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Preface

The 1990s saw a ‘call to action’ for marine biodiversity conservation. The global Convention on
Biological Diversity, the European Union’s Habitats Directive, and recent developments to the Oslo and
Paris Convention have each provided a significant step forward. In each case marine protected areas are
identified as having a key role in sustaining marine biodiversity.

The Habitats Directive requires the maintenance or restoration of natural habitats and species of
European interest at favourable conservation status, with the management of a network of Special Areas
of Conservation (SACs) being one of the main vehicles for achieving this. Among the habitats and
species specified in the Annexes I and II of the Directive, several are marine features and SACs have
already been selected for many of these in the UK. But to manage specific habitats and species effec-
tively there needs to be clear understanding of their distribution, their biology and ecology and their
sensitivity to change. From such a foundation, realistic guidance on management and monitoring can
be derived and applied.

One initiative now underway to help implement the Habitats Directive is the UK Marine SACs LIFE
Project, involving a four year partnership (1996-2001) between English Nature, Scottish Natural
Heritage, Countryside Council for Wales, Environment and Heritage Service, Joint Nature Conservation
Committee, and Scottish Association for Marine Science.

The overall goal of the Project is to establish management schemes on 12 of the candidate marine SAC
sites. A key component of the Project is to assess the interactions that can take place between human
activities and the Annex I and Il interest features on these sites. This understanding will provide for bet-
ter management of these features by defining those activities that may have a beneficial, neutral or harm-
ful impact and by giving examples of management measures that will prevent or minimise adverse
effects.

Task 3.2 of the UK Marine SACs project set out to ‘identify and develop appropriate methods for
recording, monitoring and reporting natural characteristics and conditions of Annex I/II interests and
relevant environmental factors’. A key output of Task 3.2 is a “published book on monitoring methods
and procedures’ to be used as guidance by the UK government’s statutory nature conservation agency
staff and their key partners in drawing up monitoring schemes for European Marine Sites. The Marine
Monitoring Handbook fulfils this requirement.

The Marine Monitoring Handbook addresses the principles behind, and the procedures for, monitor-
ing Annex [ habitats, and selected Annex II species, within marine SACs in British waters to assess their
condition in accordance with the relevant requirements of the Directive and the UK’s common stan-
dards for site monitoring.

The Marine Monitoring Handbook provides guidance on the different options and their relative costs
and benefits and describes the current best practice for monitoring Annex I habitats and for the bot-
tlenose dolphin, grey seal and common seal within marine SACs, to assist in the assessment of their
condition. It draws on the information provided by the field trials undertaken under Task 1.2 of the UK
Marine SACs project to ensure all advice has a sound practical basis. The Handbook is intended to pro-
vide a toolkit for marine site monitoring, enabling those carrying out monitoring to select and use appro-
priate methodologies. It is not prescriptive about the nature of the monitoring required but enables good
monitoring decisions to be taken in the light of resource availability and other practicalities.

Dr Malcolm Vincent
Projects Director
Joint Nature Conservation Committee
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Preamble

Development of the Marine Monitoring Handbook

While the monitoring of terrestrial protected areas in the United Kingdom has a long history, the mon-
itoring of protected marine areas has been limited to a very few localities. As a result there has, to date,
been no single volume available which provides guidance on the monitoring of marine protected areas.
The selection and, in due course, designation of marine Special Areas of Conservation (SACs) under the
EC Habitats Directive, has highlighted the need for comprehensive guidance on the monitoring of the
marine environment.

The Marine Monitoring Handbook is a stage in the development of such comprehensive guidance, and
has been developed by the UK Marine SACs project through a series of literature reviews, workshops
and practical trials. The overall approach to monitoring taken in the Handbook is that adopted by the
UK nature conservation agencies in their Common Standards for Monitoring of designated sites. The
Handbook utilises this approach to analyse the possible monitoring requirements of marine protected
areas designated as SACs, summarises the principles of good monitoring practice, and analyses the
appropriateness of available monitoring techniques. In addition, Procedural Guidelines have been pre-
pared for a wide range of techniques to assist practitioners to carry out monitoring.

The Handbook has been organised in sections at different levels of detail designed to offer assistance
to a range of users, from those who need to be aware of the general approach to be taken in marine mon-
itoring, to those who will need to design, commission, or undertake the monitoring. This organisation
of the Handbook is summarised in Figure i.

The Handbook is a toolkit for the monitoring of marine SAGs. It does not attempt to prescribe moni-
toring programmes for particular features listed on Annex I or Annex II of the Habitats Directive. The
optimum type and level of monitoring on sites across the SAC network has still to be determined, and
this is likely to be an important component of future work within the UK.

Furthermore, as our practical knowledge of monitoring increases, and the marine monitoring require-
ments are addressed in greater detail within the European Union, the guidance set out in the Handbook
is likely to change. The Handbook should, therefore, be considered as a live working document.

Future progress of the Marine Monitoring Handbook
During 2001, further work will be carried out to improve the coverage and content of the Handbook. In
particular:

¢ we will increase the number and range of Procedural Guidelines to cover all the techniques listed
in Section 6 of the Handbook;

e we will revise Sections 3 and 4 of the Handbook, taking account of further work to identify the
most cost-effective design of monitoring programmes for particular Annex I habitats and Annex II
species, and the level of skills needed to carry out the work;

e we will improve the level of guidance in relation to Annex II species;
e we will provide a glossary of terms and a bibliography divided by topic.

The Marine Monitoring Handbook will be maintained on the JNCC Internet site
(http://www.jncc.gov.uk), and this electronic version will be the most up-to-date copy available.
Modifications to the Handbook, following the further work referred to above, will be incorporated into
this version. We will provide a ‘notice board’ on this website to enable users to provide feedback on the
Handbook. A mechanism, probably e-mail, will be established to alert users when new material, or revi-
sion of existing material, is published.

11



12 Marine Monitoring Handbook

Comments on this text, and suggestions for improvement, will be welcomed. All comments should be
sent to Dr Jon Davies at JNCC (Jon.Davies@jncc.gov.uk) and, if necessary, they will be incorporated into
later electronic versions.

Process Source of advice Audience

Selecting
SACs

Set the conservation
objectives and define
attributes describing the
condition of features

Establish the
monitoring strategy

Select appropriate
technique for each
attribute to monitor

Plan field
deployment

\ 4
Monitor the feature

\ 4

Assess the condition of
the feature

* Brown, A E, Burn, A J, Hopkins J J and Way, S F (1997) The Habitats Directive: selection of Special
Areas of Conservation in the UK. JNCC Report 270. Joint Nature Conservation Committee, Peterborough.
** Cole-King, A (In prep.) UK Marine SACs Project: Setting Conservation Objectives for marine SACs.

Figure i An overview of marine SAC monitoring, showing the relevant sources of advice in the Marine Monitoring
Handbook (together with other published texts) and the anticipated readership. Country Agency - CA: UK Government’s
Conservation Agencies. Management group: most marine SACs will have a co-ordinating group of representatives from local
relevant authorities.
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14 Marine Monitoring Handbook

Introduction

The European Community has adopted two Directives which aim to conserve nature within the territo-
ry of the European Union. Firstly, Council Directive 92/43 EEC of 21 May 1992 on the Conservation of
natural habitats and of wild fauna and flora (the Habitats Directive) requires that Member States desig-
nate Special Areas of Conservation for specified habitats and the habitats of specified species of wild
plants and animals. Secondly, Council Directive 79/409 EEC of 2 April 1979 on the Conservation of
wild birds (the Birds Directive) requires Member States to designate Special Protection Areas for the
conservation of specified wild birds, and for regularly occurring migratory birds. Both these Directives
apply to the marine environment of the European Union as well as to the terrestrial and freshwater envi-
ronments.

The requirement to designate Special Areas of Conservation (SACs) and Special Protection Areas
(SPAs) is implemented in Great Britain by the Conservation (Natural Habitats etc.) Regulations 1994 and
in Northern Ireland by the Conservation (Natural Habitats, etc.) Regulations (Northern Ireland) 1995.
These Regulations make provision for the implementation of the Directives in the marine environment,
including the preparation of Schemes of Management (hereafter called Management Schemes) for
marine SACs and SPAs. The Regulations refer to marine SACs and SPAs collectively as European
marine sites. The Regulations, and the Management Schemes prepared under them, are intended to
maintain the conservation value of the European marine sites for the particular habitats or species for
which they were designated.

Monitoring of European marine sites is necessary to determine the condition of the sites, to indicate
whether management measures undertaken under the Management Schemes are proving effective, and
to identify, where possible, any detrimental effects. Where such effects are recorded, they are likely to
act as a trigger for further investigative studies to determine what, if any, remedial action can be taken.

The UK Marine SACs project has investigated methods and strategies to monitor the condition of
those marine habitats and species listed on Annexes I and II of the Habitats Directive which occur in
the 12 trial sites covered by the project. As part of this investigation, a number of these methods were
tested on site to examine their cost-effectiveness and practicality. The trials concentrated either on
applying developing technologies such as airborne remote sensing to SAC monitoring, or on new meth-
ods for deploying existing techniques. It did not test techniques that are well established for site moni-
toring.

The Marine Monitoring Handbook explains the need for monitoring on marine SAGCs, sets out the
approach to such monitoring which is being adopted by the United Kingdom, provides assistance with
the design of monitoring programmes, gives specific guidance on monitoring methods appropriate to a
range of marine SAC habitats and species, and provides information on the practical application of the
monitoring methods. Figure i on page 11 provides an overview of the monitoring process and shows
where in the Marine Monitoring Handbook advice may be sought.

The Handbook is intended, primarily, for those responsible for designing and implementing monitor-
ing programmes for marine SACs (Box 1-1). While the guidance provided is relevant to the habitat
attributes of marine SPAs, methods for assessing bird populations have already been published * and
are not included in this Handbook.

Box 1-1 Aim

The Marine Monitoring Handbook provides advice on monitoring marine Special Areas of
Conservation to assess their condition in accordance with the requirements of the Habitats
Directive and UK common standards for monitoring.”
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Legislative background for monitoring on SACs

The purpose of designating and conserving Special Areas of Conservation is to maintain or restore the
habitats listed on Annex I and the species listed on Annex II of the Directive to Favourable Conservation
Status. Favourable Conservation Status is defined in Article 1 of the Directive. In summary, for Annex
I habitats, it means that conditions have been established which will ensure that the extent and range
of the habitat, and the populations of the constituent species of that habitat, will be maintained or
increased over time. For Annex II species, it means that conditions have been established which will
ensure that the viability, population size and range of that species will be maintained in the long term.

The term Favourable Conservation Status relates to the individual habitats and species over their nat-
ural range within the European Union. However, because the selection of the European network of
SACs is seen as fundamental to achieving Favourable Conservation Status, the European Commission
considers that the concept should also be applied at the site level." A key purpose of SAC monitoring,
therefore, will be to determine whether Favourable Conservation Status of the habitats and species is
being achieved at the level of individual SACs. The UK conservation agencies use the term favourable
condition to represent the concept of Favourable Conservation Status for the interest features of an indi-
vidual SAC.

In addition to this general point, the Habitats Directive also includes a number of specific provisions
which require the undertaking of monitoring on SACs. The most important of these are:

e Article 11

Member States shall undertake surveillance of the conservation status of the natural habitats and
species referred to in Article 2 with particular regard to priority natural habitat types and priority
species.

This Article requires Member States to undertake surveillance of the conservation status of the natu-
ral habitats and species listed on the Annexes of the Directive, with particular regard to priority habi-
tats and species. This surveillance requirement relates to the conservation status of the habitats and
species throughout the territory of the Member State. It is reasonable to infer that the importance of
surveillance of a given habitat or species on an individual marine SAC can be viewed as being pro-
portionate to the importance of the site to the status of the habitat or species within the territory of
the Member State as a whole.

e Article 17(1)

1. Every six years from the date of expiry of the period laid down in Article 23, Member States shall
draw up a report on the implementation of the measures taken under this Directive. This report shall
include in particular information concerning the conservation measures referred to in Article 6 (1) as
well as evaluation of the impact of those measures on the conservation status of the natural habitat
types of Annex I and the species in Annex II and the main results of the surveillance referred to in
Article 11. The report, in accordance with the format established by the committee, shall be for-
warded to the Commission and made accessible to the public.

This Article requires Member States to prepare a report by June 2000, and every six years afterwards,
on the measures taken to achieve the conservation of SACs, and also to undertake an evaluation of
the effect of these measures on the conservation status of Annex I habitats and Annex II species.
Monitoring is needed in order to carry out this evaluation. The main results of the surveillance car-
ried out under Article 11 are also to be included in the Report.

In addition to the requirements of the Habitats Directive, Article 8 of the EC Water Framework
Directive will require Member States to ensure the establishment of programmes for monitoring the sta-
tus of protected areas (including SACs). The purpose of such monitoring is to gauge whether the water-
related ecological requirements (e.g. the water quality) of the SACs are being met.

1 The report due in June 2000 has been deferred for one year to June 2001.
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Summary

The EC legislation requires the condition of the habitats and species for which an SAC has been desig-
nated to be monitored, in a manner which enables the condition of the feature to be estimated, and
whether management measures undertaken on the site are proving effective in achieving their
favourable condition.

The UK approach to SAC monitoring

In the United Kingdom, an approach to the monitoring of wildlife sites which have been designated
under both national and EC legislation has been developed which meets the requirements for monitor-
ing of SACs. In this approach, a distinction is made between surveillance and monitoring.

Box 1-2 Definitions

Surveillance is a continued programme of biological surveys systematically undertaken to
provide a series of observations in time.

Monitoring is surveillance undertaken to ensure that formulated standards are

being maintained.

Because the purpose of SACs is to contribute to achieving Favourable Conservation Status for the
habitats and species for which they were selected, work undertaken to assess whether SACs are making
the contribution expected of them falls into the category of monitoring as defined in Box 1-2.

The Annex I habitats and Annex II species for which SACs have been selected are referred to collec-
tively in the United Kingdom as interest features. Table 1-1 lists those marine interest features which
occur in the United Kingdom and are covered by this handbook.

Table 1-1 Marine interest features occurring in the UK for which advice on monitoring the feature’s condition is provided
in Sections 3 and 4 of this handbook.

Annex I habitats Annex II species

Sandbanks which are slightly covered by Phoca vitulina (Common seal)
seawater at all times

Mudflats and sandflats not covered by Halichoerus grypus (Grey seal)
seawater at low tide

Reefs Tursiops truncatus (Bottlenose dolphin)
Submerged or partially submerged sea caves

Lagoons

Estuaries

Large shallow inlets and bays

The approach to monitoring SACs in the UK is based on the requirement to assess whether the inter-
est feature for which the site has been selected is in favourable condition. Favourable condition is the
state which needs to be achieved by an interest feature and corresponds to Favourable Conservation
Status at the level of the individual SAC (Figure 1-1).

Favourable condition, therefore, is the ‘formulated standard’ referred to in the definition of monitor-
ing given in Box 1-2, and has to be defined for each interest feature on each SAC. To accomplish this,
and to achieve as far as possible a full alignment with management measures and controls established
under Management Schemes, the UK has formulated standards based on the conservation objectives
developed for each interest feature on each SAC.
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Figure 1-1 Diagrammatic representation of the UK’s approach to setting a conservation objective for a marine SAC feature.
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Conservation objectives

The Habitats Directive implies that conservation objectives will be developed for SACs, and explicitly
refers to these in the context of appropriate assessment of plans and projects under Article 6. The UK’s
national implementing Regulations have developed the concept further and require the country nature
conservation agencies to advise all relevant authorities of the conservation objectives for each marine
SAC. A conservation objective is a statement of the nature conservation aspirations for the interest fea-
tures on an SAC, expressed in terms of broad targets that define favourable condition.’

The process of defining favourable condition of an interest feature can be thought of as consisting of
two elements:

1) Identifying the most important characteristics of the interest feature that define its condition.
Depending on the feature concerned, this will usually include some combination of the:

— quantity of the feature, for example the extent of habitat, or habitat of the species, or abundance of
the species, and related characteristics such as range of distribution, and whether its spatial occur-
rence is patchy or continuous;

— quality of the feature, for example for a habitat, the presence or abundance of component species,
or the quality of inorganic components of the habitat such as substrata; for a species population,
measures of quality could include characteristics such as age or size structure, productivity rate,
and even aspects of the ‘health’ of individuals;

— processes supporting the feature, such as physical environmental factors like water quality, water
movement (levels and flows) or sediment processes, where they are of overriding importance to the
condition of a habitat or species; for example, the salinity patterns observed in a lagoon.

2) Identifying the state or value, or range of values, for the selected characteristics which the feature
needs to have if it is to be considered as being in favourable condition. These values need to recog-
nise, so far as possible, the fluctuations which are part of the feature’s natural dynamics.

As a guide, and in the absence of information on which to base a different conclusion, the ‘value’ of
the characteristics at the time when the feature was selected is assumed to be representative of
favourable condition. The United Kingdom refers to the characteristics described above as attributes.

Sub-features

The marine Annex I habitats are very broadly defined habitats that are often represented by large and
complex sites. To effectively describe, monitor and manage such complex features, it has been neces-
sary to divide some of them into smaller units called sub-features. Sub-features are distinctive biologi-
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cal communities (e.g. eelgrass beds, maerl beds, horse-mussel reefs), or particular structural or geo-
graphical elements of the feature (see Figure 1-2). Sub-features have often proved helpful, both in the
development of conservation objectives, and of monitoring programmes, to separate the feature into a
number of constituent sub-features, and then to identify attributes and targets for the sub-features. The
use of sub-features has been found to be particularly helpful for those marine Annex I features that rep-
resent whole physiographic units,” and permits a level of flexibility in the application of the UK’s
Common Standards Monitoring which has been found necessary when applying the standards at the site
level.

Plymouth Sound and estuaries SAC

> Large shallow inlet and bay

> Intertidal rock and boulder shore communities
——> Subtidal rocky reef communities
> Kelp forest communities

> Subtidal mud communities

. ——> Subtidal sandbank communities
——> Estuaries

[————> Intertidal mud communities

[——> Subtidal mud communities

[———> Intertidal mixed muddy sediment communities
[——> Subtidal mixed muddy sediment communities
> Estuarine bedrock, boulder and cobble communities

————> Subtidal sandbank communities

-——— > Saltmarsh and reedbed communities

Sandbanks which are slightly
covered by seawater all of the time

—> Eelgrass bed communities

—> Gravel and sand communities

—> Muddy sand communities

Figure 1-2 An example of how complex Annex | features (bold italic) are divided into sub-features (normal text) for a large
SAC.

Attributes

As explained above, conservation objectives for each feature on each SAC are developed by identify-
ing the attributes which describe and support the (sub) feature, and by the setting of values, or a range
of values, for each of these which reflect the best judgement as to what is required to define the fea-
ture as being in good condition. It is quite impractical to set conservation objectives for every con-
ceivable attribute for a particular feature and, even if this were done, the cost of monitoring all of
these to assess the condition of the feature would be prohibitive.

For this reason, conservation objectives are developed for those attributes considered to be essential.
The nature conservation agencies in the United Kingdom are currently increasing their experience in
developing conservation objectives for marine interest features, and the understanding of which
attributes are the most important may need to change as our understanding improves. Examples of
attributes are given in Box 1-3. The United Kingdom refers to the attribute values which help to
define favourable condition as targets.

In practice, in the marine environment it has proved useful to consider attributes in meaningful
groups under a range of sub-features.

2 Estuaries, large shallow inlets and bays, caves, and lagoons.
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Box 1-3 Examples of Attributes

Extent of the feature

Diversity of constituent biotopes

Extent of important constituent biotopes
Distribution of important constituent biotopes
Species composition of important biotopes

Important topographic features such as bathymetry
Water temperature

Turbidity

Nutrient status

Sediment (or other substratum) character

Summary

A summary of the approach used to define favourable condition for an interest feature on an individual
SAC is, therefore, as follows:

1) Identify and define any sub-features that are important components of the feature.

2) Identify the attributes for the interest feature, and any sub-features, which are considered, on best
judgement, to be essential to assess its condition.

3) Set targets for those attributes.

4) Formulate conservation objectives for the feature based on the aggregation of all the selected attrib-
utes and their targets.

These conservation objectives then define favourable condition for the feature.

The role of monitoring in judging favourable condition

Monitoring the selected attributes provides the information to compare their actual values at the time
of recording with the target values, to enable an assessment of whether or not the feature (or sub-fea-
ture) is in favourable condition.

The United Kingdom uses this approach in the monitoring of all sites designated under national and
EC nature conservation Directives, and refers to the approach as Common Standards Monitoring . The
approach has a number of advantages:

e At a local level, it provides a framework for those responsible for developing and implementing
monitoring programmes to do so with the confidence that this framework is supported nationally
and is being implemented throughout the country.

e It enables judgements to be made about the condition of features which are consistent between one
person and another, and between one site and another.

¢ Collecting, managing and exchanging monitoring information using accepted standards can be done
at a much lower cost than would otherwise be possible, and use of the standards also facilitates the
comparison of results over time and between different localities.

¢ [t enables the UK to report on the condition of each feature at the national level to the EC.

Frequency of monitoring

The Habitats Directive requires Member States to report on the status of the habitats and species of
Community interest every six years. In conformity with this, the UK has adopted the practice of moni-
toring all designated sites, including SACs, on a six-year cycle. Within this overall six-year monitoring
cycle, each interest feature within a site must be monitored, preferably within the same year, but cer-
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tainly within a three-year period.

Some features within sites will be monitored more frequently than this. Marine SAC features particu-
larly will need more frequent monitoring in forthcoming years to adequately establish their inherent
variation and better judge the appropriateness of target values already set, or define target values for
those attributes where there are few existing data.

Judging the condition of sites

The condition of designated features is judged to fall into one of seven categories (see Box 1-4). The first
two of these are termed favourable and features which are assessed as falling into these categories meet
the requirements of favourable condition. The remainder do not.

The Common Standards Monitoring model for designated nature conservation sites adopted by the
United Kingdom also includes the monitoring of management measures and activities, but these are not
included within the Handbook. The Common Standards Monitoring procedures are summarised
in Box 1-4.
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Box 1-4 Some key aspects of the framework of Common Standards Monitoring

FEATURES TO BE MONITORED
The features to be monitored and reported will
be, in the case of Natura 2000, the features for
which the site is designated.

For monitoring purposes, the special interest
of the site may not always be dealt with as a sin-
gle entity since many sites have a complex mix
of Annex I habitats or Annex II species, which
provide the justification for the designation of
the site. However, the individual features of
interest should be identified, monitored and
reported on separately. These interest features
are described in the notification documents and
are the reasons for designating the site. Until
SACs are formally designated the interest fea-
tures are those for which the site was selected.

CONSERVATION OBJECTIVES
Conservation objectives will be prepared for inter-
est features on all sites. Each objective will define
what constitutes favourable condition of each fea-
ture by describing broad targets which should be
met if the feature is to be judged favourable.

Each interest feature of a site will have one or
more attributes that can be used to help define
Favourable Condition. For species these may
include population size, structure, habitat
requirements and distribution. Attributes of habi-
tats may include area covered, key species, com-
position and structure and supporting processes.

Broad targets will be identified for those
attributes that most economically define
Favourable Condition of the interest feature.
Because all features are subject to some degree
of change, the targets may express how much
change we would accept while still considering
the feature to be in Favourable Condition. If a
feature changes to the extent that it falls outside
the thresholds expressed then this acts as a trig-
ger for remedial action or further investigation.

MONITORING CYCLE
The overall cycle will ensure that the interest
features will be monitored at least once within
six years. However, for any particular site each
interest feature should be monitored within a
three-year period.

Within the overall monitoring cycle, it will be
useful to form a view of the overall condition of
the features within a proportion of the statutory
sites on a more frequent basis. Each interest fea-
ture within a site should therefore be monitored,
preferably within the same year, but certainly
within a three-year period.

JUDGING THE CONDITION OF SITES
The condition of site features will be assigned
against the following categories:
Favourable — maintained. An interest feature
should be recorded as maintained when its con-
servation objectives were being met at the previ-
ous assessment, and are still being met.

Favourable - recovered. An interest feature can
be recorded as having recovered if it has regained
Favourable Condition, having been recorded as
unfavourable on the previous assessment.

Unfavourable — recovering. An interest feature
can be recorded as recovering after damage if it
has begun to show, or is continuing to show, a
trend towards Favourable Condition.

Unfavourable - no change. An interest feature
may be retained in a more-or-less steady state by
repeated or continuing damage. It is unfavourable
but neither declining nor recovering. In rare cases,
an interest feature might not be able to regain its
original condition following a damaging activity,
but a new stable state might be achieved.

Unfavourable - declining. Decline is another
possible consequence of a damaging activity. In
this case, recovery is possible and may occur
either spontaneously or if suitable management
input is made.

Partially destroyed. It is possible to destroy sec-
tions or areas of certain features or to destroy
parts of sites with no hope of reinstatement
because part of the feature itself, or the habitat
or processes essential to support it, has been
removed or irretrievably altered.

Destroyed. The recording of a feature as
destroyed will indicate the entire interest fea-
ture has been affected to such an extent that
there is no hope of recovery, perhaps because its
supporting habitat or processes have been
removed or irretrievably altered.

These categories will be used to assess and
report on the condition of features of interest.

Judgements on the overall condition of a fea-
ture will be influenced by a variety of factors
and in some cases a feature may be assessed as
being in Favourable Condition when only some
of the targets set for it have been met.

REPORTING ARRANGEMENTS

A full report will be produced once every six
years. The monitoring framework will generate
information on the condition of features across
the statutory site network as a whole, or on the
status of features within individual sites, and
will be used to fulfil reporting requirements
under the Habitats Directive (and other
International Conventions).
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Context of SAC monitoring within the Scheme of Management

The context of monitoring within the Management Scheme prepared for an individual SAC is illustrat-
ed in Figure 1-3. The monitoring of the condition of SACs is co-ordinated by the statutory nature con-
servation agencies, though other authorities may actually carry out monitoring activities where this is
appropriate.

Conservation Agency advises on

the conservation objectives and

on activities that may damage or
disturb the feature

Management group agrees a
management scheme to attain the
) conservation objectives, and to (

manage other uses to ensure they
are compatible with the Directive’s
requirements

Management scheme is effected

through voluntary action and the

statutory powers of the relevant
authorities

Relevant authority monitors the
compliance with management Conservation Agencies monitor
— measures the condition of features
[This may trigger a change to
the site’s management] *
‘.,. Conservation Agencies report the
., condition of features on a SAC to

.....----) Management Group & JNCC ==
[This may trigger a change to the
site’s management]

\2

JNCC reports the condition of
each feature in UK to DETR for
submission to the EC

Figure 1-3 Outline of the process of establishing a management scheme incorporating a monitoring programme on an SAC,
showing the organisations responsible for each stage (after Anon 1998). Conservation Agency: Countryside Council for
Wales, English Nature, Environment and Heritage Service (Northern Ireland), Scottish Natural Heritage. Relevant Authority:
the specific competent authority’ which has powers or functions which have, or could have, an impact on the marine envi-
ronment within or adjacent to a SAC. Management Group comprises the relevant authorities and conservation agency
members. DETR: Department for the Environment, Transport and the Regions.

3 A competent authority is any minister, government department, public or statutory undertaker, public body or
person holding public office that exercises statutory powers.
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Using data from existing monitoring programmes

The United Kingdom has a long history of long-term investigations in the marine environment, both at
a local and national scale. Universities and research institutes have generally pursued local pro-
grammes such as the benthic investigations by the University of Newcastle’s Dove Marine Laboratory off
the coast of NE England (Buchanan and Moore 1986)." National monitoring programmes have been
undertaken by statutory agencies, usually as part of their regulatory functions; for example, the Ministry
of Agriculture, Fisheries and Food monitor the physio-chemical parameters of seawater in relation to
the disposal of contaminants (MAFF 1994)." Existing monitoring programmes are expected to make a
significant contribution to SAC monitoring, in terms of providing data at a site where sampling stations
fall within the SAC boundary, and provide wider contextual information on the state of the environ-
ment. Also, these existing programmes can make an important contribution to the development of SAC
monitoring strategies and the interpretation of results. When developing site-based objectives, these
long-term programmes can contribute data on the variability of an attribute to help set realistic targets.
During a monitoring programme, comparing the results gathered at a local level with any national trends
may provide additional insights into an explanation of a local change. It is, therefore, prudent for those
establishing SAC monitoring schemes to undertake a comprehensive review to identify any existing
long-term programmes that may contribute to future monitoring effort. National monitoring in the
marine environment is undertaken inter alia under the auspices of the Marine Pollution Management
and Monitoring Group (MPMMG)' established by the Department of the Environment, Transport and the
Regions. One such scheme is the UK National Marine Monitoring Programme.

The UK National Marine Monitoring Programme

The UK National Marine Monitoring Programme’ (NMMP) was devised in response to the 1986 House
of Lords Select Committee on Marine Science and Technology, who recommended that a common
approach to monitoring should be established. This should provide all the information required to com-
ply with the full range of national and international commitments (e.g. under the OSPAR Convention
and EC Directives). Overall responsibility for the NMMP rests with the MPMMG. The NMMP is
described in the Green Book, which includes procedural guidelines for the collection, processing and
analysis of samples.’

