 12915
fax. +7 01261 56526

Ado Seire
Institute of Zoology and Botany
Academy of Sciences of Estonia
21 Vanemuise St
EE2400 Tartu
Estonia fax. 372 34 334 72
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OVERVIEV OF ZOOBENTHIC VORK CARRIED OUT BY
RIJKSVATERSTAAT, TIDAL VATERS DIVISION,

THE NETHERLANDS

by

KAREL ESSINK

1. INTRODUCTION

In 1992/93 the Tida1 Waters Division has been involved in a variety of studies
focussing at the benthos of the North Sea, the coastal zone, Vadden Sea and
estuaries. A short overview of a selection of these studies will be given.

2. BIOLOGICAL HONITORING

2.1. RIJKSVATERSTAAT PROGRAMME

Monitoring of macrozoobenthos and meiobenthos was continued. The 1arger part
of this work was carried out under contract by the Nether1ands Institute for
Sea Research, Texel (maerozoobenthos in North Sea, Wadden Sea and Ems estua­
ry), and by NlOO-CEMO, Yerseke (meiobenthos North Sea; maerozoobenthos SW­
Nether1ands).
Data were made availab1e in reports by Duineve1d (1992) and Dekker (1993).

At November 18, 1992, a symposium on biologica1 monitoring in the aquatie
environment was held in Amsterdam (Co1ijn & Marteijn, 1992). The purpose of
this symposium was to present and diseuss the Rijkswaterstaat biological moni­
toring programme (in fresh as weIl as marine waters) in an audienee of seien­
tists and administrators.
Contributions at this symposium relevant to leES BEWG were:

* Samp1e varianee and samp1ing strategy
(by J. van der Meer)

* Lang-term changes in the macrobenthos of the Wadden Sea
(by K. Essink &J.J. Beukema

2.2. INTEGRATED VADDEN SEA PROGRAMME

In accordance with par. 33 of the Ministerial Declaration of the Sixth Trila­
teral Governmental Conferenee on the Protection of the Wadden Sea, Esbjerg, 13
November 1991 (Anonymous, 1992), a Trilateral Monitoring Expert Group (TMEG)
was installed to report on:
1. The eoneept for a proeedure for an ecological SUrvey, evaluation, asses­

sment and presentation of data which will enable a continuous evaluation
of the ecological state of the Wadden Sea as a whole;

2. A plan for implementation and execution of a first phase of the Joint
Monitoring Programme, which should inc1ude at least the basic parameters
of an ecologica1 survey.

Scientists of the Tida1 Waters Division took part in the work of the TMEG. In
November 1992, areport was published on the Integrated Monitoring Programme
of the Wadden Sea Ecosystem (TMEG, 1992).
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3. INTRODUCED SPECIES

3 . 1. ENSIS DIRECTUS

The first record of juveniles of the North American jack-knife clam Ensis
directus in North Sea waters off the French coast in 1991 were confirmed, and
consequently published (Luczak et al., 1993).

3.2. HARENZEu.ERIA VIRIDIS

The North American spionid polychaete Harenzelleria viridis has established a
stable population in the Do11ard, i.e. a braekish embayment in the Ems estua­
ry. High muddy intertida1 flats serve as nursery (up to 1 million juveniles
per m2 ) from where anima1s disperse over larger parts of the estuary (Essink
et a1. , 1993.

Comparative research is currently in progress at the University of Rostock/ln­
stitute of Baltic ResearchjWarnemünde in eastern Germany focussing on repro­
duction biology, physiology and genetics of populations from North Sea estua­
ries (Ems and ~eser) and Baltic coastal waters (Saaler Bodden, Greifswalder
Bodden). Preliminary observations showed differences in timing of reproduction
and genetie structure between Dollard and Saaler populations. Further observa­
tions and test are in progress to confirm this.

4. HAST/JEEP 92

•

30

The Tidal ~aters Division took part in the MAST/JEEP 92 project 'Major Biolo­
gical Proeesses in European Tidal Estuaries'. The project was co-ordinated by
NIOO-CEMO, Yerseke (NL), and focussed on 'Ecological structure' and 'Major
Biological Processes' . Comparative observations were made in the estuaries of
the EIbe, Ems, Scheldt, Somme, Gironde, Tagus and Shannon.
In 1992, sampling programme on microphytobenthos, meiobenthos, macrozooben­
thos, hyperbenthos and zooplankton was earried out in the Ems estuary as weIl
as in the Scheldt estuary. .
Preliminary results have been published in aReport of a Yorkshop (Herman,
1992). Further results will be published in the Report of a ~orkshop held in
Febr. 1993 in Faro. Final results will be published in a volume of the journal •
Hydrobiologia

5. RESTORATION OF ECOSYSTEMS

Oue to a long-term sanitation scheme the load of degradable organic pollutants
discharged on the Oollard (Ems estuary) has decreased considerably in 1983/84.
In comparative studies the effects of this improvement of environmental condi­
tions on populations of microphytobenthos, meio- and macrozoobenthos was docu­
mented (Esselink et al., 1989; Essink & Romeyn, 1993; Peletier, 1992.)

In 1992, a further reduction of the organie waste load to the Oollard was
realized. In 1993 further observations are carried carried out to document the
response of the Oollard benthic system.

6. FEEDING ECOLOGY OF BIVALVES

In the Eastern ScheIdt, S~ Netherlands, studies on the effect of food quality
on carbon and nitrogen budgets and on growth and condition of bivalves (Ceras-
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toderma edule, Hytilus edulis) (cf. Prins & Smaa1, 1989; Smaa1 & Van Stralen,
1990) are being continued. Measurements are carried out under natural conditi­
ons at intertida1 populations, with help of plexiglass tunnels in the field
(cf. Dame et al., 1991), as weIl as in mesocosms.

7. REFERENCES.

ANONYMOUS, 1992. Sixth Trilateral Governmenta1 Gonference on the Protection of
the Yadden Sea, Esbjerg, 13 November 1991. Ministerial dec1aration,
Seals conservation and management plan, memorandum of intent, assessment
report. The Gommon Yadden Sea Secretariat, Yi1he1mshaven. pp 152.
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ANNEX 5

APRIL 1993

PRELIMINARY RESULTS ON THE EFFECTS OF MARINE GRAVEL EXTRACTION ON
BENTHOS: POST-DREDGING RECOLONISATION

A J Kermy and H L Rees

MAFF Directorate of Fisheries Research
Fisheries Laboratory
Bumham-on-Crouch
Essex
CM08HA

INTRODUCTION

Background

During the 1980's the demand for aggregates in the UK steadily increased, primarily as aresulte

of the boom in the construction industries which required the basic raw materials for "ballast" and

concrete. In addition, there was a need for high quality aggregates which could be supplied from the

marine environment. The recent advanceS in marine mining technologies, the short supply of land-

based sources and favourable market economics have paved the way for increased production of

aggregates from marine resources. However. during the 1970's, concern was growing over the

environmental impact of marine aggregate extraction. and in particular the potential threat to bemhic

communities and their dependent fisheries (Lart. 1991). Initial research was undertaken by the

Ministzy of Agriculture. Fisheries and Food (MAFF) but the impacts on the benthos and the rates of

recolonisation were not fuUy quantified. Accordingly. in Octo~r1990 a three-year research

programme was initiated by the Crown Estate Commission (CEC) and MAFF to determine: i. the

initial impacts of dredging on the benthos and sediments; ii. the processes of recolonisation post

dredging; iii. the natural faunistic differences between gravels on a wide-scale; and iv. coarse

sediment quantitative sampling methods.

Previous Studies

There are few original scientific investigations which describe the effects of marine aggregate

extraction on benthos. Some of the early observations in the UK were made during the 1970's by

Shelton and RoIfe (1972) and Dickson and Lee (1973) who examined the impacts of suction-anchor

dredging on a shingle bank in the English Channel. Millner and Dickson (1977) examined the

impacts of suction-trailer dredging off Southwold in the Southern North Sea. More recently,

investigations have been undertaken off the Isle of Wight (Lees et al, 1990) and off Dieppe (Desprez

et al, 1992) in the English Channel. In addition. a comprehensive study of the effects of suction­

trailer dredging on the benthic communities and seabed topography has been made at an experimental

site on the Klaverbank in the Dutch sector of the central Southern North Sea (Sips and Waardenburg,

1989; Von Moorsei and \Vaardenburg, 1990, 1991).
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METHODS

Selection 0/an Experimental Dredging Site

A wide-seale survey of gravel eommunities off the English Eastern and Southem coasts

(Kenny et al, 1991) indieated potential sites for an offshore field experiment. These were located off

North Norfolk, England (Figure 1). The gravel deposits off North Norfolk were found to support a

relatively rieh and stable epifaunal community. with the presence of long-lived sessile organisms such

as the bryozoan Flustra/oliacea ('horn wrack') and the hydroid Nemenesia antennina. This site was

therefore eonsidered to be weIl suited for experimental dredging. However, in order to detennine the

exact location of the 'treatment' and 'reference' sites, further sampling using a 3m vibrocore was

undertaken to assess the thickness of the gravel deposits and to ensure that dredging would not

expose an underlying stratum which was different in nature from the superficial substrate. The

treatment site for the offshore dredging experiment was finally selected 17 miles North of Cromer,

North Norfolk in September 1991 (Figure 1).

Experimental Dredging

During 5 days in April 1992. the MV "Sand Harrier", an "H" dass commercial suction-trailer

dredger. removed a total of 52,000 tonnes of mixed aggregate representing 11 hopper loads from an

area measuring 500 by 270 metres.

The position and speed of the "Sand Harrier" was monitored using a Sea Infonnation Systems

"Microplot v3.1" installed on Compaq PC linked to a "R6xAnn" seabed sediment discriminator.

Together they displayed a eonstant real-time image of the dredging operations. High navigational

accu.racy was achieved using a Sercel "NR53" differential Global Positioning System (GPS) which had

been previously calibrated against a "range-range" differential GPS operated by BritSurvey. This gave

an almost constant accuracy of ±10m. Figure 2 shows the track output generated by "Microplot" for

the entire operation, which represents a total of 200 tracks covering approximately 70% of the

experimental area.

Pre- and Post- Dredging Surveys
An array of benthic sampling equipment was used to survey the treatment and reference sites

pre- and post-dredging. Remote sampling of benthos was achieved using aHamon grab (Figure 3).

The Hamon grab was found to be ideally suited for quantitative sampling of coarse (or compacted)

sediments. It operates by taking a scoop out of the sediment, and the sampie bucket is then forced

. against a meta! plate which prevents the sampIe from being washed away during retrieval.

In order to obtain an instant view of the seabed and provide detailed infonnation on the

occurrenee, distribution and behaviour of benthic organisms. an underwater eamera siedge was used.

The sledge was towed for ~ 1 hour along a transect through the treatment and reference sites. In
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addition, an acoustic map of the dredged site was generated using a EG+G dual frequency (IOOkHz,

500kHz) side-scan sonar.

Field Procedures

Hamon grab stations were randomly located within the defined boundaries of the treatment

and reference sites. Sampies were washed over 5mm and Imm square mesh sieves so as to remove

excess sediment and obtain a11 the colonial and solitary benthos. The benthos was fixed in a 4-6%

buffered formaldehyde solution (diluted with sea water) with "Rose Bengal" (a vital stain) and stored

for laboratory identification and enumeration. In addition a 1 litre sub-sample was taken for particle

size analysis.

The underwater camera sledge was fitted with a television camera linked via an umbilical to a

TV monitor and U-matie video recorder present on the RV. A single lens Reflex (SLR) camera

loaded with a 200 exposure colour 35mm film pre-set to take one exposure every 20 seconds was also •

attached.

Laboratory Procedures

Hamon grab sampies were first washed with fresh water over a 1mm mesh sieve in a fume

cupboard to remove excess formaldehyde solution. Sampies were then sorted on plastie trays and

specimens were placed into jars or petri dishes containing a preservative mixture of 70% methanol

(GPR) • 10% glycerol and 20% tap-water. For each species a representative specimen was recorded,

preserved and stored separately in a glass vial to establish a reference collection and provide a means

for the verification of species identifications. \Vhenever possible specimens were identified to species

level using the standard taxonomie keys.

Partial wet-weights for each species were determined by plaeing specimens on a plastie tray

covered with white blotting paper for 12 hours before measuring their weights on a Sartorius 2004

MP five figure balance. Biomass estimates were then calculated from partial-wet weights using •

conversion factors given in Eleftheriou and Basford (1989).

Sediment sub-samples were analysed for their particle size distributions according to the

Udden-Wentworth Phi Classification where Phi(O) = -log2d and d is the particle diameter in

millimetres. Each sampie was first wet sieved on a 63 mieron mesh sieve to provide an estimate of the

fines fraction «63 microns). The remaining sampie was then oven dried for approximately 12 hours

at 1000 C and allowed to cool to room temperature before being sieved through a stack of geological

test-sieves ranging from -6 phi (64mm) to +4 phi (0.0063mm). A weight for each size fraction was

measured using a Sartorius top-pan balance to an accuraey of ±O.Olg.
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RESULTS
Physica/ Observations

Particle size data for 6 sampIes taken from the treatment site (Cruise COR 4/92) in March

1992,4 weeks before dredging, were cGmpared to 6 sampIes taken 2 weeks after dredging (Cruise

COR 6/92) in May 1992. Results showed that the gravel content (>2mm) of the sediment increased

from 36% to 56% (Figure 4).

Upon examination of the seabed using side-scan sonar and U\V TV it was apparent that the

dredge tracks have become infilled with sand, suggesting a redistribution of sediment has occurred.

The action of the draghead on the seabed has agitated and vibrated the sediment to such an extent that

gravel (>2mm) has consolidated to form ridges between furrows of sand. Inspection, by SCUBA

divers, of the sand accumulations within the tracks showed that the deposits are superficial sand-ripple

features, 1-2cm deep. In addition, the apparent increase in the gravel content at the treatment site

may be caused by the preferential removal of sand by the suction action of the draghead.

Bi%gica/ Observations
The total number of species recorded from 5 Hamon grab sampIes taken at the treatment and

reference sites pre- and post-dredging are shown by major phyla in Figure 5. The total numbers of

species 4 weeks before dredging (Cruise COR 4/92) at the treatment and reference sites were broadly

similar at 70 and 62 species, respectively. However,2 weeks after dredging (Cruise COR 6/92) the

nwnber of species at the treatment site had fallen to 30 (the polychaetes showed the most noticeable

reduction from 35 to 16 species). At the reference site, the number of species has remained generally

constant, having only increased slightly from May (64 species) to December (68 species). However,

at the treatment site the number of species has increased from May (30 species) to December (53

species), which suggests that some readjustment or recolonisation has occurred.

The impact of dredging is more apparent when the abundance data are compared from each

site, pre- and post-dredging. (Figure 6). The total abundance of animals recorded at the treatment and

reference sites 4 weeks before dredging (Cruise COR 4/92) are broadly similar at 230/0.2m2.

However, a dramatic reduction in the abundance has occurred at the treatment site post-dredging

(30/0.2m2), compared to the reference site (209/0.2m2). The crustaceans and "others" phyla were

numerically dominated by the barnacle Ba/anus crenatus and the sea-squirt Dendrodoa grossularia.
Both showed an increase in abundance from May to December as a result of Summer recruitment

However, the increase at the reference site was greater than that at the treatment site (possible

. explanations are given below).

