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Preface

Preface

These guidelines for the conduct of benthic surveys at commercial aggregate extraction sites
have been produced in response to the rapid increase in survey work for Environmental
Statements to accompany dredging applications, and to impending legislation which will
bring extraction activity under statutory control (see Introduction). The guidelines are
designed to promote a comprehensive and consistent approach to the assessment of the sea-
bed environment (i.e. sediments and the associated benthic fauna) as part of the planning
process and, on granting of a permission to dredge, in response to any monitoring
requirements. They have been written by scientists at the Centre for Environment,
Fisheries and Aquaculture Science (CEFAS) on behalf of the UK Department for Transport,
Local Government and the Regions, who will shortly assume the role of the regulator. Since
the inception of the requirement for such benthic surveys, CEFAS, as an Executive Agency
of the Department for Environment, Food and Rural Affairs (DEFRA), has led on the
provision of scientific advice regarding their conduct, as well as carrying out related R&D
programmes of a strategic nature in UK waters. The production of these guidelines was
overseen by a Steering Group, membership of which is given at Annex I.

The increased demand for evaluations of environmental status at and around aggregate
extraction sites, whether for Environmental Statements prepared by the industry or in
connection with R&D and monitoring programmes, spans a period of less than ten years.
Historically, the scientific study of coarser substrata has presented a significant challenge,
largely on account of the difficulties in obtaining reliable quantitative samples. As a
consequence, information on the nature and distribution of benthic assemblages, and on
their wider role in the marine ecosystem, is considerably more limited than in areas of soft
sediments.

Developments in sampling practices, such as the use of acoustic techniques for accurate
discrimination of substratum type, thereby allowing inferences to be made concerning
biological status, are proceeding rapidly. At the same time, there is increasing emphasis in
national and international fora on the development of more holistic (ecosystem-level)
approaches to marine environmental management, including evaluations of the scope for
‘cumulative’ or ‘in-combination’ effects. Given this, a question may reasonably be asked as
to the correct timing for the production of study guidelines. In terms of the operational
need for greater consistency in sampling and analytical approaches the answer is,
unquestionably, now. However, a document of this nature cannot anticipate with certainty
the consequences of all ongoing R&D effort, or of future developments in environmental
policy, in specifying present requirements for the conduct of routine benthic surveys. The
account therefore serves a dual purpose, namely the provision of guidance on established
approaches accompanied, where appropriate, by evaluations of the ‘state of the art’ of
parallel developments in UK methodologies which may influence the direction of future
studies. Itis recommended that the guidance is updated at appropriate intervals to
incorporate significant improvements to current practices arising from such developments.

Finally, this document is targeted at experienced marine scientists (especially benthic
ecologists, sedimentologists and geophysicists) working on behalf of the industry or the
regulator in the conduct of R&D or, more usually, on the implementation of environmental
assessment and monitoring programmes. However, it is not intended as a substitute for
appropriate consultation at critical stages in the environmental assessment process.
This is especially true at the initial design stage, when the guidelines contained herein are
adapted to meet the circumstances prevailing at individual sites.
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Introduction

CHAPTER 1

Introduction

1.1. Background and scope of
guidelines

The control of marine aggregate dredging in the U.K. under the Government View (GV)
Procedure dates back to 1968. Under this non-statutory system, the Crown Estate, as
owners of most of the seabed, would only issue a dredging licence if the Government was
satisfied that predicted impacts on the environment were viewed to be acceptable. The level
of information required to assess these impacts has progressively increased as more has
become known about the marine environment. The GV procedure was revised in 1989 and
requires that an Environmental Impact Assessment (EIA) is undertaken by the dredging
applicant as part of the application process for a dredging licence/permit. In view of the
move towards statutory control of aggregate dredging activity through the impending
introduction of the Environmental Impact Assessment and Habitats (Extraction of Minerals
by Marine Dredging) Regulations, there is an increasing need to harmonise approaches to
benthic surveys associated with the activity of marine aggregate extraction. Under these
regulations, monitoring and other requirements will be specified in conditions attached to
Dredging Permissions.

Aggregate extraction can have a number of environmental effects on the seabed including
the removal of sediment and the resident fauna, changes to the nature and stability of
sediments accompanying the exposure of underlying strata, increased turbidity and
redistribution of fine particulates particularly from screening. The activity is of concern not
only from the standpoint of effects on the benthic fauna during and after the event of
aggregate extraction, but also in terms of its effects on the wider resource including
dependent fish/shellfish populations and associated fisheries and other legitimate interests
such as conservation and recreation. These concerns are addressed in Environmental
Statements (ESs). Methodology for appraisals of the distribution of commerecial fish stocks
and fishing activity is beyond the scope of these guidelines. Rather, the focus of this report is
on the conduct of surveys of the seabed and the associated benthic fauna, the results of
which are submitted in ESs in support of dredging applications. The dredging industry or
their consultants have carried out many of these surveys and, to date, a notable feature has
been the wide variation in their scope and the analytical methodology employed. This is, in
part, an inevitable consequence of differences in prevailing environmental conditions
present across the areas where extraction permissions are concentrated. Despite this, there
is clearly scope for greater harmonisation of approaches, leading to improvements in the
quality of samples collected during seabed surveys, and in the resulting data.

The purpose of this report is to provide detailed guidance on the conduct and reporting of
benthic surveys to facilitate consistency of approaches among consultants employed by the
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industry to conduct ESs and when carrying out monitoring surveys. In addition, this report
has been produced to foster compatibility between ongoing regulatory monitoring activity
and related R&D.

The report begins with an account of the rationale for benthic surveys at aggregate
extraction sites (Chapter 1.2), presents a strategy for their planning and design (Chapter 2)
and then documents current and developing methodologies for their conduct and should be
of use to both the regulatory authorities and the industry. This is followed by a general
review of the range of equipment available for sampling the marine benthic fauna from
coarse substrata (Chapter 3), and then a discussion of the approaches for processing faunal
samples both in the field and the laboratory (Chapter 4). Recognising the role of remote
acoustic techniques in complementing conventional approaches, Chapter 5 describes a
number of devices for use in characterising attributes of the physical habitat. Coverage of
this topic was considered to be important, as the production of high-resolution biotope maps
of the seabed, using data derived from a combination of conventional sampling devices,
acoustic and visual techniques, has potential in assisting with future site-specific
environmental assessments of aggregate extraction sites (Brownetal., 2001).

[t has long been recognised that abiotic factors such as the sediment grain size and tidal
current strength are responsible for determining broadscale benthic community patterns
(Cabioch, 1968; Warwick and Uncles, 1980; Reesetal., 1999). Therefore, interpreting
trends in the status of benthic assemblages in areas which have been subjected to dredging
should include consideration of variations in sediment particle size and the hydrodynamic
regime. Thus, Chapters 6 and 7 briefly describe a range of techniques for characterising the
wave and current climate and for the collection and particle size analysis of sediments. The
report then details a framework for analysing benthic community data and for linking the
output to environmental variables (Chapter 8). Throughout the report, good practice in
terms of Quality Assurance (QA) procedures is presented within each of the sections
describing methodological approaches. This is supplemented by generic guidance on QA
matters in Chapter 9. Recommendations are also made on the format for presenting
findings from environmental surveys (Chapter 10).

Finally, in addition to providing detail on established methodological approaches with the
aim of fostering continuity and harmonisation among the various establishments carrying
out such work, the report also identifies “state-of-the-art” approaches (Chapter 11). These
are likely to evolve further in line with the outcome of ongoing R&D, e.g. strategies for the
evaluation of cumulative effects.

1.2. Rationale for benthic surveys at
aggregate extraction sites

As the extraction of marine aggregate has its primary impact at the seabed, assessment of the
effects of this activity has conventionally targeted bottom substrata and the associated
benthic fauna. Benthic communities are a logical target for investigations of the effects of
aggregate extraction since:

1. They may be valued in terms of their links with other resources, as well as containing
representatives which are themselves commercially harvested (e.g. crabs, shrimps,
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flatfish). They may also have intrinsic value in terms of their rarity and hence
conservation status (which may also apply to individual species). Because of the open
nature of the marine environment, evaluations of benthic biodiversity, productivity and
trophic interactions may all bear upon wider ecosystem integrity.

2. They are constant features of the seabed, and vary predictably in association with the
physical habitat and in response to man-made changes. Furthermore, unlike shifting
populations of planktonic organisms or many pelagic fish species, adults of most benthic
invertebrate species are either sessile or mobile within narrow spatial ranges. Thus they
are good indicators of locally induced environmental changes.

Attendant sampling of sediments is also essential for assessing the physical properties of the
seabed environment and for interpreting any biological changes (Kenny and Rees, 1994,
1996; Kenny et al., 1998; Newell et al., 1998; Desprez, 2000; Brown et al., 2000). Remote
methods for surveying such as sidescan sonar and photography can also be employed in order
to provide an indication of the spatial distribution of sediments in the wider area
encompassing the dredged site and to estimate the likely spatial extent of dredging
disturbance (Kenny and Rees, 1994, 1996; Kenny et al., 1998).

In recent years, greater consideration has been given to identifying mitigation measures to
reduce the impact of aggregate extraction which are translated into appropriate permit
conditions. To ensure that such permit conditions are effective in minimising environmental
disturbance and that predictions regarding the extent and significance of effects are sound, a
monitoring programme is usually initiated. Monitoring is required to document both pre-
and post- extraction conditions at dredging sites and to determine whether unacceptable
impacts are occurring, or if conditions that could lead to an unacceptable impact are
developing, within and in the vicinity of new and existing extraction sites. The outcome of
monitoring programmes can therefore usefully contribute to judgements on the acceptability
or otherwise of continued dredging within an extraction site. Monitoring will also be
appropriate to determine whether permit conditions are being properly implemented, and to
improve the basis on which future dredging applications are assessed by improving
knowledge of field effects.
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CHAPTER 2

Planning and design of benthic
surveys at aggregate extraction
sites

2.1. Introduction

This section provides a strategy for assessing the environmental status of an area of seabed,
which may be targeted for its commercially exploitable reserves of sand and gravel, and then
setting up a monitoring programme to evaluate the effects of dredging, in the event that
extraction is permitted.

The strategy consists of a series of logical steps which are comparable to those employed in
national and international guidelines for the evaluation of the effects of marine waste
disposal activities (e.g. Reeset al., 1990, 1991; Anon., 1996, 1997). Similar principles apply
to studies of the effects of aggregate extraction in that all are manifestations of man-made
perturbations (see also Davies et al., 2001 for draft guidelines in relation to the monitoring of
marine nature conservation sites). However, there are some important differences in
practical approaches, which are accounted for here. In keeping with these earlier guidelines,
it is not possible to provide a definitive design blueprint applicable to all areas. Thus the
design of surveys, along with sampling effort, must be tailored to local circumstances. These
may vary according to the nature and perceived sensitivity of the environment, the amount
and area to be dredged, and the need to address other activities nearby, including the
possibility that cumulative consequences may arise.

Examples of approaches to the design of sampling programmes at aggregate extraction sites
are given at 2.3 below. Useful general sources of information concerning the evolution of
sampling designs in benthic studies include Elliott (1971), Cohen (1977), Green (1979),
Holme and McIntyre (1984), Andrew and Mapstone (1987), Skalski and Robson (1992)
and Underwood (1997).

2.2. Objectives of benthic surveys at
aggregate extraction sites

The outcomes of benthic surveys provide essential information on environmental status at
the pre-application stage, and on the consequences of dredging activity in cases where
permits are issued. The objectives of surveys are:
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e To provide a spatially extensive description of the seabed environment within and
around the proposed extraction area including the identification of important/sensitive
habitats or species.

e Toassess the progress of any changes over time (in nature, intensity and spatial extent)
which may be attributable to the effects of aggregate extraction.

e Todetermine whether the permit conditions are appropriate and that they are having
their desired effect of minimising the effects of aggregate extraction.

e Todetermine whether permit conditions have been properly implemented and adhered
to.

e Todetermine whether unacceptable impacts are occurring, or if conditions that could
lead to unacceptable impacts are developing, within and in the vicinity of new and
existing extraction sites.

e  To establish the nature and rate of recolonization by benthic invertebrates following
cessation of dredging.