Sampling is undertaken annually by the Environment Agency and Centre for Environment, Fisheries
and Aquaculture Science in England and Wales, the Scottish Environment Protection Agency and the
Fisheries Research Service in Scotland, and the Department of Agriculture and Rural Development and
the Environment and Heritage Service in Northern Ireland. It focuses on stable depositional sediment
sites and records data on sediment chemistry, biological communities, bioaccumulation of mercury,
cadmium and lead, and their ecological effects. Samples are collected at each of approximately 115 sta-
tions around the UK (Figure 1-4): there are 40 estuarine sites, 45 intermediate (coastal) sites and 30 off-
shore sites. The programme has become biology-led because the prevailing biological assemblage is con-
sidered to integrate and reflect the effects of the wide range of physical and chemical conditions occur-
ring at each site. However, a perceived weakness is the difficulty of linking cause and effect. A National
Marine Biology Analytical Quality Control Scheme (NMBAQC) was established in 1992 and has under-
taken various exercises and workshops involving more than 25 laboratories to establish quality assur-
ance standards for the biological aspects of the NMMP. Similar schemes exist for chemical monitoring
(NMCAQC) and ecotoxicological monitoring (NMEAQC).

4 See: http:/Awww.environment.detr.gov.uk/marine/mpmmg/index.htm

5 See: http:/www.marlab.ac.uk/NMPR/NMP.htm for a list of links and http://www.environment-agency.gov.uk/s-
enviro/viewpoints/5change-ltrs/3nmmp/5-3.html for an explanation.

6 The Green Book is a controlled document distributed by Fisheries Research Service, Marine Laboratory,
Aberdeen: contact Dr Gill Rodger (rodgergk@marlab.ac.uk). The text may be downloaded from: http://www.mar-
lab.ac.uk/greenbook/GREEN.htm


http://www.environment.detr.gov.uk/marine/mpmmg/index.htm
http://www.marlab.ac.uk/NMPR/NMP.htm
http://www.environment-agency.gov.uk/s-enviro/viewpoints/5change-ltrs/3nmmp/5-3.html
http://www.environment-agency.gov.uk/s-enviro/viewpoints/5change-ltrs/3nmmp/5-3.html
http://www.marlab.ac.uk/greenbook.green.htm
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These schemes provide a potential model for establishing quality assurance measures in SAC
monitoring.

Figure 1-4 Location of the National Marine Monitoring Programme (NMMP) sample sites in
the UK. Key: ® - cSAC (pre moderation); 0 - NMMP sites within cSACs; m - NMMP sites (see http://www.environment-
agency.gov.uk/s-enviro/viewpoints/5change-ltrs/3nmmp/5-3a.html).

Biological survey in the NMMP is based on macrobenthic sampling using grab and core sampling of
subtidal sediment biotopes. Being quantitative counts of individual organisms, the results lend them-
selves to the use of diversity indices and multivariate analysis to indicate ‘health’ and extent of change.
Analyses of the entire data set provide an indication of any national trends in the ‘health’ of these bio-
logical communities. The first holistic NMMP report on this spatial survey, National Monitoring
Programme Survey of the Quality of UK Coastal Waters, was published in November 1998.

7 The original UK list of cSACs was reviewed at the EC Atlantic Biogeographic Region meeting at Kilkee, Ireland
in October 1999; the UK is currently revising its list following this meeting.


http://www.environment-agency.gov.uk/s-enviro/viewpoints/5change-ltrs/3nmmp/5-3a.html
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These national results will provide an important context for assessing the significance of any localised
change recorded during a SAC monitoring study.
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Introduction

There are four stages in a monitoring programme to assess the condition of the interest features of
marine SACs:

(1) establish what to monitor

(2) determine the most appropriate technique to use

(3) organise the deployment of the technique in the field
(4) assess the condition of the feature

The process is summarised in Figure 2-1.

Select attnbutes

.

Set the
:.- R EEEEEE Sta:n dardsl
(targets)

T

[ Monitor attributes

'

Compare current value
with the target value

'

Assess condition

v

Decide management
action

Refinetacget......

Figure 2-1 Summary of the SAC monitoring process

What do | need to measure?

As explained in Section 1 of the Handbook, the aspiration for the features on UK marine SACs is
favourable condition as defined by the targets set for a range of selected attributes. The targets provide
the framework to be tested in a monitoring programme. The process of developing conservation objec-
tives for marine SACs is described in a separate report’ and will not be repeated here; the process
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is illustrated in Figure 2-2. The monitoring programme is analogous to a scientific investigation where
the hypothesis under test is whether the targets have been achieved; the feature is then considered to be
in favourable condition." A monitoring programme must therefore make a series of measurements to test
the hypothesis that each attribute is in favourable condition and therefore enable a judgement to be
made on the status of the whole feature. Common Standards Monltorlng requires a discrete data gath-
ering exercise (that may nevertheless require several field visits) during the reporting cycle to evaluate
the condition of the feature.

Fearure Conservation  Attributes Targels Condition
ohjective

|

1 i derroase bom
Fo|  amibisnad hoseine

-E Rango of |I Mumbar of biolopes should

— | bokpes nol desiats 10m Baseling |~
Sub-tidal | . ; |  DEnSity [ wﬁammm-ﬁ Favourable
sand bank | Sl DI — condition

_-". Topugsphy ]_._. Diessith shaukd not devnie ...-""”"'

sgnicandy from baseling

Maintain sub-tidal sandbank in favoursbie condision,
where ihe:

Ef £ pclmani ] wm H‘FB
—l'"i s ara ke pamma IR Smiar
s i sl 15 beseline
e — #

Figure 2-2 A hypothetical example of a feature and its conservation objective, showing the attributes and targets (adapted
from Ecoscope 2000a)." This diagram will also apply to a sub-feature (see Section 1).

In practice, information on targets is often presented in the form of a table, which shows the rela-
tionship between feature, sub-feature, attribute and target, together with any site/attribute specific com-
ments. An example is shown below in Box 2-1.

1 Brown (2000)" provides an excellent and comprehensive explanation of how the Common Standards Model is
used for condition monitoring, including a detailed account of methods and appropriate statistical procedures
to evaluate a feature’s condition.

2 All features are subject to some change and so the targets may express how much change we would accept
whilst still considering the feature to be in favourable condition. These will serve as a trigger mechanism so
that when changes that fall outside the thresholds expressed are observed or measured some further investiga-
tion or remedial action is taken.
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What attributes should | select?

As explained in Section 1, the UK considers favourable condition to be favourable conservation status
at the level of the individual SAC. Why is this important and how does it relate to the choice of attrib-
utes for monitoring? Part of the answer lies in the requirements of the Habitats Directive, which defines
what is meant by favourable conservation status, and is set out in Box 2-2.

Box 2-2 Definitions of favourable conservation status for Annex | habitats
(Article 1e) and Annex Il species (Article Ti)
For a natural habitat, favourable conservation status occurs when:

e its natural range and area it covers within that range are stable or increasing; and

e the specific structure and functions, which are necessary for its long-term maintenance,
exist and are likely to continue to exist for the foreseeable future; and

e the conservation status of its typical species is favourable.

For a species, favourable conservation status occurs when:
e the population dynamics data on the species concerned indicate that it is maintaining
itself on a long-term basis as a viable component of its natural habitats; and

e the natural range of the species is neither being reduced nor is likely to be reduced for the
foreseeable future; and

e there is, and will probably continue to be, a sufficiently large habitat to maintain its
populations on a long-term basis.

Taking habitat features only, these definitions clearly suggest that an assessment of FCS must consid-
er attributes relating to extent, structure function and typical species. The Joint Nature Conservation
Committee commissioned a study to identify generic parameters for defining favourable condition of
each feature that equate to the broad definitions in Box 2-2. It provided useful guidance on the type of
generic attribute’ to consider in relation to the definitions of FCS. Adopting generic attributes will make
a Valuable contribution to the implementation of the UK’s Common Standards for Monitoring program-
me’ across the site series. These ideas were explored at the UK Marine SACS Project European work-
shop held at Gatwick’ and further developed as guidance by English Nature,” who concluded that gener-
ic attributes would:

¢ ensure consistency of condition assessments;
e facilitate aggregation of condition assessments;

e assist in the identification of large scale change, for example across the Natura 2000 series.

Scottish Natural Heritage’s handbook on site condition monitoringt suggests the habitat attributes
should consider the quantity and quality, where quality is further sub-divided into physical attributes,
composition, structure, dynamics and function. For species, the attributes should be quantity, popula-
tion dynamics, population structure, genetic diversity and habitat requirements. To provide a structured
approach in the present Handbook, the following generic attributes are used: extent, biotic composition,
biological structure and physical structure for Annex I habitats, and quantity, population dynamics,
population structure and habitat requirements for Annex II species. Table 2-1 and Table 2-2 give exam-
ples of how these generic attributes have been interpreted and then applied to candidate SACs in UK.
In the UK, all reference to biological communities must use the terms in the national marine

5 A generic attribute is a summary term describing the broad theme from which site-specific attributes may be
derived. For example, biotic composition (of a feature) is the generic attribute whereas, the species composition
of biotope x and the presence of species y would be site-specific representations.

6 Selecting attributes for Annex I habitats and Annex II species of marine SACs, paper by Paul Gilliland,
Maritime Team, English Nature; Paul.Gilliland@english-nature.org.uk
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. . pe . g . . . . h
biotope classification, and for species, all taxonomic nomenclature must follow the Species Directory
to ensure a consistent approach across the site series.

Summary

A monitoring strategy must measure at least one attribute of the extent, the biotic composition, the bio-
logical structure and the physical structure of an Annex I habitat feature, and the quantity, the popula-
tion dynamics, the population structure and the habitat requirements of an Annex II species.
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What is the target condition?

Section 2.2 explained how a monitoring study compares the current situation to an established standard
to determine the condition of a feature. This standard is expressed as the target condition’ in the con-
servation objective and therefore it is essential that the target be clearly defined. In practice, identifying
the target condition has proved very difficult and only broad generic values have been specified for
many attributes. It is important to remember that establishing that one condition (favourable condition)
is preferable to all others will ultimately always be a subjective process and as such requires a value
judgement (or ‘expert opinion’). In other words, defining a condition we prefer to have cannot be a deci-
sion based solely on science.’

Sites were selected as candidate SACs using all available information at that time, and for marine
SACs, the features were assumed to be in favourable condition unless information became available to
the contrary. The criteria used for selection are different to many of the attributes now used to define
and hence monitor favourable condition. However, previous data might not be appropriate to establish
a definitive target value. Moreover, many of the data available at the time of designation were derived
from a single field survey and, therefore, do not provide any indication of variability over time. For
instance, a mapping exercise designed to give an indicative distribution of the biological communities
of a site may not have recorded data at sufficient scale to establish the boundary of particular habitats
sufficiently accurately for any future assessment of a change in extent to be made.

For some attributes, it may be possible to use data from existing long-term studies (such as the
National Marine Monitoring Programme) to establish a target condition. Such data may require re-analy-
sis and interpretation because the objective of the original monitoring project is unlikely to match those
of condition monitoring.

For some attributes, however, such data may not exist and establishing a target condition will require
a dedicated data collection programme that, where possible, extends over a sufficient time period to
indicate any temporal variability.” Generally, the target condition will be the current condition at the
time of selection (or at the time of the baseline monitoring if different), until sufficient data are avail-
able to provide a more refined target that takes account of inherent variability — natural or anthro-
pogenic. Where possible, it would be prudent to establish a surveillance programme to measure the tem-
poral variability of an attribute. These surveillance data would help refine the target condition in terms
of decreasing its confidence limits (Figure 2-3).

9 The target condition will, in general, represent the minimum threshold value for the attribute, although in
some instances, it may also be necessary to set a maximum value.

10 This issue is more fully explained by Cole-King ef al. (In prep)



Establishing monitoring programmes for marine features 37

Successive surveillance cycles

2
-~ & *
D2 N k
BN £
2 ;oA '
. |I ] -'. ' |"'-I
:“ l;_ .." 'I._ s " ..' o S e =
£y = g =
i
L R
L
Time

Figure 2-3 Hypothetical example of how an attribute's target value may be refined over time. If the value fluctuates, suc-
cessive surveillance (or possibly monitoring) cycles enable a more accurate determination of the confidence limits (dashed
line) and hence the target value (solid line). Clearly, it is possible that the intial target value may actually be located at the
upper confidence limit and subsequent data collection would result in a substantial decrease in its final value.

Recommendation
To set a target condition:

* Re-analyse data from an existing monitoring programme if possible; or
e Commission a data gathering exercise; or

¢ Use a value judgement based on the situation at the time of selection (or other contemporary baseline);
and then

e Establish a surveillance programme during the first reporting period to evaluate whether the proposed
target condition equates to the feature’s desired condition.

What is the most appropriate method?

The ability of a monitoring programme to meet its aims successfully hinges on the selection of an appro-
priate method, together with its deployment strategy, to measure each attribute. It is vital that the tech-
nique used for measurement is sufficiently sensitive (i.e. accurate and precise) to record information to
compare with the target value. It is prudent to ask a series of questions to review critically the capabil-
ity of different techniques prior to establishing the monitoring programme as set out in Figure 2-4. In
reality, the available budget is likely to be the predominant factor in the decision process. Nevertheless,
budget should not be the final arbiter because a technique should only be used if it is sufficiently sen-
sitive to detect any deviation from the target value. For further information on how to use the decision
tree set out in Figure 2-4, see Ecoscope (2000a).’

An important issue in the selection of an appropriate technique is whether that same method (and
strategy of deployment) should be used for the entire duration of the monitoring programme. It is like-
ly that technological developments over time will expand the range of techniques available to measure
an attribute, potentially with greater precision and at lower cost. For strict condition monitoring activi-
ties, there is no requirement to adhere to a single method over time if each different method can meas-
ure the attribute with sufficient precision and accuracy.
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For surveillance, or where there is an element of surveillance in a monitoring programme,’ it is nec-
essary to adhere to a single method (and method of deployment) to ensure the data are comparable
between recording events. If prevailing circumstances dictate that change of method is necessary, a com-
prehensive calibration exercise will be required to ensure data can be corrected to maintain their com-
parability. For example, if a satellite remote sensing system will be decommissioned during a monitor-
ing programme, it will be necessary to record contemporary images from the old and a new sensor for
calibration purposes.

For each attribute to be measured, consider
the most cost-effective method

48 . | Consider the next most |
I5 the method: - s,

Unlikely to damage the specics or environmeni?
Able o provide o bvpe of measuremient
consisient with the target objectives for the

E|:l=:l'=5 ar "I.d]l.lﬂtl:r 4’0_'
Ahble 10 measure the atinbule across an

appropriate range of conditions?

Able fo provide sufficiently precise observations
o detect appropriste scales of change?

Within the budges available

b S

©

Is the method subject to significant ¢
bias?
| Does the bias matter for |
|_ monitoring purposes’

¢ Can the bias be controlled
or measured?

k4
. Take measurements of the
[ Hve smples mqmmd'.'w entire attribuie

©

[ Design a sampling .w:hmu:]

Figure 2-4 Suggested decision tree for the selection of methods for monitoring each attribute (from Ecoscope 2000a)

11 Generally for those attributes where additional data are required to refine target values during the early
monitoring cycles.
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A further consideration when selecting a technique is the need to conform to the requirements of com-
mon standards monitoring to contribute to the assessment of favourable conservation status (FCS). Shaw
and Wind (1997) considered there are two aspects to the form of the data to facilitate this assessment:

— the data are capable of being added together, or of being aggregated at a national level; and

— the data are recorded with comparable levels of precision and accuracy, and within a similar
time-frame.

While a uniform approach to assigning a single technique to each attribute across the entire site series

would standardise data collection, this approach may not be practicable for a range of operational and
economic reasons. Shaw and Wind (1997) concluded that a degree of flexibility in the selection of meth-
ods can be retained provided that the techniques use the same form of measurement, have comparable
levels of precision and accuracy, and are applied within a similar time-frame.
Sections 3 and 4 of the present manual provide advice on a limited range of appropriate techniques for
each generic attribute for each feature, together with procedural guidelines on their field deployment
(Section 6). It is vital to the success of the Common Standards for Monitoring programme that SAC mon-
itoring programmes follow these guidelines in a quality-assured manner. Any modification to a standard
technique deemed necessary to meet local operating conditions must be fully approved prior to its field
deployment.”

Precision and Accuracy

A critical consideration in the selection and deployment of a monitoring technique is its reliability in
reflecting the actual condition of the attribute it is monitoring. Two factors are crucial in this and these
are precision and accuracy. It is important that these factors are fully understood when selecting a tech-
nique and its deployment strategy (Box 2-3). Precision is a measure of the closeness of multiple sample
measurements to each other or, in other words, how tightly grouped they are around a mean point.
Accuracy determines how close a sample measurement is to the actual (true) value.

12 In the UK, approval should be given by the appropriate Country Agency specialist in consultation with JNCC.
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Box 2-3 Precision and Accuracy (taken from Ecoscope 2000a’)

Trae walug
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Precision and accuracy vary independently so can be either high or low in a particular
study. The results for 10 different samples are shown in relation to the unknown true den-
sity.

(a) Precise and accurate. The estimates are closely spaced about the true value. This is the
ideal situation, but is difficult to achieve.

(b) Precise and inaccurate. The estimates are closely spaced but their mean deviates from
the true value. Since the true value is unknown to the observer, this result cannot read-
ily be recognised as different from that in (a). A bias makes the estimates inaccurate
(i.e. wide of the true mean).

(c) Imprecise and accurate. The estimates are spread rather widely about the true value.

(d) Imprecise and inaccurate. The estimates are spread widely and their average deviates
from the true value. Again, since the true value is unknown to the observer, this result
cannot readily be distinguished from that in (c).

Source: adapted from Bibby, Burgess and Hill (1992) Bird Census Techniques, Academic

Press, London

The magnitude of change that may be detected by any technique is directly related to its precision.
Therefore, careful consideration of the degree of change permitted for an attribute’s target value is nec-
essary prior to specifying the level of precision that any technique must achieve. In general, the level of
sampling effort usually determines the level of precision, where typically for a given monitoring tech-
nique, the accuracy increases in proportion to the square root of the sample size; for example, to dou-
ble the accuracy obtained from 10 samples requires a further 30 samples. Sampling effort is discussed
below.

How do | ensure my monitoring programme will measure any
change accurately?

After identifying the most appropriate technique, the next step is the design of its field deployment to
ensure the results can accurately and precisely measure the attribute. It may be possible to measure an
attribute for the entire feature (or sub-feature) — for example the extent of a mudflat using airborne
remote sensing. For most attributes, this will be impossible: only a proportion of the feature can be
measured, and the results must be extrapolated to represent the entire feature. This is termed sampling
and the procedure for organising the field deployment of samples is known as the sampling strategy.
Arguably, the most important issue in relation to a sampling strategy is ensuring that the samples record-
ed are representative of the entire feature, and in particular, that the results account for the inherent
variability within a feature. Such variability is strongly influenced by both natural change and spatial
pattern, and must be considered when planning a sampling strategy.
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Natural change

Traditional theories of community ecology considered systems to be in equilibrium. These theories have
been challenged by some ecological studies that demonstrated a high frequency of natural disturbance,
and noted that environmental change can occur more rapidly than the system can return to an equilib-
rium.’ Current ecological thinking suggests that marine ecosystems are constantly changing and the sam-
pling strategy behind any monitoring programme must be sufficiently robust to take account of both the
magnitude of change and the processes behind such change. Studies undertaken in the Loch Maddy
¢SAC and Plymouth Sound cSAC by the UK Marine SAGs project clearly demonstrated a high degree
of change in the species composition of an individual biotope; nevertheless, the actual biotope present
at the site remained the same. For Plymouth, there were large changes in the most common species —
often greater than x2 — and the total species list changed by more than 40% between the 1998 and 1999
samples at all three study sites. “ For Loch Maddy, there were significant changes in the composition of
the biotopes investigated, although some of these changes were attributed to seasonal effects due to the
timing of the sampling. There were however, significant changes in the species assemblage associated
with maerl beds in shallow rapids that were not attributed to seasonal change In both studies, many of
the component species within the biotopes studied had an annual life cycle and therefore a large
turnover of species would be expected. Such inherent changes have clear implications for the choice of
attribute in a monitoring strategy. Where an attribute refers to the composition of a biotope, the biotope
definition must be sufficiently robust to encompass this natural change at a local level. Unfortunately,
there are few examples where the level of species turnover is sufficiently well understood to set realis-
tic targets, and local surveillance programmes will be necessary to provide such information.

Often a surveillance or monitoring programme will fix the timing of data collection in an attempt to
minimise seasonal effects. Such regular sampling may be inappropriate because it may not provide any
estimate of temporal variance, which in turn may lead to the over- or under-estimation of an
impact/effect.” The timing of sample collection should be carefully chosen in relation to the known biol-
ogy of the organism or community, natural rates of change and any temporal variation. Where there is
little information about natural rates of change a series of nested time-scales is recommended during the
early phase of a monitoring/surveillance programme to quantify the variance associated with temporal
effects.” In other words, it is necessary to test the assumption that a change from one season to the next
is actually a seasonal effect by sampling regularly within a season and between seasons.

Spatial pattern

Marine communities often have a patchy distribution which, combined with natural fluctuations,
results in considerable inherent variability in marine ecosystems. If the design of a sampling programme
does not account for a significant proportion of this natural variability, it will be unlikely to provide any
meaningful results for assessing the status of a feature.” In particular, an area may support a range of
biotopes although the actual biotope(s) present will depend on the timing of recent disturbance events.
For example, the cycle between fucoid algae, mussel or barnacle dominated shores is well documented.
It will be necessary to exercise careful judgement in the choice of attribute for a monitoring strategy
where the actual biotope present is related to stochastic events. A local surveillance programme may be
necessary prior to establishing targets for an attribute.

Spatial patterns occur at scales ranging from centimetres — for instance, the precise location of indi-
viduals or colonies — to thousands of kilometres — biogeographical patterns in species distribution.
Inappropriate choice of scale will have a profound influence on the accuracy of a sampling programme
to fully address the hypothesis. For example, data recorded from a kelp forest at a single location will
not provide sufficient information to consider any change in the status of the kelp forest in the whole
SAC. Similarly, data from the kelp forest throughout an SAC will not enable an assessment of the status
of all kelp forests in the whole SAC series. Furthermore, monitoring trials on a horse mussel reef as part
of the UK Marine SACs project found that spatial variation in community composition could be halved
(with a corresponding increase in monitoring sensitivity) if sampling was stratified to the wave ‘crests’
of the reef.’
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A sampling strategy must account for the type of attribute being measured, the method and its deploy-
ment, the inherent variability of the attribute (if known), the required accuracy and precision of meas-
urement, and the time/budget available for sampling. It is beyond the scope of the present handbook to
present a detailed review of the issues associated with the design of a sampling strategy; there are a
number of comprehensive texts on this topic.”

Inherent variability in marine ecosystems requires more than one sample to explain any change.
Additional samples are known as replicates, and the use of replicate samples is required across all lev-
els of sampling design. There is a positive correlation between the degree of variability of an attribute
and the number of replicate samples required for enumerating an accurate estimate of its true value. The
location of each replicate must relate to the main question — if you are considering an individual sand-
bank, the replicates must be located on that sandbank, not scattered across sandbanks throughout the
SAC. If you are monitoring sandbanks in the SAC, you must sample multiple sandbanks throughout the
site. Replication, and in particular the concept of pseudoreplication, and its associated problems in sam-
pling programmes were comprehensively described by Hurlbert (1984)."

For any SAC sampling programme to draw conclusions about the whole feature, its principal require-
ments are that:

e Samples must be representative of the whole feature; and
¢ More than one sampling unit per feature (or sub-feature) is required (replication).

Figure 2-5 sets out a series of questions to consider when designing a sampling strategy; the main
issues for each topic are described by Ecoscope (2000a).”

13 See: Brown (2000)’; Krebs, C J (1999) Ecological Methodology, Addison Wesley Longman, Menlo Park,
California; Sutherland, W J (1996) Ecological Census Techniques, Cambridge University Press, Cambridge;
Underwood, A J (1997) Experiments in Ecology, Cambridge University Press, Cambridge.
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Figure 2-5 Issues to consider when designing a sampling strategy (after Ecoscope 2000a)

Permanent sample stations

Permanent sample stations can provide an effective approach to reducing random variability when tem-
poral changes are to be monitored. Permanent plots provide a very precise measure of change and are
useful for monitoring rare sessile species that are only known from specific locations. There are, how-
ever, a number of significant disadvantages to using permanent plots: they may be unrepresentative of
the feature as a whole; repeated monitoring may damage the site; and there are financial overheads asso-

ciated with marking and maintenance.
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Ecoscope (2000a) concluded that permanent plots should only be used if:

e Minimising sampling variation is of prime importance (e.g. where subtle changes must be detected at
sites which are highly heterogeneous) or information is needed on turnover and species dynamics.

e There is sufficient fieldwork time available for marking and relocating permanent sampling locations,
and this time cannot be more efficiently used for collecting data from temporary sample locations.

e Sample locations are representative of the site and sufficient samples are taken to minimise the risk
of chance events reducing their representativeness.

¢ Provision is made for the unexpected loss of sample locations.

e The feature and the surrounding environment will not be significantly altered or damaged by repeat
field visits.

Locating samples — random or not?

If permanent stations are not appropriate, the method used to establish the precise location of each sam-
ple on the ground does itself influence the reliability of determining change and, understandably, has
been extensively investigated. There are four commonly used strategies for locating samples (Figure 2-6
and Table 2-3): judgement or selective location by the field operative; random; stratified random based
on an a priori sub-division of the study area; and systematic sampling based on a user-defined grid.
These strategies are fully explained in many texts.’
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Figure 2-6 Three common types of sampling strategy (after Ecoscope 2000a). Note: judgement or selective sampling is
not shown.
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Table 2-3 Summary of the advantages and disadvantages of different types of sample selection (from Ecoscope 2000a)

Sampling location

Advantages

Disadvantages

Comment

Judgement

Random

Stratified random

Systematic or grid

Can be quick and simple if
knowledge of habitat/species
is sufficient.

Samples can be deliberately
taken around e.g. a rare
species or feature of
particular importance. Useful
when the locations of a rare
habitat or species are known.

Samples can be placed in
areas subjectively considered
homogeneous or
representative.

Requires minimum
knowledge of a population in
advance.

Free of possible classification
€ITOrS.

Easy to analyse data and
compute errors.

Ensures that all the main
habitat types present on a
site will be sampled (if
defined as strata).

Characteristics of each
stratum can be measured and
comparisons between them
can be made.

Greater precision is obtained
for each stratum and for
overall mean estimates if
strata are homogeneous.

If the population or attribute
is ordered with respect to
some pertinent variable, a
stratification effect reduces
variability compared with
random sampling.

Provides an efficient means
of mapping distribution and
calculating abundance at the
same time.

Extrapolation of results to the
whole feature or site is not
valid without strong
justification. Comprehensive
knowledge of the site is
required.

Statistical analysis is not valid
and errors are unknown.

Locating sample observations
can be time-consuming.

Often larger errors for a given
sample size than with
systematic sampling.

May not monitor what is
required

If strata have not been
identified prior to monitoring,
preparation can be time-
consuming.

The most appropriate
stratification for a site at one
time may have changed when
repeat surveys are carried out.
Monitoring efficiency may
therefore also change.

If sampling interval is correlat-
ed with a periodic feature in
the habitat, bias may be intro-
duced.

Strictly speaking, statistical
tests are not valid, though in
practice, conclusions are
unlikely to be affected.

Efficient but dependent on
quality of prior knowledge.

Should not be used if there
are any concerns over the
quality/reliability of this
prior knowledge

Only useful when a feature
is spatially homogeneous
throughout the SAC

Any restrictions on access
will compromise the
process

The optimum approach for
most SAC monitoring
requiring a degree of
randomness

This has the advantage of
providing an estimate of
extent and a random sub-
sample can be taken for
other analyses

Brown (2000)" presents a detailed discussion of the use of these different sampling approaches in the
context of condition monitoring of protected sites. He concludes that the ‘selective’ (= judgement)
approach is likely to be the most efficient because it is based on prior knowledge, but warns that ‘... we
[Brown] can only really recommend this approach in the hands of the expert’. It must be emphasised
that the quality of the results is dependent on the reliability of this prior knowledge. He also conclud-
ed that the ‘classical’ (= random) approach is ‘... rarely suitable for monitoring but very suitable for sur-

veillance and environmental effects monitoring’.
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Recommendation. Monitoring Annex I features of a SAC should use a stratified random sampling strat-
egy for locating sampling stations, except where an estimation of spatial pattern/extent is required when
a systematic/grid sampling strategy should be adopted.