Biomass data for each site pre- and post-dredging (Figure 7) support the observations made

on the abundance data (Figure 6). A large reduction in the biomass has occurred at the treatment site

post-dredging: from 182g(AFDW)/m2 in March (Cruise COR 4/92) to 0.4g(AFDW)/m2 in May

(Cruise COR 6/92). However, at the reference site the biomass figures remain high at
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80g(AFDW)/m2. At the treatment site in December, B. crenatus and D. grossularia contribute very

little to the biomass, although they are present in relatively large nwnbers (Figure 6), suggesting they

are new recruits. However, at the reference site the biomass figures for December are relatively large,

reflecting the mixed populations of adults and juveniles of B. ~renatus and D. grossularia present.

DISCUSSION

Dredging at the experimental site in April 1992 preceded the natural Summer recruitment of

benthos. The 'opportunists' D. grossularia and B. crenatus, which were nwnerically dominant before

dredging, showed the greatest increase in abundance post-d.redging. However, the increase was

greatest at the reference site. This may be explained by a combination of the following: i. The

treatment site is physically stressed compared to the reference'site, due to deposits of mobile sand

being present within the dredge tracks, thereby reducing the r~tmentsuccess of sessile epibenthos

such as Sabellaria spinulosa, D. grossularia and B. crenatus; ii. there may be spatial differences in •

recruitment success between the reference and treatment sites such that a larger settlement has

occurred at the reference site; iü. the loss of adult sessile epibenthic populations at the treatment site

has reduced the recruitment potential of juveniles, since the "eues" to settle are no longer present.

For example, B. crenatus may require the presence of adult populations in order to stimulate

settlement, as has been observed for B. balanoides (Stubbings, 1975). In addition, as many adults

have been removed by dredging the source of juvt:niles which recruit locally (within 100m) is reduced;

for example, D. grossularia larvae are not transported in the plankton but settle within a few metres

of their parents (Svane and Young, 1989).

The effects of seasonality should be borne in mind. The data cover a pericxi of seven months

post-dredging and mortalities will have occurred during the winter of 1992, thereby reducing the

observed gains in abundance at the treatment site.

It remains to be seen whether the populations at the treatment site adjust to the newly-created

physical regime by shifting from a relatively stable community to one charaeteristic of a more mobile •

sediment

The results from future surveys, planned for 19~3 and 1994, will help 10 further clarify the

processes of recolonisation, and the resultant comm,unity structure, post-dredging.
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Figure 1: Benthic survey offNorth Norfolk (small box) in order to locate the
experimental dredging and reference sites (large box).

38



•
5J.25J-

5J.25~

5J.251 ..,
CD-

Figure 2: Tracks generated by the suction trailer dredger MV "Sand Harrier" at the
experimental dredging site showing -70% of the seabed area has been
dredged.
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Figure 3: Schematic diagram ofthe Hamon grab (taken from Holme and McImyre,
1984, after Gele, 1978).
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Figure 4: Average cumulative particle size distribution curves for sampies taken
before dredging (Cruise COR 4/92) and post-dredging (Cruise COR 6/92).
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Figure 5: Number of species by major phyla for sampies taken before dredging
(Cruise COR 4/92) and post-dredging (Cruises COR 6/92, CIR 8/92 and
COR 14/92) from the treatment and reference sites.
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Figure 6: Abundance by major phyta for sampies taken before dredging (Cruise COR
4/92) and post-dredging (Cruises COR 6/92, CIR 8/92 and COR 14/92)
from the treatment and reference sites.
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Figure 7: Biomass by major phyla for sampIes raken before dredging (Cruise COR
4/92) and post-dredging (Cruises COR 6/92, CIR 8/92 and COR 14/92)
from the treatment and reference sites.



ANNEX 6

FAR research project MA 2.549 IIEnvironmental impact of bottom gears on
benthic fauna in relation to natural resources management and protection of
the North Sea ll

•

First results of the surveys on the Flemish Banks

J.A. Craeymeersch

Netherlands Institute of Ecology, Centre for Estuarine and Coastal Ecology,
Vierstraat 28, 4401 EA Yerseke, the Netherlands

• Introduction

Within the framework of the EC-FAR IMPACT project, in 1992/1993 three trawling
programs were carried out on the Flemish Banks. At all surveys. the R.V. BELGICA
tished with a 4m beamtrawl equipped with chain mats, and a net with 8 cm meshes
in the codend.

Materials and methods

In April 1992 and March 1993 research has been done on a, mostly, hard sand
bottom. In November 1992 the sediment ranged trom muddy sand to mud.

The two main objectives were:
1. Sampling of macroinfauna before and after tishing (April 1992, November 1992);

The macrobenthic infauna was sampled before and 24 hours after trawling
by van Veen grabs (0.1 m~.

• 2. Determination of survival rate of the organisms (April 1992, March 1993).
In April 1992 and March 1993 survival experiments of epibenthic species
and flatfish caught in the commercial net were performed.· To estimate the
survival of animals escaping through the nets, in March 1993 some short
hauls were carried out with the cod-end of the commercial net covered with
a narrow-meshed net. Live animals were placed in seawater tanks designed
by the Fisheries Institute IJmuiden (described by van Beek et al., 1989; also
used by BEON, 1990, 1991, 1992). Over aperiod of three days, survival
was recorded and dead animals were removed every 24 hours.
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Results and discussion

1. Macrobenthic infauna

April 1992

Table 1 gives for to the number of stations at which each species was found, the
maximum number of species in one sampie, and the mean number (and standard
deviation) per sampie. Densities were very low, with a maximum of 120 ind./m2 for
Scoloplos armiger.

Before sorting out the t1-samples of the first survey, the probability of detecting a
significant change in abundance if present (calIed the power of a procedure) was
estimated, given the number of sampIes taken. The power is depending on several
tactors, including the precision of the estimates of abundance, the dependen­
ce of precision on changes in abundance, the nature and magnitude of
the actual rate of change in abundance, the asymmetry between upward •
and downward trends, and the level {al ofType 1 error (the conclusion
that . the abundance changed, when in fact it did not) (Gerrodette,
1987). Power is defined as 1 - ß, where ß is the. chance of making a
Type 2 error (the conclusion that there was no change in abundance,
when in fact abundance changed). An overview is given in following
table (Peterman, 1990).

Four possible outcomes for a statistical test of some null
hypothesis, depending on true· state of nature. Probability
for each outcome is given in parentheses.

Oecision

00 not reject null hypothesis Reject null hypothesisState of nature

Null hypothesis actually true

Null hypothesis actuaJly false

Correct (1 • a) ,

Type 2 error (ß)

Type 1 error (a)

Correct (1 • B) ( =power) •
All calculations were made on log-transformed data. using the formulae given by
Gerrodette (1987) tor a linear model of change, assuming that the coefficient of
variation does not depend on abundance. The null hypotheses Ho: "the abundance
has not decreased" and "the abundance has not increased" were tested against
respectively "the abundance was decreased" and "the abundance was increased"
(one-sided tests). The probability of detecting a change in abundance was calcu­
lated tor the tour dominant species, Le. Scoloplos armiger, Urothoe brevicornis,
Spiophanes bombyx and Nepthys cirrosa. Moreover, only these species have a
standard deviation (of log-transformed data) smaller than the mean (and, thus, a
coefficient of variation smaller than 1).

Figures 1 gives the power in function of the overall fractional change in abundance
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(r) and the probability of concluding that the abundance changed when in fact it did
not (0). Calculations were made for both a decline (r<O) and an
increase in numbers (r>O). Decreases are easier to detect than
increases (curves for declining abundances lie above the curves for
increasing abundances). The probability of detecting a change in
abundance of Urothoe brevicornis is the highest, trends in Spiophanes bombyx
are the most difficult to detect (e.g. for a=0.05 and Irl=0.5, power is 0.51 for
Urothoe .brevicornis, 0.44 for Nepthys cirrosa and Scoloplos armiger, and 0.32 for
Spiophanes bombyXj.

If one wants to be as conservative about making a Type 2 as a Type 1 error, Le.
a=ß and e.g a desired power =0.95 for a =0.05, the effect size (Le. the magnitude
of the true effect for which we are testing) that should have to exist to give a
acceptably high power, has to be large. A power > 0.80 (a = ß < 0.20) is only
reached when the (Iog-transformed!) abundances decrease by more than 70%
(figure 2). Apower of 0.95 will not be detected before the abundance of a species
at t, becomes O.

Given the higher abundance of benthos in November 1992, we further concentrate
on the analysis of the second survey.

2. Survival experiments

The results of the survival experiments are presented in table 2 and 3. Total
numbers of animals used, mortality after one, two and three days, and the %
survival in the tests are given. Survival chances of the caught epibenthic species
are almost 100%. Mortality of sole and dab in the commercial net is very high, but
most of the sole that escape through the fishing net survive.
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TABLE 1. Number of stations (N) at which each species was found, the
maximum number of individuals in one sampie, the mean number
(and standard deviation) per sampie at to (April survey)
(untransformed data).

Species N Hax. Hean st.dev.
----------------------------------------------------------

48

Actinaria indet. 7
Ampelisca brevicornis 1
Anaitides mucosa 1
Anaitides subulifera 1
Aonides paucibranchiata 1
Aricidiacea indet. 1
Ascidiae indet. 1
Atylus falcatus 2
Atylus swammerdami 1
Bathyporeia qui11iamsoniana 1
Bathyporeia pelaqica 8
Bathyporeia sarsi 1
Bathyporeia spec. 1
Bodotria pulchella 1
Capitella capitata 1
Callianassa tyrrhena 1
Chaetozone setosa 2
Cranqon cranqon 1
Oiastylis bradyi 2
Echinocardium cordatum 10
Ensis spec. 1
Gastrosaccus spinifer 2
Harmothoe spec. 1
Heteromastus filiformis 1
Lanice conchileqa 3
Haqelona papillicornis 1
Heqaluropus aqilis 1
Hontacuta ferruqinosa 3~

Natica spec. 2
Nephtys cirrosa 18
Nereis diversicolor 1
Nephtys homberqii 5
Nereis lonqissima 2
Nemertinae indet. 16
Nepthys spec. 3
Notomastus latericeus 1
Oliqochaeta indet. 3
Ophiura albida 3
Ophiura spec. 1
Ophelia limacina 5
OWenia fusiformis 1
Paqurus bernhardus 1
Pectinaria koreni 1
Phyllodocidae indet. 3
Pontocrates altamarinus 1
Poecilochaetus serpens 1
Pseudocuma qilsoni 1
Pseudocuma spec. 1
Pyqospio eleqans 1
Scoloplos armiqer 19
Scolelepis bonnieri 1
Scolelepis foliosa 1
Spiophanes bombyx 20
Spisula elliptica 3
spisula spec. 1
Spisula subtruncata 1
Tellina fabula 1
Thia scutellata 6
Urothoe brevicornis 20
Urothoe spec. 2
Urothoe poseidonis 4

8
1
1
2
3
1
4
1
1
1
3
1
1
1
1
1
3
1
1
3
1
1
1
1
1
1
1
3
1

14
1
2
1
5
2
2
2
1
1
3
1
1
1
1
1
1
2
2
1

38
1
1

52
2
1
2
1
3

17
1
2

1.40
.05
.05
.10
.15
.05
.20
.10
.05
.05
.60
.05
.05
.05
.05
.05
.20
.05
.10
.65
.05
.10
.05
.05
.15
.05
.05
.25
.10

. 6.70
.05
.30
.10

1. 45
.20
.10
.25
.15
.05
_35
.05
.05
.05
.15
.05
.05
.10
.10
.05

12.00
.05
.05

9.45
.20
.05
.10
.05
.40

8.05
.10
.30

2.48
.22
.22
.45
.67
.22
.89
.31
.22
.22
.88
.22
.22
.22
.22
.22
.70
.22
.31
.81
.22
.31
.22
.22
.37
.22
.22
.72
.31

3.73
.22
.57
.31

1.32
.52
.45
.64
.37
.22
.75
.22
.22
.22
.37
.22
.22
.45
.45
.22

9.53
.22
.22

12.40
.52
.22
.45
.22
.75

5.52
.31
.66
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TABLE 2. Results of survival experiments (April 1992)

Species Numbers Numbers dead Total Total;

alive after day numbers surviva!

at start 2 3 alive %

Asterias rubens 62 0 0 0 62 100

Carcinus maenas 0 0 0 0 100

Limanda limanda 14 5 8 11 3 21

Liocarcinus holsatus 27 26 96

Liocarcinus puber 0 0 0 100

Ophiura sp. 59 0 0 0 59 100

Pagurus bernhardus 23 0 0 0 23 100

Patichthys f1esus 5 3 5 5 0 0

Pleuroneetes plalessa 22 0 7 15 68

Solea solea 29 16 22 24 5 17

Liocarcinus pusillus 4 0 0 0 4 100

Aphrodite aculeala 15 0 0 0 15 100
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TABLE 3. Results of survival experiments (March 1993)
a: commercial nett b: covering net

Species N. N. Numbers dead Total Total;

after day numbers survival

2 3 alive %

la. Liocarcinus 24 5 5 6 18 75
depurator

Liocarcinus 110 8 11 16 94 85
holsalus

Limanda limanda 0 0 0

Lepidorhombus 0 0 0
whiffiagonis

Ophiura sp. 80 2 78 98

Solea solea 0 39 3 5 5 34 87

0.- Liocarcinus 40 4 6 6 36 85
depurator

Platichthys flesus 2 0 2 2 0 0

Liocarcinus puber 0 0 0 100

Liocarcinus 25 6 7 7 18 72
holsatus

Gadus morhua

Limanda limanda 7 11 9 11 11 0 0

Pleuronectes 11 2 0 0 0 2 100
platessa

Trisopterus 4
luscus

Solea soles 16 41 27 34 35 6 15

Merlangius 3
merlangus

N. =number of individuals dead in commercial net ß..:Ji.,.......~ -...:r .;.., ~ )
N. =number of individuals alive (fish) or used (epibenthos) at start of the exper!ment
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FAR project MA 2.549

Figure ~ Power of linear regression as a function of the fractional change rand Type 1
error a (r<O solid lines, r>O broken Iines).
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FAR project MA 2.549 Il. \

Rgure ~. power~;j:inear regression as a function of r (r<O) and coefficient of variation (the
coefficient of variation of Scoloplos armiger was 0.4329, the c.v. of Nepthys drrosa
0.4261, the c.v. of Urothoe brevicomis 0.3837 and the c.v. of Spiophanes bombyx
0.5375).
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ANNEX 7

Not to Oe cited without prior reference to the authors.
A working document produced ror the Benthos Ecology Working Group, Kiel, Gerrnany, 1993.

A preliminary assessment of the immediate effect ofbeam
trawling on a benthic community in the Irish Sea.

M.J. Kaiser & B.E. Spencer

MAFF, Directorate ofFisheries Research, Fisheries Laboratory, Conwy,
LL32 BUB, UK.