2.3. Stages in the planning, design and
conduct of benthic surveys

2.3.1. Desk study

This is an essential pre-cursor to all field sampling effort. The outcome should allow a
preliminary evaluation of the likely environmental consequences of extraction activity and
hence provide a rationale for appropriate sampling design and sampling frequency, as well as
an indication of the suitability of various sampling devices to meet survey needs.

Information on the study area may be obtained from the published literature, geological
maps and Admiralty charts. Industry surveys at the prospecting stage (especially the output
from acoustic surveys and the sampling of sediments using vibrocores or hydraulic grabs) may
provide valuable information on local conditions, although wider access may be limited by
commercial considerations. An evaluation of the possible physical consequences for the
shoreline environment arising from aggregate dredging, especially the risks of coastal erosion,
is now required for all dredging applications. The mathematical models employed in this
evaluation may also aid in the design of sampling programmes, in the event that a permit is
issued, for example in respect of predicted water movements or particulate transport.

Contacts with governmental and research agencies may reveal ongoing research and
monitoring initiatives in the area of interest, including the existence of GIS and archived
oceanographic data, as well as providing information on nearby discharges, disposal sites,
species or habitats of conservation value, and so on. Access to unpublished literature,
including earlier Environmental Statements in the vicinity, and consultations with
individuals with local sampling experience may provide useful background information,
which will reduce uncertainties at the planning stage, and hence increase the cost-
effectiveness of sampling programmes.

11
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A component of the desk study will be an evaluation of the scope for cumulative impacts at
the seabed arising from aggregate extraction, which may influence survey effort. Cumulative
impacts have been defined as effects on the environment, either from the summation of
individually minor but collectively significant impacts, or as a result of the interaction of
impacts from one or more source (DETR, 2001). The scope for such effects may be
enhanced by a wide range of man-made activities, which may raise issues for resolution such
as the extent to which a company responsible for a new application should, in planning an
environmental survey, consider the influence of all other existing activities in the vicinity.
This evaluation will generally be carried out as part of a more holistic appraisal of the scope
for cumulative effects on the marine environment (Baskerville, 1986) for which detailed
guidelines on aggregate extraction activity are awaited (see Chapter 11.1). In the
meantime, an assessment should be made on the basis of locally available information on the
nature, extent and disposition of documented impacts at the sea bed arising from man-made
activities, as a result of which survey design and effort should be adjusted accordingly. The
outcome of research by CEFAS into the cumulative impacts of aggregate extraction (see
Chapter 11) will, in due course, help in the planning of sampling programmes.

A summary of the key information requirements at this stage of the process is given in Table
1. The outcome, namely a plan of survey intentions, should be accompanied by a
concise rationale, for appropriate consultation. In certain cases, it may be necessary to
conduct a pilot survey (see Chapter 2.3.3 below) before evolving and then submitting a plan.

2.3.2. Survey planning

Information gained during the desk study will inform decisions regarding the range of
sampling equipment needed which will, in turn, determine the size and capability of the
survey vessel required for field sampling. Critical issues regarding the suitability and
seaworthiness of chartered vessels, along with safe working practices for scientists at sea,
must be considered at this stage by competent and experienced individuals. Where possible,
the Maritime and Coastguard Agency workboat code of practice should be followed (DETR,
1998). As a general rule, the larger the size of vessel needed, the more notice will be
required of the intended period of charter. Larger vessels are also more expensive, but there
are circumstances where the extra cost can be offset against the facility to work in a wider
weather window, thereby achieving survey aims in a shorter time, or increasing the
likelihood of success where only a narrow time-frame is available to guarantee year-on-year
comparability in an ongoing monitoring programme.

Approximately four weeks before any survey work is to be carried out, it is strongly
recommended that the Clerks of the appropriate Sea Fisheries Committees (SFCs) and the
relevant DEFRA District Inspectors are provided with a survey plan. The plan should include
details of the timing of the survey, the name and contact number of the survey vessel, station
positions and the type of gear to be used. These measures will help to avoid conflict with local
fishing activities (e.g. fixed fishing gear) during the period of the survey. Relevant port
authorities should also be notified if all or part of the survey falls within their jurisdiction.
Contact must also be made with aggregate extraction companies who may be actively dredging
at extraction sites within the survey area.

If epibenthic trawling is a survey requirement, the District Inspectors will also be able to
provide advice on local regulations regarding trawl mesh sizes, since the finer meshes
employed in sampling may break minimum legal requirements (see Chapter 3.3.3). The use
of such gear will require a dispensation which should be applied for 4 weeks prior to the
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Desk study

Surveyplanning

‘Pilot’ survey

‘Baseline’ survey

Table 1 Summary of strategy for the planning, design and conduct of sampling programmes at marine aggregate extraction sites

‘Ongoing’ survey

Seek information on:

e wave climate

o tidal/residual currents

e substratum type

e benthic communities

e valuedresources
(e.g. fish/shellfish)

e man-made activities/
impacts

Determine:

e survey needs/sampling
gear

e QAstrategy

¢ hypotheses for dredging-
induced changes

Submit plan, with
accompanying
rationale, for approval

Determine:

e survey timing

o suitability/availability
of charter vessel

¢ availability of sampling
gear

Attend to issues of
safety at sea and other
relevant matters

Determine:

e local hydrography

e suitable sampling gear

o substratum type (qualitative)
e benthic fauna (qualitative)
e boundaries of survey area

Evaluate findings

Carry out:

e quantitative spatial
survey

e initial sampling at
representative stations

o analysis/AQC of samples

Analyse data/report
and act on findings

Refine hypotheses for
dredging-induced

changes

Repeat at intervals

1. Carryout:

e sampling at
representative
stations over time

¢ analysis/AQC
of samples

e hypothesis-testing
fordredging-
induced changes

2. Report and act

onfindings

3. Review sampling

design/frequency
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Figure 1 Hypothetical examples of approaches to sampling design in a Pilot Survey. (The numbers and locations of stations are purely indicative)
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survey from the DEFRA Sea Fisheries Conservation Division (Branch B, Room 425, Nobel
House, 17 Smith Square, London, SW1P 3]JR). The Sea Fisheries Conservation Division
will require information such as the nature and timing of the work being carried out, the
name of the vessel to be used for the survey and the rationale behind the work, before a
dispensation will be granted.

A summary of the key stages involved in survey planning is given in Table 1.

2.3.3. ‘Pilot’ survey

The necessity for such a survey will depend upon the availability of existing information for
the area of interest. A well-studied location may provide all the information necessary for
selecting suitable sampling tools, and designing a ‘baseline’ survey (see Chapter 2.3.4). Inits
absence, preliminary sampling over a wide area encompassing the proposed extraction site
may be required, using a range of mechanical sampling devices, along with acoustic and
visual methods for ground discrimination. Any deficiencies in local knowledge of water
movements and their influence on particulate transport may be made good by the
deployment of current and turbidity meters.

The adopted sampling design may be random, systematic, stratified or even selective (e.g. for
confirmation of the presence of features), depending upon the extent of prior knowledge of
the area. Hypothetical examples of alternative designs are given in Figure 1. The options
are similar to those available for subsequent ‘baseline’ surveys, further details of which are
given in 2.3.4 below. Thus, in terms of design, the two may differ only in respect of the
number of stations visited, if the ‘pilot’ survey is successful in confirming prior inferences
concerning variability.

For bottom sediments and the accompanying fauna, on-board qualitative or semi-
quantitative assessments of collected samples will usually suffice at this stage. The purpose
will be to determine the most effective sampling tools to meet the aims of future monitoring,
to establish the distribution of habitat types which may influence subsequent sampling
design, and to provide a preliminary characterisation of the benthic fauna, which may
influence decisions on the size and number of samples to be taken. For example, larger
numbers of samples are likely to be required in order to reduce the variance of counts of
organisms that are present in uniformly low densities, or are patchily distributed. In many
areas around the UK coastline, sufficient information may already exist on a larger scale, and
pilot sampling may only be necessary to confirm that local conditions conform with the
wider pattern. Such an investigation may be conducted immediately prior to a ‘baseline’
survey, in order to ‘fine tune’ the sampling design or sampling practices, but need not involve
a separate sampling trip. A summary of targets for determination during a ‘pilot’ survey, and
its relationship to the overall strategy is given in Table 1.

15
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Figure 2 Hypothetical examples of approaches to sampling design in a Baseline Survey. (The numbers and locations of stations are purely
indicative)
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2.3.4. ‘Baseline’ survey

The purpose of this survey is to provide a quantitative description of the benthic fauna and
associated sediments over an area encompassing predicted effects of dredging activity, before
the event of permit issue. In an area of relative uniformity, this will typically take the form of a
systematic grid of stations extending at least one tidal excursion beyond the limit of proposed
dredging. In practice, this is the most commonly employed sampling design and provides a
convenient basis for determining the distribution of benthic assemblages, and for exploring
relationships with environmental variables. The design may be modified to enhance coverage
near to anticipated future dredging activity and along predicted dispersal pathways for finer
material released during dredging. More complex and spatially extensive sampling designs may
be necessary to account for other man-made activities or features of conservation interest in
the vicinity. A stratified random sampling design may be more appropriate where prior
information (e.g. from desk study or ‘pilot’ survey) reveals well-defined spatial partitioning of
habitat types. Hypothetical examples of approaches to ‘baseline’ survey design are given in
Figure 2. It must be strongly emphasised that sampling intensity within prospective
dredging areas will be in proportion to their size and complexity, and therefore will
commonly involve multiple stations. Ideally, the same sampling device will be employed at
all stations but alternative methods may be necessary in some circumstances, e.g. in the
presence of significant rock outcropping supporting a valued epifauna.

As the emphasis in such a survey is on the elucidation of spatial pattern, a strategy involving
the collection of single samples from several stations is favoured over repetitive sampling at
fewer stations. The latter approach is more appropriate for ‘ongoing’ monitoring surveys at
representative stations (see Chapter 2.3.5), but selective sampling at this stage in
anticipation of the future need is likely to be cost-effective. A summary of the procedures
involved in the conduct and reporting of a ‘baseline’ survey is given in Table 1.

2.3.5. ‘Ongoing’ survey

The main emphasis in this activity is on the monitoring of temporal trends before, during
and after dredging activity. However, a spatial component is also essential to establish
whether any trend at a location within the sphere of dredging influence is distinct from that
occurring at a comparable but distant ‘reference’ location, i.e. whether any trend is
attributable to natural or man-made influences. Ideally, a limited number of sampling
stations occupying identical habitats within and beyond the predicted influence of dredging
activity should be identified for this purpose. The approach is comparable to the ‘Control/
Treatment Pairing’ principle of Skalski and McKenzie (1982) and developments (by
Underwood, 1992) of the ‘Before/After and Control/Impact’ (BACI) design of Stewart-
Oaten et al. (1986). (However, the term ‘reference’ is preferred to ‘control’ since, sensu
stricto, examples of the latter do not exist in natural communities). Examples of the
application of this approach to the monitoring of waste disposal activities are given in Rees

and Pearson (1992) and MAFF (1993).

Properly designed, an ‘ongoing’ survey will allow a statistical evaluation of outcomes in relation to
earlier predictions for dredging-induced changes. Stations may be located along a transect where
effects are predicted to occur principally along a well-defined gradient away from a dredging area,
or at representative locations within physically comparable zones. The number of stations will
vary with the complexity of the physical habitat, the dispersive properties of the environment
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within which dredging is to occur, the pattern and intensity of dredging, and the proximity of
other man-made influences. As a minimum, an ongoing sampling design will consist of one
‘treatment’ station located within the predicted sphere of dredging influence, but peripheral to
the centre of intensive dredging activity (see below), accompanied by two ‘reference’ stations,
one just beyond the predicted sphere of influence, and one at some distance away.

The rationale for locating a ‘treatment’ station peripheral to the centre of dredging activity is
that (by analogy with the ‘mixing zone’ concept applied to waste discharges: Water Authorities
Association, 1988) any standards governing permissible biological changes in the surrounding
environment would not be expected to be met at the point of immediate impact. Nevertheless,
sampling at one or more stations within this area may often be necessary, since 1) in cases
where dredging proceeds in sequence across zones within a licensed area, or following cessation
of dredging, there will be a management interest in the recovery process, and 2) experience
suggests that, depending on the spatial distribution and intensity of dredging, licensed zones are
rarely lifeless, and there is a wider scientific and management interest in the responses of
animal populations to ongoing physical perturbations, especially if there are specific sensitive
features within the permit area which are being protected by dredging exclusions (e.g. Sabellaria
reef). Hypothetical examples illustrative of this approach to the monitoring of aggregate
extraction sites are given in Figure 3.