At the time of publication, it is not possible to provide similar advice for marine Annex II species and
further research is required to determine the most appropriate sampling regime. "

Nested sampling

It is of course vital that sampling programmes are designed to provide clear and unambiguous data for
each attribute to assess the condition of the feature against its target values. In reality, there are unlike-
ly to be sufficient funds available for a plethora of investigations considering a single attribute of a fea-
ture. Careful design of a sampling strategy can provide data to address a number of attributes at the same
time. Specifically, with a nested (hierarchical) sampling design that has successively finer spatial (or
temporal) scales, data can be sequentially aggregated at broader and broader scales to answer questions
at each scale (see Box 2-4 for an example).

Box 2-4 Nested (hierarchical) sampling design (modified from Oxley 1996)

An example of a nested sampling design showing three areas at the whole SAC level. Sites
are allocated in each area, stations are located randomly within the site, and samples are
randomly positioned in each station. This sampling design can evaluate the difference in
kelp cover between three areas, within each area, and between the stations at each site.

Box 2-5 illustrates a situation where there are two main zones present at a site, with three replicate
stations in each zone. Extending the sample design in this manner can provide information on the rel-
ative density of kelp (d) between the two zones. The importance of replication is highlighted through
four scenarios taking different combinations of stations from the two zones. Selecting a single station
from each zone and taking replicate samples at each station would give three possible measures of kelp
density leading to contradictory conclusions. It could show differences in the density between the
zones, but this could be attributable to inter-station differences rather than an actual difference between
zones. Replicating the number of stations gives a more reliable measure of kelp density but at the
expense of increased sampling effort. Generally the greater the number of stations sampled in each zone,
the higher the confidence in the conclusion.

14 For example, Distance sampling techniques may be appropriate, which are the focus of much current research
(see: http://www.ruwpa.st-and.ac.uk/distance/)
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Box 2-5 Schematic representation of a study site with two zones. The density of kelp
was estimated by taking samples at each station (identified by letters). Scenario 4 is the
most reliable estimate of the density of kelp in this area. (Modified from Oxley 1996

Station
'

-. Sample

Scenario Comparison Conclusion
Upward facing Steep rock slope
rock

1 a (d = 20) b (d = 20) No difference in density
between zones

2 b (d =10) a (d = 60) Density higher on slope

3 ¢ (d=30) b (d = 20) Density higher on upward
facing surface

4 a,b,c a,b,c Density higher on sloping

(actual) (mean = 20) (mean = 40) rock

In reality, however, funds will be finite and the number of samples recorded will be restricted to the
absolute minimum necessary to provide an acceptable level of confidence in the conclusion.
Alternatively, it may be possible to select a less costly sampling technique if any are available, although
this may be at the expense of precision/accuracy.

How many samples do | need to take?

There is no simple or straightforward answer to this question. Perhaps the most important issue here
pertains to the accuracy of the results and the confidence with which someone can make a decision on
the condition of the feature and/or any management action on the site. If there was no spatial or tem-
poral variability in the attribute under investigation, and the measurement technique itself was free
from error, it would be possible to make a single measurement to assess the condition of the attribute.
Once any variability is introduced into the system, there is a clear risk that a single measurement may
not be correct. To reduce the risk of making an inaccurate measurement, we make multiple
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measurements or samples. For a monitoring study, selecting the actual number of samples to record is
an exercise in risk management. In general, the less risk that we are prepared to accept the greater the
number of samples required to avoid reaching an inaccurate conclusion. There are two aspects to deter-
mining the number of samples to collect:

e Sampling a sufficient area of seabed to make a representative measurement of an attribute at a station.
Guidance is provided with the relevant procedural guideline (see Section 6).

e Sampling sufficient stations to make a representative measurement of an attribute for the feature in an
SAC (see below).

Marine sampling, and subtidal sampling in particular, is an expensive exercise due to the very nature
of the environment. Where funds are restricted, a rigorous experimental design is essential to ensure the
sampling programme will answer the main question with sufficient confidence to justify any remedial
management action, since such actions are likely to be costly. Arguably the most important decision in
any monitoring programme is setting the acceptable level of confidence because, ultimately, this will
dictate the number of samples required and hence set the total cost of the study.

The greatest care has to be taken in accepting established techniques. For instance, diversity indices
or the results of multivariate analysis are useful for nature conservation management only if they are
interpreted properly. Even if the score or plot stays within the range considered to reflect normal vari-
ability, inspection of the data will be required to show whether species considered to be of marine nat-
ural heritage importance have been lost or whether species considered to be indicators of stress or pol-
lution are driving any change in numerical scores.

‘Traditional’ macrobenthic sampling methods, based on sampling small areas of seabed and identify-
ing and counting all of the species which occur as individuals, should not go unchallenged in moni-
toring for environmental protection and management. Usually, the number of samples required to char-
acterise the communities present is based on taking a large number of samples, identifying all of the
species present and plotting a cumulative distribution or species/area curve (Figure 2-7). The number
of samples above which obtaining a 10% increase in the number of species would require a 100%
increase in sample area is often considered about the ‘right’ sampling frequency for monitoring studies.
Whilst such species area curves produce very useful indications of species richness in different loca-
tions, or over time at the same location, it is often only possible to identify real change in the quantity
of the most abundant species. In conclusion, it seems that, although comparative species richness can
be assessed using a reasonable number of quantitative samples, trying to establish meaningful informa-
tion about changes in abundance of ‘all’ of the species in a community would require an almost impos-
sibly large (and certainly financially impractical) number of samples.
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Figure 2-7 Species/area curve used to indicate the proportion of the fauna being collected with increasing numbers of grab
samples and traditionally used to identify a minimum sampling area (from Gray 1981").

Studies which sample only small areas are also unlikely to include large, widely dispersed species
which may be very good indicators or which, because they are scarce, have an importance for conser-
vation. ‘Traditional’ methods of grab or core sampling for such species are inappropriate and in
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situ observation (whether by diver or remote operated video) or digging-over an area of sediment (for
infauna) will be required.

It is possible to use empirical methods to calculate the number of samples necessary to achieve a
desired level of precision.” As a rule of thumb, measurements should be taken from at least five stations
before any generalisations can be made about an attribute of a feature w1th1n an SAGC, although such a
low level of replication is likely to have very low power. For frequency data" only very large changes
can be detected with fewer than 50 samples and 100 samples are considered the minimum.

A pilot study is one method of gaining an improved understanding of the variability of marine ecosys-
tems, and helps identify some of the problems with sampling the feature. It can investigate some of the
potential questions at a small scale, quantify many of the sources of variation, and help determine the
optimum sampling design within the resources available. In particular, a pilot study should consider
the optimum time to sample, where to sample and the size of sampling units in relation to the attrib-
ute/community/species of interest.” It should also investigate potential sources of variability in the
deployment of a technique. Such data will contribute to both the setting of the number of samples
required to improve the confidence in the data, and developing local adaptations to the mode of deploy-
ment to mitigate this variability. Data from a pilot study will facilitate the statistical technique termed
power analysis to enumerate the number of samples required to achieve a requisite level of confidence.
Recommendation. A pilot study should be undertaken to help identify and quantify sources of vari-
ability within a feature on a SAC. Data from this pilot study should be used to determine the number
of samples required, ideally using power analysis, to reliably detect whether an attribute achieves its
target value.

Power analysis

Statistical power is the probability of getting a statistically significant result given that there is a real
biological effect in the population under investigation. In statistical terms, power is defined as 1 — 8,
where B is the probability of wrongly accepting a null hypothesis when it is actually false, known as a
type II error. When a statistical test returns a non-significant result, it is important to distinguish
whether there is no biological effect, or whether it is because the sample design is insensitive to a real
biological effect. Power analysis can distinguish between these alternatives and therefore is an impor-
tant component of experimental design. In monitoring terms, careful consideration of the power of a
sampling programme can make the difference between insufficient sampling for conclusive decision-
making and wasting resources by over-sampling beyond that necessary to achieve significant results.
For condition monitoring, a type II error results in a feature being considered favourable when it is
actually unfavourable (see Box 2-6).

15 See Appendix 1.5 in Ecoscope (2000a).’

16 Frequency data are normally recorded using a quadrat sub-divided into cells by cross wires. The number of
cells containing a species is recorded, rather than a direct count of the number of individual or an evaluation
the percentage cover. See Brown (2000) for a detailed explanation.
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Box 2-6 Type | and type Il errors in relation to monitoring
(from Ecoscope 2000a)

If we use a significance level of 5% it follows that there is a 5% chance that the null hypoth-
esis will be rejected when there is in fact no difference between the populations being
analysed. The rejection of a null hypothesis when it is true is known as a type I error. Setting
a lower significance level (e.g. 1%) reduces the risk of committing this type of error.
However, this increases the risk of committing a type II error, which is the acceptance of a
null hypothesis when it is false. In monitoring terms, this would be concluding that no
change is taking place when in fact it is. In many situations it is preferable to err on the side
of caution and try to limit type I errors. However, type II errors may have profound conse-
quences in monitoring studies because real changes in the condition of a feature may not be
detected. For monitoring studies, it may therefore be prudent to follow the precautionary
principle and adopt significance levels above 5% at least as a trigger for further studies.
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Monitoring in relation to an absolute standard

The explanation of hypothesis testing given above is based upon the comparison of the means
of two (or more) statistical populations. In monitoring terms, this is analogous to comparing
two data sets from two different years to look for changes. However, monitoring may also
need to detect whether a feature is above or below predetermined absolute target value. For
example, it might be decided that unacceptable change has taken place if the mean density
of a particular species falls below 10 plants per m2. Estimates of density obtained from sam-
ples will therefore be compared to this value. The principles of hypothesis testing remain
exactly the same for this method: one is testing whether the target value (e.g. 10 limpets per
mz) falls in either tail of the sample distribution; if this occurs it is more likely that the sam-
ple mean is different and that change has occurred. Alternatively, if 95% confidence limits
for the sample density are calculated, and the target value is outside these limits, then one
can also conclude that the current density is above or below the change limit.

It is beyond the scope of the present handbook to present a detailed description of power analysis.
Brown (2000)" provides a comprehensive explanation of power analysis in condition monitoring,
including step-by-step worked examples using the spreadsheet Microsoft Excel™. Sheppard (1999)"
provides a simple explanation of how power analysis is used to determine sample size in marine
environmental science, which includes a quick guide to its use in relation to basic statistical tests (t-
test, y2 test and analysis of variance). .

An internet search for the text ‘power analysis’ revealed more than one and a half million hits!" Box
2-7 }g)iveks some useful URLs, and the subject is comprehensively covered in many statistical
textbooks.

17 Using the search engine Google - http://www.google.com/
18 See the bibliography at http://www.mp2-pwrc.usgs.gov/ampCV/powcase/powrefs.cfm
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Box 2-7 Some internet sites providing sources of information on power analysis

The United States Geological Service hosts an internet site dedicated to the use of power
analysis in monitoring programmes:
http:/www.mp1-pwrc.usgs.gov/powcase/index.html

A small DOS program (Monitor) for calculating the number of samples required for a mon-
itoring programme may be downloaded from:
http://www.mp1-pwrc.usgs.gov/powcase/monitor.html

A comprehensive review of software for power analysis is available at:
http://sustain.forestry.ubc.ca/cachb/power/review/review.html

http://sustain.forestry.ubc.ca/cacb/power/ lists power analysis software including hyper-
links to appropriate sites.

Power analysis requires actual sample data to evaluate the number of samples required to achieve the
desired level of confidence. Ideally, such data would be recorded by a pilot study.

An important alternative use of power analysis is for post hoc evaluation of a sampling programme:
in other words, to determine the certainty or confidence that can be placed in the results from an exist-
ing sampling programme. For example, where there was a long-term sampling programme already in
existence on a SAC, it would be possible to use power analysis to evaluate the potential for using its
results for monitoring the condition of an attribute. A similar post hoc use is the analysis of the data
from a pilot study to determine the number of samples to record in subsequent monitoring events (Box
2-8).

Box 2-8 An example of the practical use o]f post hoc power analysis from the UK
Marine SACs project study in Loch Maddy

A power analysis carried out on the 1998 and 1999 data for circalittoral rock, showed that
10 quadrats would detect a change of between 13% and 18% in the species composition of
a biotope, whereas 20 quadrats would detect 10-12 % change. These calculations use a type I
probability of 0.05, and a type II probability of 0.2. Each quadrat at this site required between
10 and 15 minutes to record, so that a diver could complete two or three quadrats per dive.
12 quadrats would represent one day’s work for a pair of divers or half a day for two pairs
and would seem a sensible target for future monitoring events in light of the information
gathered in 1999.

Recommendation: post hoc power analysis should be undertaken on the results of a monitoring exer-
cise to determine the their reliability for determining management actions.

Assessing the condition of a feature

The monitoring data for a range of attributes has to be considered together in order to assess the condi-
tion of a feature on a marine SAG, as illustrated diagrammatically in Figure 2-8. All attributes must
attain their target value for the condition of the feature (habitat or species) to be considered favourable.
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Figure 2-8 A modified version of the original common standards model (Rowell 1993)" proposed by Brown (2000)." The ver-
tical axis shows the condition or state of the feature over the period shown on the horizontal axis. The horizontal line defines
favourable condition (= the formulated standard) of the feature. The symbols represent the conclusions from the monitoring
activities for each attribute and, when aggregrated, represent either favourable or unfavourable condition.

Figure 2-9 summarises the process of forming a judgement on the condition of a feature based on mon-
itoring results. At the time of publication, practical testing of the monitoring system described in
Sections 1 and 2 of this handbook has not yet been carried through to the point where an assessment of
feature’s condition has been possible. This is because, while baseline data for some of the attributes on
the trial marine SACs are available, this is not true for all the selected attributes. Nor has repeat moni-
toring been carried out to compare with the baseline. Consequently, a number of issues require further
investigation, discussion and practical field-testing. In particular, more experience must be gained on
how to form judgements both in relation to the condition of individual attributes, and when aggregat-
ing the results of a range of attributes for a particular feature (habitat or species).
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Figure 2-9 A summary of the anticipated process of assessing the condition of SAC features. The National Biodiversity
Network (NBN) " has developed a data model that provides a standard format for biological data.

A Checklist of basic errors

After the design phase of a monitoring programme is complete, it is worth reviewing the ‘Twenty com-
monest censusing sins’ * (Box 2-9) to check whether the proposed programme has made, or is likely to
make, any basic errors.

19 See: http:/www.nbn.org.uk/
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Box 2-9 Sutherland’s twenty commonest sins in censusing’

Not sampling randomly.

Collecting far more samples than can possibly be analysed.
Changing the methodology in monitoring.

Counting the same individual in two locations as two individuals.
Not knowing your species.

Not having controls in management experiments.

Not storing information where it can be retrieved in the future.
Not giving precise information as to where sampling occurred.

© N e s =

Counting in one or a few large areas rather than a large number of small ones.
. Not being honest about the methods used.

[EENEN
= O

. Believing the results.

[EEN
N

. Believing that the density of trapped (or counted) individuals is the same as absolute
density.

13. Not thinking about how you will analyse your data before collecting it.
14. Assuming you know where you are.

15. Assuming sampling efficiency is similar in different habitats.

16. Thinking that someone else will identify your samples for you.

17. Not knowing why you are censusing.

18. Deviating from transect routes.

19. Not having a large enough area for numbers to be meaningful.

20. Assuming others will collect data in exactly the same manner and with the same
enthusiasm.
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Introduction

Aim
To provide advice on marine Annex I features to assist the selection of attributes, appropri-
ate monitoring techniques and their field deployment

Marine Annex I features may be divided into two broad categories: broad habitat types (reefs, intertidal
sediment flats, subtidal sandbanks) and physiographic features (estuaries, large shallow inlet and bays,
lagoons and sea caves). Broad habitat types from the first group may be found in the physiographic fea-
tures. Such complex features pose a number of theoretical and operational problems to the definition
and implementation of a monitoring programme.

This section provides advice on monitoring each Annex I feature. It also:

¢ provides a summary of the ecological requirements (form and function) of the marine Annex I feature,
to emphasise its typical biological and physical characteristics;

¢ establishes the generic characteristics to be considered when assessing the condition of a feature -
outlining a range of attributes that it could be appropriate to monitor and measure for each feature;

e provides broad feature specific guidance on how to take account of environmental changes and/or
human influences/threats and resources when planning the actual monitoring programme;

e lists options for techniques to use to monitor the attributes for each feature in a matrix format;
e where current knowledge is sufficient, indicates a possible sampling strategy; and

¢ advises on quality control and quality assurance procedures to achieve consistent and comparable
results between monitoring events on a site and between sites if necessary.

Each section starts with a definition of the feature extracted from the EC interpretation manual,' fol-
lowed by a UK description of the feature adapted from Brown et al. (1997)," also available on the Joint
Nature Conservation Committee (JNCC) Internet site.” A map of the sites selected for each feature is also
available on the JNCC Internet site.

Please note that the advice provided in this section is based on our present understanding (winter
2000) and is likely to change as our practical experience of SAC monitoring increases. In particular, the
Joint Nature Conservation Committee is developing detailed guidance during 2001 to implement the
UK’s Common Standards for Monitoring programme that will probably result in a significant revision of
this section.

The listing of an attribute in the tables in this section does not imply that it should form part of a mon-
itoring programme for the feature, but it may need to be considered

1 European Commission. (1996). Interpretation manual of European Union Habitats:. Version EUR 15. Brussels,
European Commission (DG XI — Environment, nuclear safety and civil protection).

2 Brown, A E, Burn, A J, Hopkins, ] J and Way, S F (1997) . The Habitats Directive: selection of Special Areas of
Conservation in the UK. JNCC Report 270. Joint Nature Conservation Committee, Peterborough.

3 See: http://www.jncc.gov.uk/idt/default.htm.
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Reefs

Definition

Submarine, or exposed at low tide, rocky substrates and biogenic concretions, which arise
from the seafloor in the sublittoral zone but may extend into the littoral zone where there
is an uninterrupted zonation of plant and animal communities. These reefs generally sup-
port a zonation of benthic communities of algae and animal species including concretions,
encrustations and corallogenic concretions.

Introduction to the feature’s interest

Reefs are widespread in northern and southern Europe and occur widely around the UK coast. They are
very variable in form and in the communities that they support. Sites have been chosen to represent the
main geographical and ecological range in the UK of this extremely variable habitat type. Selection has
favoured extensive examples with diverse community structure. The selection process has taken
account of the UK's special EC responsibility for reef types in conditions of extreme wave and tidal
stream exposure. A large proportion of the chalk reefs of Europe occurs in the UK and selection of this
type of reef was emphasised in recognition of the UK's special responsibility.

Reefs are rocky marine habitats or biological concretions that rise from the seabed. They are general-
ly subtidal but may extend as an unbroken transition to the intertidal zone, where they are exposed to
the air at low tide. Two main types of reef can be recognised, those where structure is created by the ani-
mals themselves (biogenic reefs) and those where animal and plant communities grow on raised or pro-
truding rock. Only a few invertebrate species are able to develop biogenic reefs, which are therefore
restricted in distribution and extent.

There is a far greater range and extent of rocky reefs than biogenic concretions in the UK. Rocky reef
types are extremely variable, both in structure and in the communities they support. A wide range of
topological reef forms meet the EC definition of this habitat type. These range from vertical rock walls
to horizontal ledges, broken rock and boulder fields. The common feature between these different forms
is the type of animal and plant community that grows on the rock. The species assemblage is charac-
terised by attached algae and invertebrates, usually associated with a range of mobile animals, includ-
ing invertebrates and fish. The specific communities that occur vary according to a number of factors.
For example, rock type is important, with particularly distinct communities associated with chalk and
limestone rock. These have a restricted distribution in accordance with the distribution of the rock type
on which they grow. There may be further variety associated with topographical features such as verti-
cal rock walls, gully and canyon systems, outcrops from sediment and rock pools on the shore. The
greatest variety of communities is typically found where coastal topography is highly varied, with a
wide range of exposures to wave action and tidal streams.

Exposure to wave action has a major effect on community structure, with extremely exposed habitats
dominated by a robust turf of sponges, anemones and foliose red seaweeds, while reefs in the most shel-
tered sea lochs and rias' support delicate or silt-tolerant filamentous algae, fan worms, ascidians and
brachiopods. The presence of enhanced tidal streams often significantly increases species diversity,
although some communities require very still conditions. The strength of tidal streams varies consider-
ably, from negligible currents in many sea loch basins to very strong tidal currents of 8—10 knots (4—5
m/s) or more through tidal rapids or in sounds. In strong currents there are communities of barnacles,
the soft coral Alcyonium digitatum, massive sponges and hydroids.

In addition, in the UK there is a marked biogeographical trend in species composition related to tem-
perature, with warm, temperate species such as the sea fan Eunicella verrucosa and the corals
Leptopsammia pruvoti and Balanophyllia regia occurring in the south, and cold-water species such as
the anemone Bolocera tuediae and the red seaweed Ptilota plumosa in the north. A major factor affect-
ing reef communities is the turbidity of the water. In turbid waters, light penetration is low and algae
can occur only in shallow depths or in the intertidal zone. However, in such conditions animals have a
plentiful supply of suspended food and filter-feeding species may be abundant. Salinity is also impor-

1 Ariais a drowned river valley.
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tant. Although most reefs are fully marine, rocky habitats in certain marine inlets are subject to variable
or permanently reduced salinity and have their own distinctive communities.

Where reefs extend from the seabed into the intertidal zone, a strong vertical zonation of communi-
ties is apparent. Lichens occur at the top of the shore, with communities characterised by barnacles,

mussels or species of fucoid (wrack) seaweeds in the intertidal zone.

Typical attributes to define the feature’s condition

Generic attributes

Table 3.2-1 lists the generic attributes for reef features and presents examples of the measures proposed
for some of the candidate SACs in the UK. This list is not exhaustive and will be further developed as
our knowledge of the factors that determine the condition of reef ecosystems improves.

Table 3.2-1 A summary of attributes that may define favourable condition of reefs

Attribute Measure

Comments

Extent

Area (ha) measured
periodically

Extent of the feature

Extent of a specific Area and distribution of a
biotope typical or notable biotope
from the site

Extent of a biogenic Extent of the horse mussel

reef Modiolus modiolus biogenic

reef

Extent of the feature is a reporting requirement of the
Habitats Directive. The extent of (non-biogenic) reef is
unlikely to change significantly over time unless due

to some human activity but nevertheless needs to be
measured periodically. The extent of a biogenic reef is an
important attribute in relation to the viability of the reef.

The extent of a biotope that is a key structural component
of the reef, and is particularly important due to it being:

a typical biotope for the biological zone;

notable for its nature conservation importance due to its
rarity/scarcity, regional importance, species richness;
and/or an extensive example; sensitive to non-native
species or changes in supporting processes

Physical properties
Water clarity Average light attenuation
measured periodically
throughout the reporting
cycle

Water density Regular measurement of
water temperature and/or
salinity periodically
throughout the reporting

Salinity cycle

Water temperature

Water clarity is a key process influencing algal/plant
growth, density and extent and thereby algal/plant
dominated biotopes. Changes in water clarity could be
caused, for example, by an increase in suspended material
due to organic enrichment.

Siltation causes smothering of substrata and organisms
affecting feeding efficiency or feeding mechanisms, and
colonisation.

Temperature and salinity are characteristic of the overall
hydrography of the area. Changes in temperature and
salinity may influence the presence and distribution of
species (along with recruitment processes and spawning
behaviour), particularly those species at the edge of their
geographic ranges.
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Attribute

Measure

Comments

Biotic composition

Biotope
composition

Species
composition of a
specific biotope

Characteristic
species

Notable species

Number and occurrence/
frequency of all biotopes or a
range of specified biotopes

Overall biotope richness
(number of biotopes)

Frequency and occurrence of
composite species (total or
sub-set) from a biotope

Estimate population size
from a measure of the
abundance/occurrence/
frequency/biomass of a
specified species

Record a relevant population
structure measure such as
age structure of a specified
species

Occurrence and frequency of
a species

The number and occurrence/frequency of specified
biotopes is an important structural aspect of the site. It is
important to establish the finest level in the national
classification to which the biotopes will be discriminated.

The biotopes specified should reflect both the biological
and regional/local character of site

The target value is likely to be the total number of biotopes
known from the SAC. The lower limit for a single
monitoring cycle may be less than 100% of the biotopes to
take account of the likelihood of not recording a biotope
with a given level of effort. It may be necessary to ensure
that 100% of the biotopes present are recorded over, for
example, three monitoring cycles.

Species composition is an important contributor to the
structure of a biotope and therefore the reef as a whole.

The presence and relative abundance of all characterising
species gives an indication of the quality of a biotope and
any change in composition may indicate a cyclic change or
trend in reef communities.

The species selected should be an important structural
element of the biotope, and is indicative of the structure of
the particular biotope; for example kelp, Modiolus
modiolus in biogenic reef.

Change in the species may indicate cyclic change/trend in
host biotope and/or reef communities as a whole.

A notable species may:

have nature conservation importance due to such factors
such as its rarity/scarcity;

contribute to reef structure;

be used as an indicator of environmental stress (e.g. green
algae), or changes in water circulation patterns (e.g. edge of
range species) or sensitivity to pollutants (e.g. molluscan
sensitivity to TBT).

Biological structure

Productivity —
algal biomass

Distribution of all
or a range of
biotopes

Structural integrity
of selected biotopes

Algal biomass measured in
late summer through the
depth zone

Relative distribution of
important communities
throughout the feature

Actual measures will depend
on the specific aspects of
structural integrity chosen for
each selected biotope

Algal productivity, such as in a kelp forest, plays an
important functional role within the food chain both direct-
ly and through detrital supply.

The relative distribution of biotopes, for instance kelp
biotopes, is an important structural aspect of the site.
Changes in the extent and distribution may indicate
long-term changes in the prevailing physical conditions at
the site.

For example, in Pen Llyn a’r Sarnau cSAC, three aspects of
structural integrity were identified for the horse mussel
Modiolus modiolus reef:

continuity and area to periphery ratio of the reef/incidence
of scaring;

density/area covered by live M. modiolus;

age structure of the M. modiolus
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Suggested techniques for monitoring reef attributes

For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.2-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will
be updated when new information becomes available.

Table 3.2-2 Suggested techniques for measuring reef attributes. The terms under Technique appear under the heading
Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the techniques in italics.

Generic Attribute

Feature-specific attribute

Technique

Extent

Intertidal

Subtidal

Subtidal biogenic reefs

Air photo interpretation; Remote imaging;
Intertidal resource mapping

AGDS; Side scan sonar; Point sample
mapping; (for shallow areas: Air photo
interpretation; Remote imaging)

AGDS; Side scan sonar; Mosaicing sonar
images; Point sample mapping

Physical properties

Water clarity

Water chemistry (including
salinity, temperature)

Substratum

Measuring water quality; Water chemistry
data loggers; Secchi disk

Measuring water quality; Water chemistry
data loggers

Drop-down video; ROV; AGDS; Side
scan sonar

Biotic composition

Intertidal biotope richness

Subtidal biotope richness

Intertidal resource mapping; Intertidal
biotope ID; Intertidal ACE; Viewpoint
photography

Subtidal biotope ID; Drop-down video;
ROV; Diver-operated video; Towed video
(limited by topography and/or risk

of damage)

Intertidal species composi-
tion/richness

Subtidal species
composition/richness

Intertidal ACE; Intertidal quadrat photog-
raphy; Intertidal quadrat sampling (see
Subtidal quadrat sampling); Fish in rock-
pools;

Subtidal quadrat sampling; Subtidal
biotope ID; Subtidal photography; Suction
sampling; Fish in subtidal rock habitats;
ROV; Drop-down video; Diver-operated
video

Intertidal characteristic
species

Subtidal characteristic
species

Intertidal ACE; Intertidal quadrat photog-
raphy; Intertidal quadrat sampling (see
Subtidal quadrat sampling); Fish in rock-
pools

Subtidal quadrat sampling; Subtidal
biotope ID; Subtidal photography; Suction
sampling (small epibiota); Fish in subtidal
rock habitats; Fish in vegetative cover;
ROV (‘large’ conspicuous species only);
Drop-down video (‘large’ conspicuous
species only); Diver-operated video
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Generic Attribute Feature-specific attribute Technique

Biological structure Intertidal zonation Intertidal resource mapping; Intertidal
biotope ID; Intertidal ACE; Transect
survey; Shore profiling

Subtidal zonation Subtidal biotope ID; Diver-operated video;
Subtidal quadrat sampling; ROV; Towed
video (limited by topography and/or risk

of damage)
Spatial pattern of intertidal Intertidal resource mapping; Intertidal
biotopes biotope ID; Viewpoint photography; Air
photo interpretation; Remote imaging
Spatial pattern of subtidal AGDS; Side scan sonar (with mosaicing);
biotopes Point sample mapping (from ROV or

Drop-down video data)

Specific issues affecting the monitoring of reefs

All attributes will have their own inherent sources of variability that must be addressed during data col-
lection and subsequent interpretation of the results. There are, however, some generic issues that should
be considered when planning the whole monitoring study.