ABSTRACT

_After an experimental box bad been fIsbed 10 limes with a 4-m commercial
beam trawl, the density of sessile animals such as Alcyoniwn digitatum and
hydroids decreased by ca. 50%. The density of more mobile animals, such as
fishes, crabs and Palaemon spp. remained constant or increased. Assessment
of the survival of animals caught in the codend indicated large variation
between species. Echinoderms with flexible tests, ego A. rubens, showed low
mortality, whereas those with brittle tests, ego Psammechinus mUiaris, were
readily damaged leading to high mortality. Mortallty in fIsh seemed to be
related to the amount epidermal annour such as scales, spines, boney plates
and slime. Callionymus spp. suffered 68 - 97% mortality whereas between 34
- 38% of Pleuronectes platessa and Raja naevus died respeclively. Those
animals wbich are able to survive the trauma of being caught in tbe codend
and handled on deck may be able to capitalise on dead animals and discards
(eg. A. rubens) and hence benefit from the effects of trawling in the long-term.

e
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INTRODUCTION
1 <

Beam trawls are an extremely effeetive fIshirig gear for eatehing flatfLsh (eg.
Cruetzberg et al., 1987) and are used extensively in the North and liish Sea."
The inerease in the size and engine power ofmodem trawlers has required
modifications to the gear which increase its weight ego longer beams and the
addition of more ehain mat or more tiekler chains. Typically, a Duteh 12-m
beam trawl weighs 7 to 8 t of whieh 1 t is made up of 19 tiekler chains (BEON ~
1991). These chains are designed to penetrate the sediment and disturb sole,
Solea solea, that remain buried by day. The total depth to whieh these chains
penetrate depends on both the vessel towing 'speed and substrate hardness,
estimates varying from 3 cm on hard sand to 8 cm in soft mud (Sridger, 1972;
SEON, 1991). However, while tickler chains increasc catches of commercial _
flatfIsh they also increase the by-eatch of non-eommercial fIsh, epi- and " ­
infaunal invertebrates. Fragile animals such as sea urchins and some bivalve
mollusCs tend to be damaged and killed by trawling aetivity (Sergman & Hup,
1992; Rumohr & Krost, 1992). Conversely, other animals, such as starfish,
survive in high numbers (BEON, 1991; present study) and may even benefit by
scavenging the dead animals produced after the passage of the trawl. "These
efTects, coupled with the intensity of thc bemD. trawling efTort in the North Sea,
have led to suggestions that the laUer is a possiblc cause of the long-term
changes observed in the North Sea benthic community (Pearson ct al., 1985;
Lindeboom, 1990). : "

To date, most research has concentrated on large (6 to 12-m) bcam trawls; no
information exists on thc efTect of 4-m beam trawls on thc benthic corDmunity.
WIHin fished in the Irish Sea, 4-m beam trawls tend to be fiUed with ehain
mat, ie. ticlder chains linked longitudenally to form a chain mate This mat is e
designed to prevcnt rocks entering the net as weil as to catch more flatfish.
The Directorate of Fisheries Research, Conwy is investigating the short and
long-tenn efTects of this gear on a benthic eommunity in the lrish Sea.

I

In March 1992 a preliminary investigation of an area between Point LYnas,
Anglesey, and Great Ormes' Head, north Wales, was carried out to locate a
suitable site for a short-term and long-tenn study of thc effects of beam
trawling on a benthic community. A suitable site with a conspicuous filter­
feeding community, was found at approximately 40 00' W, 530 27' N. The
presenee of this community, that comprised long-lived species such as
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Alcyonium digitatum, indicated that trawling activity in the area is relatively
infrequent.

In August 1992 we returned to this site to carry out experimental flShing with
a eommercial 4-m beam trawl fitted with chain mat to examine the following
effects:

1. The immediate effects on the benthic community.
2. The survival capabilities of animals caught in the eod-end.

Objective 1 will be discussed in terms of the epibenthic data as the infaunal
sampIes are currently being processed.

e Effects on epibenthos

Methods
An experimental box 40 m x 200 m, was marked on the ship's navigation
plotter whieh was linked to a Sereel NR53 DGPS positioning system [aeeurate
to ±2.5 m). Water depth varied between 32 to 34 m. All sampIes were taken
from with~ this area. Prior to fishing with the commercial beam trawl, three
10 min tows (ship speed 0.4-0.9 kt) through the box with a 2-m young flatfish
beam trawl (Rogers & Lockwood, 1989). The position at the start and end of
each tow was recorded. The nurnber of individuals and wet weight (±1 g) of
each speeies was reeorded from each catch. Catch data was standardised by
expressing values as density (numbers/lOOOm2 ) or biomass (g/1000m2).

Following this preliminary sampling, the box was fished 10 times with the 4-m
beam trawl. This was followed by another three tows with the 2-m beam trawl
and the catch quantified as before. Many of the animals occurred too
infrequently to detennine whether numbers had changed.after fishing (eg.
Astropecten irregularis). Therefore animals were grouped according to their
mobility (Table I] on the assumption that mobile animaIs would reeolonise or
scavenge on animals killed?r exposed by the beam trawl.

ResuIts
The dominant macrofauna (biomass) in the community were the anthozoan,
Alcyonium digitatum, bryozoans, echinoderrns (Psammechinus mUiaris, Ophiura
texturata, Asterias rubens, OphiothrixjragUisl and crustaceans (Macropodia
tenuirostris, Eupagurus bemhardus, Pisa armata) these were also thc most
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abundant animals (Fig. 1). The density and biomass of many of the sessile or,
slow moving animals (molluscs, echinodenns, anthozoans) was much lower
after experimental trawling (Table I). Howeved the density of mobile
invertebrates such as Eupagurus bemhardus, Liocarcinus holsatus, Palaemon
spp. and fish increased after trawling (Table 1) .. Mter fIshing With the ,
commercial beam trawl the estimated density of sessile animals fell from 398
to 136/1000m2 , whereas the density of mobile'animals increased from 89 to
159/1000m2 (.x2=107.5, d.f.=I, P<O.OOOl). Sinlilarly, the biomass of sessile
animals decreased whereas that of mobile anirilals increased after fishing with
the commercial trawl (sessile before, 3451 g/1000m2

, after, 689 g/1000m2 ;

mobile before, 613 g/1000m2 , after, 894 g/1000m2 • [.x2=9l7.0, d.f.=l,
P<O.OOO1]). '

Assessment of Survival

Methods ....r>:'
In March and August 1992 and April 1993, a 4-m beam trawl was towed far 30
min (n=3) on each occasion. After each haul, a sub-sample of the catch from
the cod-end was placed immediately into a 50 1bin filled with sea water and
then transferred to a survival system. The survival system consisted of six
4.0xO.5xO.3 m tanks, attached to a steel frameiwhich was locked to the deck of
the ship, each fitted with three evenly spaced removable partitions. Each
partition had 20 1 cm diameter holes which allowed free circulation of water.
The eritiie system was enclosed with a tarpaulin cover to eliminate light which
may have increased animal's stress. The species selected for examination were
maintained in separate_ coinpartments with sea' water flowing to waste.. An
assessment was made of the initial mortality ofeach species collected in the
subsampIe. Only live animals were placed in nie survival system, their e
subsequent mortality was recorded at intervals 'of 24 h, although this varied
from year to year depending on circumstances.:

, ,

ResuIts
Echinodenns were, in general, highly resilient. IThe initial and delayed
mortility (0 to 1%) of Asterias rubens and Astropecten irregularis was lower than
other animals (Table 11). Ophiura ophiura sufTered low initial mortality, which

. .
increased to 14 - 19% after 120 h. Delayed mortality occurred in those
animals which had badly damaged or'crushed oral discs, which disintegrated
with time. Anlongst echinoderms, Psammechin~mUiaris had the highest
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initial mortality (20%) and the greatest final mortality (51 %). Eupagurus
bemhardus showed low overall mortality (6%), the animals that died tended to
be those .which had abandoned their shells and had been crushed in the
codend. However, Eupagurus prideauxi suffered slightly higher mortality
«14%). Despite their fragile appearance, Macropodia tenuirostris suffered
relatively low total mortality (32%) after 72 h. In March 1992, swimming crabs
suffered 45% initial mortality, this had only increased to 58% after 72 h,
whereas iIl. April 1993 overall mortality was much lower «15%). Although
Callionymus spp. had an initial mortality of 6 - 12% final mortality increased to
between 68 and 97%. Pleuronectes platessa and Raja naevus showed delayed
mortality increasing from an initial 6 and 0% to 38 and 34% fmal mortality
respectively. Feeding polyps emerged from colonies of Alcyonium digitatum
after 24 h and throughout the experiment. The colonies had taken up watere after 24 h and ret~actedwhen exposed to light. .

DISCUSSION

These results show that the 4-m beam trawllowered the density and biomass
of the sessile animals in the experimental box. In particular, the biomass of A.
digitatum and hydroids was reduced by approximately 50% after trawling
(Table I). How quickly these animals will recolonize the area is unknown but
could take months to years where natural recruitment is concerned. The .
density of some mobile species increased after trawling (Table I). Most of these
species are scavengers or predators (eg. E. bemhardus, Callionymus spp. and
Palaemon spp.) and are able to move rapidly (1-3 h) in response to chemical
stimuli (Nickell & Moore, 1992) produced by damaged or killed animals which
result from beam trawling activity. Other scavengers, such as B. undatum ande A. rubens, may respond more slowly, arriving after 12 h (Sainte-Marie & .
Hargrave, 1987; Nickell & Moore, 1992). Other results also showed that
dogfish, whiting and gurnards take advantage of this extra food source (Kaiser
& Spencer, 1993), as do dabs, Limanda limanda, in the North Sea (M. Fonds,
personal communication).

Animals that form the by-catch of a beam trawl can suffer injuries from a
variety of sources. The beam shoes, chain mat and abrasion from the net can
inflict wounds and injuries of different degrees of severity. On hauling the net,
pressure from the weight of catch can inflict bruises and internal injuries
which may lead to delayed mortality. Some animals survive this experience
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beUer than others (Table II). As in other studies (BEON, 1990, 1991)
echinoderms, in particular asteroids, showed a high percentage survival which
is not surprising considering their ability to regenerate limbs (Barnes, 1980).
The susceptibility to damage seems to be related to the flexibility of the test,
sea urchins have brittle tests, which are easily smashed and expose them to
predation. Ophiuroids have flexible plates, which are more susceptible to
damage than the more flexible test of asteroids. Although swimming crabs, L.
holsatus, are able to regenerate limbs, they are killed when their carapaces are
crushed. In another study (Kaiser & Rogers, unpublished data) tielder chains
were identified as the part of the beam trawl that was mainly responsible for
crushed carapaces. Callionymus spp. suffered high delayed mortality, which
was contrary to our expectations as superficially they appeared undamaged. It
is probable that a combination of stress and internal injuries contributed to
their high mortality. Greater than 60% of Pl~uronectesplatessa and Raja ..
naevus, were still alive after 120 h, which is probably attrlbutable to their -
thick, armoured slimey skin. Those specimens which died showed signs of
either severe (>30%) scale loss (P. platessa) ~d/or bruising (R. naevus) .

.
Our results demonstrate that a 4-m commercial beam trawl fitted with chain
mat reduces the biomass and density of, in particular, sessile invertebrates.
However mobile animals quickly migrate into the trawl track and feed on some
of the damaged and dead species. Not all the animals caught in the beam
trawl are killed. Those which are able to survive the experience and utilise the
additional food source produced after the passag.e of a trawl may benefit the
most, ego A. rubens. Whether this will lead to long-term changes in the
community structure will be investigated in our long-term experiment.

'. !. .
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Table I. The change in density [numbers/1000m2) and biomass (g/1000m2
) (mean of 3 samplesl of

selected dominant species sampled with a 2-m juvenile flatfish beam trawl before and after experimental
fishing with a 4-m beam trawl. Motibity of anlmals is indicated by (5) sessile or (M) mobile.

5pecies Density Biomass Mobllity

Before After Before After

Alcyoniwn digitatum 9570 4320 5

Bryozoan/hydroids 1055 670 5

Psammechinus miliaris 115 27 927 89 5

Asterias rubens 43 20 859 247 5

Ophiura ophiura 64 25 402 46 5

Palaemon spp. 17 27 2 3 M

Ma.cropodia tenuirostris 128 47 67 12 5

Eupagurus bemhardus 34 47 313 513 M

Callionymus spp. 7 16 161 181 M

Pomatoschistus spp. 23 23 10 6 M
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Table 11 Results of survival experiments carried out between March 1992 and April 1993. The cumulative %mortality for eaeh species in 24 hourly intervals.

CUUULATlVE %MORTALITY
Speeles Date Nos. 0 24 48 72 96 120 Notes

Aphrodite aculeata Mar.92 46 0 5 7 No apparent reason for initial mortafity.
Apr.93 65 0 3.1 3.1 3.1 6.2 Some intraspecific predation later.

Ophiura ophiura Mar.92 26 0 0 19 Mortality occurred in those individuals
Apr.93 34 5.9 5.9 11.7 11.7 14.7 with >50% damage to oral disco

Astropecten irregularis Mar.92 17 0 0 0 No mortality, strang test, damage confined to arms.

Asterias rubens Mar.92 126 Mortafity only occurred when whole animal erushed.

Psammechinus miliaris Mar.92 91 20 37 51 Delayed mortality indicaled by loss of spines.

Eupagur:Js bemhardus Mar.92 39 6 6 6 Grabs weil proteeted in shell.
Apr.93 15 0 0 0 0 0

Eupagurus prideauxi Apr.93 29 13.7 13.7 13.7 13.7 13.7 Grabs n01 so weil pratected , only carrying piece of shell with
altached anemone. Dead erabs severed at abdomen.

Macropodia tenuirostris Aug.92 22 8 22 25 25 Grabs fold delicale legs under body and avoid damage.

Liocarcinus depurator Mar.92 45 29 29 40 Mortafity tends to occur as aresult of
Apr.93 34 8.8 12.9 12.9 12.9 14.7 intraspecific predation when individuals moult.

Eledone cirrhosa Apr.93 15 0 0 0 0 13.3 Nine animals escaped fram the tanks. Two dead animals
at the end of the experiment.

Plueroneetes platessa Apr.93 50 4 18 24 30 38 Dead animals tended to have >30% scale lass and bruising.

Agonus cataphractus Apr.93 13 7.6 . 25 25 25 25 No obvjous reason for death.

Callionymus spp. Aug.92 65 12 71 89 97 Same fish showed signs of bruising. Mostly reason not obvious.
Apr.93 50 6 24 46 68

Raja naevus Apr.93 . 32 0 0 12.5 34 Dead fish showed signs of bruising.

Alcyonium digitatum Apr.93 50 0 0 0 0 0 After 24 hthe colonies appeared to have taken up waler.
All colonies had feeding polyps throughout the experiment.
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Fig. 1. The ten dominant species in the benthic community at the
experimental site, based on density and biomass. NB. A. digitatum and
bryozoansjhydroids have been omitted from the density analysis because of
the difficulty of quantifying individuals or colonies.
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OPPORTUNISTIC FEEDING ON BENTHOS BY FISHES

AFTER THE PASSAGE OF A 4-m BEAM TRAWL

M.J. Kaiser & B.E. Spencer

Ministry ofAgriculture, Fisheries and Food, Directorate ofFisheries Research,
Conwy, Gwynedd, LL32 BUB, U.K.