The number of samples to be collected at each station will reflect a balance between the
statistical requirements of data analysis, the nature of the fauna and any resource constraints.
Commonly, a minimum of 5 replicates will be collected either from a fixed point or randomly
within a well-defined habitat type, and a minimum of three subsequently analysed.

The frequency of sampling will depend (inter alia) upon the perceived sensitivity of the
environment within which dredging is taking place, and the amounts of material to be
removed. In general, the frequency is likely to be higher in the period just prior to, and soon
after, the onset of dredging, and then lower following demonstration that the environmental
consequences conform with expectation (i.e. are acceptable), and are stable over time.

Sampling will be carried out at the same time of the year, preferably in the period February —
May (i.e. before the main recruitment period for pelagic larvae), but only rarely will there be
a need for seasonal sampling.

The choice of sampling locations should be informed by the outcome of the ‘baseline’ survey, and
indeed sampling to generate the first (pre-dredging) data points in an ‘ongoing’ monitoring series
may be feasible during this survey. As part of an overall quality assurance strategy, it will be
important to check on the continued validity of stations selected as representative of impacted
and reference conditions. This may be achieved by periodically repeating the ‘baseline’ survey, at
intervals appropriate to local circumstances, but typically once every 3 — 5 years.

In ‘ongoing’ monitoring programmes, allowance must therefore be made for the possibility of
modifications to sampling design or survey frequency in response to unanticipated man-
made or natural influences. In some circumstances, design modifications may be justified in
response to changes in dredging patterns within extraction sites. With the advent of
Electronic Monitoring Systems which accurately record vessel movements during dredging,
sampling may be precisely targeted at locations of varying dredging intensity (Boyd and Rees,
in press and Chapter 2.4 below). Such an approach may also be useful in evaluations of the
recovery of dredged areas after cessation of the activity.

A summary of the requirements of an ‘ongoing’ survey is given in Table 1.
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2.4. The use of EMS information for designing
surveys

Since 1993, every vessel dredging on a Crown Estate licence in the UK has been fitted with an
Electronic Monitoring System (EMS). It consists of a PC electronically linked to a navigation
system and one or more dredging status indicators. This automatically records the date, time
and position of all dredging activity every 30 seconds to disk. Many of the dredgers operating
in UK waters are fitted with Differential GPS navigation systems, which allow the EMS to
operate with an accuracy of =10 m. This information can be collated and displayed as
intensity plots showing the location of active dredging for any period of time. The information
can also be interrogated to locate areas of the seabed within extraction sites, which have been
subjected to different levels of dredging intensity. This information can be used in the design
of seabed surveys and for interpreting the results (see, for example, Boyd and Rees, in press).



The conduct of benthic surveys at aggregate extraction sites

CHAPTER 3

The conduct of benthic surveys
at aggregate extraction sites

3.1. Introduction

The type of gear selected for sampling seabed substrata and the benthic macrofauna at
aggregate dredging sites is primarily determined by the hardness/compactness of the
substrata. Whilst a wide variety of sampling methods are available (see Holme and
Mclntyre, 1984), only a small proportion of these have the ability to effectively collect
samples from areas of relatively coarse sediments which are characteristic of dredging sites.
Recommendations for equipment, which are capable of collecting samples of the benthic
macrofauna and/or sediments from such areas, are provided below. Future innovations may
improve sampling efficiency in such deposits and it should therefore be noted that certain
techniques which are presently favoured may be superceded as new equipment is developed,
tested and applied.

The majority of grab sampling devices are unsuitable for the collection of coarse sediments
in environmental monitoring programmes. Typically, the downwardly-directed jaws are
vulnerable to incomplete closure due to the presence of stones. For this reason, only a small
number of grabs are presently appropriate for use at aggregate extraction sites (see Table 2).
Whilst grabs allow quantitative evaluation of the macrobenthic infauna and a proportion of
the epifauna, their size and mode of action means that they do not effectively sample the
larger, rarer epifaunal species, or those capable of rapid avoidance reactions. Towed gear,
such as trawls and dredges, are more appropriate for sampling these species, although usually
at the expense of accurate quantification due to their inherent inefficiency (see below). For
this reason, the overall aims of the survey should be taken into consideration when selecting
the most appropriate sampling equipment and, in certain situations, it may be necessary to
use more than one technique in order to sample the full range of benthic organisms present
in an area. Finally, the important issues of position-fixing and vessel heading associated with
the field sampling process are covered in Chapter 3.4.
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3.2. Quantitative methods for sampling
the benthic macrofauna and
sediments

3.2.1. The Hamon Grab

The Hamon grab is the recommended tool for sampling the benthic macro-infauna from
coarse substrata (Oele, 1978). This grab, originally designed by the Netherlands Institute for
Applied Geosciences, consists of a rectangular frame forming a stable support for a sampling
bucket attached to a pivoted arm (see Figure 4). On reaching the seabed, tension in the
wire is released which activates the grab. Tension in the wire during inhauling then moves
the pivoted arm through a rotation of 90°, driving the sample bucket through the sediment.
At the end of its movement, the bucket locates onto an inclined rubber-covered steel plate,
sealing it completely (Figure 4). This results in the sediment rolling towards the bottom of
the sample bucket, thereby reducing the risk of gravel becoming trapped between the leading
edge of the bucket and the sample retaining plate, and thus preventing part of the sample
being washed out. Weights are attached to the grab to minimise the lateral movement of the
supporting frame during sample collection. Weighting of the grab should be adjusted to
obtain optimum sampling efficiency. A grab stand should support the grab before and after
sampling (Figure 5). The stand should allow enough space for a container to be placed
under the grab to receive the sampled material following its release from the bucket.

Scoop

Release .
hook Stop-plate -~

Lifting (]‘L_/ : "
arm f B N

Figure 4 Hamon grab, showing mode of action. The lifting arm rotates
through 90° to drive the sampling bucket (scoop) through
sediment, closing against the stop plate. Plate taken from
Eleftheriou and Holme (1984)
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Figure 5 A 0.1 m2 Hamon grab supported on an open frame
to facilitate retrieval of the sample into a moveable
container following controlled release from the
bucket. Note the nearside rack supporting lead
weights to increase sampler efficiency (a
comparable rack on the other side of the sampler
is hidden from view in this photograph)

The Hamon grab is robust, simple to operate and has been shown to be particularly effective
on coarse sediments. It has been employed as a quantitative benthic sampler in several
studies designed to assess the impacts of marine aggregate extraction on the macrofauna
(van Moorsel and Waardenburg, 1991; Kenny and Rees, 1994, 1996; Kenny et al., 1998;
Seiderer and Newell, 1999). The original design was for a grab which samples an area of
about 0.25 m?. Since then, CEFAS has introduced a smaller device, sampling an area of 0.1
m?. The height clearance (approximately 3 m) required for the larger device has caused
operational difficulties when deployed from small research vessels (<25 m). However, when
used from larger ships, it can be safely deployed and retrieved in most sea states (up to
Beaufort Scale Force 5 to 6). Nevertheless, the smaller version (Figures 5-6) has a greater
utility due to its ease of handling, which potentially widens the weather window for sampling
and allows it to be used on smaller vessels. Furthermore, 0.1 m? is the conventional surface
sample unit employed in most benthic surveys of continental shelf sediments, and
conformity with this size therefore allows direct comparison of results with those from a wide
array of other sources using a range of other sampling devices. This grab also takes
quantitative samples of a more manageable volume than the large Hamon grab: up to a
volume of 15 litres compared with up to 35 litres from the larger grab. Thus, the smaller
grab is the preferred sampler for collecting samples of the macrobenthic infauna in a cost-
effective manner. There may be locations with a very sparse fauna where the collection of a
larger surface area is justified, but this can be achieved by increasing the numbers of
replicates using the smaller-sized sampler. Enhanced replication also has the potential
advantage of increasing the statistical power of the resulting data.

A drawback of the Hamon grab is that the sediment sample is ‘mixed’ during the process of

collection and retrieval, thereby precluding the examination or sub-sampling of an
undisturbed sediment surface.
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Figure 6 A 0.1 m? Hamon Grab being retrieved. Note the
use of a winch-controlled lateral supporting rope
for increased stability (and therefore safety)
during deployment and recovery. It is unhooked
before descent of the sampler

3.2.2. The modified Day grab

The Day grab evolved from the spring-loaded Smith-McIntyre grab (see Holme and
Mclntyre, 1984), and represents an attempt to simplify this earlier type of sampling device,
without loss of operational efficiency. It incorporates a frame to keep the grab level on the
seabed and two trigger plates to activate the release, but there are no springs to force the
hinged buckets into the bottom. The modifications over the original Day grab design (see
Eagle et al., 1978) consist of ‘stub axles’, with closing flaps that hinge from the exterior of the
buckets, rather than centrally (Figure 7). This device samples an area of 0.1 m?, toa
maximum depth of 14 cm. The jaws are supported within an open framework, which will
cause minimal down-wash as it lands on the seabed (Figure 8). Lead weights are usually
added to obtain optimum penetration of the sediment. The grab should not be allowed to
bite too deeply into the sediment, as this results in the sediment surface making contact with
the closing flaps of the sample bucket, which can ultimately lead to loss of material on
retrieval and disturbance of the surficial layers. The jaws of the grab and the flaps on top
should seal well to ensure no loss of material when the grab is retrieved.

This grab was designed for sampling soft sediments i.e. ranging from sands to muds. It does
not function well on coarse sediments due to the tendency of larger particles to prevent
closure of the buckets, causing loss of sample and is therefore not well suited for use at
aggregate dredging sites. However, where there is a high percentage of soft sediment (sands
or muddy sands) associated with a gravelly component, this grab could be used, albeit with
the likelihood of a relatively high failure rate.



The conduct of benthic surveys at aggregate extraction sites

Trigger release Trigger release mechanism
\ » Stub axles
AN
4 iyl > “ b
- Bucket in Bucket in
\ / open position closed position
Trigger plates
(b)

Stub axles Y\\i: _
7 ] \
RE—\, | 7

Figure 7 Modified Day grab (source Eagle et al., 1978). a) Side views of the
grab showing the opened and closed bucket positions;
b) Top view of the sampling buckets. In the original Day grab
design a solid axle ran across the top opening between the two
bucket pivots to which the closing flaps were hinged. In the
modified design the solid axle has been replaced by stub axles
and the closing flaps are hinged from the outer edges of the
buckets to allow better access to the sample

Figure 8 A 0.1 m? Day grab during deployment. Note that
the sample buckets are in the open position prior
to sampling. Also note the addition of triangular
lead weights to improve sampling efficiency

25



The conduct of benthic surveys at aggregate extraction sites

26

3.2.3. The Shipek grab

The Shipek grab employs a semicircular bucket activated by powerful springs (see Holme
and Mclntyre, 1984). It has proved very effective in sampling coarse substrata and is widely
used in marine geophysical and geochemical surveys (Figure 9). The spring loaded bucket
rotates through 180° on closure, ensuring that no wash-out of sediment occurs during
recovery through the water column. The strong spring mechanism also allows samples to be
collected from relatively hard and consolidated sediments, albeit with an increased failure
rate due to larger particles preventing proper closure. Unfortunately, due to its small size
(sampling an area of approximately 0.04 m?), this device is unsuitable in routine macrofauna
investigations, but may be useful in ‘pilot’ surveys aimed at preliminary characterisation of
variability in habitat type and the associated fauna.