Seasonal effects
Marine communities exhibit seasonal change, although the precise effects are poorly understood for
many communities. Some of the more obvious visual changes occur in algal assemblages, and follow-
ing massive settlements of juvenile animals such as mussels and barnacles. In Loch Maddy cSAC, a
recent study concluded that the largest changes observed in shallow communities between autumn
1998 and summer 1999 were due to an increase in diversity and abundance of algae.” Similarly, in
Plymouth Sound cSAC, most of the changes observed between 1998 and 1999 were attrlbuted to real
changes in populations, rather than variability in recording methods or behavioural factors.’ The degree
to which seasonal change will influence the monitoring of a reef attribute will depend on the commu-
nity under investigation. Where possible, a community should be investigated either directly or via a
literature review to gather information on the likelihood of seasonal change affecting an attribute. In
general, algal assemblages should be studied during the summer months. Where seasonal effects are not
fully understood, it is vital that a monitoring strategy explicitly states that data collection must always
be undertaken at the same time of year.”

Whilst seasonal variation strictly relates to changes within a year, reef communities may change over
a longer time period (many years) as a consequence of ecological processes affecting community dynam-
ics. Physical and biotic processes can cause wholescale changes in community composition on a reef.
Community dynamics of rock shores have been extenswely investigated and many authors report cycli-
cal changes in the community composition over time. " Clearly, not considering such changes when
interpreting the results of a monitoring exercise would lead to incorrect conclusions. Similarly, and per-
haps more importantly, over-specificity when setting an attribute — such as the presence of biotope x —
would be a recipe for disaster if ‘biotope x’ was only one of a suite of possible biotopes in a natural cycle.

Meteorological changes
Prevailing weather conditions and tidal state will affect any monitoring study. Sites open to the pre-
vailing wind and swell will require calm conditions for effective field survey. Where a reef is adjacent
to sediment habitats, excessive water movement (from strong winds or spring tides) will mobilise fine
sediment into the water column, thereby reducing underwater visibility. Conversely, calm conditions
will cause suspended sediment to deposit out of the water column, visibility will improve but reef
assemblages may then become smothered with sediment obscuring some species from view.
Periods of extreme cold coinciding with low water can result in mass mortality of kelp plants.”
When establishing a monitoring strategy, meteorological effects must be integrated with seasonal
effects to ensure that sites can be monitored reliably through time.

2 See comments in Section 2: What is the most appropriate method?
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Access

To gain access to the site, the surveyor must consider the issues of permission (intertidal sites), tidal
state (high or low water/slack water), prevailing wind/wave/swell conditions and underwater visibili-
ty. Access to intertidal habitats would be gained from the land, except for islands and offshore banks or
remote sites where boat access will be necessary. It will be necessary to use a boat to gain access to many
subtidal reefs and therefore it will be necessary to consider the availability of harbours and/or launch-
ing facilities. Land access would be possible for those subtidal habitats immediately adjacent to the
shore.

Sampling issues

Reefs are topographically complex features, and may comprise a wide range of biotopes, particularly
where a reef extends from the top of the intertidal zone through to the deep circalittoral zone. Such com-
plexity within a single reef, and between reefs, poses considerable obstacles to achieving a consistent
monitoring strategy within an SAC. Consequently, it is not possible to consider all aspects of reef sam-
pling in the current report and what follows will consist of some basic advice in relation to common
standards monitoring.

It should be emphasised that the aim of monitoring is to assess the condition of the whole feature with-
in an SAC, and therefore the sampling programme must ensure samples are recorded throughout the
entire site. A stratified approach may be adopted for extensive sites where the available resources only
permit a few locations to be investigated in detail, and the results must be extrapolated to the whole site.
Nevertheless, the sampling strategy should include a series of ‘spot checks’ throughout the site to ensure
that the extrapolated results are in fact representative of the condition of the entire site. Using a ‘top-
down’ approach to stratify sampling can result in significant cost-savings by linking techniques to
address multiple attributes in a single monitoring exercise. For example, a remote sensing campaign
could map the extent of a feature (or more likely sub-features). The imagery could then stratify a detailed
ground validation campaign, and the results could be used to measure biotope richness. If an ROV was
used for the sampling, it would be possible to record additional information, such as counts of a con-
spicuous characteristic species.

It is vital that a standardised approach is adopted when measuring attributes of the number of species
(species richness) or biotopes (biotope richness) because the number recorded is directly linked to the
sampling effort. All techniques must be ‘effort limited’ — for example by restricting the search area or
search time.’

The characterising species of many reef biotopes have a huge range in body size: for example in kelp
biotopes, body size will range from metres (kelp plants) to millimetres (fine hydroids, small bivalves).
The dimensions and scale of occurrence of the target organism is an important factor when selecting the
size of the sampling unit such as a quadrat, and the enumeration technique — counts, frequency or per-
centage cover. The choice has a significant effect on the time required for field survey and, more impor-
tantly, the reliability (accuracy and precision) of the results. It may be possible to improve sampling effi-
ciency through a nested approach where a large quadrat is sub-divided into smaller units’ (Figure 3-1).
Large organisms are enumerated in the entire quadrat, but small organisms are only enumerated for a
proportion of the smaller units (quadrats in their own right). For monitoring of an individual species, a
scale of variance analysis can help to determine the appropriate sampling unit.

3 Effort limitation was addressed by Sanderson, W G, Holt, R H F, Kay, L (2000) Efficacy of deployment of
divers. In: Sanderson, W G, Holt, R H F, Kay, L, Wyn, G and McMath, A J (eds.) (2000) The establishment of
an appropriate programme of monitoring for the condition of SAC features on Pen Llyn a’r Sarnau: 1998--
1999 trials, pp. 29-36. Contract Science Report No: 380, pp. 29-36. Countryside Council for Wales, Bangor.

4 For a description of this approach see Chapter 3.4 and Appendix 2 in: Ecoscope (2000) A species and habi-
tats monitoring handbook. Volume 2: Habitat monitoring. Research, Survey and Monitoring Review No. [XX].
Scottish Natural Heritage, Edinburgh.
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Figure 3-1 lllustration of a nested quadrat to record different sized organisms occurring at different spatial scales. Quadrat
A is subdivided into 9 quadrats of size B and 36 quadrats of size C. Quadrat size will affect frequency estimates: ‘starfish’
frequency is 8/9 = 0.89 for quadrat B, but 15/36 = 0.42 for quadrat C.

Trials undertaken by the UK Marine SACs project demonstrated that the species composition of reef
biotopes is subject to considerable temporal fluctuation."” Determining an appropriate sampling strategy,
and in particular, ensuring the sampling intensity provides sufficient statistical power to detect any
change, is critical to the success of a monitoring programme (see Section 2).

Site marking and relocation

Site marking techniques will depend on the environment (intertidal or subtidal), the rock type (hard,
soft, and friable), degree of wave exposure and the likelihood of anthropogenic interference with fixed
markers. Hiscock (1998)° lists site-marking techniques in Appendix 6. Holt et al. (2000)" investigated
specific issues relating to site marking on a vertical, circalittoral bedrock reef. In Pen Llyn a’r Sarnau
cSAG, acoustic beacons were also used to mark a horse mussel (Modiolus modiolus) reef, and an algal-
dominated cobble reef at an offshore site.
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Relocation of fixed sites can be very difficult, especially underwater in poor visibility or with few con-
spicuous features to act as navigation aids. Global Positioning Systems (GPS) now offer the possibility
of accurate site relocation to + 15m using a standard receiver, or + 1m if combined with an additional
receiver to gather a correction signal - differential GPS (dGPS)’. If necessary, there are specialised GPS
systems available, called Real Time Kinematic (RTK) GPS, which can achieve centimetre level accura-
cy, offering the possibility of returning to a very precise location. Without GPS technology, it is usual to
use a map to locate the approximate position of a sampling station on intertidal reefs. Maps should be
supplemented by photographs and/or diagrams of characteristic topographical features to find the pre-
cise location of a site marker. For subtidal sites, the approximate position can be located using con-
spicuous land features, preferably lined up to create transits. Photographs and/or diagrams should be
used underwater to find the precise sample location although poor visibility creates severe problems
(Figure 3-2).

. . . . . . h
Figure 3-2 A drawing of the conspicuous underwater scenery to aid the relocation of a sample station

Health and safety
All field staff must follow approved safety procedures published by their host institution, or that of the
contracting agency, whichever are the more stringent.

Intertidal reefs often have complex topography that, when combined with a covering of algae, create
an uneven slippery surface. Considerable care must be taken to reduce the risk of staff slipping or
falling, particularly in remote areas where tidal immersion could occur before emergency assistance
arrives. Field staff should carry a radio or mobile telephone to ensure the emergency services are noti-
fied promptly.

Some subtidal sampling on reefs will involve SCUBA diving techniques. All diving operations are
subject to the procedures described in the Diving at Work Regulations 1997
(see: http://www.hse.gov.uk/spd/spddivex.htm) and must follow the Scientific and Archaeological
Approved Code of Practice” (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Estuaries

Definition

Downstream part of a river valley, subject to the tide and extending from the limit of brack-
ish waters. River estuaries are coastal inlets where, unlike ‘large shallow inlets and bays’,
there is generally a substantial freshwater influence. The mixing of freshwater and sea water
and the reduced current flows in the shelter of the estuary lead to deposition of fine sedi-
ments, often forming extensive intertidal sand and mud flats. Where the tidal
currents are faster than flood tides, most sediments deposit to form a delta at the mouth
of the estuary.

Introduction to the feature’s interest

Estuaries are complex ecosystems linking the terrestrial and aquatic environments and are composed of
an interdependent mosaic of subtidal, intertidal and surrounding terrestrial habitats. Many of these
habitats, such as intertidal mudflats and sandflats, saltmarshes and reefs, are identified as habitat types
in their own right in Annex I of the Directive.

Estuaries are defined as the downstream part of a river valley, subject to the tide and extending from
the limit of brackish water. There is a gradient of salinity from fresh water in the river to increasingly
marine conditions towards the open sea. Input of sediment from the river, shelter from wave action and,
often, low current flows lead to the presence of extensive sediment flats. Similar large geomorphologi-
cal systems where seawater is not significantly diluted by freshwater are classified within the Annex I
habitat Large shallow inlets and bays.

The UK has a particularly large number of estuaries. Indeed, more than a quarter of the area of north-
western European estuaries occurs in the UK. Davidson et al. (1991)" identified nine estuary types
occurring in the UK, of which four meet the criteria for gegomorphological and substrata types, and asso-
ciated fauna in the definition of the Annex I habitat. The remaining five types fall within the definitions
of the Annex 1 habitats Large shallow inlets and bays or intertidal mudflats and sandflats.

The structure of estuaries is largely determined by geological and physiographic factors. There are four
main geomorphological types, defined by the following physiographic features.

Coastal plain estuaries. These estuaries were formed when pre-existing river valleys were flooded at
the end of the last ice age. They are usually less than 30m deep, and widen and deepen towards the
mouth, giving a large width-to-depth ratio; their outline and cross-section is often triangular. Many sys-
tems have extensive sediment flats and saltmarsh throughout. Sediment type varies from mud in the
upper reaches becoming increasing sandy towards the entrance. This is the main type of estuary, by
area, in the UK.

Bar-built estuaries. These characteristically have a sediment bar across their mouths and are partially
drowned river valleys that have subsequently been partially infilled with sediment. These estuaries are
generally shallow and often have extensive lagoons and shallow waterways near the mouth.
Characteristically, there are abundant sediments available in the local coastal systems and hence bar-
built estuaries tend to be small and linked to depositional coastlines around the UK.

Complex estuaries. These river estuaries have been formed by a variety of physical influences, which
include glaciation, river erosion, sea-level change and geological constraints from hard rock outcrops.
There are few examples of this type of estuary in the UK.

Ria estuaries. These are drowned somewhat steep-sided valleys not formed or modified by glacial
processes, with relatively small inflowing rivers, and are mainly found in south-west Britain.
Characteristically, they are relatively deep, narrow channels with a low sedimentation rate. The estuar-
ine part of these systems is usually restricted to the upper reaches. The outer parts of these systems are
little diluted by fresh water and are classified as Large shallow inlets and bays.

The intertidal and subtidal sediments of estuaries support biological communities that vary according
to geographic location, the type of sediment, tidal currents and salinity gradients within the estuary. The
parts of estuaries furthest away from the open sea are usually characterised by soft sediments and are
generally more strongly influenced by fresh water. Here oligochaete worms, with few other inverte-
brates, typically dominate the infaunal communities. Where rock occurs, there are restricted communi-
ties characteristic of brackish flowing water, consisting of green unicellular algae, sparse fucoid algae
and species of barnacle and hydroid. Often, the silt content of the sediment decreases nearer to the
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mouth of the estuary, and the water gradually becomes more saline. Here the animal communities of the
sediments are dominated by species such as ragworms, bivalves and sandhopper-like crustaceans. In the
outer estuary, closer to the open sea, the substrata are often composed of coarser sediment that supports
communities of more marine bivalves, polychaete worms and amphipod crustaceans. Where rock
occurs, a restricted range of species more characteristic of the open sea is found. In addition, many estu-
aries have extensive saltmarsh systems, and support large bird populations. Consequently, areas adja-
cent to some estuaries are also candidate SACs for their saltmarsh communities, and some estuaries are

designated Special Protection Areas under the Birds Directive.'

Typical Attributes to define the feature’s condition

Generic attributes
Table 3.3-1 lists the generic attributes for estuarine features and presents examples of the measures pro-
posed for some of the candidate SACs in the UK. This list is not exhaustive and will be further devel-
oped as our knowledge improves of the factors that determine the condition of estuarine ecosystems.

Table 3.3-1 Summary of attributes that may define favourable condition of estuaries

Attribute Measure Comment
Extent
Extent Area of the estuary Extent of the feature is a reporting requirement of the Habitats Directive.

Extent of a specific
biotope

Extent of
characteristic com-
munities

Area of a biotope, for exam-
ple seagrass beds

Biotopes present at stations
across a stratified sampling

grid

The extent of an estuary is unlikely to change significantly over time
unless due to some human activity but nevertheless needs to be
measured periodically. Measurement will most likely be a cartographic
exercise, supported by remote sensing data if necessary.

Extent may be represented as a proportion of the records of each biotope
throughout the sampling grid

Physical structure

Sediment character

Morphological
equilibrium

Nutrient status

Water density —
salinity and water
temperature

Particle size distribution (to
produce grain size survey
map).

Tidal Prism/Cross- section
ratio (TP/Cs ratio)

Position of the horizontal
boundary of the
saltmarsh/mudflat interface

Average phytoplankton
concentration in summer

Extent and seasonal
abundance of macro algal
mats on the foreshore

Regular measurement of
salinity and water
temperature throughout the
estuary

Important parameters to measure include % sand/silt, mean and median
grain size, and sorting coefficient, which are used to characterise the
sediment type.

TP = Tidal Prism = total volume of water passing a given cross-section
during the flood tide (m?).

Cs = Area of a given cross-section at high water springs (m?).

The relationship between TP and Cs provides a measure of the way the
estuary has adjusted to tidal energy. Substantial departures from the
characteristic relationship (determined on a regional basis) may indicate
the influence of anthropogenic factors.

Monitoring the saltmarsh boundary is a practical means of securing data
that may indicate changes in the TP/Cs relationship.

Deviation from long-term trends would act as a trigger for a second-tier
response involving detailed bathymetric survey and evaluation of
changes in the TP/Cs relationship (as above).

In the absence of saltmarsh, vertical change in mudflat position can act
as a surrogate for, or in addition to, saltmarsh boundary.

The presence of green algal mats is often used as an indicator of nutrient
input, and any change in their location or extent may indicate a change
in the nutrient loading to the estuary.

These parameters should be measured periodically to determine their
mean value during the reporting cycle

1 Council of the European Communities (1979) Council Directive 79/409/EEC of 2 April 1979 on the conserva-
tion of wild birds
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Attribute

Measure

Comment

Biotic composition

Range of biotopes
present

Species
composition of
selected biotopes

Abundance of
characteristic
species

Presence,
abundance and
condition of
rare/scarce species

Biotope composition of the
estuary from a grid of
stations representing all
habitats in the estuary

Number and abundance of all

species

Average density, measured
during peak growth period,
once during the reporting
cycle

It may be important to specify both a representative suite of
communities, and any rare/scarce communities.

Communities to be considered under this attribute are likely to include
the major estuary biotopes, sheltered muddy biotopes and rare/scarce
biotopes.

Such species would include those that may be an indicator of the
‘health’ of the system — for example, seagrass Zostera marina beds.

No species have yet been selected for this attribute.

Biological structure

Distribution of
major communities
within the estuaries

Range and
distribution of
characteristic
communities

Relative
distribution of
sub-features

Spatial pattern of
selected biotopes

Proportions of the major
communities present in
described ‘zones’ of each
estuary may provide an
appropriate measure for
target/limit setting

Presence of characteristic
biotopes in the estuary

Relative distribution of
sub-features

Area and distribution of
specified biotopes

Such communities include mudflat and sandflat biotopes, rock
communities, subtidal mixed sediment communities, subtidal muddy
sand communities.

Suggested techniques for monitoring estuary attributes
For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.3-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will
be updated when new information becomes available.

It is important to note that estuaries may include other Annex I habitats or Annex II species which
will require their own monitoring programme. The relevant sections of this document should be con-
sulted in addition to the advice provided in Table 3.3-2.
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Table 3.3-2 Suggested techniques for measuring the attributes of estuaries. The terms under Technique appear under the
heading Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the techniques

in italics.

Generic attribute

Feature-specific attribute

Technique

Extent

Biotope extent

Air photo interpretation; Remote imaging;
GIS analysis

Intertidal resource mapping; Intertidal biotope
ID; Air photo interpretation; Remote imaging;
AGDS; Side scan sonar (plus mosaicing);
Point sample mapping

Physical properties

Biotic composition

Substratum: sediment
character

Morphological equilibrium
Water clarity

Water chemistry (including
salinity, temperature)
Nutrient status

Intertidal biotope richness
Subtidal biotope richness

Intertidal species
composition/richness

Particle size analysis; sediment profile
imagery

LIDAR; Bathymetric mapping; Current meters,
tide tables

Measuring water quality; Secchi disk; Water
chemistry data loggers

Measuring water quality; Water chemistry
data loggers

Measuring water quality; Water chemistry
data loggers;
(Biotope extent techniques for algal mats)

Intertidal resource mapping; Intertidal biotope
ID; Intertidal ACE; Viewpoint photography

Subtidal biotope ID; Grab sampling; Drop-
down video; ROV; Diver-operated video;
Towed video (limited by topography and/or
risk of damage)

Intertidal ACE; Intertidal quadrat
photography; Intertidal quadrat sampling (see
Subtidal quadrat sampling); Intertidal core
sampling; Fish in rockpools

Subtidal species
composition/richness

Intertidal characteristic
species

Subtidal characteristic
species

Subtidal quadrat sampling; Subtidal biotope
ID; Subtidal core sampling; Grab sampling;
Suction sampling; Fish in subtidal rock
habitats; Fish on sediments; ROV; Drop-down
video; Diver-operated video; Epibenthic
trawling

Intertidal ACE; Intertidal quadrat photogra-
phy; Intertidal quadrat sampling (see Subtidal
quadrat sampling); Intertidal core sampling;
Fish in rockpools

Subtidal quadrat sampling; Subtidal biotope ID;
Subtidal core sampling; Grab sampling;
Subtidal photography; Suction sampling; Fish —
in subtidal rocky habitats, in vegetative cover,
on sediments; ROV (‘large’ conspicuous species
only); Drop-down video (‘large’ conspicuous
species only); Diver-operated video

Generic attribute

Feature-specific attribute

Technique

Biotic structure

Intertidal zonation

Subtidal zonation

Intertidal resource mapping; Intertidal biotope
ID; Intertidal ACE; Transect survey; Shore

profiling

Subtidal biotope ID; Diver-operated video;
ROV; Towed video (limited by topography
and/or risk of damage)

Spatial pattern of intertidal
biotopes

Spatial pattern of subtidal
biotopes

Intertidal resource mapping; Intertidal biotope
ID; Viewpoint photography; Air photo inter-
pretation; Remote imaging

AGDS; Side scan sonar (with mosaicing);
Point sample mapping (from Grab sampling,
ROV or Drop-down video data); Towed video
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Specific issues affecting the monitoring of estuaries

An estuary may contain other marine Annex I features — most likely mudflats and sandflats, subtidal
sandbanks and reefs. Advice on the monitoring of saltmarsh habitats is provided by Scottish Natural
Heritage.b Each estuarine attribute will have its own inherent source of variability that must be
addressed during data collection and subsequent interpretation of the results. However, some generic
issues should be considered when planning the whole monitoring study.

Seasonal effects

Marine communities show seasonal patterns that could significantly affect a monitoring programme in
estuaries. Algal communities show some of the most obvious seasonal trends. Banks of loose stones and
gravel are often sufficiently seasonally stable to support dense assemblages of ephemeral algae.
Sediment flats often support dense green algal mats during the summer months. Rapid growth of micro-
scopic algae, and diatoms in particular, can change the appearance (colour) of intertidal flats’. Mud
veneers and layers of leaf litter from river flood events can also influence the surface appearance of the
sediment.

Many marine organisms have seasonal reproductive patterns that can alter significantly the number of
individuals present at different times of the year. For example, some polychaete worms have semel-
parous or ‘boom and bust’ life-history strategies where the mature adults spawn synchronously and then
die. Clearly, the number of adults present in the sediment will depend on the stage in their lifecycle.
Long-lived species such as bivalve molluscs may vary their reproductive output according to the avail-
ability of food in the pre-reproductive period. Such intermittent larval settlement and recruitment of
juveniles to the population can result in a massive increase in the population size at certain times of the
year. In a sampling programme, the presence and number of juveniles should be enumerated separate-
ly to the adults in all samples.

Seasonal effects are also prevalent in seagrass communities. The blade density of the seagrass itself
will increase during the summer and then decrease during the autumn and winter — a process known
as die-back.’ Seagrass blades may support dense assemblages of epiphytic algae during the summer
months, which then decline during the winter.”

Seasonal patterns must be considered when planning a monitoring strategy. Sampling should be
undertaken at the same time of year if seasonal variation is likely. It may be necessary to specify the
duration of a sampling window — for example, to precede post-reproductive death in polychaete com-
munities. The National Marine Monitoring Programme collects benthic macrofaunal samples between
February and June. Furthermore, it recommends that samples should be collected within a ‘narrow time
window within the broader window’ to ‘minimise the effects of seasonal variability’; they define the
narrow time window as +3 weeks or +2 weeks in May/June. Seasonal changes in seagrass have impor-
tant consequences for the timing of remote sensing campaigns because the spectral signature’ of the sea-
grass will change between summer and winter.

Meteorological changes

Tidal range is an important factor in understanding estuarine processes and their distribution. This
determines the velocity of tidal currents and residual current velocities and therefore the rates and
amounts of sediment movement. Both monthly and annual tidal cycles will affect estuarine habitats and
therefore any monitoring programme must be carefully planned and implemented to take account of
tidal effects.

Variations in salinity are a key factor determining the character and spatial patterns of the biotic
assemblages within an estuary. The volume of freshwater entering the estuary (normally a reflection of
rainfall patterns) and the tidal cycle determine ambient salinity at any point within an estuary. Both fac-
tors are subject to seasonal variation and therefore ambient salinity will show a strong seasonal pattern
(Figure 3-3).

2 See Section 5 for an explanation.
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Figure 3-3 Seasonal changes in salinity in an estuary (from Davidson et al. 1991)

Periods of reduced water flow can lead to marked improvements in water clarity. This must be taken
into account if monitoring water clarity as an attribute, and will affect the timing of any remote sensing
or SCUBA diving campaigns.

Access
Land surrounding estuaries is often under private ownership and therefore it will be necessary to seek
the landowner's permission to gain access to the shore, unless access is possible by boat.

Gaining access to estuarine intertidal and subtidal habitats is subject to the issues described under the
sections on reefs, mudflats and sandflats and subtidal sandbanks, and is therefore not repeated here.

Sampling issues

A monitoring programme must consider the whole estuary, even where it may contain other Annex 1
features; these features should have their own dedicated monitoring programme (see reefs, sandbanks
and intertidal flats). An estuary’s monitoring programme may therefore, be an aggregation of both the
sampling programmes for a range of Annex 1 features in their own right, and a dedicated sampling pro-
gramme for additional features of the whole estuary.

Measuring the extent of an estuary requires the careful definition of boundary in relation to the sea-
ward limit, the landward transition to the river, and the high water limit. For those estuaries bounded
by rocky shores or solid anthropogenic boundaries such as harbour walls or seawalls, measuring the
extent may be a straightforward cartographic exercise using the most up-to-date maps of the area.
Estuaries with ‘soft’ boundaries such as saltmarsh may require a more sophisticated mapping exercise
such as remote sensing, particularly in dynamic estuaries where tidal currents result in erosion and/or
accretion of these ‘soft’ habitats. The position of the main estuary channel, and more likely the smaller
creeks, may move considerably during a monitoring cycle.’ although the impact of such a change on the
overall extent of the estuary may be negligible.
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Estuary morphology — the relationship between its physical form and function — was considered an
appropriate attribute to encapsulate the ecological status of an estuary In simple terms, estuary mor-
phology is the form taken by the bed and banks of the estuarine Channel These views are based on
regime theory, which includes the hypothesis proposed by O’Brien.’ Initial sampling should establish
the equilibrium morphology, and subsequent monitoring events will then establish whether the estuary
remains at equilibrium. Any departure from equilibrium may be considered as deterioration from
favourable condition. In practical terms, equilibrium is a function of the cross-sectional area and the
tidal prism at a series of stations along the estuary.

Changes in the physical structure of the estuary will also impact on a biological sampling programme
and clear guidance on sampling protocols must be established at the start of the monitoring programme.
Periods of heavy rain can affect an estuarine sampling programme and sampling should avoid such con-
ditions if it is necessary to record elements of the sediment surface. For example, Wyn and Cook (2000)°
specified that a sampling station was deemed 'saltmarsh' if a 1m? quadrat contained more than 5%
cover of saltmarsh plants. Distinctions may also be required to ensure consistency in future sampling
programmes.

Many of the physical environmental attributes to be monitored in estuaries (water quality, water den-
sity/temperature, nutrient status, and sediment character) are strongly linked to the tidal cycle or the
level of freshwater input, and therefore subject to considerable seasonal variation. It is imperative that
comprehensive records are kept of the ambient conditions (tidal and meteorological) at the time of sam-
pling. It may also be necessary to record the recent meteorological history, particularly for those estuar-
ies where recent rainfall can result in considerable variations in salinity/tidal flows. When collecting
sediment samples for particle size analysis, it is important that the sampling technique preserves the
fine sediment fraction, particularly on the surface. It may be appropriate to collect sediment samples by
grab at high water to ensure all habitats are sampled in a consistent manner. If sediments are to be sub-
sampled for trace metal and organic contaminant determinations, it will be necessary to use stainless
steel buckets for grab/core samplers.

Standard texts are available on estuarine sampling methods.”

Site marking and relocation

Marking and relocating the feature itself (the estuary) is unlikely to present any problems although the
precise location of the boundary may be difficult where the edge of the estuary has ‘soft’ habitats. Clear
guidance is necessary to define the high water and upper estuary limits to ensure consistent monitoring
of the extent of the feature.

Permanent marking of sampling stations is very difficult in dynamic environments where the sub-
strata are mobile. Garden canes (1.5m long) have been used successfully to mark stations in the Wash
over a period of three years.’ Site relocation should use dGPS,’ particularly on extensive intertidal flats
or open sea areas at the mouth. Where dGPS is used for site location, it is vital that the necessary param-
eters (often settings of the machine itself) influencing the position resolution are accurately recorded.
These parameters will be vital for accurate relocation of the site. For less dynamic habitats, sites may be
marked with acoustic transponders or curly whirlies’ or ‘nylon whips’ attached to sub-surface blocks.’
Additional information is provided under the guidance for reefs, mudflats and sandflats and subtidal
sandbanks.

Health and safety
All fieldwork must follow approved codes of practice to ensure the health and safety of all staff. Risks
specific to working in estuaries are similar to those on intertidal flats:

Stranding due to the rising tide. Estuaries often have irregular tidal cycles that result in long low or
high water periods followed by a rapid filling or emptying of the system. On intertidal flats, a rising
tide can inundate the shore faster than a person can run. Creeks can fill rapidly creating 'islands' on
the flats. Tidal currents may increase very rapidly, for example the tidal bore in the Severn Estuary,
creating hazardous conditions for boats, particularly whilst stationary during sampling.

3 O’Brien — quoted in Coastal Geomorphology Partnership (1999) see reference f; no reference given.
See Procedural Guideline Number 6-1 for dGPS guidance.

5 Plastic corkscrews that are screwed down into the sediment: see Fowler, S L (1992) Marine monitoring in the
Isles of Scilly 1991. English Nature Research Report No. 9. English Nature, Peterborough.
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Stuck in sediment, particularly in soft mud in upper estuaries, on quick sands and mussel beds.