ABSTRACT

When a beam trawl passes over the seabed, benthic animals are either disturbed or killed
by the action of the tickler chains and beam shoes. These animals are potentially available
for scavenging/predation by fish that move into the trawl tracks after fishing. To test this
hypothesis, two species of gurnard, Eutrigla gurnardus (L.) and Aspatrigula cuculus (L.),
and lesser-spotted dogfish, Scyliorhinus canicula (L.), were collected before and 3 hafter
fishing the same track with a 4-m beam trawl three times. Stornach contents of the fish
were collected, identified and weighed to determine if feeding had increased after fishing.
The catch rate of dogfish was significantly lower 2 h after the previous fishing bout,
whereas the catch rate of gurnards did not alter significantly. A comparison of the
stornach contents of fish species at the beginning and after fishing indicated that fish were
feeding selectively. Gurnards fed exclusively on crustaceans and fish, whereas dogfish fed
on a mixed diet of crustaceans, fish, molluscs and polychaetes. Gurnard stomachs also
contained significantly more shrimps and amphipods and dogfish stomachs contained
significantly more amphipods after intensive fishing. It·is deduced that predatory fish
capitalise on anirnals killed or disturbed from their burrows, or other smaller predators
that move into a recently trawled area. Furthermore, a side-scan sonar survey ofbeam
trawl tracks 3 h after fishing showed that there were 3.8 times as many shoals of fish over
the trawl tracks compared with the adjacent unfished area. Potential food generated by
beam trawling could provide a significant component of the diets of certain opportunistic
fish species in areas subject to intensive beam trawl activity.
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INTROnUCTION

Recent studies have indicated that beam and otter trawls damage fragile benthic species
such as the heart urchin, Echinocardium cordatum and the bivalve, Arctica islandica,
(BEON, 1991; Rumohr & Krost, 1991; Bergman & Hup, 1992).' Presumably, animals killed
by the passage of a bcam trawl are scavenged by epibenthic predators. Although starfish,
whelks and crabs are likely to be attracted by the scent of the dead animals, their response
time varies from 1-48 h depending on their distance from the food source (Nickell & Moore,
1992). Conversely, fish are highly mobile arid, therefore, able to respond rapidly, moving
comparatively long distances. As yet, there is only anecdotal evidence to support the
opportunistic use of this potential food source (Fonds pers. comm.). We present evidence
that fishes are attracted by exposed, damaged and d~d animals produced by the passage
of a beam trawl.

:METHOnS

The experiment was carried out in August 1992 and April 1993 at two different sites off
the cast coast of Anglesey (Fig. 1). The experimental p'rotocol differed on each occasion (in
April 1993 an oil tanker was anchored over the previous trawl track), hence a description
of the differing elements is given. Ship's position was given bya Sercel NR53 DGPS
navigation system which has an error of ±2.5 m. A track was recorded on the navigation
plotter of the RV Corystes and trawled 6 times with a 4;-m commercial beam trawl.

In August 1992 the duration for tows 1-6 was 30,20, 10, 10,20 and 30 min such that the
mid point of each tow had the same coordinates. This configuration was fished for other
experimental reasons. The beam trawl was fitted with :chain matrix and a sole net (8 cm
mesh cod-end) and a 2 cm mesh liner. The plotted track was initially fished three times
between 09.16 hand,10.44 h. Inspection of the catch revealed that dogfish, Scyliorhinus
canicula, and two species of gumard, Eutrigula gurnardus and Aspatrigula cuculus,
occurred frequently in the catches. It was assumed tha't these species were actively, '
feeding in the area and for this reason 30 specimens each of dogflsh and gumards were
collected at random from the three hauls. Three hours 8.fter the third haul the same track
was trawled three more'times. Similarly, 30 fish each ofdogfish and gumard were
collected. :

, ,

In April 1993, the duration of an tows was 30 min. Tbe 4-m beam trawl was rigged as
before but without the liner. Trawling was carried out between 1200 h and 1800 h.
Whiting, Merlangius merlangus, were also included in the analyses, as they occurred
frequently in these hauls. After the frrst and last three'tows the trawl tracks were
surveyed with side-scan sonar. Shoals of fish were observed as dark spots on the paper.
The size of each shoal was estimated by measuring its maximum dimension on the record.
Tbe perpendicular distance of each shoal from the trawl tracks was also recorded.

Fish totallength (to the nearest -1 cm) and mouth gape'width (±O.l cm) (across the
articulation of tbe jaws of dogfisb and between tbe upper and lower jaws of gurnards) were
measured for each fish using a measuring board and vernier callipers respectively. Each
fish was eviscerated and its entire stomach preserved in 4% fonnalin for later
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identification of contents to species level (when possible). In tbe laboratory, stomaehs were
scored (O=empty to 10=full) for fullness and the contents weigbed wet after blotting on
tissue paper. The widest cross-sectional dimension of each prey item was measured using
an eyepiece graticule and binocular microscope.

The composition of the benthic community was surveyed with a Day grab (n=5) and 4-m
commercial beam trawl (as above) in March 1992, and compared to the stomach contents of
the fish to determine whether they fed selectively and/or altered their feeding preferences
immediately after the passage of a beam trawl.

RESULTS

Tbe catch rate of dogflSh decreased from 3A3/min to 2.00/min after three consecutive tows,
and remained at a low level even after a further interval of 3 h (l.11-0.99/min).
Conversely, although the catch rate of gurnards decreased from 0.63/min to O.30/min after
the fIrst three tows, after an interval of 3 h, catch rate had increased to O.5/min, but again
decreased to O.36/min after the sixth tow.

As there was no significant difference between thc relationship of prey width to gape width
for either gurnard species (ANCOVA, F1,125=2.45, P>O.10), the results were pooled. There
was a significant relationship between the minimum width of the prey eaten and the
maximum dimensions for gurnards (r=O.10, n=141, P<O.001) and dogfish (r=0.07, n=104,
P<O.001) (Fig. 2). However, the high degree ofvariability in these relationships tends to
suggest opportunistic feeding. Tbe variation could not be explained by inaccurate
measuring techniques as the relationships between fish length and gape width were highly
significant (Table 1). Neither gurnards nor dogfish significantly altered the size of prey
eaten after intensive fIshing (ANCOVA, gurnards, F1,125=0.12, P>O.70; dogfish,
F1,104=O.72, P>OAO).

Out of a total of 61 species identified to date in the benthic community (28 infauna, 35
epifauna), dogfish fed on ten whereas gurnards fed on only seven species (Table II). All
the prey types found in the stomach contents were epifauna, except for Nephtys hombergi
and Upogebia deltaura (dogfish) and Ampelisca brevicornis (dogfish and gurnards).
Gurnard stomach contents were composed almost entirely of crustaceans and fish,
although there were occasional Natica alderi present. Conversely, dogfish commonly ate
Buccinum undatum, Eupagurus bernhardus and Upogebia deltaura. Both types of fIsh ate
dragonets, Callionomus spp. .

The numbers of some prey items/stomach increased significantly in both gumard and
dogfish stomach contents after the beam initial beam trawling (Friedman's ANOVA, df.=1,
P<0.OO2) (Fig. 3). Gurnards significantly increased their intake ofA. brevicornis and
Crangon crangon after the passage of the beam trawl, whereas dogfish only increased their
intake ofA. breuicornis (Table IU). Palaemon spp. were only found in gurnard stomaehs
after beam trawling. Mean ±SE stornach fullness or stomach contents weight did not vary
significantly for either dogfish or gurnards before or after trawling (Table IV). Preliminary
observations of the stornach contents of whiting from the last three hauls indicated that
they had been feeding on the gonads of the purpIe heart urchin, Spatangus purpureus.
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No evidence of fish shoals was observed on the side-scan records after the first three tows
were.completed. However, after the second three tows intense dark patches were observed
most commonly over the area trawled (Fig. 4). These were seen also on the ship's echo
sounder and are assumed to be shoals of fish (possibly whiting). Over a 480 m track 24
fish targets were recorded directly over the trawl tracks, 14 were observed within 25 m of
the tracks and 10 were observed between 75 to 100 maway from the tracks (Table V, Fig.
4). The targets over the trawl tracks appear to be larger ( ie. more than one fish) than
those over the unfished area (Table V). ;

DISCUSSION

The relationship between mouth gape width and critical prey width indicates that dogfish
and gurnards broaden their diets as they increase insize, but do not tend to specialise on a
particular range of prey sizes. This suggests opportunistic feeding tendencies rather than
highly selective feeding behaviour as in some other species (eg Kaiser et al., 1992). In .e
studies of the spiny dogfish, Squalus acanthias (L.), .as fish increased in size they tended to
inc1ude more fish in their diet, concentrating on crustaceans when they were smaller
(Jones & Geen, 1977; Tanasichuk et al., 1991). Evidence suggests that S. canicula, feed
opportunistically like S. acanthias (Hanchet, 1991), as their diets tend to be unspecialised .
Mean stornach fullness and stornach contents weight did not seem to increase after
intensive beam trawling, suggesting that fish tended to feed on small prey immediately
after trawling ego the amphipod, A. brevicornis. AIthough A. brevicornis was common in
the stornach contents of dogfish prior to intensive beain trawling, it was less common in
those of gurnards. However, the stornach contents collected after intensive beam trawling
were dominated by A brevicornis for both dogfish and gurnard. L. holsatus and C.
crangon both increased in the diets of gurnard after beam trawling. Swimming crabs and
shrimps are mobile epibenthic scavengers (Hall et al.,! 1990; Hedqvist-Johnson & Andre,
1991), which may congregate around beam trawl tracks by responding to the scent of the
damaged animals produced by trawling (NickeIl & Moore, 1992). Conversely, these
animals may themselves have been killed by the beam trawl and thence become available _
to other predators. ; .,

The increase of certain species in the stornach contents was assumed to be unaffected by
diel variations in feeding activity as all the fishing was carried out between 09.00 hand
18.00 h. Moreover, we found no evidence in the publ~shed literature to suggest that either
dogfish (Lyle, 1979), whiting (Dahl & Kirkegaard, 1986) or gurnards exhibit diurnal
feeding patterns. The occurrence of shoals of fish dete'cted by the side-scan sonar in the
vicinity of the trawl tracks also coincided with dusk, which may be attributed to diurnal
shoaling behaviour. The shoals of fish (presumed to be whiting) were viewed
simultaneously on an echo sounder and were positioned within 1 m of the seabed. This
observation, coupled with the large proportion of shoals directly over the trawl tracks, and
the occurrence of sea urchin gonads, which would not ordinarily be available to fish, in the
stomach contents strongly suggests that fish feed opportunistically in the wake of the
trawl. '
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Table J. T.he relationship between fish standard length (ern) and fish mouth gape width (ern)
for both dogfish and gurnards.

Species n Equation p

Dogfish 60 gape width = 0.037 fish length +1.74 0.48 0.0001

Gurnards 60 gape width = 0.111 fish length -0.36 0.74 0.0001
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Table II. A list of the groups of animals and some of the main species occurring in the benthic
community and their occurrance in the stomach contents of gurnards (0) and dogfish (D).

Epifauna Infauna

Tunicates Crustaceans
Ascidia mentula Ampelisca brevicomis G D

Ampelisca macrocephela
Dryozoans Corophium crassicome

Dexamine spinosa
Echinoderms Urothoe marina
Astenas rubens Cirolana cranchil
Astropecten irregularis Mysid juveniles
Henricia sanguinolenta
Crossaster papposus Polychaetes

e Ophiura texturata Scoloplos anniger
Ophiothrixfragilis Ampharete acutifrons
Echinus esculensis Pectinaria koreni
Psammechinus miliaris Lepidontes squaminifera
Spatangus purpureus Eteone longa
Paracucumaria hyndmani Nephtys hombergi D

Maldonidae
Molluscs Spionidae
Eledone cirrhosa Syllidae
Sepia aUantica Orbinidae
Buccinum undatum D Glyceridae
Neptunia antiqua
Calliostoma zizyphenum Molluscs
Aequipecten opercularis Nucula nitidosa
Modiolus modiolus Spisula sp.
Colus gracilis Venerupis sp.
Ensis ensis Doto sp.
Dosinia sp. Parvicardium scabrum

e Dosinia sp.
Crustaceans NaUca sp. G
Cancer pagurus
Liocarcinus puber Echinodenns
Liocarcinus holsatus G D Ophiurafragilis
Corystes cassivelaunus Psammechinus miliaris
Hyas areneus D Ophiura texturata
Pilumnus hirtellus
Macropodia tenuirostris G Oligochaetes
Eupagurus bemhardus D
Eupagurus prideauxi Nematodes
Crangon crangon G D
Palaemon spp. G D Anthozoans
Upogebia deltaura D Adamsia palliata

Alcyonium digitatum
Polychaete
Aphrodite aculeata D

Hydroids
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Table m. The mean±SE number of prey/stomach (for the three most important prey in
stornach contents) for dogfish and gumards before and after fishing with a 4 m commercial
beam trawl. Significant differences were determined with ANOVA on log (x+l) transformed
data.

Species Before After F P

Dogfish

Ampelisca 0.53±0.18 1.81±0.39 10.5 0.002

Upogebia 0.50±0.13 0.55±0.16 0.06 0.800

Eupagurus 0.33±0.09 0.42±0.09 0.47 0.496

Gurnards

Ampelisca

Liocarcinus

Crangon

70

0.15±0.01

0.52±0.30

0.42±0.23

2.00±0.92

0.90±0.31

1.28±0.32

5.10

0.76

4.50

0.030

0.390

0.040



Table IV. The mean±SD stornach contents wet weigth (g) and fullness (scale of 0-10, empty-
full) for dogfish and gurnards before and after intensive beam trawling (n=60).

Species mean±SE F P

Fullness

Dogfish before 4.23±2.80 0.28 0.50
after 4.63±3.21

Gurnards before 3.36±3.65 2.38 0.10
after 5.04±3.23

- Contents weight

Dogfish before7.67±9.15 2.48 0.10
after 4.06±4.56

Gurnards before 0.98±2.57 0.04 0.80
after 1.10±1.20
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Table V. The size distribution of shoals of fish observed over the trawl tracks (:25 m of the
centre of the trawled area) and in unfished areas. Shoal size is measured on a scale of 1-5,
taken directly from the side-scan record. The number of shoals directly over trawl tracks and
in the adjacent areas far a 480 m length af side-scan record is also given.

Number of shoals Shoa! size

Trawl tracks

Unfished area

1

2

1

2

11

4

3

5

5

4

7

2

5

3

3

>5

5

o

Distance from trawl track

o m 25 m 50 m 75 m 100 m

Number of shoals

72

24 14 o 2 8



Figure 1. A map showing the location of the study area in the Irish Sea and the position of
the 4-m beam trawl tows made in A) August 1992 Ce) and B) Apri11993 CO).
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75



A

•
'-

:- ,.':. ..
~'.~~ ..

• i-
~..::..

...
~.'

.'

;,:
~.

B

Figure 4. A) A side-scan record of 480 m of the trawl tracks after the first 3 tows recorded at
1500 hand B) the same area after 6 tows, the encircled dark areas are shoals of fish, which
were observed simultaneously on an echo-sounder. Trawl tracks are visible in the lower half
of each side-scan record.
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ANNEX 9

CANADIAN PROJBCT TO BVALUATE THB IMPACTS OP MOBILE
PISHING GEAR ON BENTHIC HABITAT

A repor~ ~o ~he leES Ben~hos Ecology Working Group and the
Working Group on ~he Ecosys~em Bffec~s of Fishing

Ac~ivities

by

T,W. Rowell 1 , P. Schwinghaaer2 , and D.C. Gordon 1

IDepartment of Fisheries and Oceans, Biological Sciences Branch,
Habitat Ecology Division, Bedford Institute of Oceanography, p.O.
Box 1006, Dartmouth, Nova Scotia, Canada, B2Y 4A2.

2Department of Fisheries and Oceans, Science Branch, Northwest
Atlantic Fisheries Centre, P.O. Box 5667, St. John's,
Newfoundland, Canada, A1C 5Xl.