Figure 9 A Shipek grab prior to deployment. Note the
powerful spring on the side-arms, and the top-
mounted weight under warp tension which, on
release following contact with the seabed, induces
firing of the closing mechanism and, at the same
time, increases collection efficiency by downward
pressure

3.2.4. The van Veen grab

The van Veen grab (van Veen, 1933), in common with many other grabs, relies on the
closure of two opposing jaws for the collection of a sediment sample. The difference
between this and the Petersen grab (see Holme and Mclntyre, 1984), is that the van Veen
grab has long arms attached to each bucket, thus giving better leverage during closure. This
mode of action is not ideally suited for the collection of coarse sediments as large particles of
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gravel tend to become caught between the jaws, resulting in loss of the sample upon
retrieval of the grab. Thus, whilst this type of grab has been used widely in benthic
macrofauna studies, it is not recommended for use on coarser substrata. On softer substrata,
(i.e. with a reduced gravel component) its performance characteristics are likely to match
those of the Day grab and, in some instances, may be preferable on account of the greater
leverage provided by the side arms. In such localities, the success rate, and therefore the
cost-effectiveness of the device relative to, e.g. a Hamon grab, will be a matter for
judgement by experienced survey scientists.

3.2.5. Other grabs

Canadian scientists have devised a hydraulically operated benthic grab, which incorporates a
top-mounted camera for precision sampling (Gordonet al., 1997; Rowell et al., 1997). This
has been found to work efficiently on gravel deposits in the Grand Banks area, but presently
is employed as a research tool, and is an expensive option. Future developments may widen
the scope for its application in routine monitoring. Similar considerations apply to industrial
-scale samplers such as the hydraulic clam shell grab, and the scope for their adaptation to
scientific-scale sampling merits further exploration.

3.2.6. Deployment and recovery of grabs

Despite substantial differences in the design and operation of grab samplers, there are a
number of important general issues relating to their deployment and recovery (see for
example, Rumohr, 1999). During retrieval of the gear from the seabed, the first 5 metres of
warp should be hauled slowly so as to maximise sampling efficiency. The grab can then be
hauled to the surface at a faster rate. When the grab reaches the sea surface, it should be
swung onboard as soon as possible, as the device presents a danger on a rolling vessel. Once
the grab is recovered, it should be lowered on to a supporting frame, designed to allow
efficient placement and removal of a sample container underneath the sample bucket.

In rough seas, the bow of the vessel should, where possible, face into the direction of
oncoming swell, thus minimising the roll of the vessel, and hence reducing the potential for
loss of control of the grab during deployment and recovery.

3.2.7. Corers

A large number of corers have been designed for the collection of sediments and the
associated macrobenthic fauna (see Holme and Mclntyre, 1984). On coarse or well-
consolidated sediments many of these devices will have a low sampling efficiency, as coarse
sediment particles will prevent penetration of the sampling device and will hinder the proper
sealing of the core barrel. Therefore such devices are not appropriate for routine surveys of
the macroinfauna from marine aggregate extraction sites. However, devices such as
vibrocorers (James and Limpenny, unpublished) will be appropriate for collecting samples
from coarse substrata in order to evaluate vertical structure and integrity. Vibrocorers are
widely used by the industry in prospecting surveys and therefore may provide information
relevant to ‘pilot’ surveys. Again, adaptation of industrial scale vibrocorers for use in
environmental sampling programmes merits further attention.
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Table 2 A comparison of the merits and drawbacks of various devices used for the collection of faunal samples at aggregate extraction sites

Sampling  Surface Approximate Suitable Quantitative/ Easily and Advantages Disadvantages
device area weight for semi-quantitative safelydeployed
sampled without sampling from small
sample coarse (<25 m) vessels
substrata
Small 0.1 n? 300kg + weights ~ Yes Quantitative Yes Easy to handle. Surface area sampled More replicates may be required in
Hamon grab up to 300 kg. conforms with the conventional sampling patchy environments, compared with
unit for continental shelf sediments. its larger counterpart.
Large 0.25 n? 350kg + weights ~ Yes Quantitative No Large sample may be more representative Large size makes it more difficult to
Hamon grab up to 150 kg. of coarser or more sparsely populated handle than the smaller version. Large
sediments. sample volumes (35 litres max) can
be relatively time consuming to process.
Surface area sampled not directly
comparable to other sampling devices.
Day grab 0.1 n? 80 kg + weights ~ No Quantitative Yes Easily deployed. Standard sampler for most  Not effective in coarse substrata.
up to 80 kg. U.K. infaunal soft sediment surveys.
Small van 0.1 n? 80 kg No Quantitative Yes Easily deployed. Widely used for infaunal Not effective in coarse substrata.
Veen grab surveys, especially in continental Europe.
Largevan 0.2 n? 100 kg Will meet with Quantitative Yes Easily deployed. Widely used forinfaunal Unreliable in very coarse substrata,
Veen grab variable surveys, especially in continental Europe. but may be more effective in some
success coarse sediments than 0.1m? version.
depending
on coarse-
ness of
substrata
Shipek grab 0.04 n? 80 kg Yes Unsuitable for Yes Can be used effectively for physical Sample too small and variable for
infaunal assessments characterisation of substrata. quantitative faunal assessment.
Newhaven Variable Single dredge Yes Semi-quantitative Single dredge Extremely robust design is suitable foruse ~ Sampling efficiency variable under
Scallop 90 kg.Three configuration over coarse unconsolidated substrata. poor weather conditions. Heavy.
dredge dredgeson easily deployed. Under favourable conditions can sample Selective towards epifauna.
beam 400 kg Two or three dredge effectively for the duration of a fixed
option more distance fow.
cumbersome.
Rallier du  Variable 80 kg Yes Semi-quantitative Yes Robust design will work in most Uncertain mode of sampling,
Baty dredge unconsolidated substrata. Circular mouth especially over coarse or rocky
increases sampling efficiency. Easy to terrain.
deploy. Can be fitted with mesh liner for
retaining smaller organisms.
Modified Variable 65 kg Yes Semi-quantitative Yes Inexpensive and easy to handle. Will Uncertain mode of sampling, especiall
Anchor operate either side up. Easy to deploy. from large vessels. Can be damage
dredge on rocky ground.
Rock Variable 140 kg Yes Semi-quantitative Yes Can be used over very coarse ground, Heavy when full. Uncertain mode of
dredge including bedrock. Useful for ‘blind’ sampling sampling.
during pilot surveys. Can be fitted with mesh
liner for retaining smaller organisms.
Heavyduty Variable 60 kg Yes Semi-quantitative Yes Can yield relatively consistent samples May be damaged if towed over very

2m Beam
trawl

over coarse unconsolidated substrata,
under calm sea conditions.

coarse or rocky terrain. May lose
bottom contact during unfavourable
sea or tidal states, or as a result of
vessel speed and size.
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3.3 Qualitative and semi-quantitative
methods for sampling the benthic
macrofauna

Much of the following account is taken from Rees and Service (1993) and Reeset al. (1990)
and is mainly concerned with epifauna sampling. However, certain devices referred to
(notably the Anchor dredge) will also be appropriate for the sampling of infaunal populations.

3.3.1. Background

The epibenthos comprises animals and plants living on - as distinct from within - the seabed.
They may be sedentary, e.g. hydroids and bryozoans, or motile e.g. decapods, starfish and
flatfish. Animals in the former category are typically filter-feeders, whilst the latter are
typically carnivores or omnivorous scavengers. Some groups spend their entire adult life
intimately associated with the seabed, e.g. hydroids, most crabs and flatfish, while others
may only be transiently associated, e.g. shrimps and many ground fish species. Subtidally,

the most well-developed epibenthic assemblages normally occur on mixed substrata with a
significant coarse component, where the range of micro-habitats can allow colonisation by a
wide array of species.

There are several attributes of the epibenthos of coarse substrata which can make this group
an important target in environmental assessment. For example:

i.  onpredominantly rocky areas or tide-swept grounds, they may be the only significant
component of the benthos. Such areas may support an exceptionally high diversity and
biomass of species, e.g. associated with subtidal mussel beds;

ii. sedentary epibenthic species provide a direct route for carbon from the water-column to
the seabed via filter-feeding;

iii. many species are preyed upon by fish;

iv. complementary surveys of the epifauna provide additional information, beyond that
obtained from infaunal investigations, about the status of an area, e.g. in terms of the
range and relative abundance of species present, or their mode of feeding.

3.3.2. Sampling approaches

Because of the much wider size range of organisms encountered compared with the infauna,
as well as factors such as the motility and comparative rarity of some of the component
species, small (0.1 m?) grab samplers are generally unsuitable for quantitative assessment of
the epifauna. Moreover, on mixed substrata or hard ground, grab sampling devices may
operate at low sampling efficiency or not at all. A wide range of dredges and trawls have
been devised for remote epibenthic sampling, with varying efficiency of organism retention
(see e.g. Eleftheriou and Holme, 1984 and below). In addition, a number of devices, more
usually associated with epifaunal sampling, can collect large volumes of sediment. In this
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mode of operation, such devices can be useful tools for semi-quantitative or qualitative
sampling of the infaunal fraction of the benthos during ‘pilot’ surveys.

Given suitable tidal and weather conditions and adequate water clarity, diving probably provides
the best means for quantitative assessment of the epifauna through a combination of direct
observation and sampling, but these conditions are not typical for much of the U.K coastline. For
these and other logistical reasons diving can be an expensive - and potentially hazardous - option
for the conduct of regular offshore monitoring programmes, although guidelines for survey and
sampling of inshore (mainly rocky) habitats by this means are well-defined in the UK, largely
through the efforts of conservation interests (e.g. Hiscock, 1990; Davies et al. , 2001).

Alternative methods for in situ assessment include remotely deployed underwater video and
still photography. These, along with a range of other imaging methods, have been reviewed
by Rumohr (1999); further detail is provided below. Again, water clarity is an important
limiting factor but, in general, this option is likely to be cheaper and less weather-dependant
than diving surveys. Moreover, they may be operated in areas deeper than those normally
accessible to divers.

A combination of in situ observation by photography and efficient remote sampling of
sediments offers the most promising tool for routine assessment of epifaunal communities at
aggregate extraction sites. This may be achieved by attaching a video camera and light in
order to collect an image of the seabed adjacent to or in front of the sampling device.

3.3.3. Trawls

Small-sized Beam and Agassiz trawls are commonly used for remotely sampling the epifauna
in a ‘semi-quantitative’ or qualitative manner (see Holme and Mclntyre, 1984). These
trawls are designed to sample at and just above the surface of the seabed and, because of the
relatively large area that can be covered in one deployment, they are appropriate for
collecting the larger, rarer or more motile species. A 2-m beam trawl is generally to be
recommended for sampling the epifauna at marine aggregate extraction sites. The small size
of this type of gear makes it easy to deploy and usually results in the collection of a
manageable sample size. On coarser substrata, such as those likely to be encountered during
surveys of aggregate extraction sites, the use of a heavy duty 2-m beam trawl is advised
(Figure 10). This consists of a metal beam, a chain mat designed to prevent the collection of
larger boulders, and chafers to limit net damage (see Jenningset al., 1999 for design
information). Standard 2-m Lowestoft beam trawls with wooden beams and tickler ground
chains (Riley etal., 1986) have also proved useful for epifaunal sampling on finer substrata
(Rees et al., 1999) (see Figure 11). The net consists of a belly (98 rows m) and codend
(157 rows m2), with a 3mm mesh codend liner to capture smaller organisms.

On each deployment, 2 m beam trawls should be towed over a distance which will produce a
sufficiently large sample to adequately characterise the epibenthic community, but not so
large that the sample is unmanageable. The appropriate towing distance will vary according
to ground type and the density of the epibenthic fauna. For this reason, it is prudent to
assess the towing distance to be used for the survey by carrying out a trial tow or tows before
commencing the survey proper. As a general guide, towing distances of between 200 m and
800 m produce manageable sample sizes, i.e. when the objective is a full census of all animals
retained, whilst covering sufficient ground to adequately characterise the communities.
Start and end positions should be recorded for each tow, even in cases where towing over a
fixed time interval is the primary goal. This allows calculation of the appropriate distance
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Figure 10 A heavy-duty 2-m beam trawl with chain mat being

Figure 11

recovered over the stern of the research vessel. Note
the metal beam between the two trawl shoes and the
chain mat attached to the underside of the beam

A standard Lowestoft 2-m wooden beam trawl (Riley et
al., 1986) at the water surface prior to deployment.

Note the wooden 2 m beam and the pair of towing
bridles attached to the trawl shoes
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covered (see also below). The start position should be recorded at the point at which the
trawl winch is stopped, and the end position should be recorded at the point of
commencement of hauling.