Illness and disease from contaminated sediment. Many estuaries have a history of anthropogenic dis-
charges from industrial facilities. Sediments bind contaminants such as heavy metals (and radioactive
isotopes) at high concentrations, which are subsequently released upon disturbance. It is possible to
contract serious diseases such as hepatitis from sewage effluent, or Weils disease (from water con-
taminated with rat urine). In such circumstances, protective gloves should be used to avoid skin con-
tact with the sediment.

Boat traffic. Many estuaries are busy waterways for both pleasure craft and commercial shipping such
as ferries, and provide sheltered permanent moorings or temporary anchorages. Sampling activities,
particularly when using a boat and/or when SCUBA diving, may be subject to harbour restrictions and
will require the prior permission of the harbour authorities. Nevertheless field staff must be vigilant
to avoid the risk of collision with other vessels.

Gunfire. Wild-fowling is a common activity in some estuaries although often on a seasonal basis.
Similarly, military firing ranges are also present. Field staff should contact local shooting clubs or
military ranges to ascertain when there will be no risk of gunfire.

Some sampling in estuaries will involve SCUBA diving techniques. All diving operations are
subject to the procedures described in the Diving at Work Regulations 1997° (see:
http://www.hse.gov.uk/spd/spddivex.htm) and must follow the Scientific and Archaeological Approved
Code of Practice’ (http:/www.hse.gov.uk/spd/spdacop.htm - a).
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Sandbanks which are slightly covered by seawater all the time

Definition

Sublittoral sandbanks, permanently submerged. Water depth is seldom more than 20 m
below Chart Datum. Non-vegetated sandbanks or sandbanks with vegetation belonging to
the Zosteretum marinae and Cymodoceion nodosae.

Introduction to the feature’s interest

This habitat type occurs widely on the north-east Atlantic coast of Europe and is extensive in the UK.
Sites have been selected to represent the main geographical and ecological range of variation of the habi-
tat type and are amongst the most extensive in the UK.

The habitat type consists of soft sediment types that are permanently covered by shallow sea water,
typically at depths of less than 20 m below chart datum. Sites have been selected to cover the geo-
graphical and ecological range of variation of the following categories:

(i) gravelly and clean sands

(ii) muddy sands

(iii) eelgrass Zostera marina beds
(iv) maerl beds

The latter two categories are distinctive communities associated with shallow sublittoral sandy sedi-
ments and are of particular value because of the diversity of species they may support.

The diversity of species and communities associated with subtidal sandbanks is determined by
sediment type and a variety of other physical factors. These include geographical location reflecting bio-
geographical trends, the relative exposure of the coast (from wave-exposed open coasts to tide-swept
coasts or sheltered inlets and estuaries) and differences in the depth, turbidity and salinity of the sur-
rounding water. The site series includes a range of physiographic types to encompass the variation with-
in the four main sub-types of this Annex I habitat.

Shallow sandy sediments are typically colonised by a burrowing fauna predominantly of worms, crus-
taceans, bivalve molluscs and echinoderms. Mobile fauna at the surface of the sandbank may include
shrimps, prosobranch molluscs, crabs and fish. Sandeels, an important food for birds, live in sandy sed-
iments. Epifaunal organisms such foliose algae, hydroids, bryozoans and ascidians may occur where
coarse stable material such as small stones, shells or maerl is present. Mixtures of sand and hard sub-
strata can lead to the presence of very rich communities. Shallow sandy sediments may be important
nursery areas for fish and feeding grounds for seabirds (especially puffins Fratercula arctica, guillemots
Uria aalge or razorbills Alca torda) and seaduck (for instance common scoter Melanitta nigra).

Typical attributes to define the feature’s condition

Generic attributes

Table 3.4-1 lists the generic attributes for subtidal sandbank features and presents examples of the meas-
ures proposed for some of the candidate SACs in the UK. This list is not exhaustive and will be further
developed as our knowledge improves of the factors that determine the condition of sandbank ecosys-
tems.
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Table 3.4-1 Summary of attributes that may define favourable condition of subtidal sandbanks.

Attribute

Measure

Comment

Extent

Extent of feature

Extent of a sub-
feature

Area of subtidal sediment

Extent (ha) of seagrass,
normally measured during
peak growth period (likely
between May-August)

Extent of mussel beds

Extent of brittlestar beds

Extent of the feature is a reporting requirement of the Habitats Directive.
In dynamic situations, fluctuations in extent may be great, but are
attributable to natural coastal processes beyond management control. A
full understanding of such variability will only be gained after a number
of monitoring cycles.

The extent of seagrass is a key structural component of some sandbanks
and provides a long-term integrated measure of environmental
conditions across the feature.

The extent of mussel beds is a key structural component of the sediments
and, depending on the size and distribution of the beds, they may play
an important functional role within the feature, e.g. by stabilising the
sediment. It should be recognised that mussel beds are a dynamic habitat
although in many cases beds tend to remain in the same place in the
long term whilst patchiness within them is often much more dynamic.

The extent of brittlestar beds is a key structural component of the
sediments, represents a major concentration of biomass within the fea-
ture, and may play an important role in local carbon and nutrient cycles.
Fluctuations in brittlestar beds have been shown to relate both to
large-scale hydrographic processes and to short-term localised events;
thus they will indicate environmental change at a range of scales.

Physical properties

Sediment character

Topography

Water density —
temperature and
salinity

Nutrient status

Nutrient enrich-
ment —
phytoplankton

Water clarity

Particle size analysis: param-
eters include the percentage
sand/silt/gravel, mean and
median grain size, and
sorting coefficient, used to
characterise sediment type

Depth and distribution of
sandbanks

Regular measurement of
water temperature and
salinity in the subtidal
periodically throughout the
reporting cycle

Extent (range and area) of
macroalgae across whole or
parts of the feature, measured
during peak growth period
(likely between May-August)

Average phytoplankton con-
centration (ChlA)

Average light attenuation
measured periodically
throughout the reporting
cycle

Sediment character defined by particle size analysis is vital to the
structure of the feature, and reflects all of the physical processes acting
on it. Particle size composition varies across the feature and can be used
to indicate spatial distribution of sediment types thus reflecting the
stability of the feature and the processes supporting it.

Depth and distribution of the sandbanks reflects the energy conditions
and stability of the sediment, which is key to the structure of the feature.
Depth of the feature is a major influence on the distribution of
communities throughout.

Temperature and salinity are characteristic of the overall hydrography of
the area. Changes in temperature and salinity influence the presence and
distribution of species (along with recruitment processes and spawning
behaviour) including those at the edge of their geographic ranges and
non-natives.

Nutrient status is a key functional factor that influences the sub-feature
as opportunistic macroalgae compete with important biotopes (sub-
features) such as seagrass, and affect the associated species.

Note that an increase in filamentous green algae may be a related natural
phenomenon or may indicate eutrophication

Chlorophyll A concentration provides an indication of nutrient levels
and their effect on the sediment communities.

Water clarity is important for maintaining extent and density of algal and
plant dominated communities. Clarity decreases through increases in
amounts of suspended organic/inorganic matter.
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Attribute

Measure

Comment

Biotic composition

Spatial distribution
of all or a range of
biotopes

Biotope composi-
tion

Presence and
distribution of a
specific biotope

Species composi-
tion of specific
biotopes

Population status of
characteristic
species

Zostera marina
density

Sabellaria
spinulosa

Status of notable
species

Relative distribution of
biotopes throughout the
feature

Number and occurrence /
frequency of range of
characteristic biotopes
measured during the summer
months, once during
reporting cycle.

Distribution/
presence-absence/frequency
of a typical or notable
biotope

Frequency and occurrence/
diversity index of composite
species (total or sub-set)

Estimate population size
using abundance/occurrence/
frequency/biomass

Measure the population
structure using for example
age structure

Average density, measured
during peak growth period
(likely between May-August)

Measure recruitment from
the age structure (see Holt et
al. 1998)."

Measure the occurrence and
frequency of a specified
species

The relative distribution of biotopes is an important structural aspect of
the feature. Changes in extent and distribution may indicate long term
changes in the physical conditions at the site.

The number and occurrence/ frequency of characteristic biotopes is an
important structural aspect of the feature.

The biotopes chosen should be a key structural component of the sedi-
ments, and may be important because they are

notable, i.e. of nature conservation importance due to their rarity/scarci-
ty, or region importance;have high species richness;

an extensive example;

sensitive to anthropogenic activity .eg introduction of non-native species;
and/or

indicative of changes in the supporting processes of the ecosystem.

Species composition is an important contributor to the structure of some
biotopes. A measure of species diversity also gives an indication of the
quality of a biotope, where any change in diversity may indicate a cyclic
change or trend in sediment communities.

The species selected may be of interest in its own right and/or be indica-
tive of the structure of an important biotope. A change in the population
status of a species may indicate cyclic change/trend in the host biotope
and/or the sediment (sub) feature as a whole.

An early indicator of seagrass under stress is a reduction in biomass, nor-
mally measured by the number and length of leaves. Density is preferred

as a surrogate for biomass, being less destructive, based on a baseline sur-
vey to establish the relationship between density and biomass at a site.

Recruitment processes are important to the species (or sub-feature) with
respect to both the maintenance of the biogenic reef (structure) and then
functional role that the sub-feature plays within the feature as a whole.

A notable species:

has nature conservation importance due to its rarity/scarcity, or regional
importance;

has high abundance and contributes to sediment structure;

may be used as an indicator of environmental stress if it is a species sen-
sitive to pollution e.g. molluscan sensitivity to TBT.

Biological structure

Spatial distribution
of biotopes or sub-
features

Spatial patterns of
characteristic
species

Distribution and extent of
characteristic biotopes

Relative distribution of dif-
ferent maerl biotopes

Presence/absence and densi-
ty of different brittlestar
species

The relative distribution of biotopes, for instance sand and sandy gravel
biotopes, is an important structural aspect of the site. Changes in the
extent and distribution may indicate long-term changes in the prevailing
physical conditions at the site.

The relative distribution of different maerl biotopes, live/dead maerl and
patchiness within the maerl bed, are important structural aspects of the
sub-feature and therefore feature as a whole. Changes in relative extent
and distribution may indicate long-term changes in the physical condi-
tions influencing the feature.

The sub-feature (subtidal brittlestar beds biotope complex) is defined by
the occurrence of brittlestars at high densities. Hence density is critical
to the structure of the sub-feature; note that beds usually have a patchy
internal structure with localised concentrations of higher density.

The main bed-forming species are Ophiothrix fragilis (the most common
bed-forming species) and Ophiocomina nigra (less frequently forming
beds on sublittoral sediments). Sometimes the beds comprise mixed pop-
ulations of both species. The two species have different environmental
requirements and feeding strategies, and hence recording which species
is relevant to the function of the sub-feature and feature as a whole is
necessary.
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Suggested techniques for monitoring sandbank attributes

For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.4-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will

be updated when new information becomes available.

Table 3.4-2 Suggested techniques for measuring sandbank attributes. The terms under Technique appear under the head-
ing Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the techniques in

italics.

Generic attribute

Feature attribute

Technique

Extent

AGDS; Side scan sonar; Point sample
mapping; Towed video

(for shallow areas: Air photo
interpretation; Remote imaging)

Biotope extent

AGDS; Side scan sonar; Mosaicing sonar
images; Point sample mapping (using
grab, ROV or Drop-down video samples

Physical properties

Substratum: sediment
character

Topography

Particle size analysis; Sediment profile
imaging; Sediment chemical analyses

Bathymetric mapping
(Depth is recorded by AGDS)

Tidal regime

Current meters; Tide gauges; Water
chemistry data loggers

Water clarity

Measuring water quality; Water
chemistry data loggers; Secchi disk

Water chemistry (including
salinity, temperature)

Measuring water quality; Water
chemistry data loggers

Nutrient status

Measuring water quality; Water
chemistry data loggers;
(Biotope extent techniques for algal mats)

Biotic composition

Biotope richness

Subtidal biotope ID; Grab sampling;
Subtidal core sampling

Species composition/richness

Grab sampling; Subtidal core sampling;
Suction sampling; Fish on sediment
(Epibiota only: Drop-down video; ROV;
Diver-operated video; Towed video;
Epibenthic trawling)

Characteristic species

Grab sampling; Subtidal core sampling;
Suction sampling; Fish on sediment

Biological structure

Spatial pattern of subtidal
biotopes

Point sample mapping (from Grab
sampling, ROV or Drop-down video
data); AGDS; Side scan sonar (with
mosaicing); Towed video
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Specific issues affecting the monitoring of sandbanks

Each attribute will have its own inherent source of variability that must be addressed during data col-
lection and subsequent interpretation of the results. However, some generic issues should be considered
when planning the whole monitoring study.

Seasonal effects

Marine communities show seasonal patterns that could significantly affect a monitoring programme on
subtidal sandbanks. Algal communities show the most obvious seasonal trends and sandbank habitats
may support dense ephemeral algal communities during the summer months. Maerl beds support rich
algal assemblages with distinct seasonal variation. For instance, a marked change in the abundance of
algae in tidal rapids was observed in Loch Maddy between autumn 1998 and summer 1999."

Many marine organisms have seasonal reproductive patterns that can significantly alter the number of
individuals present at different times of the year. Some polychaete worms have semelparous or ‘boom
and bust’ life history strategies where the mature adults spawn synchronously and then die. Clearly, the
number of adults present in the sediment will depend on the stage in their lifecycle. Larval settlement
and recruitment of juveniles to the population can result in a massive increase in the population size at
certain times of the year. The presence and number of juveniles should be enumerated separately to the
adults in all samples.

Seasonal effects are also prevalent in seagrass communities. The blade density of the eelgrass itself
will increase during the summer and then decrease during the autumn and winter — a process known
as die-back.’ Seagrass blades may support dense assemblages of epiphytic algae during the summer
months, which then decline during the winter.

Seasonal patterns must be considered when planning a monitoring strategy. Sampling should be
undertaken at the same time of year if seasonal variation is likely. It may be necessary to specify the
duration of a sampling window — for example, to precede post-reproductive death in polychaete com-
munities. Seasonal changes in seagrass have important consequences for the timing of remote sensing
campaigns because the spectral signature' of the seagrass will change between summer and winter.”

Meteorological changes

Prevailing weather conditions will affect any monitoring study. Periods of calm conditions will improve
underwater visibility and improve sampling efficiency and reliability. Subtidal sandbanks are often
located in areas of strong tidal streams and therefore sampling should take place at slack water. If pos-
sible, sampling exercises should avoid the equinoctial tides when the duration of slack water will be at
its shortest.

A change in the strength of prevailing wave action, or a change in the frequency of winter storms,
could lead to a gradual change in the topography, or even the location, of a sandbank. Such changes
could affect a sampling programme, particularly where a grid sampling strategy was used.

Weather cycles can result in changes in the biotic assemblages. Changes in perennial algae on Loch
Maddy maerl beds were possibly due to an unusually warm preceding summer. S note e above

Access
Boats are required to sample subtidal sandbanks. Where necessary, sampling should be timed to coin-
cide with slack water and calm conditions.

Sampling issues

Subtidal sandbanks pose a number of logistical and methodological problems to a monitoring study. It
is important to establish the extent of the entire feature to plan an effective monitoring strategy. Often,
sandbanks will form a mosaic of patches that are distributed throughout an SAC. In such circumstances,
it may be necessary to develop a stratified monitoring strategy based on an initial inventory of the entire
sandbank resource. Individual sandbanks may be categorised — for example, by topographical structure
or sediment type, to stratify a monitoring programme. Such a programme should ensure that all cate-
gories are sampled. For individual categories (a single sandbank), sample sites should be spread
throughout to ensure adequate consideration of spatial variation. It cannot be assumed that a single sam-
ple station will be representative of the habitat as a whole. The actual number of stations necessary to
describe the full range of species present should be determined from a pilot study. A sampling strategy
should consist of many stations with few replicates per station (even just one) when considering attrib-

1 See Section 5 for an explanation
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utes relating to biological description.

Unfortunately, mapping the extent of sandbanks is difficult, particularly in shallow areas where boat
access is difficult, and water clarity is too low to use remote sensing techniques based on electromag-
netic spectral radiation. In such conditions, it would be necessary to use a grid sampling technique to
map extent. Prevailing hydrodynamic conditions will shape the topographic structure of sandbanks, for
instance by creating sand waves on the surface. Small fluctuations in the hydrodynamic regime, often
at the scale of metres (or less) will affect the physical structure of the sediment, which in turn may lead
to significant differences in the biotic assemblage. A recent investigation into the populations of
sandeels on sandbanks in the Firth of Forth recorded considerable fine scale heterogeneity in sediment
structure (over tens of metres) that resulted in huge variations in the density of fish present in sediment.
It will be necessary to map a subtidal sandbank during each monitoring cycle, both to estimate its extent
and to plan more detailed sampling.

Ambient physical conditions, particularly sediment type, determine the precise biotic composition of
sediment biotopes. Whilst attributes relating to biotic composition should use the terminology in the
national biotope classification, it will be necessary to define carefully the actual species composition
recorded locally. Such local descriptions will help to avoid any ambiguities when assigning a future
sample to a biotope class.

The choice of actual technique used to sample the sediment within an SAC will be influenced by the
type of sediment present, but must be consistent throughout all samples used to monitor an individual
attribute. Samples should be processed through a 1mm sieve, unless previous investigations indicate a
finer mesh is necessary to sample the target biotic assemblage adequately. Where a finer mesh is neces-
sary, the sample should be subdivided to provide a 1mm mesh fraction. It is important to consider any
other established sampling/monitoring studies in an SAC prior to finalising the mesh size. If the data
from such studies can contribute to an SAC monitoring programme, it will be necessary to harmonise
the mesh size between all subsequent monitoring studies to ensure data are comparable.

Site marking and relocation

Permanent marking of sandbanks may not be possible because of their dynamic nature and their geo-
graphic location may move between monitoring events. Site relocation will rely on dGPS,’ particularly
in offshore areas. ’

For less dynamic habitats, sites may be marked with acoustic transponders’ or curly whirlies.”

Health and safety
All field staff must follow approved safety procedures published by their host institution, or that of the
contracting agency, whichever are the more stringent.

Subtidal sandbanks often create shallow shoals that generate rough sea conditions in comparison to
adjacent level areas of seabed. Strong tidal streams may also be present which, when combined with
strong winds, will create rough sea conditions. Prevailing sea conditions must be assessed prior to any
sampling exercise.

Sublittoral sediment sampling often involves heavy equipment (grabs, dredges) and deck machinery
(winches) that have specific health and safety requirements which must be followed at all times.
Furthermore, sea conditions have a significant effect on the safe use of this equipment — unexpected
movement of the vessel due to a boat's wake can result in a grab violently swinging across the deck.

Some sampling on subtidal sandbanks will involve SCUBA diving techniques. All diving
operations are subject to the procedures described in the Diving at Work Regulations 1997" (see:
http://www.hse.gov.uk/spd/spddivex.htm) and must follow the Scientific and Archaeological Approved
Code of Practice’ (http://www.hse.gov.uk/spd/spdacop.htm - a).

See Procedural Guideline 6-1 on dGPS guidance.
See Procedural Guideline 6-2 on site marking

4 Plastic corkscrews that are screwed down into the sediment: see Fowler, S L (1992) Marine monitoring in the
Isles of Scilly 1991, English Nature Research Report No. 9. English Nature, Peterborough.

The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997, ISBN 0 11 065170 7.

Scientific and Archaeological diving projects: The Diving at Work Regulations 1997. Approved Code of
Practice and Guidance — L107. HSE Books 1998, ISBN 0 7176 1498 0.
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Mudflats and sandflats not covered by seawater at low tide

Definition

Sands and muds of the coasts of the oceans, their connected seas and associated lagoons,
not covered by sea water at low tide, devoid of vascular plants, usually coated by blue
algae and diatoms. They are of particular importance as feeding grounds for wildfowl and
waders. The diverse intertidal communities of invertebrates and algae that occupy them
can be used to define subdivisions of 11.27, eelgrass communities that may be exposed
for a few hours in the course of every tide have been listed under 11.3, brackish water veg-
etation of permanent pools by use of those of 11.4.'

Introduction to the feature’s interest

This is a widespread habitat type on the coasts of Atlantic Europe and occurs widely throughout the
UK. Sites were selected to encompass the range of geographical and ecological variation of this habitat
type in the UK. Sites with large areas of intertidal flats as well as a range of shelter, mobility and diver-
sity of sub-types were favoured.

Intertidal mudflats and sandflats are submerged at high tide and exposed at low tide. They form a
major component of estuaries and embayments in the UK but also occur on the open coast. The physi-
cal structure of the intertidal flats can range from the mobile, coarse-sand beaches of wave-exposed
coasts to the stable, fine-sediment mudflats of estuaries and embayments. This habitat type can be divid-
ed into three broad categories: clean sands, muddy sands and muds, although in practice there is a con-
tinuous gradient between them. Within this range, the plant and animal communities present vary
according to the type of sediment, its stability and the salinity of the over-lying water.

Clean sands. These communities occur on clean, sandy beaches on the open coast and in bays around
the UK, where wave action or strong tidal streams prevent the deposition of finer silt. Clean sands also
occur in estuaries where the supply of silt in suspension is low. In such conditions, there is a high pro-
portion of the heavier grains of sediment. Owing to the mobility of the sand and consequent abrasion,
species that inhabit clean sands tend to be mobile and robust and include amphipod crustaceans, such
as sandhoppers Bathyporeia spp., some polychaete worms and bivalve molluscs.

Muddy sands. These occur in a particular combination of conditions. Shelter from wave action is suf-
ficient to allow the deposition of fine sediments, but some water movement or the lack of supply of silt
leads to a sandier substratum. Such conditions may occur at the mouths of estuaries or behind barrier
islands, where sediment conditions are more stable. A wide range of species, such as lugworms
Arenicola marina and bivalve molluscs, can colonise these sediments. Substantial beds of mussels
Mytilus edulis may develop on the lower shore. Beds of intertidal dwarf eelgrass Zostera noltii or nar-
row-leafed eelgrass Zostera angustifolia and eelgrass Zostera marina may also occur on the lower shore.
In estuaries, reduced salinity may cause a variation in these communities.

Mudyflats. These form in the most sheltered areas of the coast, usually where large quantities of silt
derived from rivers are deposited in estuaries. The sediment is stable and communities are dominated
by polychaete and oligochaete worms, and bivalve molluscs. Soft mudflats often support very high den-
sities of some infaunal species, where the high biomass of intertidal species provides an important food
source for waders and wildfowl.

The complex nature of the Annex I feature mudflats and sandflats means that many sites will contain
a mixture of the types described above.

Typical attributes to define the feature’s condition

Generic attributes

Table 3.5-1 lists the generic attributes for mudflat features and presents examples of the measures proposed
for some of the candidate SACs in the UK. This list is not exhaustive and will be further developed as our
knowledge improves of the factors that determine the condition of intertidal sediment ecosystems.

1 These numbers are the habitat codes in the Palaearctic classification (originally the CORINE classification). For
further information refer to The Interpretation Manual of European Habitats — EUR 15 (version 2, October
1999) published by the European Commission (see: http://europa.eu.int/comm/environment/nature/docum.htm)
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Table 3.5-1 Summary of attributes that may define favourable condition of intertidal mudflats and sandflats

Attribute

Measure

Comments

Extent

Extent of the

Area of the intertidal flats

Extent of the feature is a reporting requirement of the Habitats Directive. For

feature dynamic coastlines, fluctuations in extent may be great, but are attributable to
natural coastal processes.

Extent of a Area of seagrass measured Where present, the extent of seagrass is an important structural component of

sub-feature or during peak growth period sediment flats, and provides a long-term integrated measure of environmental

characteristic (likely between conditions across the feature.

biotope May-August)

Area of mussel beds The extent of mussel beds is an important structural component of sediment
flats and, depending on the size and distribution of the beds, they may play an
important functional role within the feature, e.g. by stabilising sediment. It
should be recognised that mussel beds are a dynamic habitat, although in many
cases beds tend to remain in the same place in the long term whilst patchiness
within them is much more dynamic.

Physical

structure

Sediment Particle size distribution Sediment character defined by particle size analysis is key to the structure of

character of the sediment used to the feature, and reflects all of the physical processes acting on it. Particle size
characterise sediment composition varies across the feature and can be used to indicate spatial

type. The analysis should distribution of sediment types (and some or all sub-features), thus reflecting the

include the parameters: % stability of the feature and the processes supporting it.

sand/silt/gravel, mean and

median grain size, and

sorting coefficient

Sediment penetrability by = Penetrability is an indicator of sediment stability, degree of compaction

the degree of sinking indicates the shear strength of the sediment and thus the susceptibility of that
sediment type to erosion. Compaction of the sediment influences the biological
community within the sediment.

Proportion of organic car-  Organic content critically influences the infaunal community and can cause

bon from sediment sample deoxygenation of the feature, which can be detrimental to the biota.

Oxidation/reduction Degree of oxidation/reduction, reflecting oxygen availability within the

potential by the depth of  sediment, critically influences the infaunal community and the mobility of

any black layer, or by an ~ chemical compounds. It is an indicator of the structure of the feature.

in situ measurement (Eh of

redox potential)

Topography Tidal elevation and shore  Topography reflects the prevailing energy conditions and the stability of the
profile sediment, which is key to the overall structure of the feature. Height on the
shore has a major influence on the distribution of communities throughout the
feature.
Measuring topography may also indicate the position of channels through the
feature, which is another important indicator of the processes influencing the site.
Water Regular measurement of Temperature and salinity are characteristic of the overall hydrography of the
density: water temperature and area. Any changes in the prevailing temperature and salinity regimes may affect

temperature and
salinity

Nutrient
status of overly-
ing water mass

Notable species
- macroalgae

salinity

Abundance of macroalgae
on the feature

Extent (ha) across whole
or parts of site, measured
during peak growth period
(likely between
May-August) every three
years (more frequently
depending on site) during
reporting cycle.

the presence and distribution of species (along with recruitment processes and
spawning behaviour), including those at the edge of their geographic ranges.

Nutrient status is a key functional factor that influences biota associated with
sediments including infauna as well as plants/algae at the surface. Indicator
macroalgae indicate elevated nutrient levels that reduce the quality of the
sediments and their communities, primarily through smothering and
deoxygenation. Opportunistic macroalage compete with important species such as
seagrass and affect the associated species assemblage. An increase in filamentous
green algae may be a related natural phenomenon or may indicate eutrophication

Nutrient status is a key functional factor that influences the sub-feature as
opportunistic macroalgae compete with important biotopes (sub-features) such
as seagrass, and affect associated species.

Note that an increase in filamentous green algae may be a related natural phe-
nomenon or may indicate eutrophication.
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Attribute Measure Comments
Biotic
composition
Biotope Number and The number and occurrence/frequency of biotopes is an important structural
composition occurrence/frequency of a  aspect of the feature.
range of specified
biotopes
Species Measure the frequency Species composition is an important contributor to the structure of a biotope.

composition of a
specific biotope

Population
status of a
characteristic
species

Notable species

Zostera
marina and/or
Zostera noltii

and occurrence/diversity
index of composite species
(total or sub-set)

Estimate the population
size using a measure of
abundance/occurrence/
frequency/biomass
Measure relevant
population parameters,
e.g. age structure

Occurrence and frequency
of characteristic species

Average density of a sea-
grass species, measured
during peak growth period

A determination of species diversity gives an indication of the quality of the
biotope, and a change in diversity may indicate cyclic change/trend in sediment
communities.

The species selected may be of interest in its own right, and/or may be
indicative of the structure of a characteristic or notable biotope. A change in
the population status of the species may indicate a cyclic change/trend in the
host biotope, and/or the sediment communities in the feature as a whole.

Notable species:

are of nature conservation importance due to e.g. rare/scarce, regionally
important;

contribute to sediment structure; and/or

can be used as an indicator of environmental stress e.g. molluscan sensitivity to
TBT.

An early indicator of seagrass under stress is a reduction in biomass, normally
represented through the number and length of leaves. Density is preferred as a
surrogate for biomass, being less destructive, based on baseline survey to

density (likely between establish the relationship between density and biomass at a site.
May-August)

Biological

structure

Spatial Relative distribution of The relative distribution of biotopes is an important structural aspect of the

distribution of all

biotopes, or a

range of specified

biotopes

Spatial
distribution of a
specific biotope

Spatial
patterns in
populations of
characteristic
species

biotopes throughout the
(sub) feature

The distribution/presence
or absence/frequency of a
specified typical or
notable biotope

For mussel Mytilus edulis
beds, measure the extent,
abundance and/or size/age
profile, or spatfall

feature. Changes in extent and distribution may indicate long-term changes in
the physical conditions at the site.

The spatial distribution/occurrence of a biotope is a key structural component of
the sediments, and is particularly important if:

it is notable for nature conservation due to its rarity/scarcity or regional value;

it has high species richness;

it is an extensive example;

it is sensitive to anthropogenic activity; and/or

an indicator of changes in the supporting processes of the feature.