Introduction

The fis hing industry in Atlantic Canada uses a variety of mobile
gear types. The most common are otter trawls, scallop rakes and
hydraulic clam dredges. While there has for a number of years
been concern as to the possible effects that these harvesting
methods may have on fish stocks and the habitat supporting them,
it was not until recently that eventsin the Canadian east coast
fishery resulted in the initition of an active research project to
study fishing impacts.

previous studies by others have already identified or suggested
the following possible effects:

- direct mortality of organisms harvested, captured but
discarded, or left on the seafloor:

- indirect mortality of organisms which are exposed to
predators or unable to escape predators due to injury:

- alteration of the physical properties of the seafloor:

- alteration of chemical fluxes between sediments and the
water column; and

- alteration of benthic habitat and its suitability for
particular species.

Because of the complicated nature and scope of the issue, it will
take many years of carefully directed research to fully evaluate
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all ~f these possible effects.

HiB~y and Accomplishments to Date

The project formally began in the summer of 1990 as a result of
recommendations coming out of task forces established to review
northern cod in the Newfoundland Region (Harris 1990) and
groundfish in the Scotia-Fundy Region (Hache 1989). Funding for
research on mobile gear impacts was established under the Northern
Cod Science Program (Newfoundland Region)! and Atlantic Fisheries
Adjustment Program (Scotia-Fundy) and scientists were asked to
design new projects. The benefits of collaboration between the
two Regions were recognized from the very: beginning, and
scientists from the Northwest Atlantic Fisheries Centre and the
Bedford Institute of Oceanography have worked closely together to
develop this joint project. An early decision was made to
restrict the first studies to the impacts~of otter trawls, this
being the most widely used form of mObile;gear in both Regions. 4Il
A review of previous gear impact studies in Atlantic Canada was
carried out as part of a broader evaluation of major anthropogenic
impacts on the marine environment This resulted in a review paper
on the impacts of trawling, dredging, and!ocean dumping on the
eastern Canadian continental shelf being prepared by Messieh et
ale (1991). !

More directed efforts have involved:

i. Analysis of all already available side~scan sonar records

Both Regions have funded contracts with Karitime Testing (1985)
Ltd. to review existing side-scan sonar records for evidence of
bottom disturbance from mobile fishing ge~r.

,

The results from the Scotia-Fundy study, funded and led by the
Fisheries and Habitat Management Branch, indicate that less than
2% of the side-scan sonar records available (which were collected
for other purposes) contained any evidence of physical disturbance
from mobile fishing gear (Jenner et ale 1991). Most of the
observed disturbance was due to groundfish trawls and was
restricted to areas of low sediment transport.

I

About 15,000 km of side-scan sonar records.from the Grand Banks
were reviewed for evidence of tracks left by otter trawling. Less
than 10% of the total length of record showed any evidence, even
slight, of trawling disturbance. The south and eastern areas of
the Banks were more intensively trawled than other areas, but even
in these areas over 90% of the line segments with trawl tracks
were in the <5% disturbance category. Less than 1% of the length
of record showing disturbance was in the heaviest (>25%)
disturbance category. !
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These results provide no information on the effects of the
physical disturbance observed.

ii.Survey of fishing disturbance in the Bras D'Or Lakes

A contract, funded by the Industry Services and Native Fisheries
Branch, was awarded to determine the distribution and physical
characteristics of mobile fishing gear generated marks on the
seabed in the Bras D'Or Lakes using side-scan sonar. The survey
included: the establishment of a fresh Danish seine track to
ass ist interpretation of the survey data; the seperate mapping of
disturbances due to trawl, Danish seine, and inshore scallop
gears; and the determination of seabed types affected by both
interpretation of side-scan records and ground truthing by means
of grab sampling.

Approximately 240 km of survey lines were covered using a high­
resolution side-scan and a bottom profiler in the East Bay, Groves
Point, and St. Andrews Channel areas. The data collected has
provided information as to the nature and distribution of the
various fishing gear disturbances and will serve as a baseline for
any further studies in the area. Because of the close proximity of
similar bottom types in fishablo and non-fishable (due to
geographie features) areas, andOthe shallow depths (e.g. 10 m)
encountered, the Bras D'Or Lakes represent a unique opportunity
for contolled gear impact studies in a protected inshore
environment.

iii. Hinas Basin experiments

With the collaboration of Acadia University, the Scotia-Fundy
Region investigated the impacts of otter trawls on the intertidal
sediments of the Hinas Basin (11 m tidal range). Experimental
trawl tracks were made at high tide and observations of effects
were made at low tide when the intertidal area was exposed. Door
furrows and roller marks remained visible for 2-7 months. No
significant impacts were observed on either benthic diatoms or
macrobenthos (dominated by polychaetes) while nematode numbers
were initially depressed in the door furrows but did recover with
time. Overall, the impacts are judged to be relatively minor,
especially since the intertidal sediments of this macrotidal area
are already exposed to natural stresses imposed by storms and
winter ice. The benthic communities found on offshore fishing
areas have a much richer and more diverse assemblage of organisms,
especially epibenthic forms which are much more susceptible to
damage from mobile gear. A manuscript has been submitted for
pUblication in the Canadian Journal of Fisheries and Aquatic
Science (Brylinsky et al. 1993).
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iv. Equipment development
I

Research on the effects of mobile fis hing qear on continental
shelf benthic habitat requires equipmentito sense and sampie the
seafloor. Side-scan sonar is available for detecting physical
disturbance but additional equipment is necessary for determining
biological effects. As part of this program, existing equipment
has been improved and new equipment developed. Included are:

BRUTIV \.
The Hetrology Division at BIO has refurbished and made
improvements to BRUTIV which significantly enhance its
usefulness as a towed camera and instrument platform. It is
fitted with both video and still cameras to provide imagery
information and will soon be adapted to carry both OBS and
side-scan instruments. Its bottom referencing system now
allows it to be towed dependably at '3-4 knots within a meter
or less of the seafloor. I

Epibenthic SIed

Hodifications have been made to an existing video-equipped
sIed (French AQUAREVE 111 design) to improve its
quantitativeness in sampling epibenthic organisms. These
improvements include changes to the mouth and cutting blade,
the mouth closuring door, dual odometers, wider runners, arid
improved camera positioning. .

Video Grab
,

With financial support from both Regions, plus the Atlantic
Geoscience Centre (AGC), and engineering support from the
Engineering and Technical Services Division at BIO, a
completely new video grab was designed, built, tested, and
used in the 1992 cruise. A high resolution colour video
system allows scientists to obtain excellent imagery
information of the seafloor and to cOllect grab sampies in
microhabitats of particular interest!(trawl mark, iceberg
scour, undisturbed area, etc.). The:grabbing operation can
be watched through a monitor and peor sampies discarded
immediately without having to bring the equipment back on
ship. '

High Resolution Acoustics System

The Newfoundland Region is funding a:contract with Guign~

International Ltd. to develop high resolution acoustical
imaging methods to detect organisms and biogenie structures
in surficial sediments. The resolution of this new
technology allows detection of structures on the order of
millimetres in aize to a depth of at :least 0.5 m in

I
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sediments. The imaging is non-destructive, allowing
time-course observations. Present development is focused on
both hardware and artificial intelligence software. The
acoustical head is being designed initially for mounting on
the video grab where its use will allow combined video,
acoustic and physical sampling of a single area of sediment •

. The primary use of this technology in the present project
will be to follow the time course of re-establishment of
biogenic structuring in sediments disturbed by trawling.

v. Field assessment of study sites (Western Bank and Grand Bank)

Cruises were conducted in 1991 (C.S.S. Dawson) and 1992 (C.S.S.
Parizeau) to locate suitable sites for trawling impact
experiments. Selection criteria for study sites included:

- never trawled (or dredged), or not trawled in recent years,
so that benthic communities are in a "natural" state

- protected from mobile gear disturbance for the duration of
the project (at least five years)

- have sediment types and benthic communities representative
of large areas of the ahelf

- uniform conditions of depth, sediment type, etc. to reduce
sampling error

Two general areas have been investigated; Western Bank on the
Scotian Shelf (Fig. 1) and a region northeast of the Hibernia site
on the Grand Banks (Figs. 2 & 3).

Western Bank is in the 4TVW haddock nursery area (Management Area
A) which has been closed year round to mobile groundfish gear for
conservation purposes since 1987. However, it is open to scallop
dredging, and physical disturbance from scallop dredges can be
detected by side-scan sonar. Two specific areas have been
surveyed as possible study sites; Area A i8 centred at 430 28' N,
610 41' W in an average depth of 74 m and Area B is centred at 430
35' N, 610 58' W in an average depth of 91 m. Area A was
surrounded by reeent scalloping aetivity in 1992 while Area B
seems to be further removed from scalloping activity. Sediments
at Area Aare easier to sample than those at Area B. The fauna at
both sites is similar.

The Grand Banks site, 10 nautical miles square, is centred at 47 0

10' N, 480 17' W (about 60 km northeast of Hibernia) in an average
depth of 137 m. This site was selected in consultation with
industry. It has not been Bubjected to heavy trawling in the past
deeade, and steps are underway to elose it for an indefinite
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period to all mobile gear for the purposes, of this project. The
predominantly mixed fishery in the area produces relatively small
catches of cod (16-20%) compared to plaice, and flounder,
especially in the 100 to 150 m depth stratUm, according to DFO
research trawls. We hope to be able to discern whether
competition or predation may be responsible for the apparently low
cod biomass in this region since physical factors do not seem to
be involved. Side-scan sonar surveys in the area show no physical
disturbance from fis hing gear but one iceberg furrow crosses the
area. The sediment is a fine sand which is very easy to process
and, most importantly, there is an abundant and diverse community
of benthic organisms, including a well-developed epibenthic
assemblage. '

vi. International collaboration

Contacts have been developed with scientists from European 4It
countries who are conducting similar studies oftrawling impacts.
Magda Bergman from the Netherlands Institute for Sea Research
participated in the 1992 cruise and further Canadian-Dutch
collaboration is planned for the future. Dr. Jens Prena from
Rostock, Germany joined the project in october 1992 for a two year
period under German funding, and a graduate student, from the
Agricultural University of wageningen, the:Netherlands, will join
the project for 6 months commencing in mid~June 1993.

Immediate Plans

i. Equipment development

Work will continue on the development of an acoustical system for
sensing benthic habitat. Field trials will begin in 1993.
Further improvements to BRUTIV, the epi-benthic sled, and the
video grab are being carried out and will be completed and tested
prior to the 1993 cruises.

ii. Trawling experiment

Two controlled trawling experiments, conducted in collaboration
with the AGC, are planned for the Grand Banks site beginning in
1993. Plans are still evolving and the final details, such as the
frequency of follow-up sampling cruises, will depend upon
resources available. Shiptime has been provided on both the
research trawler Wilfred Templeman and theresearch vessel
Parizeau. The wilfred Templeman will perform the experimental
trawling using a standard industry otter trawl equipped with
rockhopper rollers. One experiment involves the laying down of a
single 60 km long trawl mark that crosses a variety of bottom
types (of prime interest to the geologists) while the other is
based on the intensive trawling of three corridors, The corridors,
each on the order of 200 m wide and 12 km long, will be randomly
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oriented within the uClosed Area". The Parizeau will conduct
side-scan sonar, BRUTIV and biological sampling surveys just
before the experimental trawling, immediately thereafter, at one
and three months, and at one year. Sampling will also be
conducted at 'nearby control sites. In the first year, all
corridors will be trawled at the same level of intensity. In
subsequent years, different levels of trawling intensity and
frequency are being considered. There is a possibility that the
manned aubmersible Pisces will be available for work at the
experimental alte in 1994. A more detailed outline of the planned
experiments is attached as APPENDIX I

iii. Consultation

It is essential that the trawling experiments are deaigned to
address aa much as possible the questions faced by fisheries and
habitat managers and that they produce unequivocal reaults that
can be elearly communicated to industry. It is also important
that they be conducted under realistie trawling eonditions.
Therefore, consultation ia necesaary not only with other
scientista, but with fisheries and habitat managers and the
fishing industry.

In the Scotia-Fundy Region, there has been eontinual consultation
with the Industry Services and Native Fisheries Branch. A
workshop was held at BIO on 19 October 1992 to review project
progress and future plans. A briefing session for the Fisheries
and Habitat Management Branch has been offered. It has been
proposed that consultation with industry be handled through the
Atlantic Groundfish Advisory Committee (AGAC) and arequest to
make a presentation has been made. As word of this project
spreads, numerous fishermen have called directly to BIO for
information and to offer advice.

In the Newfoundland Region, regular working consultation has been
established with a fishing gear technologist in the Science
Branch, and also with staff of the Industry Development Division.
The projeet has been described to the Northern Cod Science
Advisory Panel and to the Newfoundland Inshore Fisheries
Assoeiation. Feedback from these groups has been useful.
Industry liaison has been through the Fisheries and Habitat
Management Branch. .

iv. Communieation of results

Because of the widespread interest in this project outside of DFO
and the divergent viewpoints on the seriousness of trawling
impacts, it is important that the research results be released in
an organized format simultaneously to all interest groups. It has
been proposed that DFO organize an annual meeting at which new
results are preaented to all interested parties. perhaps such a
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meeting could be organized in cooperation with the Scientific Peer
Review Committee. Communication of activities and results in the
popular media are also planned as a useful adjunct to more formal
communications such as publications and conferences.

I

Lang Term Plans

Assuming that significant effects are observed, the experiment
planned for the Grand Banks in 1993 will continue for several
years. It is proposed that, in addition to the planned
re-trawling and sampling of the Grand Banks site in 1994, a second
experiment might be started on Western Bank in 1994 using the same
gear and experimental design. Further experiments could possibly
consider other gear types and geographic locations.

Contacts

For further information on this project, contact:

Habitat Ecology Division
Bedford Institute of Oceanography, Dartmouth, NS

,

•
Terry Rowell
Peter Vass
Don Gardon

902-426-3587
902-426-2672
902-426-3278

Groundfish Division, Ecology Section
Northwest Atlantic Fisheries Centre, St. John's, Nfld

Peter Schwinghamer
Hark Hawryluk
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APPENDIX I

TRAWLING IMPACT STUDIES
GRAND BANK

History of Project

A joint project of Scotia-Fundy and Newfoundland Regions.

For the study we needed to:

- define the questions to be addressed.

does trawling significantly change the habitat in either
the short term or the long-term?

if so, how does this habitat change in turn change the
benthic communities?

- do direct or indirect mortalities of the benthos ultimately
change the benthic communities?

- how do these changes in the benthos impact fish feeding,
fish biomass, fish species composition (catch composition),
and fish distribution?

- how do habitat changes impact spawning, juvenile fish
survival, etc., and ultimately fish biomass and species
compositon?

- select the best site.

- examined two possible "closed" areas (Western Bank, Grand
Bank) and selected the latter.

- have the best possible sampling gear.

- decided to build a new grab with very unusual capabilities
(video, powered jaws, rearmable in situ)

- decided to test, then modify, the epibenthhic sIed to
optimize its performance

- decided to support the upgrading of BRUTIV

- decided to support the design and development of a
revolutionary new high-resolution acoustic, in situ,
benthic imager with Guigne International

- have very accurate navigation and positioning capabilities for
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the research vessels, the fishing gear, and the sampling gear.
Must know exactly where the samples are from (i.e. area
disturbed by a door vs. one disturbed by the footrope, belly,
etc.).