Beam trawls can be towed on a pair of bridles attached to a single tow-rope or line. Asa
guide, the length of the warp should be approximately three times the maximum expected
water depth. Clearly, the speed at which the beam trawl is towed will depend on local
circumstances and the type of vessel employed; however, a maximum speed of 1.5 knots over
the ground is recommended. The beam trawl is likely to be damaged if it meets an
obstruction on the seabed whilst being towed, which can limit the use of the gear to
relatively uniform areas. Trawls should be inspected before and after tows and any repairs
should be carried out immediately, with any damage being noted in the field log. A second
tow may be necessary, and its contents assessed, before a station is finally abandoned.
Clearly, serious damage to the net or frame will be taken to indicate that the station is
unsuitable for beam trawl deployment. If this is the case, careful consideration should then
be given to nearby locations where trawling may be possible.

Evidence that the device has maintained good bottom contact during towing should be
sought from an examination of the warp under tension, and of the beam trawl shoes on
retrieval. Inspection of the underside of trawl shoes will give an indication of seabed contact
and whether the gear has been sampling in the correct orientation. Clearly this cannot
provide confirmation on the extent of bottom contact. An odometer wheel attached to one
of the shoes can also provide useful information on seabed contact, although its function
may be impaired on mixed substrata or in the presence of significant quantities of hydroid
colonies, which can become entangled in the mechanism. (Research is in progress at
CEFAS to produce a more reliable electronic device for determining the duration of bottom
contact). A weight placed in the cod-end of the trawl can also be used to prevent the net
fouling the beam during deployment.

The efficiency of the sampling gear will often be dependent on the different tidal and wind
conditions that prevail at the time of sampling and, for offshore surveys, it is rarely
practicable to co-ordinate effort in such a way as to ensure close comparability on all
sampling occasions. Thus sample size and quality may vary, irrespective of whether tows are
conducted over fixed times or fixed distances. Therefore it is essential that information on
tidal state and weather conditions are recorded, as they may contribute to observed
differences between stations and/or sampling times. It is to be expected that the efficiency
of capture of epibenthic organisms by the trawl will vary with substratum type and weather
conditions, and will always fall well short of 100%.

A degree of expert judgement regarding sampling efficiency will be a routine requirement
during trawl survey, and samples will accordingly be accepted or rejected on this basis. This
also emphasises the need to recognise that the data generated are, at best, ‘semi-
quantitative’ in nature. Further work is required in order to improve the quality and
comparability of epifaunal data generated from trawl surveys.

3.3.4. Dredges

In general, the use of towed dredges for evaluation of epifaunal community structure should
be avoided when other sampling tools (e.g. beam trawls) can be effectively employed.
However, where the hard or uneven nature of the substrata precludes the use of a trawl it is
often possible to obtain adequate samples using dredges, a variety of which are available
(Holme and Mclntyre, 1984).
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NEWHAVEN SCALLOP DREDGE

The Newhaven Scallop dredge (Franklinetal., 1980) (Figure 12) is a commercially-used
towed device that may be operated over very coarse terrain but would be likely to suffer
damage if towed over bedrock or through large boulders. The dredge itself consists of a
triangular steel frame supporting, on its underside, a spring-loaded plate to which a tooth
bar, designed to dig into the sediment, is bolted. When the dredge encounters rock or large
stones, the springs allow the tooth-bar to swing back thus avoiding snagging and reducing
the quantity of stones caught. The tooth bar is normally 0.8 m wide and bears about 10
teeth up to 7 cm long. The mouth of the dredge is approximately 800 mm wide and 110 mm
high during deployment. Also attached to each frame is a bag whose lower surface is made
up of heavy-duty metal links (outside diameter ~55 mm, inside diameter ~ 42 mm) with an
upper surface of heavy gauge nylon mesh. The maximum diameter of particle likely to be
retained within the dredge is approximately 20 mm. A number of these dredges may be
attached to a robust metal beam which is fitted with large rubber rollers at each end.

The dredges are deployed over the stern or side of a vessel and towed for a pre-determined
time. Care must be taken to ensure that the dredge is deployed the right way up. The
sampling efficiency of the dredge for each tow can be assessed on deck, normally by the
quantity of material collected. Variables such as the duration of the tow or the length of
warp paid out can be adjusted each time in an attempt to increase the quantity of material
collected. In general, the same considerations employed during the beam trawl survey
(Chapter 3.3.3) regarding towing duration should be applied. Samples collected using the
Scallop dredge should only be treated as at best semi-quantitative in nature. The use of this
device is recommended for the collection of qualitative samples as a last resort in areas of
coarse, unconsolidated sediments which are too rough or uneven to permit the deployment

Figure 12 A Newhaven Scallop dredge. Note the robust metal
beam with rubber rollers on each end. Three dredges
are attached to the beam, and the upper nylon mesh
side of the collection bags are visible
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of less robust gear (e.g. small trawls). They may also be used to sample for ‘keystone’ species,
such as horse mussels, from an area of interest. The Scallop dredge may be used to test the
suitability of the ground prior to the deployment of less robust gear (e.g. beam trawl). This
may be particularly useful if the ground is thought to be very coarse or uneven. There are
other types of commercial Scallop dredges (e.g. French Scallop dredge) which may also be
used in environmental sampling, but which differ in that they are heavier in design and lack
the spring-mounted teeth (see Franklinet al., 1980).

RALLIER-DU-BATY DREDGE

The Raillier-du-Baty dredge (Figure 13, see also p.498 in Cabioch, 1968) is designed to work
in a range of substrata from sands to cobbles, and has a long and successful history of use in
the English Channel and Celtic Sea (e.g. Cabioch, 1968). It consists of a robust metal ring
(inside diameter 550 mm large version, 390 mm small version) attached to a central towing
arm. An open ended bag of the desired mesh size (e.g. 500 wm or 1 mm) is attached to the
ring, and the trailing end of the bag is tied to prevent loss of material during collection of the
sample. This inner bag is protected by an outer, coarser bag which is, in turn, enclosed by a
heavy duty apron of fishing net, in order to reduce chafing. The warp is attached to a fixing
point on the metal ring, and a weak link is placed between this point and the central arm.
This optimises the digging capability of the edge of the ring and reduces the chances of the
edge being lifted away from the seabed.

Figure 13 A Rallier-du-Baty dredge. The dredge consists of a
robust circular metal mouth to which a collection bag
is attached. The dredge is towed from the bridle
attached to the outer rim of the dredge. A weak link
between the towing bridle and the central towing arm
of the dredge is designed to break if the dredge meets
an obstruction on the seabed
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The dredge is deployed over the stern or side of a vessel, and the warp is paid out to a length
of approximately three to five times the water depth. Contact with the seabed can be
judged by the vibration of the warp as the device is towed. The dredge should be towed at
not more than 1.5 knots for a pre-determined time which should not normally exceed 5
minutes. On completion of the tow, the dredge is recovered and the mesh bag untied. For
convenience, the dredge can be suspended and the sample released onto the deck. Samples
collected by this method should be treated as semi-quantitative or qualitative.

The circular nature of the mouth of the dredge allows it to roll as it is towed across the seabed,
which has the advantage that the device can continue to sample over uneven terrain. The
device is suitable for collecting both infaunal and epifaunal organisms. The disadvantage of
this gear is that it can collect very large volumes of sediment (e.g. occasionally > 100 litres)
which may be very time consuming to process. It can also be difficult to judge whether the
dredge fills up immediately upon reaching the seabed, or whether it fills gradually asit is towed
along the seabed. This uncertainty can complicate interpretations of the resulting
macrofaunal data. This device is not for routine use other than in cases where recommended
by CEFAS, and where other sampling tools prove ineffective.

ANCHOR DREDGE

The Anchor dredge (Forster, 1953) is designed to be operated from a small vessel in sandy
sediments, although it can produce acceptable samples when used on coarser substrata (see
Eleftheriou and Holme, 1984). It consists of a rectangular metal frame, forming the mouth

Figure 14 A CEFAS modified Anchor dredge. Note the solid
rectangular metal collection box (as opposed to a net
bag as in the original design), the open side of which
forms the mouth of the dredge. The warp is attached
to a hinged wishbone arm which enables the dredge to
collect a sample irrespective of which side it lands on
the seabed
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of the dredge, which is towed by hinged wishbone arms. In the original version a net
collection bag is attached to the rear of the device to retain the sample (Holme and
Mclntyre, 1984). This design has been modified by CEFAS to make the device more robust
(Figure 14). In the modified version, the net collection bag is replaced by a sealed metal
plate: the dredge therefore consists of a metal box, the open anterior end of which is 450 mm
wide by 225 mm deep.

The Anchor dredge is deployed over the side or stern of a vessel and after sufficient warp is
paid out (three to five times water depth) the warp is secured. As the name suggests, the
dredge is intended to collect a discrete sample from a single point as it digs into the sediment
under the weight of the drifting vessel. On larger vessels, it may be employed deliberately or
by default as a towed device but, as with the Rallier-du-Baty dredge, uncertainty in its mode
of action at the seabed may complicate interpretations of the resulting data. Again, the data
generated are, at best, semi-quantitative in nature. Advantages of this dredge are that it can
fall either side up and will still collect a sample, its small size makes it relatively easy to
handle and deploy, and it is relatively inexpensive.

ROCKDREDGE

The Rock dredge (Nalwalk etal., 1962) (Figure 15) is an extremely robust device that was
originally designed for the collection of rock samples from deep-water locations. It is
comprised of a heavy gauge rectangular metal rim to which a heavy-duty mesh made of
interlaced metal rings is attached. The dimensions of the mouth of the dredge are 595 mm
wide by 400 mm high and the diameter of the rings is 55 mm outside diameter and 42 mm
inside diameter. The largest particle which can pass through the mesh is approximately 20
mm. It can be used successfully over most substrata including gravels and cobbles, and will
even collect surface scrapings of bedrock. It is possible to fit a fine mesh bag inside the outer
metal mesh enabling the dredge to collect finer material. The mesh size used will depend on
the requirement of the survey. The dredge is deployed in a similar fashion to that described
above for other dredges. On return to the deck the dredge is lifted by its trailing end and
the sample is tipped onto the deck. As with other dredges, the data generated should be
treated as, at best, semi-quantitative.

Figure 15 A Rock dredge. Note the heavy-duty rectangular metal rim
and the collection bag consisting of interlaced metal rings
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The robust nature of this type of gear permits deployment in areas where little is known
about the nature of the substratum, and it may therefore be useful during ‘pilot’ surveys, at
locations where difficult sampling conditions are a possibility. Advantages of this dredge are
that it can fall either side up and will still collect a sample, its small size makes it relatively
easy to handle and deploy and it is relatively inexpensive.

3.3.5. Underwater video and stills techniques
for surveying hard ground

The following account is an extended version of that provided by Rees and Service (1993).
Underwater video and stills photography are valuable, non-destructive methods for the
assessment of all types of seabed habitat. They can be particularly useful over hard and
consolidated ground where the sampling efficiency of other physical sampling methods is
low. Remote-control underwater photography has been in use for a number of years to
obtain static images of the seabed, and high quality images can be obtained which enable
the identification of much of the macro-invertebrate fauna present. These images cover a
small area of seabed and, while useful in pilot surveys, do not give information on the overall
distribution of faunal communities.

To allow wider coverage of the seabed, photographic and video cameras have been mounted
on a variety of platforms (Figures 16-17). Cameras have also been attached to a variety of
grabs to provide real time images of the nature of the substratum sampled. However, in most
instances platforms will fall into one of the following categories:

e devices which are capable of moving or being directed under their own power such as
Remotely Operated Vehicles (ROVs).

e samplers which are lowered to a point above the seabed (e.g. remotely operated hoisted
platforms), or are towed along the seabed, such as photographic sledges.

The most commonly used method for photographing coarse aggregate environments is the
camera sledge (Figure 16), which is robust and simple to operate. It is usually towed over
the seabed at slack water and typically includes a vertically mounted stills camera and a
forward-, or sideways-pointed television camera linked by way of an electrical ‘umbilical’
cable to a recording unit on the survey vessel. This allows still photographs to be taken at
selected locations of interest, or at regular fixed distances. By using a fixed frame, the area
in view at any one time can be calculated and this, coupled with knowledge of the distance
covered in any one haul, allows transect-type studies to be conducted.