If present, mussels are an important structuring species of the (sub) feature and
therefore a key influence on the associated community. An indication of the
population dynamics of the species and whether it is sustaining itself within the
bed is necessary in addition to extent of all mussels beds in the feature.

2 Settlement of juvenile mussels onto the seabed.
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Suggested techniques for monitoring attributes of mudflats and sandflats

For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.5-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will

be updated when new information becomes available.

Table 3.5-2 Suggested techniques for measuring attributes of mudflats and sandflats. The terms under Technique appear
under the heading Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the

techniques in italics.

Generic attribute

Feature attribute

Technique

Extent

Biotope extent

Air photo interpretation; Remote imaging;
Intertidal resource mapping;

Intertidal resource mapping; Intertidal
biotope ID; Air photo interpretation;
Remote imaging

Physical properties

Substratum: sediment
character

Topography

Water chemistry (including
salinity, temperature)

Nutrient status

Particle size analysis; Sediment chemical
analyses

LIDAR; Shore profiling

Measuring water quality; Water chemistry
data loggers

Measuring water quality; Water chemistry
data loggers;
(Biotope extent techniques for algal mats)

Biotic composition

Biological structure

Biotope richness

Species composition/richness

Characteristic species

Spatial pattern of biotopes

Intertidal resource mapping; Intertidal
biotope ID; Intertidal core sampling

Intertidal core sampling; Intertidal ACE

Intertidal core sampling; Intertidal ACE;
Intertidal biotope ID; Mollusc shell ageing

Intertidal resource mapping; Intertidal
biotope ID; Air photo interpretation;
Remote imaging; Transect survey
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Specific issues affecting the monitoring of mudflats

Each attribute will have its own inherent source of variability that must be addressed during data col-
lection and subsequent interpretation of the results. However, some generic issues should be considered
when planning the whole monitoring study.

Seasonal effects

Marine communities show seasonal patterns that could significantly affect a monitoring programme.
Algal communities show the most obvious seasonal trends and sediment flats often support dense green
algal mats during the summer months. Rapid growth of microscopic algae, and diatoms in particular,
can change the appearance (colour) of intertidal flats.” Similar changes may be caused by nutrient
enrichment and therefore it is important to exercise a degree of caution when interpreting the results of
a monitoring study. It would be prudent to avoid sampling during the spring and summer months where
such seasonal changes are known to occur at a site and are not linked to the attribute under investiga-
tion.

Many marine organisms have seasonal reproductive patterns that can significantly alter the number of
individuals present at different times of the year. Some polychaete worms have semelparous or ‘boom
and bust’ life history strategies where the mature adults spawn synchronously and then die. Clearly, the
number of adults present in the sediment will depend on the stage in their lifecycle. Larval settlement
and recruitment of juveniles to the population can result in a massive increase in the population size at
certain times of the year. This phenomenon is often visible on mussel Mytilus edulis beds where the
entire surface may be covered with tiny mussels.

Seasonal effects are also prevalent in eelgrass Zostera spp. communities. The blade density of the eel-
grass itself will increase during the summer and then the decrease during the autumn and winter — a
process known as die-back.” Eelgrass blades may support dense assemblages of epiphytic algae during
the summer months.

It is important to consider seasonal patterns when planning a monitoring strategy. Sampling should
be undertaken at the same time of year if seasonal variation is likely. It may be necessary to specify the
duration of a sampling window — for example, to precede post-reproductive death in polychaete com-
munities.

Meteorological changes
Meteorological changes that may affect intertidal flats include:

¢ erosion following winter storms or river flood events will affect the extent of the flats;
e accretion of saltmarsh will reduce the intertidal area;
 movement of river channels’ or drainage creeks will change the topography:

¢ different rainfall patterns may lead to a change in sediment depositional patterns through to changes
in run-off and/or a river flow rates.

Access

Intertidal sediment flats may cover a vast area and therefore present significant logistical problems for
sampling. Sampling must coincide with low water during the spring tide part of the tidal cycle to gain
access to the entire feature. There are important health and safety issues to consider in relation to access
(see Health and Safety), especially in relation to tidal inundation and the stability of the sediment. Sites
may have local restrictions on bait collection and therefore it will be necessary to advise the local organ-
isation responsible for enforcement of any sampling activity. It may be tactful to ensure local fishermen
and bait collectors are fully informed that sampling activities (perhaps undertaken by ‘outsiders’) are for
monitoring the SAC.
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It may be necessary to use a boat to gain access to the lowest shore areas, and any 'island' areas creat-
ed by tidal creeks. Motorised transport such as small All Terrain Vehicles (ATVs), tractors (wheels can
get stuck in soft sediment) or hovercraft (very noisy) can maximise the time available for sampling with-
in the tidal cycle, and to carry any samples collected.

Sediment flats often support large populations of birds and, in some cases, seals. Sampling activities
are likely to disturb these animals and therefore field visits should not coincide with important periods
in the life-cycle (breeding, rearing of offspring).

Sampling in soft sediment poses additional problems, particularly through the instability of the sub-
stratum. Plastic sledges are useful for carrying sampling equipment and providing support in soft sedi-
ment areas. 'Mud shoes' help spread an individual's body weight over a larger area to reduce the risk of
sinking, and thus improve their ease of movement. Subtidal sampling techniques may be used to sam-
ple extensive areas of soft mud at high water if access from land is particularly difficult or dangerous.

Any areas of quicksand should be identified; gathering knowledge from local inhabitants is often vital
in this respect. Mussel beds, whilst appearing to give a solid surface, are often unstable and the sedi-
ment underneath may be very soft.

Sampling issues

The whole feature must be considered when planning a sampling programme. Clearly, this poses con-
siderable logistical problems when dealing with very extensive sites (such as the Wash and Morecambe
Bay). A monitoring strategy will need to encompass techniques to consider broad-scale, whole feature
attributes such as extent, and detailed sampling to assess the biotic composition. A broad-scale map-
ping exercise would both provide data on the extent of the whole feature and show any spatial patterns
in the habitat/biotopes present within the feature. Broad-scale maps provide the necessary information
to apply a stratified sampling programme to select locations to monitor sediment structure and the com-
position of biotopes via direct sampling.

Monitoring trials supported by the UK Marine SACS Project investigated three approaches to direct
sampling: a transect-sampling approach in the Wash & North Norfolk Coast cSAC" and the Mawddach
Estuary, Pen Llyn a'r Sarnau cSAC' and an in situ biotope recording and Phase 2 sampling with a grid
strategy in the Mawddach Estuary.” All sampling techniques collected core samples, for sediment analy-
sis and the enumeration of infaunal species assemblages, at pre-determined points along a transect or at
a grid node. These strategies will also identify any spatial patterns in the biotic composition of the fea-
ture, such as zonation from the top to the bottom of the shore.

If access by foot is restricted or impossible, it is possible to sample intertidal flats by boat at high water
where there is sufficient tidal range. Small versions of ship-borne sampling devices are available, such
as hand-operated grabs or corers, and a suction sampler." Note that sampling at high water does not
allow any visual appraisal of the broad-scale character of intertidal flats.

It is important to select the most appropriate mesh size for an infaunal sampling campaign on sedi-
ment flats. A general recommendation is that a 1mm mesh is sufficient for most sediment types from
mud to sand, unless previous investigations indicate a finer mesh is necessary to sample the target biot-
ic assemblage adequately. The studies in the Wash and the Mawddach used a 0.5mm mesh when sam-
pling predominantly sandy sediments. Where a finer mesh is necessary, the sample should be sub-divid-
ed to provide a Imm mesh fraction. It is important to consider any other established sampling and mon-
itoring studies in an SAC prior to finalising the mesh size. If the data from such studies can contribute
to an SAC monitoring programme, it will be necessary to harmonise the mesh size between all moni-
toring studies to ensure data are comparable.

Site marking and relocation

Intertidal flats are dynamic environments that present considerable problems for site marking. Markers
can be buried or washed away if the flats change their profile. When using a transect approach, it will
be necessary to fix the end of the transect with a marker pole taking care to record its position accurately
either by dGPS or via photographs/drawing of any conspicuous landmarks. The position of samples
along a transect can be recorded by dGPS and/or marked with a permanent marker. Long canes (1.5m )
pressefd down into the sediment to leave approximately 30cm exposed lasted at least 3 years in the
Wash.
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DGPS should be used for recording position on extensive intertidal flats.” Whilst landmarks may often

be extremely valuable when relocating stations, it is important not to rely on the location of features
within sediment flats (creeks, scars, old tyres!!) as they are liable to change.

Health and safety
All fieldwork must follow approved codes of practice to ensure the health and safety of all staff. Risks
specific to working on intertidal flats are:

Stranding due to the rising tide. Due to the ‘flat’ nature of this environment, a rising tide can inun-
date the shore faster than a person can run. Creeks can fill rapidly creating ‘islands’ on the flats.

Stuck in the sediment, particularly in soft mud, on quick sands and mussel beds.

Illness and disease from contaminated sediment. Sediments bind contaminants such as heavy met-
als (and radioactive isotopes) at high concentrations, which are subsequently released upon distur-
bance. It is possible to contract serious diseases such as hepatitis from sewage effluent, or Weils dis-
ease (from water contaminated with rat urine). In such circumstances, protective gloves should be
used to avoid skin contact with the sediment.
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Large shallow inlets and bays

Definition

Large indentations of the coast where, in contrast to estuaries, the influence of freshwater
is generally limited. These shallow indentations are generally sheltered from wave action
and contain a great diversity of sediments and substrates with a well developed zonation
of benthic communities. These communities generally have a high biodiversity. The limit
of shallow water is sometimes defined by the distribution of the Zosteretea and Potametea
associations.

Several physiographic types may be included under this category provided the water is
shallow over a major part of the area: embayments, fjards, rias and voes.

Introduction to the feature’s interest

Large shallow inlets and bays are large indentations of the coast, generally more sheltered from wave
action than the open coast. They are relatively shallow, usually averaging less than 30m in depth across
at least 75% of the site. They are often complex systems composed of an interdependent mosaic of sub-
tidal and intertidal habitats. Several of these habitats form Annex I features in their own right. The phys-
iographical character of Large shallow inlets and bays is similar to that of the Annex I feature Estuaries,
but the influence of freshwater is reduced by comparison.

In the UK, three main physiographic types can be identified that meet the EC definition:

Open coast bay and embayment: a type of marine inlet typically where the line of the coast follows a
concave sweep between rocky headlands, sometimes with only a narrow entrance to the embayment.

Fjardic sealoch: a series of shallow basins connected to the sea via shallow and often intertidal sills.
Fjards are found in areas of low-lying ground, which have been subject to glacial roughening. They have
a highly irregular outline, no main channel and lack the high relief and U-shaped cross-section of fjordic
sealochs.

Ria: a drowned valley in an area of high relief; most have resulted from the post-glacial rise in rela-
tive sea level. This sub-type is known in Scotland as a Voe, where it is restricted to the Shetland Islands.
(The type is distinguished from the Ria estuaries described in the Section Esturies by their relative lack
of freshwater inflow and near full salinity conditions.)

This is a very variable habitat type. The different sub-types vary in their distribution and extent. While
some are widespread in Europe, others are found mainly in the UK. The habitat type is widespread in
the UK, but some sub-types are localised in their distribution. Sites have been chosen to represent the
range of physiographic types, the geographical range and the ecological variation of this habitat type.
Selection favoured larger sites, which tend to encompass the greatest variety of habitats.

There are only a few large embayments around the coast of the UK. Rias occur only in southern Wales
and south-west England, while voes (which are similar in physical character to rias) occur only in
Shetland and fjards occur in western Scotland and Northern Ireland. Rias are particularly well repre-
sented in the UK compared with other parts of northern Europe.

Large shallow inlets and bays vary widely in habitat and species diversity according to their geo-
graphic location, size, shape, form and geology, depending on whether they occur on hard (rocky) or soft
(sedimentary) coasts. The degree of exposure is a critical factor in determining habitat and species diver-
sity. This affects communities on the shore and in the sublittoral zone. The range of plants and animals
associated with this habitat type is therefore very wide. Intertidal communities may be dominated by
Fucus species, particularly in more sheltered locations. Extensive beds of mussels Mytilus edulis may
be present on mixed substrata. Sediment shores may vary widely, depending on the degree of exposure.
Very exposed conditions may result in shingle beaches, while less exposed shores may consist of clean
sand. In sheltered conditions shores may consist of fine sand and mud. Very exposed sediment shores
are unable to support animal populations. On less exposed shores, communities of crustaceans and
polychaetes develop, while shores of fine sand and mud are characterised by polychaete and bivalve
communities and beds of eelgrass Zostera spp. In the sheltered conditions of Scottish fjards, loose-lying
mats of green algae and the unattached form mackaii of the wrack Ascophyllum nodosum may occur.
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In the sublittoral zone, more exposed rocky coasts support forests of the kelp Laminaria hyperborea,
with forests of sugar kelp Laminaria saccharina occurring in more sheltered conditions. Communities
of ephemeral algae and maerl (including Phymatolithon calcareum and Lithothamnion corallioides)
may be present on exposed or current-swept coasts, whilst sheltered shallow sediments may be covered
by communities of filamentous red and brown algae, by loose-lying mats of algae or by beds of eelgrass
Zostera marina.

Animal-dominated rocky communities in the sublittoral zone also vary according to local conditions
of wave exposure and tidal streams. In more wave-exposed coasts, soft corals, anemones, sponges,
seafans, feather stars and hydroids may be dominant, whilst more sheltered coasts support different
species of sponges, hydroids, brachiopods and solitary ascidians. A particular feature of rias is the pres-
ence of sublittoral rock in conditions of strong tidal flow but negligible wave action. Particular growth
forms of sponges and ascidians, as well as specific biotopes, occur in these unusual conditions. In tide-
swept areas communities of hydroids and bryozoan turf or beds of brittle stars may be dominant. Beds
of horse mussel Modiolus modiolus characterise some habitats. Animal-dominated sediment communi-
ties range from gravel and coarse sands dominated by burrowing sea cucumbers, large bivalve molluscs
and heart urchins, through finer sediments supporting communities of polychaetes and small bivalves,
to fine muds with beds of seapens, large burrowing crustaceans and bottom-dwelling fish.

Typical Attributes to define the feature’s condition

Generic attributes

Table 3.6-1 lists the generic attributes for inlets and bays and presents examples of the measures pro-
posed for some of the candidate SACs in the UK. This list is not exhaustive and will be further devel-
oped as our knowledge improves of the factors that determine the condition of inlet and bay ecosystems.

Table 3.6-1 A summary of attributes that may define favourable condition of large shallow inlets and bays

Attribute Measure Comment

Extent

Overall area of the entire
inlet or bay

Extent of the feature It is likely that such measurements will be a cartographic
exercise from existing maps although satellite remote sensing
could be used.

There are likely to be significant difficulties in defining the

actual boundary, particularly for dynamic systems.

Extent of sub-
feature or specific
biotope

Measure the area of a
sub-feature

Extent of characteristic
biotopes

Some sub-features will be Annex I habitats (reefs, subtidal
sandbanks, sediment flats) and therefore subject to their own
monitoring programme.

Often biogenic reefs will be included here, such as mussel
beds and honeycomb worm (Sabellaria spp.) reefs.

Physical properties

Habitat composition

Nutrient status

Water clarity

Water density —
salinity and
temperature.

Morphological
equilibrium

Sediment character, structure
of biogenic reefs

Average phytoplankton con-
centration in summer
measured annually

Average light attenuation
measured on a monthly basis
from March to September,
annually

Derive mean annual salinity
and mean annual water
temperature from monthly
measurements

Long-term trend in the
horizontal boundary of the
saltmarsh/mudflat interface,
measured annually

This should only be measured if it is considered to have an
effect on the biological structure of the feature.

This should only be measured if it is considered to have an
effect on the biological structure of the feature.

These data should be derived for each year of the monitoring
cycle.

This will only apply to an estuary included within the Large
shallow inlets and bays.
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Attribute

Measure

Comment

Biotic composition

Species
composition of
characteristic
biotopes

Species
composition of
characteristic
habitats

Population status of
characteristic
species

Frequency and occurrence of
composite species from
specific biotopes

Species composition of
specific habitats

Estimate the population size
of species characteristic of
the feature

The biotopes selected should reflect the biological character
of the feature, and/or be particularly important for their
nature conservation value: for example, rich and diverse
mussel beds, maerl beds.

The habitats selected should reflect the biological character of
the feature, and/or be particularly important for their nature
conservation value: for example rich and diverse low-shore
boulder communities, or lagoon communities.

The species selected should represent the character of the site
and may include those at the limits of their geographical
range, or which form an important structural aspect of the
feature, e.g. kelp beds.

Biological structure

Spatial distribution
of sub-features

Spatial distribution
of characteristic
biotopes

Area and pattern of all the
sub-features within the SAC

Area and frequency of
important biotopes
throughout the feature

The distribution of sub-features will be an important aspect to
the overall character of the SAC and any change in their
location and extent may act as a proxy to identify low-level,
diffuse anthropogenic activities.

Examples include the relative distribution of intertidal rocky
shore communities, distribution of maerl beds, tidal rapids.

Suggested techniques for monitoring attributes of inlets and bays
For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.6-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will
be updated when new information becomes available.

It is important to note that inlets and bays may include other Annex I habitats or Annex II species
which will require their own monitoring programme. The relevant sections of this document should be
consulted in addition to the advice provided in Table 3.6-2.
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Table 3.6-2 Suggested techniques for measuring the attributes of inlets and bays. The terms under Technique appear under
the heading Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the tech-

niques in italics

Generic attribute

Feature attribute

Technique

Extent

Biotope extent

Air photo interpretation; Remote imaging;
GIS analysis

Intertidal resource mapping; Intertidal
biotope ID; Air photo interpretation; Remote
imaging;

AGDS; side scan sonar (plus mosaicing);
Point sample mapping

Physical properties

Water clarity

Measuring water quality; Secchi disk; Water
chemistry data loggers

Water chemistry (including
salinity, temperature)

Measuring water quality; Water chemistry
data loggers; Sea surface measurements by
satellite remote sensing

Nutrient status

Measuring water quality; Water chemistry
data loggers; Phytoplankton abundance
using satellite remote sensing

(Biotope extent techniques for algal mats)

Biotic composition

Biological structure

Intertidal biotope richness

Subtidal biotope richness

Intertidal resource mapping; Intertidal
biotope ID; Intertidal ACE; Viewpoint
photography

Subtidal biotope ID; Grab sampling;
Drop-down video; ROV; Diver-operated
video; Towed video (limited by topography
and/or risk of damage)

Intertidal species
composition/richness

Subtidal species
composition/richness

Intertidal ACE; Intertidal quadrat photogra-
phy; Intertidal quadrat sampling (see
Subtidal quadrat sampling); Intertidal core
sampling; Fish in rockpools

Subtidal quadrat sampling; Subtidal biotope
ID; Subtidal core sampling; Grab sampling;
Suction sampling; Fish in subtidal rock
habitats; Fish on sediments; ROV;
Drop-down video; Diver-operated video;
Epibenthic trawling

Intertidal characteristic
species

Subtidal characteristic
species

Intertidal zonation

Subtidal zonation

Intertidal ACE; Intertidal quadrat photogra-
phy; Intertidal quadrat sampling (see
Subtidal quadrat sampling); Intertidal core
sampling; Fish in rockpools

Subtidal quadrat sampling; Subtidal biotope
ID; Subtidal core sampling; grab sampling;
Subtidal photography; Suction sampling;
Fish: in subtidal rocky habitats, in vegetative
cover, on sediments; ROV (‘large’ conspicu-
ous species only); Drop-down video (‘large’
conspicuous species only); Diver-operated
video; Mollusc shell ageing

Intertidal resource mapping; Intertidal
biotope ID; Intertidal ACE; Transect survey;
Shore profiling

Subtidal biotope ID; Diver-operated video;
ROV; Towed video (limited by topography
and/or risk of damage)

Spatial pattern of intertidal
biotopes

Spatial pattern of subtidal
biotopes

Intertidal resource mapping; Intertidal
biotope ID; Viewpoint photography; Air
photo interpretation; Remote imaging

AGDS; Side scan sonar (with mosaicing);
Point sample mapping (from Grab sampling,
ROV or Drop-down video data); Towed video
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Specific issues affecting the monitoring of inlets and bays

Large shallow inlets and bays may include several other Annex I features in their own right, and sup-
port populations of Annex II species. The monitoring advice presented below is therefore generic in
nature and specific advice is available for the individual features: reefs, subtidal sandbanks, intertidal
mudflats and sandflats, and sea caves. Annex II species are covered under Chapter 4.

Seasonal effects

Marine communities show seasonal patterns that could significantly affect a monitoring programme in
large shallow inlets and bays. Some of the more obvious visual changes occur in algal assemblages, and
following massive settlements of juvenile animals such as mussels and barnacles. In Loch Maddy cSAC,
the largest changes observed in shallow communities between autumn 1998 and summer 1999 were due
to a increase in diversity and abundance of algae.” Banks of loose stones and gravel are often sufficient-
ly seasonally stable to support dense assemblages of ephemeral algae. Sediment flats often support
dense green algal mats during the summer months. Rapid growth of microscopic algae, and diatoms in
particular, can change the appearance (colour) of intertidal flats.” Maerl beds support rich algal assem-
blages with distinct seasonal variation.

Many marine organisms have seasonal reproductive patterns that can significantly alter the number of
individuals present at different times of the year. Some polychaete worms have semelparous or ‘boom
and bust’ life history strategies where the mature adults spawn synchronously and then die. Clearly, the
number of adults present in the sediment will depend on the stage in their lifecycle. Larval settlement
and recruitment of juveniles to the population can result in a massive increase in the population size at
certain times of the year. The presence and number of juveniles should be enumerated in all samples.

Seasonal effects are also prevalent in eelgrass communities. The blade density of the eelgrass itself
will increase during the summer and then the decrease during the autumn and winter — a process
known as die-back.” Eelgrass blades may support dense assemblages of epiphytic algae during the sum-
mer months, which then decline during the winter.

Seasonal patterns must be considered when planning a monitoring strategy. Sampling should be
undertaken at the same time of year if seasonal variation is likely. It may be necessary to specify the
duration of a sampling window — for example, to precede post-reproductive death in polychaete com-
munities. Seasonal changes in seagrass have important consequences for the timing of remote sensing
campaigns because the spectral signature’ of the seagrass will change between summer and winter.

Meteorological changes

Prevailing weather conditions and tidal state will affect any monitoring study. Sites open to the pre-
vailing wind and swell will require calm conditions for effective field survey. Periods of calm condi-
tions will improve underwater visibility and improve sampling efficiency and reliability. For sediment
habitats and adjacent areas, excessive water movement will mobilise fine sediment into the water col-
umn, thereby reducing underwater visibility. Conversely, calm conditions will cause suspended sedi-
ment to deposit out of the water column, and visibility will improve, but reef assemblages may then
become smothered with sediment, obscuring some species from view. For any areas subject to strong
tidal streams (for instance, the tidal rapids in Loch Maddy c¢SAC), sampling must take place at slack
water, avoiding the equinoctial tides when the duration of slack water will be at its shortest.

Freshwater input to large shallow inlets and bays is not as marked as to estuaries, although it may be
locally important in parts of these systems. In such circumstances, monitoring events should avoid peri-
ods of heavy rainfall if changes in ambient salinity are likely to influence the results.

Ambient atmospheric pressure affects the height and time of low and high tide: high pressure decreas-
es the height of high and low tide, and the time of the highest and lowest water is later than predicted.
Low pressure has the opposite effect.

Weather cycles can result in changes in the biotic assemblages. Changes in Perennial algae on Loch
Maddy maerl beds were possibly due to an unusually warm preceding summer. Periods of extreme cold
coinciding with low water can result in mass mortality of kelp plants.” Storm events can result in the
mass displacement of sediment communities — for example, populations of the long-armed brittlestar
Amphiura filiformis in Galway Bay, Ireland.’

When establishing a monitoring strategy, meteorological effects must be integrated with seasonal
effects to ensure that sites can be monitored reliably through time.

1 See Section 5 for an explanation
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Access

There are no specific issues associated with gaining access to inlets and bays. Access to intertidal
habitats will be gained from the land, except for islands and offshore banks or remote sites where boat
access will be necessary. Most subtidal habitats would require boat access although land access would
be possible for those habitats immediately adjacent to the shore.

Further information is provided under the advice for individual features: reefs, estuaries, subtidal sand-
banks, intertidal mudflats and sandflats, and sea caves. Annex II species are covered under Section 4.

Sampling issues

A monitoring programme must consider the whole feature, even where it may contain other Annex 1
features; these features should have their own dedicated monitoring programme. A monitoring pro-
gramme for a large shallow inlet and bay may therefore, be an aggregation of both monitoring for Annex
1 (sub) features in their own right, and specific sampling of attributes for the entire feature (such as
extent).

Measuring the extent of a large shallow inlet and bay requires the careful definition of boundary in
relation to the seaward limit and the high water limit. For those sites bounded by rocky shores or solid
anthropogenic boundaries such as harbour walls or seawalls, measuring the extent may be a straight-
forward cartographic exercise using the most up-to-date maps of the area. Sites with ‘soft’ boundaries
such as saltmarsh may require a more sophisticated mapping exercise such as remote sensing, particu-
larly in dynamic systems where tidal currents result in erosion and/or accretion of these ‘soft’ habitats.
The positions of channels and offshore banks may move considerably during a monitoring cycle,
although the impact of such a change on the overall extent of the large shallow inlet and bay may be
negligible.

Monitoring physical and biological attributes to assess the condition of the entire feature will require
careful consideration of the overall sampling strategy. A comprehensive sampling programme through-
out the entire feature may be prohibitively expensive and time-consuming. It would be necessary to
devise a tiered sampling programme at different spatial scales aiming to cover key physical attributes
and characteristic biota. That is, a programme would be structured in such a manner that detailed sam-
pling in a number of small areas would allow an assessment over the whole feature.

Site marking and relocation

Marking and relocating the feature itself is unlikely to present any problems, although the precise loca-
tion of the boundary may be difficult where the edge of the feature has ‘soft’ habitats. Clear guidance is
necessary to define the high water limit and the position of the entrance boundary to ensure consistent
monitoring.

Permanent marking of sampling stations is very difficult in dynamic environments where the sub-
strata are mobile. Site relocation will rely on dGPS,” particularly on extensive intertidal flats
(Morecambe Bay and the Wash) or open sea areas (Wash). For less dynamic habitats, sites may be
marked with acoustic transponders’ or curly whirlies.’ Detailed site drawings (Figure 3-2) with transits
(Figure 3-5) may be necessary to relocate sampling stations in complex sites.

Additional information is provided under the guidance for reefs, mudflats and sandflats, subtidal
sandbanks and caves.

Health and Safety
All fieldwork must follow approved codes of practice to ensure the health and safety of all staff. See the
comments on health and safety for the individual features: reefs, subtidal sandbanks, mudflats and
caves. There are considerable health and safety issues associated with:

— fast moving tidal streams, particularly in shallow rapids (Loch Maddy);

— heavy wave action particularly at the mouth and/or habitats exposed to the prevailing wind;

poor visibility caused by high turbidity (mostly in sedimentary areas) or freshwater inflow;

boat traffic near harbours or ports;

contaminated waters and sediments at sites with a history of anthropogenic inputs and/or adjacent

2 See Procedural Guideline 6-1 on dGPS guidance.

3 Plastic corkscrews that are screwed down into the sediment: see Fowler, S L (1992) Marine Monitoring in the
Isles of Scilly 1991. English Nature Research Report No. 9. English Nature, Peterborough.
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to industrial or military installations: appropriate protective clothing must be worn.

Some sampling in inlets and bays will involve SCUBA diving techniques. All diving operations

are subject to the procedures described in the Diving at Work Regulations 1997" (see:
http://www.hse.gov.uk/spd/spddivex.htm) and must follow the Scientific and Archaeological Approved
Code of Practice’ (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Submerged or partly submerged sea caves

Definition

Caves situated under the sea or opened to it, at least at high tide, including partially sub-
merged sea caves. Their bottoms and sides harbour communities of marine invertebrates
and algae.

Introduction to the feature’s interest

The UK has the most varied and extensive sea caves on the Atlantic coast of Europe, encompassing a
range of structural and ecological variation. Well-developed cave systems, with extensive areas of ver-
tical and overhanging rock, and those that extend deeply into the rock, generally support the widest
range and highest diversity of plants and animals.

Cave communities vary considerably depending on the structure and extent of the cave system, their
degree of submergence and of exposure to scour and surge, and the nature of their geology. Caves can
vary in size, from only a few metres to more extensive systems, which may extend hundreds of metres
into the rock. There may be tunnels or caverns with one or more entrances, where vertical and over-
hanging rock faces provide the principal marine habitat. Caves are typically colonised by encrusting ani-
mal species but may also support shade-tolerant algae near their entrances.

Physical conditions, such as inclination, wave surge, scour and shade, change rapidly from cave
entrance to the inner parts of a cave and this often leads to a marked zonation in the communities pres-
ent. Sites in which these zonation patterns are well developed have been favoured in selection.