- Through collaboration with the Atlantic Geoscience Centre
(AGC), have use of:

- AGCnav

- Differential GPS

- Trackpoint( on doors, body of trawl, and on sampling
gear)

- have the optimal design for data and information capture.

- consultations have taken place with scientists at lCES
and at NlOZ and a chief scientist in the Netherlands'
studies participated in the our '92 Trawling Impact
Cruise.

- design will be finalized only after reviewed by a reseach
statistician.

Design of Studies

- two studies:

Corridor Study (main study to be carried out in the
"closed" area on the Grand Bank)

- Long-trawl Study ( 60 km long track over differing depths
and energy regimes between the uclosed" area and Hibernia).

i) Corridor Study

"closed" area is a 10 nm x 10 nm box in 137 m of water approx.
60 km NW of Bibernia.

- seabed (medium-fine sand) and benthos are very homogeneous.

- three randomly oriented corridors, each approx. 12 km long x
200 m wide, will be established within the box.

- each corridor will be divided into three end-to-end sections
approx. 4 km lang.

- all sections within the corridors will be trawled at the same
level of intensity in year one.
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- sections of the corridors will be trawled at different levels
of intensity in subsequent years:

- two sections trawled a second time in year two

- one section trawled a third time in year three

the above regime will allow us to determine the differences in
impact of single vs. repeated trawling.

- sampling will be carried out:

immediately prior to trawling

- immediately after trawling

- three to four weeks after trawling

- two to three months after trawling

- one, two, and three years after trawling

- during all sampling in year one, an attempt will be made to
determine the impacts of particular parts of the trawl (doors,
rollers, codend) with the video-grab.

in year two and three, the video-grab will again be used in an
attempt to determine the impacts of particular parts of the
trawl, but only in the newly re-trawled sections.

- in the area(s) trawled only in the previous year(s), video­
grab sampling will be divided between areas of apparent and
non-apparent disturbance, if differentiable.

- because of the length of tow it requires, the epibenthic sIed
cannot selectively sampie for the impacts of particular parts
of the trawl, but will sampie the general trawled area.

- sampling will be carried out on the:

- epifauna - visual record of spatial distribution and
density of surficial megabenthos using
the video-grab and possibIy BRUTIV

- semi-quantitative estimates of density
and biomass of megabenthos using the
epibenthic sIed
semi-quantitative estimates of damage and
mortalities of megabenthos as a result of
trawling using the epibenthic sIed
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- fish

92

- infauna - quantitative estimates of density and
biomass of meiofauna, macrofauna, and
megafauna usi~g the video-grab

- sediments - seabed morphology using side-scan sonar,
video-grab, and BRUTIV

- changes in sediment structure, porosity,
grain size, and eNS using the video-grab

- changes in sediment structure and grain
size using the video-grab and high­
resolution acoustic imager

- changes in biogenic structures, such as
worm tubes and burrows, using the high­
resolution aco?stic imager

I

quantitative estimates of the species and
their biomass in the experimental area
using the Hrockhopper" trawl

- quantitative estimates of the biomass of
all species in the fish diet using fish
caught in the trawl

- benthic samples will be analyzed to determine both short
and long-term changes, rates of recovery to pre-trawled
conditions,etc. .

- fish studies will provide information as to the important
species components of the fishes~ diet, which can then be
evaluated relative to species and biomass changes brought
about by trawling.

ii) Long-trawl Study

- a continuous, 60 km long, trawl track will be laid down
over differing depths and enerqy regimes between the
"closed" area and Hibernia.

- water depth along the track will range from 75-150 m,
sediments from medium-fine sand to medium and coarse
sands, and bedforms from degraded iceberg furrow through
continuous sand, sand ribbon, and sand ridge provinces.

,
- the track will be laid down with a single continuous tow

of the Hrockhopper" trawl with:the codend open.,

- this track will allow evaluation of the degree of impact
the trawl has in differing energy, sediment, bedform, and
biotic regimes. ..

- for AGC geologists, the track will serve as an analog for
an iceberg scour over these same regimes.
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- while the trawling is being carried out by the Templernan,
the Parizeau will follow immediately behind and to the
side producing a side-scan record of the newly created
track.

- on completion of trawling and side-scanning, the track
will be retraced using BRUTIV to produce a visual record
of the trawl track.

- subsequent to this, the track and areas to the aide of it
will be sampled using the video-grab.

- the track will be re-sam~led two to three months after
trawling, during the same cruise aa the re-sampling of
the corridors in the main study.

Vessel coordination

During the first cruiae, when the two studies are being
eatablished, it is imperative that the reseach vessel and
trawler operations be closely coordinated. Figure 1 (Annex)
details the basic schedule of operations established for the
two vessels.
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Flg.1 (Annex 1) Coordlnation schedule for operations of the research vessels Parizeau and Templeman for the Initial sampllng and
establishment of the trawling Impact experiment. The date shown above each column is the starllng date for the
operations Iisted In that column. 'Corridor C will not be sampled immedlately followlng trawling due to time
!imitations. It will be sampled along with Corridors A and B during the August crulse.
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ANNEX 10

IDGH RESOLUfION AND BROADBAND PROCESSING OF
ACOUSTIC IMAGES OF THE MARINE BENTHOS

JACQUES Y. GUlGNE' • PETER SCHWINGHAMER', QUANSHUN LW'. and VOON H. CHIN'

lGuigne International Ud., 82 51. Thomas Une, Site 21. Box 13, R.RIl, Paradise, Newfoundland,

AlL ICI, ~a.

"'Department of Fisheries and OceaDs, Scieoce Branch, Northwart Atlantic Fishenes Ceutre. P.O. Box
5fJ67, 5t. John's. Newfuundland, AIC 5Xl, Canada.

ABSTRACT

,
High ~brtioa aooulltio~ eetl bo ueed to lDJdy beathic r- and biogeNe~ In _ wn- marine ealimen:a.

CU1"ndQ' I.-d ~.ic&1 umplin&~ diaNpt ttnK:twe end dilplaco oqani8ru,~ the ltI.Miy of t_ in thcV

oatunlllUt>-bcd~. bI additioa to~lmpo~ food for demerMl fiahoe. the~ livilti 00 aDd in tbe _bod
~ U atratcP to tb.~ oe llUI:riaD whid\ .,.. vital 10p~ Jlrimary prodliCtioa. 1Oo~. u !hau an

intopl part of the~ productioo -r-n. lMluch CU'IIIu1~. bro.! buldwidth~ äpa1I CCII bo~ to

prodooe precision aoauIOoIJ lNpahoca. -..ilh l'Ilillim«:re KAlo rwo~, ollhe bcatbi.t: r..u- M1d of tbcir undiIItwbod h&b~.

Advanca in diDtallipal~in&~ fWly~ tbe int'ormIdioa~ in thi.I wieSe frequency domain. Uniquo

~n end~ of~ a.ro lDIdo poaibie bued oe~ frequeaey 6epeadent~lU of Ibo beathoa. "I'hU

pepea' pr-U tJw phyak.t for p~ione~ of tIlIl DCU lWfDce -.bed. Ac:lUI.1 clata are I-.d 10 illllltr'ak how

bro6d b&ndwidth aipalI AR~ ror lhe devtJopmeat of~ claaifitn -+üch =g;aizlr:I bn}do Cauna a.nd thcir

..-x>iatad~ in .-dm-a.

1. INTRODUCIlON

The physical structure of the marine sub-bottom benthic habitat is determined to a large extent by

beothic infauna.l aetivities which, in aggregate. are refe:rred to as biOnlrbation. Information on the

biogenie strueture of marine sedime.ots thus provides information about the activities of benthic

organisms. and about how these activities Ill2Y be affected by anthropogtmc disturbanees. The impact

of human disturbance on the marine btnthos by a host of aetivities is drawini in~ing attention ase $(lme economically important fish stoeb decline. ReasoDS!oe stock d!lCline are beyond the realm of

current flSheries population predietion modeJs.

Study of the ecoloiY of~ marine soft-bottom benthos has been hampered by some limit2tions of

conventional &rab and oore sampling techniques (Milu. 1975). An importaDt limitation is that the

structunl integrity of the sediment habitat is disturbed and ecological information is lost in the

This paper accq>ted and will be publisbed in tbe pro<:eedings of
•Aooustic Oassification and Mappin& of the Seabed International Confccence,
14-16 April 1993. Bath University. Institute of Aooustics. Underwater Acoustics Group·.
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process of retrieviDg andpro~ sediments to obtain quant~tative biologi~ samples. Non-

destructive samplini: teclmiques such as sidt>-Scan sonar, C3meca, and video can ooly provide

struetura1 information on surface megahuna and sediment featUres but c:mnot prodnce i.mages of
subsurface sediment texture, fauna. :md biogenie struetUres 3S~iated with bioturbation. Rhoads 'and
Gennano's Remots sediment profiJiUi system (Rhoads and Germano, 1982) is capable of obtaining

high resolution dat:2 from 30 vertical sediment fau and bas been useful in studies of infauml

snccession. lt is, however, restrietod 10 the imJglng of a vertica1 face cut into the sediment. with
resulting displa.cement of features and restriction to a two-<lim~ional~. Wbile x-radio~y
IDJly be used 10 obtaln images of sub-surface sediment structures. it requires a lengthy an<! destructive. ,
samplin2 process which subsuntially alters the in situ charae:tet- of the sampie in the pro~s of data

collection. In addition. the information providod bas proven tO be of limited use as it is vbua! and

non-qU3ntiutive in chuaetet'.· I
:

In an attempt 10 1ntroducc non-destruetive imagiDg teclmiq'.Jes to overoome some of the abov~

mentioned problems. Ort an<! Rhoads (1982) used a 1.6 MHz .aooustic bawcattering system to image
lam.ina.tion and simulatcd benthic organisms within thc uppe.r ~ an of a marine test sediment. The

system could produce an image of sediment lamination within ,3 cm of the surt3ce and of worm tubes
that arc buUt above thc sediment surface. It could not dcteet simulated organism struetUres in the

sediment. Until now. further work on Verj high resolution aC?\1Stic imaging of surficial sedimeat

features has not been reported in the Hteraturc. A need exists tberefore for high resolution imaging of

subsurface features of the soft-bottom benthos over re1atively large spati31 and dcPth scales, and with

near-rea1-time data rentm. Studies on the effeets of physica1 disturbance of the benthos and their
f«:oVery rates would gfC4t1y benefrt from the ability to rapidly c:ollect Information on subsurface

strue:tures and faun.a in a oon-<lestruetive mannec.

ACQUStic methods for betlthic ecologica1 smdies are diet3ted by the resolution required to distiDguish

organisms and bio&enic struetures within the sediment with minimum interference and maskin~. It is
desirable that the temporal resolution of a soUoo source be soch as to prcvent interference between
thin sediment layers and "point" sourct:s associated with beathic fauna. A short, broadbaDd signal

and nanow beam will rcduce this interfereoce. This would pr~ide bettet signal-to-rcverbention

mos when scattering is present in tbe medium. Howevu, such pulse charaeteristics are rare1y
I

achievable using conventioD31 seismic profilen. A tradeoff occurs between temporal resolution and

depth of penettalion, with the former requiring broadband, h~ ac:oustic frequencies and the bttec

requiring low frcqaencles (Guign~ 1986). Common acoustic sources such as those used for fisherles
and plankton studies, -aIXi for ioo1oVca1 studics of marine sed~ments. oper:lte within the constraints of
these tradeoffs. ODe approach whlch shows promise is to employ oon-linear 3coustical technology.

Tbe dcve10pmem of the par:unetric array allows for a broadbarid source 10 be realized in practice
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\Bttktay tt aI. 1979). Xts broad bmdwidth and n.arrow beam.width charaeteristics appear welt suitcd

for biological seabed applications.

The use of very broadband acoustics for benthic studies offers sever31 advmuges over physic.al

sampling techniques. Tbc response from temporally and spatially precise and coherent acoustics cm

lndieate unique sediment charaderistics. Images of blogemc struetures and physic:ll fe3tures of

~onomic ifOUp3 of Canna can also be produced. These characteristiC3 would be useful for non­

destructive iIn.aiing of these features. especially where precise b:X.onomic infomwion is less critica1

than non-taxonomie features of community strueture. There are many instances in benthic ecological

studies wtJece these condltions would apply. Fot imt:mce it would be considtted strategie ror rapid.

non~estIUetiveestimates of benthie biomass in areas of kDown fauna! eolDpOsition. md for studies of

lo~ duration tffects of anthropogenie stress on benthie communitios. Tbe acoustie responses eould

be combined with periO(llc pbysic3l samplinZ to obtain corre1ative information on taxonomie sbifts

associated with acoustically-imaged struetural changes.

Our objective has been to obtain high resolution acoustie images of tnwled and untrawled areas of

se3.bed to provide d3ta on the impact of trawling on benthic productivity over the continental she1f of

eastem CUl.lda. Our custom-desigc.ed high resolution broadband array is t:o be mount.ed on a luge

area (0.5 m~ pneumatically opc.rated grab sampler equipped with a high resolution video camera.
Further developmem is undecway t:o deploy and operate the acoustie 8ITay on a bottom-referencing

towed instrument veeicle. This acoustic-tnwlinz study is p3rt of the Northem Cod Science Prop-am.

instituted by Canada's Dcpartment of Fisheries a.od~ to investigate the decline of the valU2ble

northecn cod fish stock.

2.MEIlIODS

Uboratory experiments were carried out in the research laboratory of QuignE IntematioIl31 Limlud

(Ga), NewroUDdland. Canada, and in~ms at Institut Maurice Lamontagne (ßU.), Qu~ee.
Canada. The Iztter were k.ind1y made avaUable for our use by Dr. Normm SUvcrl>u~ and Dr. Je3Jl­
Mare Gagnon. Departmeot of Pisheries and Oceacs. QuQ)ec. Canada.

2.1 Experimental Setup and CaUbrauon at GIL
Initial calibratiolU were performed in GIL's lest tank (see Figure 1), using preserved animals. The
tank was construeted of plexiglas with dimensions 120 cm length x SO cm width x 100 eIn height. A

sheet of styrofoam was fumly fixed to tbe tank OOttoxn as a highly reilective base. A moveable
aluminum racl:: loCllted aaoss the toP of the tank held the acoustie sensors in aecutate aJjgoment. The
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transducer and hydrophone were mounted mvertical stainless steel tubes held in the rad and driven
by a worm gear device.

A parametrie array transducer designed by Guign~ International Limited was placed in fresb. water

760 mm above the highly reflective bottom. A Brüel and Kjitf 8103 cylindrical hydrophone was

p1aced below the transducer and 360 mm above the bottom. This geomet:ry was fixed throughout the

tests. The broad secondary spectra produced frcm the source exhibited a range from 10 lcHz to over
200 kHz. The signals showed a high level of coherency OVe( the base reflector .

.~

~......................... . \;~.:.: ';;;';' .

Figure 1. Schematic of Tank Setting in the Acoustic Laboratory of Guign6 International Ltd.
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&perimeD.ts wen condueted on well sorted No. 0 Alwhite Silica Sand with a mea.n diameter of 0.45
mm and mean porosity of 46.1 %. The sand was soakeQ and washed three times in hot water (65 "C)

to release air bubbles. The sand was theo allowcd to cool to 100m temperat11.Ic and was transferred to
the watef'-filled tank and levelied at a helght of 110 mm OVe%' the styrofoam base. Stable
measurements Wete made after watee tc.mperature equilibriwn in the tank was reachcd.