Cameras can also be mounted on ROVs, which are self-propelled vehicles controlled by
commands from the surface which are relayed down an umbilical cable which also carries
the video and other telemetry signals. The apparent advantage held by ROVs over towed
vehicles is their manoeuvrability, which offers the freedom to move in three dimensions.
This should allow objects to be viewed from a variety of angles and the vehicle can be
stopped or moved back onto an object for further study. However, small ROVs are restricted
by their limited capability to operate in currents in excess of 1.5 knots. The area covered by
ROVs is generally restricted by the length of umbilical and the water depth.
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A third alternative to the systems listed above is the Remotely Operated Towed Vehicle
(ROTV), whose depth and altitude are controlled by rotors. Such devices allow relatively
fast towing speeds and the possibility of midwater observations. However, the cost of the
elaborate control systems required for these devices will tend to limit their use by smaller
organisations.

Camera systems, both video and stills, may also be attached to other sampling platforms such
as grabs, corers and trawls. This enables the collection of images which not only relate
directly to the substratum being sampled, but in many cases also allows some assessment of
the sampling efficiency of the device to be made.

The following guidelines for the deployment of underwater camera systems are
recommended:

i.  underwater photographic systems should normally comprise at least one video camera
and a stills camera;

ii. where towed sledges are used, the field of view of each camera should be known from
previous calibration;

iii. the distance travelled by the sledge should be known, either using the ship’s electronic
navigator or a meter wheel attached to the sledge;

iv. towingshould be at constant speed;

v.  still photographs should be taken at fixed intervals either on a distance or on a time
basis. These can be backed up by opportunistic shots taken of ‘interesting subject
matter’, e.g. dredge tracks as identified on the video monitor.

vi. where ROVs are used, the distance travelled, heading, height above seabed and field of
view should be calculated.

The quality of photographs largely depends on water clarity and this can vary considerably,
even at the same location, depending on the state of the tide and season of sampling. The
chances of encountering good visibility can be increased by deploying the equipment at slack
water periods. Use of towed devices is also dependent on the tidal/current speeds, requiring
towing speeds of less than 1 knot to obtain clear images. Therefore, the slow towing speeds
necessary to obtain high quality images when using towed sledges means that, at most UK
extraction sites, transects will be run in the form of controlled drifts along the direction of
the prevailing tidal current. The data from such surveys can be treated at a number of
levels, which will be partially determined by the quality of the images obtained (see Figure
18). Still photographs taken at regular intervals along the transect can be treated as point
quadrats, the fauna identified to the appropriate taxonomic level and quantified. Data
obtained by ‘freezing’ the video image at regular intervals can be treated in a similar manner.
[t should also be noted that advances in digital video and stills technology are improving
image quality, and such systems may become the preferred choice as the price of these
continues to fall. Digital video has the advantage that near-photographic quality images can
be obtained by ‘freezing’ the video image. It may therefore become unnecessary to have
both video and stills equipment mounted on underwater survey platforms.
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Two of the most common platforms used for the collection of photographic data in the UK
are shown in Figures 16 - 17. It should be recognised, however, that other systems exist,
which are currently not in use in the UK and that may be useful for the collection of video
and stills images. In particular, a number of pieces of equipment recently developed in
Canada are worthy of further investigation for application in the UK. The BRUTIV
(Bottom Referenced Underwater Towed Instrument Vehicle) is a video sledge that is towed
a few metres above the seabed and collects good images of conspicuous epifauna and their
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Figure 16 A CEFAS camera sledge. Note the downward
pointing 35 mm stills camera at the front of the
sledge and the forward looking video camera
towards the rear of the sledge. The large buoy
on the back of the sledge floats at the surface
during deployment, and provides a visual
indication of the position of the sledge. It also
acts as a means of recovery for the main towing
cable parts

Figure 17 A drop-camera frame. The video and stills
cameras, lights and flash unit are housed within
the protective metal frame, orientated to collect
images of the seabed directly below the frame
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associated substrata (Gordonet al., 1997; Rowell et al., 1997; Gordon et al., 2000). This
device may be less effective in UK waters where water turbidity would preclude the
collection of images at distances of several metres from the seabed. An elaborate videograb
has also been developed which allows scientists to evaluate, and if necessary reject, a sample
whilst the grab remains at the seabed. The grab has a video camera directed at the seabed
through the jaws of the device. When a suitable substratum is located, the grab is dropped
and the jaws are closed hydraulically. This system has worked well on many substratum
types and has the advantage that poor samples can be rejected, and further sampling
attempts can be made whilst the grab is still at the seabed. This may be particularly
advantageous where the collection of good quality samples from coarse substrata is
problematic. Another device which utilises photographic techniques is the Aquareve 11
Epibenthic sledge (Gordonet al., 1997; Rowell et al., 1997). This is primarily a device for
the collection of surface substrata, and macrofaunal species living at and just below the
sediment surface. It has a backward pointing video camera which monitors the performance
during sample collection and provides information on the undisturbed nature of the
substrata collected.

These devices are expensive in comparison to the video and stills equipment currently in use
in the UK for environmental surveys, and furthermore are not easily available. Nevertheless,
they merit further consideration as an alternative to conventional devices.

Figure 18 An example of a digital still image of a ‘gravelly’
substratum taken using a Benthos™ DSC4000
digital stills camera mounted on a drop camera
frame (Figure 17)

3.4. Positioning

[t is essential that a geographical reference position can be assigned to any sample or
datapoint that is generated from a survey. The most frequently used positioning system both
in UK waters and worldwide is the Global Positioning System (GPS) which can provide the
latitude and longitude of a point to within a few metres. Differential GPS (DGPS) improves
on the accuracy of GPS by using precisely-surveyed reference ground stations to generate a
position which is accurate to within a metre (Ashjaee, 1986). The absolute accuracy of GPS
depends on numerous factors, but by using DGPS the antenna of a vessel may be
confidently and precisely located anywhere in the world.
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On larger vessels, the position from which gear is deployed may be tens of metres away from
the antenna location, thus generating an inaccurate sampling position, and this potential
source of error should be corrected for (e.g. with the use of survey software to allow manual
input of an offset) in surveys requiring a high degree of accuracy.

If very precise sample or equipment positioning is required this can be achieved using
acoustic positioning systems. Acoustic positioning is used for the location of underwater
objects and is available in two different forms. Long baseline systems (LBL) involve a
network of accurately positioned seabed beacons, which are used to calculate a triangulated
position from a transponder fitted to the sampling equipment. In contrast, short baseline
systems (SBL) rely on vessel-mounted sensors, which can detect the incoming direction of
an acoustic signal from a remote beacon or transponder fixed to the item being tracked.
Short baseline systems are especially aimed at tracking towed sensors such as a sidescan
sonar fish, where cable length measurements are not sufficiently accurate for the aims of the
survey.

Concerns about positional errors must be weighed against the aims of the survey. In most
cases, horizontal accuracies to within a few metres are sufficient for routine assessments at
aggregate extraction sites.

Information relating to the horizontal datum, projection and grid used for the survey must
be documented and the same versions of these variables should be applied when post-
processing the positional data.

3.4.1. Heading

Vessel heading is measured by magnetic or gyro compass systems. Magnetic systems are
lower cost but less accurate. In contrast, gyro compass systems are expensive and
mechanically complex, but solid-state sensors are now available using laser interferometry to
give accurate heading and attitude information. GPS based systems are also available which
can provide more accurate measurements than gyro-compasses. However this level of
accuracy is rarely required in the execution of routine surveys.
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CHAPTER 4

Approaches to processing
benthic samples

4.1. Introduction

For convenience, the process of extracting macrobenthic organisms from sediments or (in
the case of trawls and dredges) other residual material is usually separated into two stages.
Initially, samples are processed over sieves of appropriate mesh sizes on board the survey
vessel in order to reduce the bulk of the material transported back to the laboratory. Having
reduced samples to a manageable size in this way, the retained material is preserved and the
final sorting of the fauna from the residue can then proceed in the laboratory at a later stage.
In cases where, for logistical reasons (e.g. due to restricted deck space or limited numbers of
personnel), it is impractical to carry out sample processing onboard the survey vessel, entire
samples may be preserved in the field (see Chapter 4.4.3), and then dealt with on return to
the laboratory.

This chapter describes the treatment of benthos samples obtained using grabs, trawls and
dredges.

4.2. Approaches to processing
quantitative samples collected by
grabs

4.2.1. Estimation of sample volume

On retrieval of the grab, an estimate of the sample volume should be made, along with a
description of the sediment type. This information is required, since it provides an
indication of the performance of the grab and should be noted in the survey log (see Chapter
4.4.6). With, for example, a Day grab, where a relatively undisturbed sample can be
accessed in situ via opening flaps, an estimate of the volume can be made by measuring the
depth of sediment at its deepest point (usually at the point of closure of the grab buckets)
and then applying a standard conversion factor. Alternatively, with a Hamon grab sample,
an estimate may be made by measuring the depth of the sediment following release of the
material into an underlying sample container.



Approaches to processing benthic samples

In some cases, it may be necessary to reject grab samples and the following criteria should be
used:

1) Sample inspection
If the jaws of the grab are not fully closed (e.g. due to the presence of stones) and there
is associated evidence of the winnowing of surface material, then the sample should be
rejected.

2)  Acceptable sample volume
For the Hamon grab, the aim should be to collect a minimum sample volume of 5 litres,
and samples smaller than this would normally be rejected. However, in very coarse
substrata, the failure rate may be very high, and expert judgement should be exercised
regarding the collection of the occasional sample of less than 5 litres. The reasoning
behind this judgement should be documented in the survey log and in any subsequent
reports, and the sample(s) flagged on account of their failure to meet the above quality
criterion.

Pooling of collected material, i.e., the practice of amalgamating two or more samples
individually rejected due to insufficient volume to provide a composite sample of
acceptable size, should not be carried out. This procedure is invalid, as faunal
occurrences are expressed in terms of unit area, not volume. Volume is used as a
practical measure of sampling efficiency (see above). The relationship between volume
and faunal content is more complex and more unpredictable than that of surface area:
the two measures should not be confused.

4.3. Separation of benthic infauna
from the sediment

Sediment samples should be slowly released into appropriately sized sample containers,
ensuring there is no spillage of material. Once an acceptable sample has been obtained a
sub-sample for sediment particle size analysis is taken (see Chapter 7.2.1).

The contents of the sample container should then be transferred to a purpose-built sieving
table where it should be washed with seawater (under gentle hose pressure) over a
removable 5mm square mesh screen. A range of equipment for washing and sieving
sediment samples is available and these have been reviewed by Eleftheriou and Holme
(1984) and Proudfootetal. (in prep.). They vary from purpose-built sieving tables (e.g.
Figure 19) to automated methods such as the “Wilson autosiever’ (Proudfootetal., in prep.).
However, the utility of automated methods for extracting fauna from mixed sediments has
not been fully assessed and consideration should be given to any recommendations arising
from an ongoing ‘best practice’ review (Proudfootetal., in prep.).

For convenience, the description below relates to the treatment of samples using a sieving
table, as this is the device most frequently employed for processing benthic samples in the
U.K. This device consists of an open wooden box, the base of which slopes downwards
towards an outlet pipe. The interior of the box is coated with epoxy resin to present a
smooth surface for ease of washing, and to act as a wood preservative, thereby prolonging
the life of the device. Small blocks mounted on the interior of the box provide support for a
removable square stainless steel frame with 10 mm or 5 mm square mesh aperture. The
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Figure 19 Processing of a macrofaunal sample using a
purpose built sieving table on a survey vessel.
The sample is being washed over a 5 mm square
mesh aperture sieve supported by a removable
square stainless steel frame. Note also the 1mm
mesh sieve held within a sieve holder beneath
the outlet pipe of the table

entire device is supported on legs that can be adjusted to allow the table to be positioned at
a suitable height (normally waist height) for ease of use.

Collected sediment in the sample container should be slowly transferred to the 5 mm mesh
sieve supported within the sieving table, using gentle hose pressure. In this way, much of the
lighter fraction (including the more delicate organisms) is separated from the residual coarser
material at an early stage. Once the sample has been emptied onto the sieving table, the
larger animals and all encrusting fauna present on shell and gravel which are retained on the
5 mm mesh can be removed and transferred to sealable plastic bottles or buckets (of
appropriate size). It is recommended that this material is preserved separately in order to
prevent damage through abrasion to the smaller and more delicate organisms collected on a
finer mesh sieve at the outlet pipe. Any remaining material on the 5 mm mesh sieve screen
may then be discarded. The finer sediment fraction is washed over a 1 mm or
(exceptionally) a 0.5 mm mesh sieve, the choice depending on the objectives of the
investigation (see below).