A high proportion of caves is found in the intertidal or in shallow water. Caves on the shore and in
the shallow sublittoral zone are frequently subject to conditions of strong wave surge and tend to have
floors of coarse sediment, cobbles and boulders. These materials are often highly mobile and scour the
cave walls. Caves that are subject to strong wave surge are characterised by communities of mussels
Mytilus edulis, barnacles Balanus crenatus, cushion sponges, encrusting bryozoans and colonial sea-
squirts, depending on the degree of water movement and scour at particular points in the cave system.

Caves that occur in deeper water are subject to less water movement from the surrounding sea, and
silt may accumulate on the cave floor. The sponges Dercitus bucklandi and Thymosia guernei, the soft
coral Parerythropodium corallioides, solitary sea-squirts, bryozoans and sessile larvae of jellyfish are
characteristic of deeper cave systems. These caves, particularly where they are small, provide shelter for
crabs, lobsters Homarus gammarus, crawfish Palinurus elephas, and fish, such as the leopard-spotted
goby Thorogobius ephippiatus.

The type of rock in which the cave is formed has an important influence on its shape and qualities as
substrata for plants and animals. In chalk caves in south-east England bands of microscopic algae occur,
including Chrysophyceae and Pilinia maritima, which are highly specific to this habitat type. The UK
holds a high proportion of the total area of coastal chalk, a comparatively rare habitat in Europe.
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Typical attributes to define the feature’s condition

Generic attributes

Table 3.7-1 lists the generic attributes for sea cave features and presents examples of the measures pro-
posed for some of the candidate SACs in the UK. This list is not exhaustive and will be further devel-
oped as our knowledge improves of the factors that determine the condition of cave ecosystems.

Table 3.7-1 A summary of attributes that may define favourable condition of submerged or partly submerged sea caves

Attribute Measure Comments

Extent

Extent of the feature Number and location, measured once
during reporting cycle

Physical structure

Internal dimensions
of each cave within
an SAC

Biotic composition

Diversity of sea cave Number of all sea cave biotopes (or  This can be measured both within an
biotopes presence of specified biotopes) individual cave where it is a representative
example of that type within an SAC.
It may also be evaluated throughout all sea
caves in the SAC where there is a range of
different types of cave in the site.

Species composition  Presence and abundance of compos- The diversity and relative species-richness of

of characteristic ite species of characteristic biotope. representatives of cave biotopes should be

biotopes assessed using a number of representative
monitoring stations.

Biological structure

Spatial pattern of Identity and distribution of biotopes The spatial arrangement of biotopes within a
characteristic within a cave cave is normally a reflection of the
biotopes prevailing physical condition, and thus any

change may indicate other physical changes
within the SAC.

This should be measured both within an
individual cave, and throughout all sea caves
in the SAC.

Suggested techniques for monitoring attributes of sea caves

For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.7-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will
be updated when new information becomes available.

Table 3.7-2 Suggested techniques for measuring the attributes of sea caves. The terms under Technique appear under the
heading Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the techniques
in italics.

Generic attribute Feature attribute Technique

Extent Intertidal Intertidal resource mapping; GIS mapping
Subtidal Surveying sea caves; GIS mapping
Biotope extent Intertidal resource mapping; Intertidal

biotope ID; Subtidal biotope ID

Physical properties Physical dimensions Surveying sea caves; Land surveying
techniques; Cave exploration techniques
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Generic attribute Feature attribute

Technique

Biotic composition Intertidal biotope richness
Subtidal biotope richness
Intertidal species
composition/richness

Subtidal species
composition/richness

Intertidal biotope ID; Intertidal ACE
Subtidal biotope ID; Diver-operated video

Intertidal ACE; Intertidal quadrat
photography; Intertidal quadrat sampling
(see Subtidal quadrat sampling)

Subtidal quadrat sampling; Subtidal biotope
ID; Subtidal photography; Suction sampling;
Diver-operated video

Intertidal characteristic
species

Intertidal ACE; Intertidal quadrat
photography; Intertidal quadrat sampling

(see Subtidal quadrat sampling)

Subtidal characteristic
species

Subtidal quadrat sampling; Subtidal biotope
ID; Subtidal photography; Suction sampling
(small epibiota); Diver-operated video

Biological structure
Spatial pattern of biotopes
within a sea cave

Surveying sea caves; Intertidal biotope ID;
Intertidal ACE; Surveying sea caves plus
Subtidal biotope ID; Diver-operated video;
Transect surveys

Spatial pattern sea cave
biotopes within a SAC

Intertidal resource mapping; Subtidal
biotope ID with GIS mapping

Specific issues affecting the monitoring of caves

Each attribute will have its own inherent source of variability that must be addressed during data col-
lection and subsequent interpretation of the results. Many cave attributes will be similar to reefs and the
guidance described above should also be consulted in relation to cave monitoring. However, some
generic issues should be considered when planning the whole monitoring study.

Seasonal effects

Marine communities exhibit seasonal change, although the precise effects are poorly understood for
many cave communities. Some of the more obvious visual changes occur in algal assemblages (at the
entrance), and following settlements of juvenile animals such as ascidians, mussels and barnacles.
Boulders present at the entrance are often seasonally stable allowing ephemeral algal communities to
develop. The degree to which seasonal change will influence the monitoring of a cave attribute will
depend on the community under investigation. Where possible, a community should be investigated
either directly or via a literature review to gather information on the likelihood of seasonal change
affecting an attribute. In general, algal assemblages should be studied during the summer months.
Where seasonal affects are not fully understood, it is vital that a monitoring strategy explicitly states that
data collection must always be undertaken at the same time of year.

Meteorological changes

Prevailing weather conditions and tidal state will affect any monitoring study. Sites open to the pre-
vailing wind and swell will require particularly calm conditions for effective field survey. Where a cave
is adjacent to sediment habitats, excessive water movement will mobilise fine sediment into the water
column, thereby reducing underwater visibility. Conversely, calm conditions will cause suspended sed-
iment to deposit out of the water column, underwater visibility will improve and therefore assist sam-
pling efficiency and reliability. Sublittoral caves located in areas with a large tidal range should be sam-
pled during neap tides, at or near high or low water to reduce water movement. If possible, sampling
exercises should avoid the equinoctial tides when the duration of low and slack water will be at their
shortest.
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Ambient light levels within a cave will have a significant influence on the sampling exercise. If pos-
sible given the many other constraints, sampling should be timed to maximise light levels (for instance,
in bright sunny conditions at midday).

Access

Caves through their very structure pose a number of serious problems to a monitoring study. Issues per-
taining to gaining access to a cave may be considered on two levels: gaining access to the site (cave
entrance) and entering the cave itself.

To gain access to the site, the surveyor must consider the issues of permission (intertidal sites), tidal
state (high or low water/slack water), prevailing wind/wave/swell conditions and underwater visibility
(for locating caves, see below). It will be necessary to use a boat to gain access to some caves and there-
fore it will be necessary to consider the availability of harbours and/or launching facilities.

The relative ease of gaining access to a cave itself will depend on its physical size and structure. There
are considerable health and safety issues to be considered prior to entry. Cave exploration may require
staff with appropriate training and/or specialist equipment such as ladders, lighting helmets, guide
ropes on reels. For caves in the intertidal zone, careful consideration must be given to the tidal cycle to
ensure that staff can complete the monitoring exercise and exit before the tide rises.

Sampling issues

A monitoring programme must collect sufficient information to assess the condition of the whole fea-
ture. The complexity of such monitoring will depend on the physical dimensions of a cave and its loca-
tion (in terms of time available for sampling), and the number and variety of caverns in the system. Basic
techniques for surveying the physical structure were investigated for intertidal and subtidal caves in the
Berwickshire & North Northumberland Coast cSAC during the UK Marine SACs project.” These tech-
niques were simple and straightforward and could be undertaken without specialist training in cave sur-
veying, although they relied on an estimate of the internal height rather than an accurate measurement.
This work recommended that:

* The level of accuracy required should be specified prior to the survey.

* The accuracy and precision of the measuring tools (e.g. compass, depth gauge) should be estab-
lished at the start, and linked to the required accuracy of the survey.

e It may be necessary to measure local magnetic variation at the cave.

e Difficulties may arise when a highly accurate survey is specified, but the practical application dic-
tates that it is only possible to estimate some distances (such as cave height). It may be necessary
to incorporate two levels of accuracy in a controlled manner by specifying estimated distances and
measured distances.

e Cave morphology will dictate whether there is a ‘ceiling’ to the cave - tall thin caves have little ceil-
ing area. It must be made clear to recorders from the outset as to whether a separate record is
required for the ceiling.

 Trigonometric methods (as opposed to using a ruler and protractor) should be used for plotting cave
plans.

e Inherent differences in the way field recorders interpret the distribution of cave biotopes may be
minimised by providing a survey team with previous biological records and maps from the same
site.

Specialist guidance is available on cave survey techniques both on the Internet' and from cave explo-
ration associations.” There are also many sources of bespoke software for analysing and visualising the
results of cave mapping surveys.’

Monitoring the biotic composition of caves is similar to monitoring reefs. There are often marked spa-
tial patterns in cave biotopes, particularly algal dominated biotopes whose presence declines in relation
to the availability of light. Transect sampling techniques are most appropriate for monitoring biotope
distribution throughout a cave. Zonation patterns must be considered when planning a sampling strat-
egy within an individual biotope to ensure that sample stations (individual quadrats) are not located in

1 For example, see: http://rubens.its.unimelb.edu.au/~pgm/asf/stds.html
2 For example: http://www.survex.com/ or http://members.aol.com/caverdave/CPHome.html
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the transition zone between biotopes. Scale drawings of cave walls and floors are useful aids for loca-
tion when undertaking biological sampling. Where full diagrams are not available, for instance if they
were being compiled at the same time as the biological recording, the recorders should be aware (or
agree) the ‘nodal’ points of the cave for accurate spatial correlation (Figure 3-4). Video recording with a
voice-over commentary is an extremely useful aid to cave monitoring because it provides a permanent
record to support both physical and biological monitoring. Recording should be undertaken by the mon-
itoring staff to ensure the images and sound match the attributes under investigation. Nevertheless,
there are severe problems with lighting when recording video in caves, and there is a risk that a video
recording could turn into a time-consuming ‘production’. It is possible to use an ROV to record video
in some subtidal caves, although there are severe operational problems and in practice it should only
be considered for caves beyond normal safe diving depths. Furthermore, the video resolution may be
insufficient to confidently identify many species.
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Figure 3-4 An example of a cave diagram showing the ‘nodal’ points of the system.”
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A recent trial encountered many difficulties in identifying cave biotopes in the field that resulted in
considerable inconsistencies between field teams studying the same cave." Interestingly, the patterns of
zonation and species compositions were similar between field teams, but diverged when assigning
biotopes to the data. Two issues were identified: non-familiarity with cave-dwelling taxa, and the scale
of biological changes over small distances. Clearly, the former should be addressed when selecting and
training field staff. The scale issue could be addressed by directly mapping those species responsible for
the observed patterns and hence not assign biotopes. Alternatively, unambiguous biotope descriptions
should be derived from the baseline survey (see Section 5), possibly for individual caves, and/or the
smallest biotope ‘patch’ size must defined at the outset. Photographs or video recordings of the defin-
ing features and species would create an important permanent record to support future monitoring
interpretations.

Site marking and relocation

Most issues relate to the location (intertidal or subtidal) and physical dimensions of a cave. For inter-
tidal caves, there are fewer problems in relocating the entrance (except if very small), although it should
be noted that dGPS may not provide an accurate fix near high cliffs. Accurate drawings of local land-
scape features provide an invaluable aid to relocation (Figure 3-5).

s H

Figure 3-5 A example of the use of transits to relocate sampling stations.”” Transits are straight sight-lines between land-
based features (for example in B where the prominent rock aligns with the middle of the house) which intersect over the
position of the sampling station. The best accuracy is attained by having the intersecting lines close to 90° apart.

For subtidal caves, relocation may be difficult particularly in poor visibility and/or where the entrance
is small. Box 3.7-1 lists a series of options for relocating a subtidal cave, in descending order of the prob-
ability success.

3 See Procedural Guideline 6-2 on site marking
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Box 3.7-1 Options for relocating a subtidal cave

Installation of a permanent marker buoy (surface or subsurface)
Installation of a permanent subsurface beacon/transponder unit’

Engaging a local dive guide to assist in site marking at the start of the project (e.g. an SAC
warden)

Engaging the use of non-divers with good local knowledge (e.g. boat skippers)
Annotated site drawings or photographs (ideally at low and high water)
Transits or bearings

Detailed maps with locations marked

Differential GPS co-ordinates4 (with datum)

GPS (with datum)

The installation of permanent markers may require prior consent or permission and there will be an
ongoing requirement for their maintenance.

Relocation of sampling stations and mapping ‘nodes’ requires carefully consideration. Fixing pitons
or bolts into the rock may damage the rock, particularly soft friable rock, and create a hazard to other
visitors to the cave. Paint or fluorescent markers would avoid physical damage to the rock but may
attract unwanted attention from the public and reduce the scenic value of the site. The final choice of
station marking will depend on the local situation but should always consider the risk of failing to find
the cave or station in future monitoring studies.

Health and safety

There are many health and safety implications for cave monitoring studies, although the degree of risk
will depend on the location and dimensions of each cave. All field staff must follow approved safety
procedures published by their host institution, or that of the contracting agency, whichever are the more
stringent. Guidance on cave safety is published by cave exploration societies and available
on the Internet (for example: http://www.sat.dundee.ac.uk/~arb/speleo.html or
http://wasg.iinet.net.au/asf_safe.html). Field staff must be briefed on the risks associated with cave sur-
vey prior to undertaking any monitoring studies. Examples of these risks are:

e The energy from a wave entering a cave becomes more ‘focused’, creating a powerful surge. Waves
that appear relatively innocuous at the entrance can become rather dangerous at the head of a cave.

* Long caves, particularly complex systems with many caverns, will be dark and there is a risk of dis-
orientation and loss of bearings.

* The incoming tide may trap surveyors in intertidal caves.

e Seals often haul out at the head of caves: surveyors may inadvertently prevent a seal leaving a cave
and thereby risk being attacked. This situation could be exacerbated during the breeding season
when a surveyor may separate young seal pups from their mothers, or come between a bull seal and
its female mate.

Subtidal sampling in caves will involve SCUBA diving techniques. All diving operations are
subject to the procedures described in the Diving at Work Regulations 1997° (see:
http://www.hse.gov.uk/spd/spddivex.htm) and must follow the Scientific and Archaeological Approved
Code of Practice’ (http://www.hse.gov.uk/spd/spdacop.htm - a). Divers may require specific training in
cave-diving procedures to ensure their safety when surveying caves.

4 See Procedural Guideline 6-1 on dGPS guidance.
The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997, ISBN 0 11 065170 7.

Scientific and Archaeological diving projects: The Diving at Work Regulations 1997. Approved Code of
Practice and Guidance — L107. HSE Books 1998, ISBN 0 7176 1498 0.
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Lﬁoons

Definition

Lagoons are expanses of shallow coastal salt water, of varying salinity and water volume,
wholly or partially separated from the sea by sandbanks or shingle, or, less frequently, by
rocks. Salinity may vary from brackish water to hypersalinity depending on rainfall and
evaporation, or the addition of fresh seawater from storms, temporary flooding of the sea in
winter or tidal exchange. With or without vegetation from Ruppietea maritimae, Potametea,
Zosteretea or Charetea (CORINE 91: 23.21 or 23.22).

Flads and gloes, considered a Baltic variety of lagoons, are small, usually shallow, more or
less delimited water bodies still connected to the sea or have been cut off from the sea very
recently by land upheaval. Characterised by well-developed reedbeds and luxuriant sub-
merged vegetation and having several morphological and botanical development stages in
the process whereby sea becomes land.

Introduction to the feature’s interest

Lagoons have a restricted distribution on the Atlantic coast of Europe. The habitat type is complex, and
a wide range of physical types and origins are included, with much geographical and ecological varia-
tion. Some of the types of lagoon found in the UK are rare elsewhere in Europe. This is a priority habi-
tat type and is relatively uncommon in the UK. Therefore a high proportion of the sites identified as
meeting the definition of the habitat type have been selected.

Although uncommon, lagoons may be clustered together on particular stretches of coast, where they
are dependent on specific local physical processes. Such clusters have been considered particularly
important for conservation of their structure and function. Some of the sub-types of lagoon have a very
restricted distribution in the UK, with one type being found mainly in the Outer Hebrides and a high
proportion of another type occurring on the east coast of England.

Lagoons are areas of shallow, coastal salt water, wholly or partially separated from the sea by sand-
banks, shingle or, less frequently, rocks. Five main sub-types of lagoon have been identified in the UK,
on the basis of their physiography, as meeting the definition of the habitat type.

Isolated lagoons are separated completely from the sea by a barrier of rock or sediment. Seawater
enters by limited ground water seepage or by over-topping of the sea barrier. Salinity is variable but
often low. Isolated lagoons are often transient features with a limited life-span due to natural processes
of infilling and coastal erosion. Isolated lagoons may have less water exchange than percolation lagoons
and consequently a more impoverished biota.

Percolation lagoons are normally separated from the sea by shingle banks. Seawater enters by perco-
lating through the shingle or occasionally by over-topping the bank (e. g. in storms). The water level
shows some variation with tidal changes, and salinity may vary. Since percolation lagoons are normally
formed by natural processes of sediment transport, they are transient features, which may be eroded and
swept away over a period of years or decades or may become infilled by movement of the shingle bank.

Silled lagoons occur where water is retained at all states of the tide by a barrier of rock (the ‘sill’).
There is usually a small tidal rise-and-fall, the extent depending on the height of the sill in relation to
the tidal range. Seawater input is regular and frequent, and although salinity may be seasonally vari-
able, it is usually high, except where the level of the sill is near to high tide level. These lagoons are
restricted to the north and west of Scotland and may occur as sedimentary basins or in bedrock (where
they are called ‘obs’). Muddy areas are dominated by filamentous green algae, amongst which may be
colonies of rare charophytes, such as foxtail stonewort Lamprothamnium papulosum. Beds of tassel-
weeds Ruppia spp. and, in the deeper, most stable lagoons, eelgrass Zostera marina may be present.

1 These numbers are the habitat codes in the Palaearctic classification (originally the CORINE classification).
For further information refer to The Interpretation Manual of European Habitats — EUR 15 (version 2, October
1999) published by the European Commission (see: http://europa.eu.int/comm/environment/nature/docum.htm)
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Sluiced lagoons occur where the natural movement of water between the lagoon and the sea is modi-
fied by human mechanical interference such as the construction of a culvert under a road or valved
sluices. Communities present in sluiced lagoons vary according to the substrate type and salinity, and
therefore may resemble all other silled lagoon types.

Lagoonal inlets are lagoons that have a permanent, but restricted, connection channel to the sea where
seawater enters lagoonal inlets during each tidal cycle. Salinity is usually high, particularly at the sea-
ward part of the inlet. Larger examples of this sub-type may have a number of different basins, separat-
ed by sills, and may demonstrate a complete gradient from full salinity through brackish to fresh water.
This salinity gradient significantly increases the habitat and species diversity of the sites in which it
occurs.

Only sites on natural substrata have been selected. Sites that are entirely artificial in origin, e. g. some
docks, have been excluded from the selection, although in some cases the communities present may be
similar to those of more natural sites.

The water in lagoons can vary in salinity from brackish (following dilution with fresh water) to hyper-
saline (i. e. saltier than seawater because of evaporation). A significant factor determining the biology of
a lagoon is whether the salinity fluctuates markedly (tending to lead to low species richness), or is more
stable (tending to lead to higher species richness). Thus the plant and animal communities of lagoons
vary according to the physical characteristics and salinity regime of the lagoon, and therefore there are
significant differences between sites. Although a limited range of species may be present, compared
with other marine habitats, these species are especially adapted to the varying salinity and some are
unique to lagoon habitats. The vegetation may include beds of eelgrasses Zostera spp., tasselweeds
Ruppia spp., pondweeds Potamogeton spp., and stoneworts such as foxtail stonewort Lamprothamnium
papulosum. In more rocky lagoons, communities of fucoid algae Fucus spp., sugar kelp Laminaria sac-
charina, red algae and green algae are also found. The fauna is often characterised by mysid shrimps
and other small crustaceans, worms which burrow into the sediment, prosobranch and gastropod mol-
luscs and some fish species such as stickleback. Species that are particularly found in lagoons and con-
sequently have restricted distributions in the UK include the starlet sea anemone Nematostella vecten-
sis, lagoon sandworm Armandia cirrhosa, lagoon sand shrimp Gammarus insensibilis and foxtail
stonewort Lamprothamnium papulosum.

Typical attributes to define the feature’s condition

Generic attributes

The attached generic guidance does not preclude the inclusion of other attributes that may be required
in relation to particular threats to a site, but any such additions would need to be clearly justified. For
example the characteristic species Lamprothamnium papulosum could be used as an indicator of phos-
phate levels where nutrient enrichment is considered a threat to the lagoon feature.

Table 3.8-1 lists the generic attributes for lagoons and presents examples of the measures proposed for
some of the candidate SACs in the UK. This table is based on guidance developed for the lagoons in
England and may change when equivalent guidance is available for lagoons in the remainder of the UK.
For example, biotopes have not been referred to within the attributes as many lagoons in England com-
prise variations on only one biotope (ENLagIMS.Ann) and the presence of another (ENLag.Veg).
However, where other biotopes are present which are of note, e.g. Zostera beds, there would be justifi-
cation for their inclusion in the overall monitoring programme.



112

Marine Monitoring Handbook

Table 3.8-1 A summary of attributes that may define favourable condition of lagoons

Attribute Measure Comments
Extent
Extent of Area of the lagoon basin Extent of the feature is an attribute on which reporting is required by the
lagoon Habitats Directive. Extent influences both sensitivity of the habitat and
(together with shape, i.e. length to breadth ratio) the diversity of the
biological community present.
Area of water occupying the basin Critical to both the definition and maintenance of a lagoon, and the
measured at the same time of year community of species it supports, is the retention of most or all of the
(preferably in late winter/early spring water mass within the system at low water in the adjacent estuary or sea.
and late summer) Concomitant with this is maintenance of a relevant depth of water.
Extent of water in late winter/spring may be taken as the likely extent of
the lagoon basin. Extent of water in late summer in lagoons with a
shallow basin is likely to be less than the extent of the basin.
Monitoring the extent of water within the lagoon basin, in conjunction
with the presence and nature of the isolating barrier, will provide a
surrogate for the attribute water depth once the relationship between these
attributes has been established, based on the profile of the lagoon bed,
from survey to characterise the site.
Physical
properties
Topography Average water depth within the Many (the majority in England) saline lagoons are shallow. The influence
lagoon basin (metres) at low tide, of depth is a balance between sufficiently shallow to enable light
measured at same time of year penetration, and therefore photosynthesis, and sufficiently deep to
(preferably in late winter/early spring submerge vegetation (and thereby affect oxygenation, food resource,
and late summer). habitat diversity and colonization by lagoonal fauna), determining
temporal duration of stratification, and buffering against environmental
change, particularly dehydration.
Empirical analysis of English lagoons suggests the majority of the bed
should be less than 1m deep, particularly in smaller lagoons, but with a
small proportion of deeper habitat. Actual values will depend on the site.
Where it is more appropriate to a site, e.g. those with steep banks, water
depth should be monitored.
Isolating Most appropriate measure of integrity The presence of an isolating barrier is fundamental to the structure and
barrier — and nature of the barrier — function of a saline lagoon (indeed the nature of the barrier and degree of
presence separation from the sea defines the type of lagoon in the UK). Except in
and nature  Percolation: length, width and height the case of over-topping (isolated and some percolation lagoons) the key
(relative to basin and to tidal levels)  factor determining input and output of seawater is the height of the
bottom of the inlet bed (channel, sluice, weir or impermeable base of a
Isolated: length, width and height percolation route) relative to ambient low water levels to allow retention
(relative to basin and to tidal levels)  of the majority of the lagoonal water at low tide. Generally speaking,
experience suggests the horizontal level should be a little below high
Inlet: width, depth of inlet channel water neaps.
(or, as a surrogate, an indicator of
hydrological conditions around the
mouth of the inlet).
Sluiced: Height of base of sluice(s)
(relative to basin and to tidal levels),
integrity (leaking or not) and frequen-
cy of opening/closure.
Salinity Seasonal averages (%o) to be measured Salinity is critical to both the structure and function of a lagoon, e.g. in
regime at least once during the reporting defining the habitat, contributing to diversity within a site, and

cycle (preferably in late winter/early
spring and later summer to indicate
seasonal low and high)

Depending on the size and shape of
the lagoon, it may be necessary to
measure along a salinity gradient.

determining what species are present. The evolution of a specialist
lagoonal community appears to be related to intrinsic variation in salinity
both in time (short-term tidal, seasonal) and space.

It is essential that salinity is measured at a similar time of the year and
state of tide on a site. Salinity of the adjacent open coastal waters should
be measured at the same time.

Empirical analysis of lagoons and specialist lagoonal species in the UK
suggests a salinity range predominantly between 15%. and 40%.. Variation
outside this range is tolerable in the short term (days rather than weeks)
but <10%. and >50%. should trigger remedial action.

N.B. Percolation lagoons: the long-term natural trend at some sites is to
become freshwater as silting within the lagoon prevents percolation of sea
water and shingle builds up preventing overtopping.
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Attribute Measure Comments

Biotic

composition

Species Presence and abundance of Composite species are important contributors to the structure of the saline
composition composite species, measured at least lagoon habitat, The community will reflect to varying degrees the

once during the reporting cycle,
measured at same time of year.

structure and function of the habitat as a whole.

The species will include one or all of the flora, infauna, epifauna,
plankton/nekton and phyton. The community is likely to (and indeed
should) include species characteristic of lagoons. It may include specialist
and rare/scarce species of interest in their own right. Reference should be
made to such species but only if there is a clear case for a species as an
indicator of the community as a whole (there are almost no known
examples) or an attribute that is of specific relevance at the individual site
level, e.g. Lamprothamnium papulosum as an indicator of phosphate
levels on sites where such levels are a concern to condition of the feature.

Where infauna are monitored, associated monitoring of the sediment, e.g.
particle size analysis, would be sensible, but not essential unless it is
critical to the species composition of the biotope concerned.

Suggested techniques for monitoring attributes of lagoons

For each of the attributes likely to be selected to monitor the condition of a feature, there are many tech-
niques available to measure its value. To help implement the UK’s Common Standards for Monitoring
programme, it is necessary to recommend a small number of techniques that are likely to provide com-
parable measures (Table 3.8-2). The UK Marine SACs project evaluated the inter-comparability of some
of these techniques (recording biotope richness, species counts), but further work is required on other
techniques (such as measuring extent with remote sensing techniques). The advice presented below will
be updated when new information becomes available.
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Table 3.8-2 Suggested techniques for measuring lagoon attributes. The terms under Technique appear under the heading
Summary title in the procedural guidelines provided in Section 6. Guidance will be developed for the techniques in italics.

Generic attribute

Feature attribute

Technique

Extent

Extent of lagoon (basin; area

of water)

Biotope extent

Air photo interpretation; Remote imaging;
Intertidal resource mapping; Direct
measurement (small lagoons only)

Air photo interpretation; Remote imaging;
Intertidal resource mapping; Intertidal
biotope ID; Point sample mapping;
transect survey (by snorkelling or diving)
AGDS; Side scan sonar (large lagoons
only)

Physical properties

Substratum: sediment
character

Salinity regime

Water depth

Presence and nature of
isolating barrier

Particle size analysis; Sediment chemical
analysis

Measuring water quality; Water chemistry
data loggers

LIDAR; Bathymetry survey; On-site
measurement (stick/gauge)

Air photo interpretation; Direct
measurement (small lagoons only)

Nutrient status Measuring water quality; Water chemistry
data loggers;

Algal mats: see Species composition/
richness below for abundance measures;
see Biotope Extent for the extent of algal

mats

Biotic composition = Species composition,
Species richness

Characteristic species

Intertidal ACE; Intertidal quadrat
photography; Intertidal quadrat sampling
(see Subtidal quadrat sampling); Intertidal
core sampling; Subtidal quadrat sampling;
Subtidal biotope ID; Subtidal core
sampling; Grab sampling; Suction
sampling; Fish on sediments; Plankton
sampling

Biological structure Spatial pattern of biotopes Intertidal resource mapping; Intertidal
biotope ID; Air photo interpretation;
Remote imaging; Point sample mapping;
Transect survey (by snorkelling or diving)
AGDS; Side scan sonar (large lagoons

only)

Specific issues affecting the monitoring of lagoons

Lagoons are listed as a priority habitat in the Habitats Dlrectlve and under the UK Biodiversity Action
Plan. The Habitat Action Plan for saline lagoons includes some basic advice on monitoring.
Comprehensive guidance on the management of saline lagoons in England, Scotland and Wales, includ-
ing monitoring their condition, is being prepared by the Saline Lagoon Working Group.” The
information presented below is a brief summary of the main points to consider, and the more compre-
hensive guidance mentioned above must be fully consulted when planning a monitoring study of a
saline lagoon.