2.2 Ac::oustlal Profiling
Prelimlnary profiles were obUined from the undisturbed, levd saDdbed and thre.e benthle species

common to the Grand Banks of Newfoundland: a s~chin (StrongylocentTotus droebachien.ris), a
juve.nile yetlowt.ai1 flounder (Umandajaruginea) and a cJam (Macoma calcarea). The alcohol-(70%)
prcserved spccimem were placed on the sandbed a.nd imaged acoustiC3l1y. Foe thc bivalve /tfacorna
caIcarea additional experiments werc petformed with the clam buried in the sand. The procedure for
burying the clam involved first addinz sand into the unk raising the sand thickness to a height of 8
cm. Tbe c1am was placed on the 8 cm high surface and more sand was added to a tOW height of 17
cm. Tbe first acoustic me2.$uremect was performed two days :lft~ to allow the s2Dd to stabilizc.

2.3 Acoustic Test1ng in the Benthlc Me:socosms at IML
The configuration of the acoustic device used in the GlL test tank was reuined for the IML mesocosm
experiments. Tbc transmitting and rece.iving sensors were calibrated in GU:s Research Laboratory
before they wero uscd at IML.

Throo mesocosm tanks, specifically designed for benthic process swdies, were used tot the
experiments. The taDks were 71 CU1 deep, 109 cm x 109 eIn top area, and 103 cm x 103 cm bottom
area. Temperature-<X>nttolled sea.wattr cimliatlon systems mainWned the t2.nks at 4"C. Tbe taDks
wete covet'ed with polyurethane foam lids. Tcmpttatures remained stahle Cor at least two hours
without the covering lids wbl1e the aooustic measurements were performed.

Sediment was collected from a 350 m depth in the Gulf of St. Lawrence with a 0.25 nr box rorer.
The sediment c:ores were kept in temperatUfe-<.Ontrolled chambers and ttansfened into the three
mesocosm t2nks shonly after samplin&. Bach unk held four 0.25 m' cores. The thickness of the

• sediment blocks is about 35 an.

2.4 SIgnal PIocessing

The acoustical data wtre proc:essed with GlL's SONIQrJEC'I ~ftware to establish the key spectral

siinatures which could.distin:uish different spedes of macrobenthos. The effect of the reflective base
or sediment matrix on the image of the test animal was iavesti:ated using impu1se--r~nseanalysis
such as mat of ec:ho reduetion. The edlo reduction (ER) of an organism may be defiDed in terms of
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the complex ineldent sound pressuce and the comple.x reflected sound pressure. Tbe following
relationship expresses thls:

iJu:idmt sound pressure P,
ER - 20 10810

re./l«kd sound p~ssu~ Pr
(1)

where A is the comple.x ret1ection coefficient aod the function I • I repcesents the modulus.

In order to accentuate the br&et echoes, the received slgD3ls were transformed intO an e.nve1ope
function which allow the data to be displayed in a similar manncc tO functions in the frequency e
domain. Tbe Hilben transform was used to create the complex analytic funetion. It is the fe$ulting
peak amplitudes of the magnitude envelope which make the curve maxima attraetive as time markers.
For more deulls on the application of the Hilbert transform to soundi.ogs cefa to Guign~ and Olin

(1989) aod Guign6 et al. (1991).

Fiiure 2 shows the time bistory and HUben transform enve10pe series of a reflective pulse from the
"azoic· sandbcd. The instantmeous amplitudes ofthe eovelope seties represeot pseud<Hnecgy time
curves. The peaks in tbe reflected eneI'iY histories Me sbarp and Me easier to discem than the signals
in Figure 2a. The echo reduction spectra in Figure 3 indicates the sandbed was faidy uniform and
cven.

•
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Figure 2. Time History an<! its Hilben Trausform Enve10pe Series

A1

Mi..
~o
l!
11

; ........---I..........tr-w---...rlnr---L........~,...u....--,IIIk.a-
•

Misthe first pulse received by hydrophone.

Rl is the reflec:tive pulse from sand surface.
R2 is the ref1ec:tive pulse off a styrofoam retlector.
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Figure 3. Echo Reduetion of a Uniform Sand Bed
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3. R.ESUL1'$ AND DISCUSSION

3.1 GJL TFSI' TANK CALIBRATIONS

High resolution acoustic ima2es of benthic macrofauna on and in tbe level sand base were obtained.
The time liistories of single cross-profile tnnsecu over the test an.imals demonstrate that Gll..·s

transmitter' had the resolving C3pability to obbin coberent ilnaies of tbe specimem without excessive
scattedng or DOise <FiIu!e 4). Tbe shapes of the mima1s, in profile, a.od bottom contaet with the
sand are clearly defin.able. Tbe Macoma clam buried. in tht sand was imaged with clarity cqual to

thal of the clam on tbe S3l1d surf:ace. Tbc roherem, high vectical resolution and lack of scatter cannot
be attained us~ existing commercially available acoustic equipment.'
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Figure 4. Hilbert Transfonn Envelop Series of Cross Profiles of Beothic Organi..~Resting on Sandbed:
Sea Urcbin (A), Maooma Clam (B) and YeUowWl Flounder (0). (C) is the Macoma Clam buried in
the Sand. SS indicates the Sediment Surfaces.
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A

F1gure 6. Ecbo Reduction F~uency Specua from LiDe Profiles a CWn MaaJma ca1carea on
3 Sand Bed (A) and in a Sand Bed (B)
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•
Flgure 7. Echo Reduct10n Freque.ncy Spectra from a Line Profile across a Ycllowtail Flounder
Limtmdafuruti~

3.2 IML MESOCOSMS
Time bistory cross-profile transects tbrough a mud urchin (Brisasler fragt1J.s) buried under the
sedimenl. sorb.ee. and through an Ue3 of burrows malle by mud shrimp (Calocaris rcmplonarril) are

illustrated in Pigufes 8a IOd Sb. Tbe ccho reduction profiles alOI1& tbe same t:ranseet:s are illustrated

in f'iiures 9 and 10, respective1y. Tbe mud urchin 3ppears as a cohemlt structure within a well­

bioturbated sediment as indieated by the complex acoustic struetnre around it in Fiiure 8a. In tbe

time domain, the nature of the cobaeot stIucture can be more clearly defined by its three-dimensional
shape &S recoostructed from adjacent transects. In tbo frequency domain, however, the echo

reduction siinature of the strueture is distinguishable from the signature of the bioturbated sediment. •

In fact. the sJmilarity bdween tbe mud urchin's acoustic s.ignacure and the sea urchin's signature in

Figures 5 md 8a is obvious, ~ving some bims as to the oriiins of the siJnature in the struet:tJ.ra1
composition and ske1etal architeetore of urchw. Tbe mud shrimp burrows appear as a distinct zone

in the ttansect ülustrated in Figure 8b. The sediment has obviously more structure wbich is at a

different sC3le man the adjacent area where little bioturbation was obscved. Agam, the echo

reduction spectra in PilUre 10 iDdieate strongly the two distinet zones of bioturbation along the

transect. Unlike tbe mud urchin, however, the burrows appear in Figure 10 to be an i.nteDsification
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of II Spectral pattern similar to the adjaCelll rone of light bioturbation; there is no dominant

differentiable spect:ral quaIity.

4. CONCLUSIONS

The strength in the imagery ceutres on the broad frequency r2JJge lnherent in the transmissions and on
tbe narrow beam (devoid of significant side lobes) which maintains a high siznai-to-reverberation
ratio. Further ca11bration is undecway to define the nature of struetllres revea1ed by the acoustic

images with a view to understanding the determ.ilants of the chancteristic frequency domain
slgnarores exhibited by diffel'ent tu.a of benthic fauna.

Using the echo reduction spectra then, it appears 10 be possible to detennine the nature of sub-surface

struetures witb some precision. Faunal taxa may ~ ide.ntifiable based on tbeir oomposition and
shape. They C3Jl be diffetentiated from sedimeot struetUres based on their ecbo reduction spectra.

The rieb information conteot of the ecl10 reduction spectra is evident from Figurcs 9 and 10, Jceepin2
in mind that these illustrat'e only si.n&le line transects, and that the normal mode of data oollection is
to be over an area of sedimmt.
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Flgure 8. Hilbert Transform EaveJop from Line Proftles across a Sediment Block with an AJivc
Mud UrchinBrisamrfragUis (A) and Burrows Made by Mud Shrimp CaJocarls temp/emanil (B)
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Figure 9. Echo Reduction Spectra from a Line Profile aeross an Undisturbed Sediment Block
Cont:aining a Buried Live Mud Urchin (Brisastec fragills)

~

Neun 10. Ecl10 Reductioll Spectra from a Line Profile aeross an Area with and without Burrows
Made by Mud Shrimp Calocaris templeman1l
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ANNEX 11

ICES BEWG, Kiel, 3.8.5.1993

On the use of historical data sets in long-term benthic
studies

Heye Rumohr
Institut für Meereskunde Kiel
Düsternbrooker Weg 20
0- 2300 Kiel

The assessment of the real status of an environment is often highly
speculative because few data are usually available. Public media often
announce the advent of "eco-catastrophes" ("Die Nordsee kippt um I")
which lose their headline value when they are repeated too often. One
reason for this can be found in a wide-spread paradigm that populations
of marine organisms are inherently stable so that any changes in the
system can only be caused by man I 5 activities and his effects on the
marine environment. There is no doubt that man I 5 pollution of the ocean
with all kinds of contaminants do have effects, despite i) the vast
volume of the ocean; ii) the chemical and systemic buffering capacity
and iii) the elasticity of food webs and community structures.

The problem in monitoring is to separate man ' 5 effect on the marine
environment from those induced by natural c1imatic changes in the
physical environment. This problem was defined early in environmental
research and various measures for its solution have been proposed in
the last hundred years. One way out of this dilemma is to broaden our
data base. This can be performed by taking measurements at more
stations, or else by using any historical data to perform
retrospective monitoring.

We have to realize that our scientific forebears knew much about the
variabiJity of the marine system and started early monitoring
programmes ( Bonitierungen) which objected at understanding the
productive forces of the sea and the sea bottom. When the Biologische
Anstalt Helgoland was founded in 1892, Karl Möbius had already done
his basic investigations on the fauna of the Baltic and the Wadden Sea
Victor Hensen and the Preussische Commission had also initiated a 20
year series of synoptic coastal observations from widely dispersed
stations, which reported hydrographical, meteorological and fishery
data including daily reports of catches and fishing effort in order to
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assess the productive capacity ("Produktionskräfte") of the sea.
I .
I
!

The coverage of the period 1902-1 91 2, a~er the ICES has been founded
and the new vessel RFD "POSEIDON"was in action, is impressive. Many
sampling stations from routine cruisescovered the whole North Sea. in
this period. But the faunistic data have been only used by specialists
for detailed studies of single species or groups. Recently we used,
labeled material in museum jars to reconstruct dredge protocols,
(Stein et al. 1990) that can be used as ~ase-Iine material for historical
comparisons. I

In 1909, C.G.Joh. Petersen introduced the quantitative sampling of the
I

benthos , after which grab sampling was increasingly used by other
nations. The Germans took it over in 1924~ in the person of Arthur
Hagmeier (1886- 1957). He aimed at a comprehensive essay on the •
benthos (1932/1952) comparable to the ",Nordisches Plankton" by
Brandt and Apstein (1908) , but it was never published. All of
Hagmeier ' s data and tables were lost durin'g the heavy bombardments of
Helgoland in 1944. From a recovered manuscript, we were able to
reconstruct further biomass values for the Baltic Sea. The· history of
this manuscript and a retyped version of his (Petersen-type)
community approach to the benthos of the Baltic, together with the
reconstructed biomass values can be found in Rumohr (1987).

I

Important steps towards the goal of setting up a historical data
bank have been taken up in a working group of the Baltic Marine
Biologists with the aim of compiling of all available historical data.
These include, for example, nearly 1600 unpublished Polish benthos
grab stations in the southern Baltic and the Kattegatt from the period
of 1952 to 1979, which are now available: for further comparative •
historical analysis. More historical data fram sources in the Baltic
states and Russia will be available in the near future.

This enables us, inter alia, to show different possibilities of
interpretation with increasing length of th~ period of observation

There is an permanent problem in the use jof historical data ,since old
data are often only semi-quantitative and the quality may be different
from our standards today. Nevertheless we· must use thee data because
we have no alternative. We must find leve!s of comparability to

discover cyclic events or irregular (EI NinC?:- type) events and show
that change is the rule rather than the exception.

i
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Additional data have to be retrieved from structural amazingly similar
sources. These include both unpublished files (grey literature) and the
interpretation of physical structures such as internal growth bands of
long-lived bivalves and the laminated sediment structures in our sea
floor as revealed by cores (Jonsson 1992) and REMOTS sediment profile
photography (Rumohr 1990).
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An abstract subrnitted to the World Aquaculture Symposium, 1993.

Impact of intertidal Manila clam (Tapes philippillarum) cultivation on infauna.

B.E. Spencer. M.J. Kaiser & D.B. Edwards.

MAFF. Directorate of Fisheries Research. Fisheries Laboratory. Benarth Rd., COn"i"}'. Gwynedd,
LL32 SUB. UK.

Manila clams. Tapes philippinarum, are cultivated in sediments in the intertidal zone of
temperate waters. Ground lays of clams are protected from predators by plastic net covers.
Potentially the presence of the clams and the nets could alter the structure of the sediment and
benthic community. Nets may increase sedimentation and also protect the non-cultivated infauna
from predation. This. coupled with elevated organic output from the faeces/pseudofaeces of
clams. could lead to ehanges in the benthic community.

An experiment. based on a Latin square design. was set up at the R.E:l:e, Devon. UK. Three
treatments were investigated. net+<:lams (NC), net only (N) and no net or clams (eontrol A).
Sampies from the surrounding mudflat were used as an additional control (B). Results 6 months
after the clams were laid are presented. Sampies from each treatment of the infauna (n=S).
organic content (n=S). chlorophyll "a" and phaeopigment (n=9) and the sediment (n=3) were
taken. Non-parametric Kruskal-Wallis ANOVA (H) was performed on the infauna data. whereas
oneway ANOVA (F) was used to determine differences between treatments for the other
variables. The similarity between benthic communities associated with each treatment was
determined using cluster and multidimensional scaling (MDS) techniques.

Plot N contained the highest levels of photosynthetic pigments (S.2mg/m2 ehl. "a", 8.6mg/m2

phaeo. Fl.34=43.3. P<O.OOl). Although plot NC had a lower level of chI. "a" (S.3mg/m2). phaeo
pigment levels were similar. Plots NC and N had significantly higher organic maner (2.4·3.6%)
than plots A and B (1.8·2.9%) (Fl,l4=10.3. P<O.Ol. after arcsine transformation). Plot B had a
greater proportion of silt (30.3%) than the other plots (25.2%) (Fl,lO=5.1. P<O.05). The benthic
community differed greatly between treatments. Plot NC had significantly greater numbers of
Scrobicularia plana. (H=5.4, P<O.02) and Cirratulus spp. (H=8.6. P<O.Ol) than the other
treatments. Plots N and NC had higher numbers of Ampharete acutifrons (H=14.9. P<O.002) and
Polydora spp. (H=4.0. P<O.05), but had lower numbers of Scoloplos anniger (H=9.1, P<O.003)
than the other treatments. Numbers of Nepht)'s hombergi did not vary signifieantly between
treatments (H=4.6, P>O.20).
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Cluster analysis revealed that the treatments
with and without nening (controls) formed two
distinct groups. MDS (Fig. I) revealed a much
c10ser association between replicates in plots N
and NC than was apparent for A and B.