This sieve is supported beneath the outlet pipe of the sieving table. Inevitably, some
sediment will also be retained and animals must be separated at a later stage in the
laboratory. Periodically, the fine-mesh sieve may become blocked with sediment, thus
reducing the effective mesh size and the efficiency of the extraction process. In such cases,
care should be taken to ensure that the sieve does not overflow. Accumulations of sediment
on the mesh can usually be removed by gentle ‘puddling’ (see Figure 20), involving vertical
motions of the sieve in a seawater-filled container. Horizontal movements of the sieve
should be avoided as this can result in damage to the fauna through abrasive action. The
remaining material should then be carefully transferred to an appropriate sample container
(see Chapter 4.4.2). If spillage/loss of material occurs at any stage during processing, a repeat
sample should be taken.
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Figure 20 ‘Puddling’ - the removal of accumulations of fine
sediment through gentle vertical motion of the
sieve. Note that the seawater-filled container is
placed at waist height for ease of processing

For most routine surveys at gravel extraction areas, it is recommended that a stainless steel
Imm mesh sieve is used, conforming to British Standard 410. The effects of different sieve
apertures on the results of macrofaunal surveys, based largely on experiences of working in
soft sediments, have been examined by a number of authors including Eleftheriou and
Holme (1984), Rees (1984) and Kingston and Riddle (1989). Sieves should be discarded at
the first sign of damage to the mesh.

4.4. Approaches to processing epifaunal
samples from trawls and dredges

On retrieval of the trawl, the catch should be concentrated in the cod-end of the net. The
contents of the cod-end should then be released into a suitable sample container, and an
estimate made of the total volume of the catch. This should be recorded in a logbook, along
with a summary of the contents, noting especially the presence of stones, rock etc. The
presence of any infaunal organisms arising from the fouling of soft sediment should also be
noted, together with the occurrences of pelagic species. However, these additional faunal
records should be excluded from the final compilation of the data for most monitoring and
baseline surveys. Itis essential that all the fauna is retrieved from the full length of the net
and included in the analysis of material.

The structure and dimensions of a 2-m beam trawl (the most commonly used device for
epifaunal sampling at extraction areas) is given in Chapter 3.3.3. Itis recommended that all
samples be processed over a frame-supported 5mm mesh. Any material passing through the
sieve should be discarded.
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Ideally, the contents of the trawl should be processed on board the ship. This entails
counting and, where possible, identifying all solitary species. Counts of very abundant
solitary species may be derived from sub-sampling, as appropriate. This may be achieved
through sub-dividing the catch after it has been evenly distributed over the 5 mm mesh
sieve, or by transferring the sample contents to a container and then removing an
appropriate volume of material for subsequent processing.

Colonial species (notably hydroids and bryozoans) are generally recorded on a presence/
absence basis or on a scale of relative abundance such as the SACFOR scale (Super
abundant, Abundant, Common, Frequent, Occasional, Rare) employed by the UK Marine
Nature Conservation Review (http://www.jncc.gov.uk/mit/sacfor.htm). This scale has been
in use since 1990 as a system for recording the cover/density of marine benthic flora and
fauna.

At least one individual of each species should be retained for inclusion in a reference
collection. Specimens which cannot be reliably identified whilst on the ship should be
preserved for later laboratory attention (see Chapter 4.5.2).

Epifaunal samples obtained with other gears, e.g. dredges, should be processed following the
same procedures as above.

Because of the relatively high sampling error associated with epifaunal sampling, the data are
generally considered unsuitable for the detection of subtle numerical trends.

4.4.1. Washing equipment

Both the grab and sieving table (see Chapter 4.3) should be washed between sampling
occasions to avoid any risk of cross contamination. Finer-mesh sieves should also be cleaned
(e.g. with a scrubbing brush) to prevent excessive clogging with sand particles.

Furthermore, to avoid potential cross-contamination of epifaunal samples, trawls should be
washed out, after every deployment, by towing the trawl at the sea surface for approximately
5 minutes with the cod-end of the net open.

4.4.2. Transfer of processed material to sample
containers

During this stage in the process there is the potential for loss of sample material and
therefore appropriate means to avoid this should be instituted. The material should be
backwashed into the container using a funnel or other ‘foolproof’ device. The entire process
should be carried out within a large receptacle, in such a way that any accidental spillage can
be retrieved. Any enmeshed fauna should be carefully removed with forceps and transferred
to the sample container.
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4.4.3. Sample preservation

Biological material will require fixing with a solution of formaldehyde. Fixation hardens the
tissues and limits the scope for fragmentation of the specimens, as well as preventing
decomposition. Improperly fixed specimens may cause problems during laboratory identification.
There should be a final concentration of 4-5% formaldehyde in the sample for effective fixation.
If necessary, prior to fixation, any excess supernatant in the sample container can be poured off
through a sieve mesh of the same size as that used in initial processing, and any animals retained
by the sieve should be returned to the sample. Samples should be stored in the fixative for a
minimum of three days before any further processing (Gray et al., 1992; Eleftheriou and Holme,
1984). For very large samples, containing large quantities of gravel, care should be taken to
ensure that there is sufficient fixative and that it is adequately mixed through the sample.

Since formaldehyde tends to become acidic during storage, a buffering agent, such as sodium
acetate trihydrate (25 gl'! for 30% formaldehyde), should be added as this will help to prevent
the dissolution of any calcareous material, including mollusc shells, which may make
subsequent identification of specimens difficult. Formaldehyde is a toxin, a carcinogen and
an irritant and therefore extreme caution should be exercised whilst preparing dilutions of
this substance, particularly when transferring neat chemical from one container to another.
Eye protection, disposable gloves and waterproof clothing must be worn and the procedure
must be carried out in a well-ventilated area. Alcohol (70% ethanol/IMS) is often used for
later preservation of samples, but it should not be used during initial field preservation, as it is
an inadequate fixative and can cause the production of a precipitate when mixed with
seawater. However, specimens can be transferred to alcohol (70% ethanol/IMS), after fixation,
if long-term preservation of samples is anticipated. Further information on the use of fixatives,
preservatives and buffering agents is provided by Lincoln and Sheals (1979).

Figure 21 An example of a visual record of the contents of
a 0.1 m2 Hamon grab. Such photographs can
be reviewed at a later stage during data
interpretation.
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4.4.4. Sample staining

Rose Bengal, a vital stain, may be added to the fixation fluid, to enhance the colour contrast
between inconspicuous specimens and the sediment, thereby potentially increasing
subsequent sorting efficiency. Rose Bengal is an extremely hazardous carcinogen and, in
its powder form, should only be handled under fume extraction. It should therefore be
added to the concentrated formaldehyde solution in the laboratory under carefully
controlled conditions or made up as an aqueous solution for use in the field. The final
concentration of Rose Bengal should be around 0.01% in 10% formaldehyde.

4.4.5. Sample labelling

Each sample must be suitably labelled as follows: date, research cruise number or code, the
type of sample, station code and sample location. Labels should be applied to both the
outside and inside of any sample container. The internal label should be waterproof and
chemically resistant and annotated with a soft-carbon pencil which will not fade in
formaldehyde. This label should accompany the sample through each stage of processing.

4.4.6. Sample logging

All surveys should be logged in a pre-designed field log or electronic datasheet. Each log
sheet should contain prompts for all the information required. It may also be useful to offer a
list of options within the survey log for recording certain variables (e.g. sediment type), to
improve objectivity. A book format has the advantage that it keeps all the information
together and is perhaps less likely to be damaged in the field situation.

Information that should be recorded during the survey will include the state and direction of
tide, wind direction and strength and any swell. Photographs of collected samples should
also be routinely taken, as they provide a visual record (see Figure 21). The names of all
personnel involved in sample collection/processing should also be logged. In addition, for
each sample collected a record of the following information should be made:

e date of sampling

e sampling position (this is usually recorded at the instant that the sampling device makes
contact with the seabed)

survey datum

type and size of sampler employed

any modifications to the sampling device (including the addition of weights)

type of sample retrieved (e.g. macrobenthos sample)

sieve mesh size employed (e.g. | mm)

depth or volume of sediment sample obtained

water depth at each sampling position

time in GMT that the device landed on the seabed

whether the sample was retained or rejected (and the criteria used to reject the sample)

volume of any material removed for additional analyses (e.g. particle size analysis)
a brief description of the sediment

presence of any artefacts

size of sample container(s) used to store preserved samples

any deviation from standard operating procedures

48



Approaches to processing benthic samples

4.5. Laboratory processing of grab
samples

4.5.1. Elutriation and sorting

The formaldehyde fixative must first be removed from a sample prior to processing.
Formaldehyde is toxic and carcinogenic and this initial phase must be carried out under fume
extraction whilst wearing disposable gloves and a laboratory coat. The 5 mm sample fraction
(see Chapter 4.3) is first washed with freshwater over a 1 mm sieve, to remove excess
formaldehyde solution. The sample material is then backwashed into a sample container for
examination. Attaching a flexible tube to the freshwater supply is highly recommended, as it
greatly increases the control over the direction and strength of the water flow.

The finer sample fraction (usually >1 to <5 mm: see Chapter 4.3) is initially washed over a
Imm sieve and then backwashed into a 10 litre sample container. This container is then
filled with fresh water and the sample is gently agitated in order to separate the smaller and
lighter animals from the sediment. Once the animals are in suspension, the supernatant is
decanted over a sieve. This procedure should be repeated until no further specimens are
recovered. This stage in the process allows the smaller and more delicate animals to be
elutriated from the bulk of the sediment and, by doing so, improves the speed and efficiency
of the sorting process. The decanted fine fraction is placed in labelled petri-dishes for
identification and enumeration under a binocular microscope with a light source.

A few remaining animals, such as heavy-shelled bivalves (e.g. Nucula spp.), will not be
recovered in the decanting process. These are dealt with by washing aliquots of sediment
into the sieve using a very low water pressure. The contents of the sieve are then
backwashed onto a shallow sorting dish, preferably divided into grid sections. Sufficient
water should be added to the dish so that the entire sample is immersed. This dish is then
examined under an illuminated magnifier of at least x 1.5 magnification. The amount of
material on the sorting dish should not obscure grid markings. Animals can be removed
from the sediment using watchmaker’s forceps or, if exceptionally small and delicate, using a
pipette, and transferred to a suitable container, one for each species or faunal group. Ideally,
an independent analyst should check each aliquot of sediment to ensure that all animals
have been enumerated and extracted.

After the entire sample has been processed the sieve residue is returned to the original
container, formaldehyde or alcohol applied, and the material stored until satisfactory
completion of AQC procedures.

4.5.2. Identification and enumeration

All specimens of solitary taxa should be enumerated and identified down to the lowest
possible taxonomic level, usually species, using standard taxonomic keys. Itis essential that
competent personnel are employed, in order to ensure accurate and consistent identification
of specimens. The skills of personnel involved in species identification should be regularly
assessed and updated through attendance at training workshops and participation in
exercises designed to test proficiency.
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Distinction should be made between adult and juvenile macrobenthic specimens. Only
individual specimens with an anterior end are counted. Common species that are readily
identifiable can be counted using digital counters. Colonial species (e.g. hydroids and
bryozoans) are usually recorded on a presence/absence basis or using the MNCR SACFOR
scale (see Chapter 4.4).

Nomenclature should conform with that of Howson and Picton (1997). All taxonomic
references employed for identification should be documented. In cases where specimens
cannot be assigned to the level of species due to damage, the lowest definitive taxonomic
level should be recorded. An indication of the level of uncertainty associated with
identifications should be denoted by a question mark before the second epithet for a species
binomen (e.g. Sabellaria Ispinulosa), and before the generic name at the genus level (e.g.
?Sabellaria). Following standard convention, if there is only a single species within a
particular sample, then this is acknowledged by ‘sp.” following the genus (e.g. Sabellaria sp.).
However, if it is established that there are more than one species present within a sample (or
dataset), then this is indicated by ‘spp.” (e.g. Sabellaria spp.). Occasionally, due to taxonomic
disputes, collective groups may have to be assigned (e.g. Eteone flava/longa). Identified
specimens of each species should be transferred to numbered vials (one per species)
containing preservative.

4.5.3. Biomass determination

If biomass estimates are required, they may be determined as wet weight and then converted
to Ash Free Dry Weight (AFDW) using standard conversion factors (e.g. Rumohret al.,
1987; Ricciardi and Bourget, 1998). Ideally, samples should be left in the fixative solution
for a minimum of three months prior to weighing to allow for weight loss stabilisation (Brey,
1986). The wet weight is measured after the specimen has been blotted dry by moving it
around on dry absorbent paper until no wet mark is left. Once blotted dry, the specimen
should be transferred to a weighing balance as soon as possible, and the blotted wet weight
recorded once equilibrium has been attained, or after a fixed time interval. Fauna should be
weighed to the nearest 0.1mg.

Taxa containing fluid (e.g. heart urchins) should be punctured and drained before blotting.
Tube-dwelling taxa should be weighed after removal from their tubes. Where possible,
faunal fragments (lacking an anterior end) should be assigned to the appropriate species and
included as part of the biomass estimate for the species; otherwise they should be weighed
separately and then allocated across appropriate taxonomic groups. Ideally, estimates of
biomass should be provided for each identified species and these, together with the
estimated total biomass for each sample, should be reported.

4.5.4. Sample re-analysis

To ensure that laboratory processing is carried out to an acceptable standard, a random
selection of 10% of the samples processed should be re-analysed. AQC criteria, typically
those employed by the UK NMBAQC (see Chapter 9 for more details) are used to assess
whether any error is acceptable for the purposes of the investigation. If the error is
unacceptable then a repeat analysis of the entire batch of samples may be necessary. The
outcome of AQC activity should be included in any reporting of the data.
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4.5.5. Preservation and storage

After completion of identification, enumeration and estimation of biomass, specimens from
each sample should be transferred to a single container, and a preservative solution of 70%
ethanol/IMS applied. Sample containers should be labelled and kept in storage until all
quality assurance issues have been resolved to the satisfaction of the responsible authority.

4.5.6. Reference collections

A separate reference collection should be catalogued and maintained in a curatorial manner
for all benthic surveys. This involves the preservation of at least one individual of each
species found in the survey in a separate container. Specimens should be preserved using an
alcohol-based preservative (70% ethanol/IMS) and labelled with at least the following
information: species name, station number, station replicate number, date of sampling and
name of identifier. This collection can be used to validate identifications between samples
and surveys.

4.5.7. Sample tracking

Collected samples constitute a valuable resource, both financially and in terms of the data
they provide. Sample tracking i.e., information concerning the location and status of
samples at all stages following collection, is an essential part of any Quality Assurance
programme.
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CHAPTER 5

Remote acoustic methods for
examining the seabed

5.1. General Introduction

Remote acoustic techniques have been employed for many years to complement the physical
sampling methods traditionally used to carry out benthic surveys. The most useful and,
consequently, the most commonly applied technique is sidescan sonar. However, more
recently, other techniques such as acoustic ground discrimination systems (AGDS), sub-
bottom profiling, swathe bathymetry, and more conventional line bathymetry (some of which
are commonly used by the industry in resource-driven surveys) have become more readily
available to the environmental surveyor, especially in an R&D context. The application of
these tools may significantly enhance the capability to accurately interpret biological data, as
well as having ‘stand-alone’ value in impact assessments, although many have not yet
reached the stage at which routine deployment can be recommended (e.g. on grounds of
cost or ease of interpretation).

The following Chapter describes a variety of acoustic methods for use in support of
environmental surveys of the seabed. Further details on operating procedures are provided
in General Instructions for Hydrographic Surveyors (GIHS) and other standards issued by
the International Hydrographic Organisation (www.iho.shom.fr [IHO Publication S-44:
Standards for Hydrographic Surveys) and various national organisations (listed at
www.marinenav.net/hydro_nav_ofc/). Hydrographic survey standards exist for single,
multibeam and sidescan sonar operations, but there is no current unified international
reference. However a new International Hydrographic Survey Manual is being co-ordinated
by the IHO with contributions from its various member states expected in 2002.

5.2. Bathymetric surveys

5.2.1. Introduction

The generation of bathymetric data may serve a number of purposes when it is integrated into
an environmental survey. Bathymetry is an easily viewed backdrop over which other data
might be draped, particularly when a range of datasets are presented in a GIS format.
Information from a line bathymetry survey is able to quickly and cheaply provide an
interpolated map of the general topography of the seabed. Gross features such as channels and
banks can be accurately mapped, and associated changes in the horizontal distribution of
habitats might be more easily interpreted and explained when provided with a bathymetric
map. Swathe bathymetry is able to generate a 100% coverage map of the seabed enabling far
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better feature definition and object resolution than line bathymetry is able to provide. Swathe
bathymetry is able to discern comparatively small seabed features such as rippled sand and
suction trailer dredge tracks, and therefore provides the surveyor with a more detailed view of
those features which might affect the distribution of habitats. Swathe systems also offer
backscatter information, albeit of a relatively reduced quality, at little extra cost, and some
systems also claim to provide concurrent swathe acoustic ground discrimination. A
disadvantage of swathe bathymetry is that it is still a relatively expensive tool, although costs
are gradually reducing.

Bathymetric survey data may be used to map both the large- and fine- scale topography of
the seabed and also to monitor changes in depth over time. Bathymetric data are usually
gathered under contracted procedures aimed at specific survey needs (e.g. pipeline,
aggregate extraction sites, cable route or hydrographic surveys).

Bathymetric data are most frequently collected using a single beam echo-sounder with a
transducer attached either to the hull of a vessel, or to a pole mounted over the side or bow
of the vessel. The sounder is operated in tandem with a motion reference unit which
monitors change in the attitude and height of the transducer due to heave, pitch and roll of
the vessel. Standard single beam echo-sounders collect data from a narrow zone directly
beneath the vessel track and generally the data are presented either in line form, with gaps
between each data point, or as an interpolated plot of these data.

Multibeam (or swathe) sonar is a relatively new remote survey method. The hire and
purchase costs of these systems are decreasing and their reliability and performance is
improving. There are two main types of multibeam system: true multibeam (or focussed
multibeam) and interferometric (or bathymetric sidescan sonar) systems. True multibeam
consists of a transmitter and receiver capable of projecting and detecting multiple beams of
sound energy which ensonify the seabed in a fan-shaped swathe. Multiple soundings are
thus taken at right angles to the vessel track, as opposed to a single sounding underneath
the vessel with a conventional single beam echosounder. This gives a far greater density of
soundings enabling quicker coverage of the survey site. An interferometric sonar is a variant
of sidescan sonar technology where electronic techniques are applied to a multiple set of
sidescan sonar-like transducers arranged to give phase information in the vertical plane.
This phase information is used to determine the angle of reception of reflected sound from
the seabed and, given the time of flight of the return pulse, a range/angle measurement can
be made of the seabed. The main difference is that soundings for a multibeam system are
denser directly under the vessel, and sparser at full swathe range. The inverse is true for
interferometric systems. Both systems are prone to greater errors on the outer limits of the
swathe. Both are also dependent on a very high quality motion reference unit (MRU) to
determine the position and attitude. This apparatus significantly increases the cost of the
system but is essential for accurate and precise depth measurement. The application of
swathe bathymetry techniques demands a lengthy calibration procedure to define any
systematic errors in the installation (e.g. heading, latency and roll).

5.2.2. Survey design

Bathymetric surveys should be planned with the following considerations in mind:

e  The navigational limitations of the survey vessel in relation to the objective of the
survey. For example, shallow water or sandbanks may prevent access to some areas.
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e  The limits of the survey should be pre-defined and should always encompass, and
ideally overlap, the area of interest. The degree of overlap will depend on the aims of
the survey.

e  The spatial separation of the survey lines and the density of the soundings need to be
defined. This will again depend on the specific aims of the survey, and should take into
consideration the size and shape of the features likely to be encountered, the complexity
of the bathymetric variability of the seabed and the intended scale of the final survey
chart.

e  The horizontal datum, projection and grid to be used.

5.2.3. Survey execution

Bathymetric surveys using either single or multibeam systems should only be undertaken by
an experienced hydrographic surveyor. The method for installing the survey equipment will
depend, amongst other things, on the objectives of the survey, vessel size and configuration
and specification of the equipment to be used. A recognised set of guidelines for the conduct
of bathymetric surveys such as the International Hydrographic Organisation Standards S-44
for Hydrographic Surveys, should be followed.

5.2.4. Post-processing and reporting of data

Modern swathe bathymetry systems collect data with a width up to about seven times the
water depth. The data are collected digitally and the high-resolution multibeam swathe
bathymetry information can be used to produce ‘synoptic’ maps of the seabed. Until
recently swathe bathymetry systems have been a prohibitively expensive option for the
collection of routine data. However, these systems are becoming steadily cheaper,
encouraging greater future utilisation by the dredging industry, and others involved in the
assessment and monitoring of impacts from aggregate extraction. Both can provide
backscatter information similar to sidescan sonar but, unlike sidescan sonar, the hull-
mounted sensors are not optimised to the best grazing angles for the provision of textural
information.

The processing and reporting of the acquired data is a task that should only be undertaken
by an experienced hydrographic surveyor who is fully familiar with the technical
specifications of the survey. As with all stages of the bathymetric survey process an accepted
Standard Operating Procedure should be followed when carrying out the data post-
processing.
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The reporting of bathymetric data can take a number of forms. Single beam data is usually
presented as a large format paper record with a sub-set of the total dataset plotted along the
ships’ track. The full XYZ dataset can be processed using bespoke software to produce an
interpolated map of the bathymetric setting. The software may also be used to overlay other
relevant datasets such as sampling positions (Figure 22). Of particular benefit is the use of
bathymetric data as a backdrop for other datasets (e.g. sidescan sonar backscatter or
Acoustic Ground Discrimination Systems (AGDS): Figure 23 and Figure 25). This can
often be achieved using GIS packages.

Swathe data are most frequently presented as sun-illuminated plots or colour-shaded relief
maps.
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Figure 22 Interpolated wireframe plot of bathymetric data gathered using
single beam echo-sounder. Sampling positions are overlaid as red
circles

Figure 23 Single beam bathymetric data and AGDS data
overlain on backscatter data from a sidescan
sonar survey. The green and yellow central
tracks represent different substratum types
distinguished by AGDS. The blue lines are
interpolated bathymetric contours. The red lines
track the crests of large sand waves
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5.3. Sub-bottom profiling

5.3.1. Introduction

Seismic or sub-bottom profiling techniques obtain data in the vertical plane defining the
layers of sediment or bedrock strata below the seabed. The equipment applies high-energy
acoustic pulses to the seabed, and sensitive arrays detect the reflected energy. The scale and
resolution of this technique varies enormously, from deep seismic (where powerful air or
water guns project high-energy, low-frequency sound through kilometres of substratum, to be
picked up by thousands of metres of hydrophone arrays, towed or streamed behind the
vessel), to centimetric resolution of sub-bottom echosounders operating in the decimetre
layers of fine silts and muds. An example of the output from a high resolution chirps sub-
bottom system is shown in Figure 24. (Chirps systems generate an acoustic pulse containing a
narrow band of wavelengths, rather than a single wavelength pulse).
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Figure 24 Example of the output from a digital chirps sub-bottom profiling system when used

in coarse substrata. The seabed is the dark line towards the bottom of the image.
The indented box to the right of the main image is a ‘zoomed in’ section of the
seabed. The vertical scale is 10 m overall, and the horizontal scale is
approximately 90 m. There is no apparent structure below the highly reflective
seabed surface

Sub-bottom profiling techniques are used principally by the aggregate industry to assess the
nature, quantity and distribution of a buried aggregate resource. None of the currently
available sub-bottom profiling systems are able to effectively resolve distinct layers within
the top 0.5 m — 1.0 m below the surface of coarse, and consequently highly reflective,
seabeds characteristic of aggregate extraction sites. As this is the part of the sediment that is
of most interest to the benthic ecologist, acoustic sub-bottom techniques rarely provide data