Our results indicate that the use of nening with
c1am cultivation can have significant short term
effects on the structure of the benthic
community. Whether this is due to factors such
as increased organie and photosynthetic pigment
content of the sediment or the exclusion of
certain predators will be discussed elsewhere.
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Preliminary results on the effects of the Aegean Sea oil spill

on the infaunal benthos

by

Eduardo L6pez-Jamar, Angel V. Dorrio and Santiago Parra

Instituto Espafiol de Occanografia, C.O. de La Coruiia, Ap. 130, E-15080 Spain

INTRODUCfION

The Aegen Sea disaster took place at 5 AM of December 3, 1993 in the vicinity
of La Coruiia. The tanker had about 80.000 t of light oil. A wide oil spill, partially burning,
began to spread in NE direction. Several hours later, the ship exploded and most of the
remaining oil was spilled out. However, according to the experts, a large proportion of the
oil (near 50 %) possibly evaporated due to its composition, and an important proportion
was burned. The oil progressed towards the nearby Ria de Ares and Ria de Ferrol, although
a smaller proportion entered in La Coruiia Bay. The situation of the spill and the main
direction of the oil is shown in fig. 1. The strong winds during and after the accident (30
to 50 knots) spread the oil quickly and contributed to its dispersion. As a whole, the
general effect of the spill on the marine environment seems not to be as bad as expected,
probably because of its quick evaporation, dispersion and burning.

In 1975 a similar accident, the Monte UTquiol~ happened in the same area.
However, no studies on the eUeets of the spill on the benthos was undertaken. In the
present oil spill a coordinated reseach project has been prepared, including hydrocarbon
pollution studies in the water column and the sediments, the effect on plankton and
benthos, and the effects on the mussel aquaculture.

The spatial distribution of infaunal communities of La Coruiia Bay is known
(L6pez-Jamar and Mejuto, 1985), as weil as the long-tenn variation of the two main
infaunal assemblages since 1982 (L6pez-Jamar et al., 1986). Benthie studies are also been
camed out in Ria de Ares and Ria de FerrOI by the Vniversity of Santiago. The
communities of the nearby continental sbelf are also described (L6pez-Jamar and
GonzaIez, 1987). This document prescnts a description of tbe studies in progress in thc

affected area and an account of tbc preliminary results in La Coruiia Bay.
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Material and methods

Benthie sampies are bcing eollected at 22 stations (Fig. 2) in Ria de La Coruiia, Ria
de Ferrol and the nearby shelf (Ria de Ares is being studied by the University of Santiago)
with a modified Bouma box corer (0.017 m2 sampli~g areal. Sediment is sieved through
a 0.5 mm mesh. Of these 22 stations, 13 are being ~pled monthly since the accident.
Additional sampIes for sediment composition, organic matter and hydrocarbon content are
also been colleeted. Bacterial abundance and C:N ratios at three sediment levels (0, 3 and
6 cm) are also been detennined. :

Priority has been given to stations Cl and C3, located in the Ria de La Coruiia,
because the composition and temporal variation of infaunal benthos was known in detail.
At the moment of writing this document, three mont~ly sampies of each of these stations
are completey studied and have been compared with 'previous data to estimate the initial
effects of the spill. Species richness, total abundance, ~iomass, diversity and abundance of
the dominant species is compared to the corresponding average values of the previous year
(since November 1991).

Preliminary results

The infaunal assemblage of Station C3 is charaeteristic of fine (80 - 100 J.lm mean
1 "

diameter) , hard-packed sands, and it is dominated by the polychaete Paradoneis armata
and the bivalve Tellina [abu/a. Other infaunal dominants are the polychatetes Mage/ona
alleni, Capitel/a capitata and Spiophanes bombyx, among others. After the accident, the

I

number of species decrcased about 30 % in relation to the average value of the preceeding
year. The deerease of total abundance was even more' important (20 to 60 %). However,
biomass values do not seem to have changed signifi~tly during the three months after
the spill (Fig. 3). Organic matter content of sediment has increased slightly, although the
figures do not show a clear tendeney. Diversity values: have decreased but the variation is
within the normal variability along the year (Fig. 4). i

I

i

Several of the dominant species show a decreas,e after the spill. This is clear in the
case of Paradoneis armata, Mediomastus tragi/is, amphipods and nemerteans. Other
species, such as Mage/ona alleni and Spiophanes bombyx, displaya decrease as weil, but
that lies within the normal range of temporal variatiOli. Te//ina [abu/a and Capitel/a
capitata do not show a clear pattern and they seem n~t to be affected yet (Figs. 5, 6 and
7).

Station Cl is located in the harbour area, where the pollution level is expected to
be much higher. Sediment is composed of black mud Witb a variable proportion of sand,

and sulphide smeIl suggests that hypoxie conditions prevail. The infaunal community is
largely dominated by the bivalve 1hyasira j1exuosa. Other important species are the

I
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oligochaete Tubijicoides sp., and the polychaetes Capite/la capitata, Chaetozone sp. and
Prionospio malmgreni.

The effect of the spill in this station, if any, is not as clear as that of Station C3.
Species richness increased slightly after the spill, but the increase of total abundance is
more important (Fig. 8). This is due mainly to the increase of the abundance of Thyasira
flexuosa, Tubijicoides sp., Capitella capitata and Prionospio malmgreni. However,
Chaetozone sp. shows a clear decrease (Figs.lO and 11). The increase of Thyasiraflexuosa
is due to the annual recruitment of this species starting in this period (LOpez-Jamar and
Mejuto, 1987).

Summarizing these preliminary results, in La Corufia Bay the oil spill is advcrsely
affecting the infaunal benthos of fine sand sediments, but on the polluted harbour arca, at
least initially, the effeet has been an increase of some opportunistic species. The data
presented here correspond to a moderately affected area (La Corufia Bay), and it is too
soon to draw any significant conclusion. The study of the sampies from Ria de Ferrol,
which has been much more affected by the spill, probably will reveal a more important
adverse effect on the benthos.

Preliminary data from five stations in Ria de Ares (Mora. pers. comm.) show that
highest mortality occurred in Amphipoda (mainly Ampelisca spp.) and echinoids such as
Echinocardium. Results from Ria de Ferrol are not available yet, but the higher oil
deposition in this ria probably will result in a more dramatic effeet of the oil spill on the
infaunal benthos.
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Dynamics, growth and production of Abra alba and Abra nitida
in La Corufia Bay, NW Spain1

Eduardo LOpez-Jamar and Oscar Franeeseh
Instituto Espafiol de Oeeanografia, C.O. de La Corufia, Ap. 130, E-15080 Spain

INTRODUCTION

This doeument presents the results of a three year study on the dynamics, growth
and produetion of two species of Abra (A. alba and A. nitida) that oeeur in the same site,
a muddy, hypoxie sediment bottom in the harbour area of La Corufia Bay. The benthie
eommunity of this area is dominated by Thyasira flexuosa.

MATERIAL AND METHODS

Monthly sampies were eolleeted with a modified Bouma box-eorer (0.017 m2

sampling area x 10 eorers = 0.17 m2 total area sampled) at a fixed station (43° 21.85' N;
8° 23.25' W, 16 m deep)) in La Corufia Bay. Sampies were sieved on board with a 0.5
mm mesh and preserved with 5 % buffered fonnaldehyde solution stained with Rose
bengal. In the laboratory, sampies were sorted by eye, and individuals were measured to
the nearest 0.1 mm. Size/weight relationship was calculated by separating the individuals
in 0.5 mm-interval size classes; biomass (AFDW, shell included) as the loss by ignition
(500°C, 24 h) of dried sampies (90°C, 24 h). Size/weight equations were utilized to
estimate biomass of eaeh eohort from the size-frequeney distribution. A Nonnsep paekage
(Tomlinson, 1971) was used to separate modes.

The progression of the modes was fitted to the model of Von Bertalanffy (Gulland,
1983) and to the Gompertz equation (Zweizel and Lasker, 1976). Produetion of caeh eohort
was ealculated as the sum of weight inerements along time (Crisp, 1984).

IThis document is a summary oe a paper published in Bol. I1/st. Esp. Oceallogr. 7(2): 101-113.
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RESULTS

Population dynamics

During the sampling period (March 1988 to February 1991) Abra alba abundance
varied from 97 to 2939 ind'm-z. After several years of low recruitment, in 1988 a very
abundant year-class was established, whereas the following recruitments were moderate
again. Maximum abundance occurs between January and March, matching the highest
yearly recruitment (Fig.1).

The 1988 cohort is quite abundante from March 1988 to January 1989. From this
date on its abundance is very low, overlapping with the 1989 cohort. The 1989 cohort is
much less abundant, and it present in the sampies since October 1988; however,
recruitment is important only from February 1989. Although the abundance of this cohort
is relatively low, it can be identified until April 1990. The 1990 cohort is present in the
sampies since September-October 1989 but highest recruitment takes place from Februay
1990 on. Abundance of this cohort is also low, and by February 1991 practically has
disappeared. Finally, the 1991 cohort began to recruit at low densities by September 1990,
but recruitment is important only since December 1990.

Abundance of Abra nitida is more constant throughout the study period, ranging
from 46 to 480 ind'm-z. Highest abundance occurs in May, except in 1990 when numbers
are relatively high from February to July (Fig, 2). The 1988 cohort can be detected in the
sampies until January 1989. The 1989 cohort begins to appear in October 1988, but
recruitment is strong only from February 1989; this cohort can be followed until April
1990. The 1990 cohort starts a weak recruitment in October 1989, being strong since
January 1990. This latter cohort practically disappeared by February 1991.

Allometry and size-weight relationships

The heightllength relationship of both species of Abra was calculated, and the
equations obtained were:

Abra alba: H =0.702'Lo.989

Abra nitida: H = 0.814·Lo.932

(r = 0,997)

(r = '0,998)
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The lengthlweight relationships obtained were:

Abra alba: AFDW (mg) =0,00822'L2
,894 (mm) (r =0.989)

Abra nitida: AFDW (mg) = 0.0121S'L2
,548 (mm) (r = 0.996)



Growth and longevity

In both Abra species the Gompertz equation fits better than the Von Bertalanffy
function, so we have used it to describe the growth of both species. Fig. 3 shows the
theoretical growth curves for Abra alba. During 1988 sampies were available only from
March on, and thus the results of the growth of this cohort must be taken with caution.
However, thc growth curvcs are very similar for thc thrce ycars considered. The values of
the teorethical maximum length (Loo) ranged from 12.925 to 14.945 mm. These values are
lower than thc observed maximum lenght of this species in La Corufia Bay (17 mm).
However, Loo is a theoretical value without biological significancc. Ma.ximum longcvity can
be estimated as the intersectin value of the straight line L = Loo with the growth curve. For
Abra alba, the theoretical maximum longevity obtained is 2.9 ycars. In practicc, it is very
rare to get individuals older than 1.5 ycars.

In thc three cohorts of Abra alba studied the growth pattern was very similar. If wc
express growth rate as the size incrcment by month, this is initially small, increasing
rapidly thereafter to reach a maximum for t = 0.6 years (end on May). Maximum growth
rate is similar for the three cohorts: from 2.2 to 2.7 mm'mo- i (Fig. 5). Afterwards growth
is much slower, specially for sizes over 12 mm.

For Abra nitida it was only possible to calculate growth for the 1989 and 1990
cohorts. Loo of these two cohorts is 11.656 and 11.629 mm respectively, whereas the
maximum observed length in La Corufia Bay was 14.3 mm. The theoretical maximum
longevity for this species in thc study area is 3.9 years, although individuals older than 1.5
years are rare in the sampies. Growth curves for this species are shown in Fig. 4.

The two cohorts of Abra nitida studied had a quite different growth pattern. The
1989 cohort displays a relatively constant growth during a long period. Maximum growth
rate (0.95 mm'mo- i

) is reachcd for t =0.6 years, but this maximum is not very marked.
On the contrary, the 1990 cohort has a similar pattern than that of Abra alba: growth rate
increases rapidly until a maximum of 1.85 mm'mo- i for t = 0.52 years, decreasing
rclatively fast thereafter.

Production

Net production of the three cohorts of Abra alba ~s shown in table 1. Most of the
production of each cohort takes place during the year when the cohort is dominant, and
thus the yearly net production is originated almost totally by only one cohort. In the first
year (March 1988 - February 1989) the production is very high as compared to the
following years. This is due to the great strength of the recuitment of the first cohort in
relation to the 1989 and 1990 cohorts. P/B is also much higher in the first year.

Similarly to Abra alba, most of the yearly production of Abra nitida is caused by
the dominant cohort of each year. Production figures for this species are quite lower as
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compared to Abra alba. P/B ratios for Abra nitida are similar than those of Abra alba for
the same period.

Table 1. Net production (P), mean biomass (B) and P/B ratio of Abra alba and Abra nitida in La
Coruna Bay. P expressed as g AFDW' m-2

• yr-1• Biomass expressed as g AFDW' m-2
;

*: production negligeable; -: no data available.

Yf>:lT T Year II Yf>:lT III

Abra alba

P cohort 1988 14.71 0.21 0

P cohort 1989 * 3.19 0.07

P cohort 1990 0 * 2.82

P total 14.71 3.40 2.89

B 3.65 1.43 1.36

PIß 4.03 2.38 2.13

Abra nitida

P cohort 1989 - 0.75 0.04

P cohort 1990 - 0.01 1.06

P total - 0.76 1.10

B - 0.27 0.45.
PIR "Rl "44

Discussion

In the continental shelf off Gascony recruitment of Abra alba takes place from
May to June (Bachelet and Comet, 1981), which is much later than in La Corufia Bay. The
most likely reason of this difference is the higher temperature in Galicia. In the North Sea
recruitment is more extended, but presents a maximum by the end of spring (Dewarumez,
1979). Dauvin et al. (1986) indicated that this species has a recruitment maximum from
March to June in the Bay of Morlaix, but it has three yearly recruitments in the English
Channel. Growth rate of Abra alba in the North Sea if 2.5 mm'mo-1 seven months after
recruitment (Dewarumez, 1979), which is in agreement with the results of the present
study.



--- - -- -------------1

Available data of .A.bra nitida are scarce. Josefson (1982) pointed out that
recruitment and growth of this species in the Swedish coast are very variable both
temporarily and spatially. Bachelet et al. (1986) suggest that this species could have a very
extended spawning period in the continental shelf off Gascony. In La Corufia Bay
recruitment stars in October, but maximum takes place in January-February, being almost
negligeable from March on.

Literature data on production of both Abra species have a great variability. In
general, PIß values for Abra alba in La Corufia Bay are higher than those other areas. The
high variability of the production figures for this species has been pointed out by Comet
(1986).
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Fig. 1 . Temporal variation of abundance of Abra alba in La Coruiia Bay.

Fig. 2. Temporal variation of abundance of Abra nitida in La Coruiia Bay.
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Fig. 3. Growth curves for Abra alba in La Corufla Bay in 1988 - 1990.

Fig. 4. Growth curves for Abra nitida in La Corufia Bay in 1989 - 1990.
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Fig. 5. Growth rate curves (mm/mo- I
) for Abra alba in La Coruiia Bay in 1988-1990.

Fig. 6. Growth rate curves (mm/mo- I
) for Abra nitida in La Coruiia Bay in 1989-1990.
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