It is important to consider the whole ecosystem of a lagoon when planning a condition monitoring
programme. It may be necessary to consider attributes of the sediment infaunal, epifaunal, phytoplank-
ton and vegetative components of the lagoon system to comprehensively evaluate the condition of the
lagoon itself.
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Lagoons are a rare and vulnerable habitat in their own right, and support a variety of scarce and rare
species. In Great Britain, 12 species of 1nvertebrates and plants associated with lagoons are protected
under the Wlldhfe and Countryside Act 1981." A licence is required from the relevant statutory conser-
vation agency’ to collect any scheduled species but many, with training, can be identified in situ.

The minimum frequency of monitoring is at least once per reporting cycle (six years). Whilst it is
important not generate an unnecessarily burdensome monitoring programme, it may be necessary to
have more frequent monitoring because of the conservation importance of lagoons, and their sensitivi-
ty to damage. Any decision on whether to monitor more than once during a reporting period will need
to take account of other factors, i.e. degree of threat, management action, or research needs; this obvi-
ously cannot be indicated at a generic level. It is likely that some monitoring of at least part of each SAC
will be required more than once every six years.

Seasonal effects

Most lagoonal submerged plant species show marked seasonal cycles of growth and/or die back. For
example, populations of the important charophyte Lamprothamnium papulosum die back in the win-
ter and should thus be monitored in the summer. Seagrasses (Zostera spp. and Ruppia spp.) have simi-
lar seasonal patterns in their population density. Seasonal changes in vegetation must be considered
when undertaking any remote sensing investigation because a change in ‘colour’ of the land surface will
significantly affect any temporal comparison between images’. Most invertebrate species are present
throughout the year although some species have an annual life cycle and will show seasonal patterns in
abundance. Bamber et al. (in prep.) concluded that ‘... unsynchronised annual monitoring, i.e. not at
the same time each year, is likely to give results of little value where seasonal patterns do exist.” In
general, monitoring studies should be undertaken in late summer and late winter/early spring to iden-
tify, and coincide with, seasonal low and high salinity/water levels.

Seasonal changes in rainfall may affect the salinity regime, water depth and extent of a lagoon. Such
changes will be directly related to the dimensions of the lagoon. Lagoons with a large water volume are
more able to buffer seasonal variations. Seasonal changes in the rate of inundation may affect the rate
of sediment deposition or re-suspension, with a consequent change in turbidity that may influence the
lagoon vegetation.

Meteorological changes
Salinity is a key factor determining the biological composition and its associated spatial organisation. A
lagoon, by definition, has a limited exchange with the open sea where the restriction is often linked to
tidal cycles. Tidal inundation may vary with ambient conditions (air pressure has an inverse effect on
tidal height), storm action and the stage of the monthly or annual tidal cycle. Rainfall will also influ-
ence the salinity in a lagoon, particularly those lagoons with very restricted links to the open sea.
Weather cycles can result in changes in the biotic assemblages. Wind may push algal communities or
floating vegetation over sediment, particularly after a seasonal die-back. A large bank of detached vege-
tation had been blown onto the shore of the Fleet lagoon by recent strong winds during November 1999.
This vegetation obscured the underlying habitat and affected the classification of remote sensing
images.

Access

Land surrounding a lagoon will often be under private ownership and therefore it will be necessary to
seek the landowner's permission to gain access to the water. Where boat access is required, it may be
necessary to seek permission to use a private pier or jetty.

Access for monitoring a lagoon will depend on the size and depth of the lagoon and its substrata.
Small, shallow lagoons may be sampled from the edge or by wading carefully. Large, shallow lagoons
may be snorkelled while large, deeper lagoons may require boat access. Nevertheless, the substrata will
have an overriding influence on the mode of access. In Loch Maddy c¢SAC, the mud in the lagoons was
so soft and flocculent that even snorkelling would cause undesirable disturbance to the habitat, and
direct sampling was not feasible.” In the extensive Fleet lagoon, Dorset, a prohibition order on motorised
vessels made biological sampling difficult and arduous, and restricted the options available when plan-
ning a survey strategy.

In all cases, field staff must take account of the need for minimal disturbance to this fragile habitat.

2 Or the Wildlife (Northern Ireland) Order 1985. At the time of writing there are no lagoon species listed in
Northern Ireland.

3 Countryside Council for Wales, English Nature, Scottish Natural Heritage.
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Sampling issues
The following three points are mentioned above but merit re-emphasising when planning a sampling
exercise in a saline lagoon:

* Lagoons are a fragile habitat and disturbance must be kept to a minimum. It may be appropriate to
use sampling devices that take a smaller volume of sediment (e.g. Ekman grab rather than a Day grab;

. 4 5

smaller diameter cores ), or reduce the number of samples recorded.

* One possible development that could compromise disturbance and improve data on the key attrib-
ute of salinity is the use of data loggers. However, the technology for measuring salinity (usually
conductivity) is such that sufficiently small and cheap loggers, such as for temperature, may not be
available for some time.

e Lagoons can support species scheduled under the Wildlife and Countryside Act 1981 and a licence
is required for their collection. If collection is required, the quantity of specimens should be kept to
the minimum necessary, and if possible, returned to their habitat alive if a permanent record is not
required.

A monitoring programme must collect sufficient information to assess the condition of the whole
lagoon, or suite of lagoons within the SAC. The complexity of such monitoring will depend on the phys-
ical dimensions and the ease of access to a lagoon. It must consider both the physical, water quality (e.g.
salinity) and biological aspects of a lagoon to assess the integrity of the entire lagoonal ecosystem.
Bamber et al. (2000)" provide detailed guidance on sampling issues for lagoon monitoring studies,
including the main attributes to measure. They note:
‘The scale of larger lagoons, such as many sites in Scotland and the Fleet, Dorset, poses particular
challenges for monitoring. Many lagoons can be treated as a collection of sub-habitats which may
therefore be studied separately, whereas extensive areas of uniform habitat will need to be "sub-sam-
pled" by transects or by stratified random sampling. The greatest difficulty is posed by mosaic habi-
tats, where site-specific protocols will need to be devised. In larger lagoons remote sensing techniques
may enable monitoring of the extent and other attributes of certain biotopes.’

Site marking and relocation

It is unlikely that a lagoon site will require marking or pose any problems for relocation. Marking sam-
pling stations within a lagoon is more difficult and must take full account of the fragile nature of the
habitat. For hard substrata, the site marking and relocation issues discussed under Reefs earlier will
equally apply to lagoons. Similarly, the section on subtidal sandbanks will apply to sand habitats
including eelgrass beds. For small sites, permanent marking of stations in sediment is unlikely to be
necessary; larger sites should be considered case-by-case. Pooley and Bamber (2000)" concluded that
dGPS was satisfactory for recording position within the Fleet lagoon, Dorset; this conclusion should
apply to most extensive lagoons in the UK. For smaller lagoons, the location and relocation of sampling
stations could use transits/bearings from landscape features (Figure 3-5) and drawings/sketches of spe-
cific local features (Figure 3-4).

Health and safety
All field staff must follow approved safety procedures published by their host institution, or that of
the contracting agency, whichever are the more stringent. Risks specific to working in lagoons are:

e Wading in soft sediment. Tthere is a risk of getting stuck or, worse, drowning after falling when the
feet are immobilised.

e Illness and disease from contaminated sediment. Sediments are known to bind contaminants such
as heavy metals (& radioactive isotopes) at high concentrations, which are subsequently released
upon disturbance. It is possible to contract serious diseases such as hepatitis from sewage effluent
in sediment.

4 Tt is important to consider the body size of the characteristic infaunal organisms to ensure that a smaller sam-
pling device will collect adequate samples.

5 A pilot investigation may be necessary to fully evaluate the minimum number of samples necessary to record
any change.
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If there is any history of such discharges into the lagoon under investigation, protective gloves should
be used to avoid skin contact with the sediment.

Subtidal sampling in lagoons may involve snorkelling and SCUBA diving techniques. All diving oper-
ations are subject to the procedures described in the Diving at Work Regulations 1997
(see: http://www.hse.gov.uk/spd/spddivex.htm) and must follow the Scientific and Archaeological
Approved Code of Practice” (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Introduction

Aim
To provide guidance on marine Annex II species to assist the selection of appropriate
monitoring techniques and their field deployment

Of those Annex II species that occur in the marine environment around the UK,' this section only pro-
vides advice for three species for which the UK has currently selected sites (November 2000) — name-
ly, grey seal, common (or harbour) seal and bottlenose dolphin. The present section only presents some
basic advice on aspects relating to the establishment and implementation of monitoring programmes
for these three species. There are many standard texts available that provide more detailed guidance
on generic issues relating to species momtormg

Each section starts with a basic introduction to the species and some background information on the
site selection policy for sites in the UK. It is followed by advice on selecting appropriate techniques
for monitoring each generic attribute’ and information specific to monitoring these attributes. Finally,
specific advice is given on health and safety issues for monitoring studies.

Under the Conservation of Seals Act 1970, the Natural Environmental Research Council (NERC) has
a statutory obligation to provide the UK Government w1th advice on the size and status of British seal
populations. NERC’s Sea Mammal Research Unit (SMRU)' regularly monitors grey and common seals
using standard techniques. Surveying is mostly restricted to sites in Scotland where over 90% of each
species are found. Data from these and other monitoring programmes were used to identify and define
candidate SACs and will provide important contextual information against which the results from
future SAC monitoring studies may be compared.

A considerable amount of research data is available for aspects of the life cycle and life history of
these species at some sites — for example, Aberdeen University have studied the Moray Firth area;
Aberdeen University, the Sea Watch Foundation and Nekton have studied Cardigan Bay. Nevertheless,
there are significant gaps in our understanding of the biology and population dynamics of all three
species, but particularly the bottlenose dolphin. Consequently the scope of the advice presented below
is limited and will be revised, as the results of on-going research become available.

It should be noted therefore that:

e very little information is available for Annex II species, particularly the bottlenose dolphin;

e at present, it is not possible to complete all the sections of the attribute table — more research is
required on appropriate attributes to define favourable condition;

e many monitoring techniques are not fully tested or established.

Therefore, the advice provided in this section is based on our present understanding (Spring 2001) and
is likely to change as our practical experience of SAC monitoring increases. In particular, the Joint
Nature Conservation Committee is developing detailed guidance during 2001 to implement the UK’s
Common Standards for Monitoring programme that will probably result in a significant revision of this
section.

The listing of an attribute in the tables in this section does not imply that it should form part of a
monitoring programme for the feature, but it may need to be considered.

1 Grey seal, common seal, bottlenose dolphin, harbour porpoise, otter, twaite shad, allis shad, Atlantic salmon,
river lamprey and sea lamprey.

2 For example: Ecoscope (2000c) A species and habitats monitoring handbook. Volume 3: Species. Research,
Survey and Monitoring Report No. [XX]. Scottish Natural Heritage, Edinburgh; also Sutherland, W J (1996)
Ecological Census Techniques. Cambridge University Press, Cambridge.

See Section 2 for an explanation.
4 See http://smub.st-and.ac.uk/

See http://www.abdn.ac.uk/~nhi104/seals/marmamm.htm
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Grey seal Halichoerus grypus

Figure 4.1 Grey seal Halichoerus grypus (Paddy Pomeroy, SMRU)

Introduction to the species’ interest

The grey seal Halichoerus grypus is the larger of the two resident species in the UK, reaching a length
of up to 2.45m and weighing up to 310kg (both measurements for adult males)' (Figure 4.1). Typically
they breed on exposed rocky coasts and in caves but occur in most coastal habitats at other stages of
their life cycle. They are predominantly fish feeders taking a variety of species including sandeels,
gadoids, salmonids, and flatfish, with cephalopod and crustacean invertebrates occasionally con-
sumed. Their dietary composition varies seasonally and is linked to the availability of prey species.
Grey seals form polygynous breeding groups but the size of the groups and the sex ratio varies with the
nature of the habitat. Sites with open access may have a ratio of one male to two females but where
access is restricted, for example in caves, the ratio may rise to one male for every ten females. The tim-
ing of breeding varies but in general, it occurs in September—October in S.W. Britain,
October—November in west and north Scotland, and November—-December at the Isle of May (Firth of
Forth) and the Farne Islands. A single pup is produced and weaned after 16—21 days. Females come
into oestrus towards the end of lactation when mating occurs. Females leave the breeding site soon
after mating, and so there is no parental care for the pups post-weaning. In the UK, humans are the
only major predator of adult grey seals, although potentially, predation by large cetaceans (e.g. killer
whales) or sharks may occur in offshore areas. Starvation and infection are established sources of pup
mortality.

The Sea Mammal Research Unit (SMRU) of the Natural Environmental Research Council (NERC) has
extensively studied grey seal blology and population dynamics in the UK. In particular, they have com-
pleted surveys of populatlon size,” diet, movements and foraging behaviour (using Satellite Relay Data
Loggers attached to seals)’ and genetic diversity.

Approximately 40% of the world population of grey seals breed at UK sites, which represents 95%
of the EC population. There are breeding colonies all round the coast, from the Scilly Isles clockwise
to the North Norfolk Coast. These colonies vary greatly in size with the main breeding colonies locat-
ed in the Inner and Outer Hebrides, Orkney, Shetland, the mainland coast of north and north-east
Scotland, the Isle of May, the Farne Islands and west Wales.

The largest breeding colonies, based on pup production, are candidate SACs. Sites were selected
using the most up-to-date population information available at the time, although populations at indi-
vidual sites may fluctuate. Sites were also chosen to reflect the geographical distribution of breeding
sites — for example in west Wales, which is the most southerly breeding population.

1 These statistics and the following text are taken from: Bonner, W N and Thompson, P M (1990) Seals, etc.:
Order Pinnipedia — Grey seal. In: Harris, S and Corbet, G B (eds) The Handbook of British Mammals, Chapter
11, pp. 472-480. Blackwells, Oxford.

See http://smub.st-and.ac.uk/ch1_1.html
3 See http://smub.st-and.ac.uk/ch3_2.html
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Monitoring requirements and suggested techniques for grey seal

To help implement the UK’s Common Standards for Monitoring programme, it is necessary to recom-
mend a small number of techniques that are likely to provide comparable measures for each attribute
(Table 4-1). The UK Marine SACs project evaluated the inter-comparability of some of these techniques
(for example acoustic versus visual counts of dolphins), but considerable further work is required to
establish suitable techniques for many attributes. The advice presented below will be updated when
new information becomes available.

Table 4-1 Suggested techniques for measuring the attributes that may be used to define favourable condition of grey seal
populations. Guidance will be developed for the techniques listed.

Generic attribute Feature attribute Technique
Quantity Population size Aerial photo-monitoring; Direct counts from
(abundance) boat or shore; Mark-recapture; Photographic
mark/recapture
Population dynamics Recruitment Pup counts;
Mortality Track adult survivorship; Adult and pup car-
cass recovery
Emigration Tracking pups
Immigration Tracking pups
Population structure ~ Age structure Estimate natural population structure; ID of

known individuals
Sex ratio

Fragmentation/isolation

Genetic diversity DNA analysis
Habitat requirements  Area for breeding Aerial photography; Habitat mapping;

Airborne remote sensing; Shore survey

Area for feeding Fish census techniques; AGDS; Side scan
sonar; Acoustic fish monitoring

5
Undisturbed area for Monitor disturbance events
breeding

6
Environmental processes Measuge water quality factors ; Debris/litter
survey ; Survey injury to animals

Specific issues affecting the monitoring of grey seal

Estimating population size

The current surveillance programme undertaken by the SMRU is likely to make a substantial con-
tribution to condition monitoring of SACs. Currently, each discrete breeding site in the Inner and
Outer Hebrides, Orkney and the Isle of May is photographed between three and six times at regular
intervals every year throughout the breeding season. Aerial surveys are carried out from a light twin-
engine aircraft, using a large format aerial camera mounted in a vibration-damped, motion-compen-
sating cradle. At sites in Pembrokeshire, the Farne Islands, Orkney and Lincolnshire, population size
is estimated by ground counts from boat and shore. These techniques (aerial or ground) should be

4 See Grey seals: Status and monitoring in the Irish and Celtic Seas
http:/Awww.ucc.ie/ucc/research/crc/pages/research/project1.htm

5 Disturbance in breeding areas may reduce pup production.
To determine levels of nutrients, pollutants and pathogens.
7 For example, discarded monofilament nets and ropes may entangle seals causing lacerations.
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used for all other sites not surveyed by these existing programmes. Counting grey seals at breeding or
haul-out sites will only provide an estimate of the population size and structure because it cannot
take account of the proportion of the population at sea.

Seals can travel up to 100km per day, and individual animals have been tracked for 3,000km.
Consequently there may be large migrations between breeding and haul-out sites. There is a regular
interchange of individuals between sites on the east coasts of Scotland and England, although there
remains some genetic differentiation between each population. Some of these movements may be sea-
sonal and linked to seasonal changes in the spatial distribution/availability of prey species. There is
limited information on the fidelity of individuals to a particular breeding site but some have been
recorded returning to the same location on an annual basis for at least 15 years. These movements
must be considered when interpreting the results of condition monitoring studies on population size
in an SAC.

Population dynamics

Pup counts are taken at the breeding sites and may provide an estimate of birth rate. Mortality
amongst newborn pups can be as much as 15%, with a further mortality rate of between 40 and 60%
occurring within 12—-18 months.

The main causes of mortality are difficult to quantify as many seals (adults and pups) die at sea, but
disease caused by parasites, pollution and entanglement in discarded/lost fishing nets are some of the
main causes.

A detailed understanding of the population dynamics needed in order to define favourable condi-
tion of the grey seal is not available.

Habitat requirements

Grey seals depend on the sea for their food but also have a need for safe areas of land to haul out to
rest, give birth and moult. They require undisturbed areas, usually uninhabited off-shore islands, that
afford easy access to the intertidal and adjacent coastal areas above Mean High Water of spring tides.
There is increasing evidence that certain habitat features, such as access to shallow freshwater pools,
are important.

Studies demonstrated that grey seals can forage widely, although most feeding activity was within
50km of a haul-out site. Typical foraging trips last from two to five days. Nevertheless, satellite
telemetry studies show distinct aggregations of animals at offshore locations in the North Sea, often
where the seabed comprises coarse sand and gravel. Monitoring attributes in relation to foraging area
and prey availability will be difficult for grey seals because of their mobility and ability to switch
between prey species.

Health and safety

Grey seal colonies are often located in remote areas that present considerable health and safety risks.
Staff must follow all standard procedures, particularly in relation to working alone (to be avoided),
working in remote areas and working from small boats. Some specific risks are:

e working in caves;
e working on offshore rocks, where difficulties are associated with landing, wave surges, being
stranded by a rising tide;

e attack by adult seals, particularly during the breeding season and/or in confined spaces (caves or
gullies);
e infection of wound if bitten;

¢ bacterial infection from seal faeces at breeding/haul-out sites.

The Wildlife and Countryside Act 1981° and the Animals (Scientific Procedures) Act 1986" control
and regulate the study of wild animals that involve the capture and release, handling or remote sam-
pling of individuals. Under this legislation, a licence is required from the UK Government for all
activities that require the capture or handling of grey seals.

8 See: http://www.wildlife-countryside.detr.gov.uk
9 See: http:/www.homeoffice.gov.uk
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Common seal Phoca vitulina
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Figure 4.2 Common seal Phoca vitulina (Lighthouse Field Station, University of Aberdeen)

Introduction to the species’ interest

The common seal Phoca vitulina (also known as the harbour seal) is the smaller of the two resident
species in the UK, reaching a length of up to 1.85m and weighing up to 130kg (both measurements for
adult males).1 Common seals’ habitual haul-out areas are generally found in shallow, sheltered waters,
sea lochs and island archipelagos. They are characteristically found on sandbanks, mud flats and estu-
aries on the east coast of the UK (Wash, Dornoch Firth), or shores of small islands or isolated skerries
in west Scotland and the outer islands. Individuals return to favoured haul-out sites and there are no
known migratory movements. They are predominantly opportunistic fish feeders taking a variety of
species that are locally abundant, and also invertebrates such as cephalopods, gastropods and crus-
taceans. Adult females bear a single pup in June or early July with no obvious regional differences
around the UK. Pups are weaned after about 4-5 weeks and normally complete by late July at most
colonies. Mating occurs soon after weaning. Common seals are top predators in the UK and there are
few known sources of mortality. In 1988, populations were reduced by about 50% following a phocine
distemper virus epizootic. Common seals are often perceived as having a great impact on fisheries. par-
ticularly those using set nets and cages, although their actual impact on fish populations is estimated to
be very low. Pups were hunted for their skin in north and west Scotland and the Wash until the pass-
ing of the Conservation of Seals Act in 1970. In order to protect their catch, fishermen may kill seals if
they are interfering with fishing gear.

The Sea Mammal Research Unit (SMRU) of the Natural Environmental Research Council (NERC) and
Aberdeen University” have extensively studied common seal biology, population dynamics and diet on
the east coast of Scotland. SMRU undertake annual surveys to estimate population size.’

The UK holds approximately 5% of the world population of common seals, and approximately 50%
of the EC population. The biogeographical distribution in UK waters ranges from Strangford Lough,
Northern Ireland to the south shores of the Clyde and then clockwise round the coast to the Thames
estuary. The common seal is widespread, but population density varies greatly from place to place, with
low numbers at many sites. This means it can be difficult to define the boundaries of specific sites. The
census of the common seal population is based on numbers hauling out in coastal locations during the
moulting period in August. Such haul-out areas are thought to be very important for the conservation
of the species, as are the most important breeding colonies. Sites were selected using the most
up-to-date population information available at the time, although populations at individual sites
may fluctuate.

1 These statistics and the following text are taken from: Bonner, W N and Thompson, P M (1990) Seals, etc.:
Order Pinnipedia — common seal, in: Harris, S and Corbet, G B (eds) The Handbook of British Mammals,
Chapter 11, pp. 462—471. Blackwells, Oxford.

See http://www.abdn.ac.uk/~nhi519/lighthse/seals/seals.htm
See http://smub.st-and.ac.uk/ch1_1.html
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Monitoring requirements and suggested techniques for common seal

To help implement the UK’s Common Standards for Monitoring programme, it is necessary to recom-
mend a small number of techniques that are likely to provide comparable measures for each of attribute
(Table 4-2). The UK Marine SACs project evaluated the inter-comparability of some of these techniques
(for example acoustic versus visual counts of dolphins), but considerable further work is required to
establish suitable techniques for many attributes. The advice presented below will be updated when
new information becomes available.

Table 4-2 Suggested techniques for measuring the attributes that may be used to define favourable condition of common

seal populations. Guidance will be developed for the techniques listed.

Generic attribute

Feature attribute

Technique

Quantity
(Abundance)

Population size

Thermal aerial photography; Colour
aerial photography; Direct counts
from boat or shore

Population dynamics

Recruitment

Mortality

Emigration

Immigration

Pup counts

Pup carcass counts; Adult carcass
recovery; Tagging individuals

Satellite telemetry

Satellite telemetry

Population structure

Age structure
Sex ratio
Fragmentation/isolation

Genetic diversity

ID of known individuals

Count haul-out sites

DNA techniques

Habitat requirements

Area for breeding

Area for feeding

Aerial photography; airborne remote
sensing; Habitat mapping

Habitat mapping (AGDS; Side scan

sonar); Fish census techniques;
Acoustic fish monitoring

Measure water quality factors®;
Debris/litter survey®; Survey injury
to animals®

Environmental processes

Specific issues affecting the monitoring of common seal

Estimating population size

The current surveillance programme undertaken by the SMRU is likely to make a substantial contribu-
tion to condition monitoring of SACs. Currently, SMRU surveys common seals every five years in
Scotland and annually in Lincolnshire and Norfolk. Surveys are carried out in August during the moult
within two hours of low tides occurring between 13:00 and 19:00 hours. For rocky or seaweed domi-
nated sites, seals are surveyed using a thermal-imaging camera mounted on a helicopter to discriminate
the well-camouflaged seals from the background (Figure 4.3). Helicopters are preferred to fixed-wing
aircraft because they can carefully follow the shore along a complex coastline. Conventional aerial pho-
tography is used for the east coast sandbank sites where those seals hauled out are conspicuous against
the background sediment.

4 To determine levels of nutrients, pollutants and pathogens.
5 For example, discarded monofilament nets and ropes may entangle seals causing lacerations.
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Figure 4.3 A conventional photograph (left) and a thermal image (right) of common seals on a skerry in
Scotland (from SMRU Internet site)

Although these surveys coincide with the period when the maximum number of seals are likely to be
ashore, there will be an unknown number of animals in the water at the time of survey. Research stud-
ies in Orkney, the Moray Firth and the Wadden Sea developed ‘correction factors’. In the Moray Firth,
the proportion of seals hauled out was estimated to be 0.5-0.75 of the total populatlon "It is important
to establish the activity patterns of the seals when planning any census as the habitat can strongly influ-
ence the animal’s behaviour. For example, common seals on rocky shores in Orkney had diurnal pat-
terns of activity, whereas in the Moray Firth the availability of haul-out sites on sandbanks depended
on the tidal cycle. Census techniques must minimise within-year variation by investigating activity pat-
terns at a local level. The study in the Moray Firth concluded that population trends may be detected
over 4—6 years using annual counts based on 2-3 visits per year; >5—6 visits per year were found to be
inefficient.

Population dynamics

Common seal movements can be investigated by VHF or satellite-linked telemetry. Individuals are cap-
tured at the haul-out site and the telemetry device, which usually includes a data logger, glued to the
fur on the top of the seal’s neck.” " These tags detach from the body during the annual moult. Common
seal movements are strongly influenced by local food availability, and most movements are considered
‘local’ compared with grey seals. Individuals may travel up to 45km on trips lasting six days, but then
return to their ‘home’ site. Most mass movements are associated with the dispersal of young animals,
although seasonal movements between haul-out sites are known.’

Population structure

Sex ratio may be an important attribute, although any change may not manifest as a problem for sever-
al generations. It is necessary to investigate sex ratio at least twice during the annual life cycle because
the sex of animals at a haul out is biased toward female during the pupping season, and toward male
during the annual moult.’

Common seals require suitable haul-out sites throughout their life cycle. Studies have shown that this
species forms discrete populations with little interchange of individuals between populations. Any loss
of haul-out sites within an SAC will affect the local common seal population. It may be necessary to
monitor the number of haul-out sites with the SAC.

Habitat requirements
Common seals are coastal feeders, rarely occurring further than a few kilometres offshore. Populations
appear to remain within an area throughout the year, although the number of individuals at a haul-out
site will change throughout the year. Studies have shown that seasonal changes in site use may be
linked to a site’s physical characteristics, because they may be suitable for breeding females during pup-
ping, or groups undergoing the annual moult, or because there are seasonal patterns in the abundance
of the seal’s prey near a site.” Maintenance of viable populations within SACs is therefore clearly linked
to the availability of suitable haul-out sites with foraging areas nearby (<60km) throughout the life cycle.
Monitoring the availability of suitable feeding areas must be linked to contemporary analyses of the
seal’s diet because common seals switch their preferred prey in relation to its local abundance both
within and between years. "Diet composition can be ascertained by analysing faecal material from sam-
ples collected at haul-out sites. The location of feeding areas can be determined by telemetry studies.
The type of prey consumed will determine the technique required for monitoring prey abundance with-
in these areas.
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Health and safety

Common seal colonies are often located in remote areas that present considerable health and safety
risks. Staff must follow all standard procedures, particularly in relation to working alone (to be avoid-
ed), working in remote areas and working from small boats. Some specific risks include:

e working on sandbanks: getting stuck in the sediment, being trapped by rising tide;

e working on offshore rocks: difficulties associated with landing, wave surges, being stranded by a ris-
ing tide;

e attack by adult seals, particularly during the breeding season;

¢ infection of a wound if bitten;

e bacterial infection from seal faeces at breeding/haul-out sites.

The Wildlife and Countryside Act 1981° and the Animals (Scientific Procedures) Act 1986  control and
regulate the study of wild animals that involve the capture and release, handling or remote sampling of
individuals. Under this legislation, a licence is required from the UK Government for all activities that
require the capture or handling of common seals.
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7  See: http://www.homeoffice.gov.uk
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Bottlenose dolphin Tursiops truncatus
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Figure 4.4 Bottlenose dolphin Tursiops truncatus (from Lighthouse Field Station, University of
Aberdeen Internet site)

Introduction to the species’ interest

Bottlenose dolphins may attain a length of 2.7m and weigh up to 275kg (both measurements for adult
males).’ They are long-lived marine mammals living up to 50 years of age. Females reach sexual matu-
rity at 5—12 years of age and may produce a calf every 2—3 years throughout their 40-50 year life span.
Births occur over an extended period with a peak in March to May, and possibly during August and
September. This species is widely distributed in the North Atlantic, West African, Mediterranean and
UK coastal waters, with most sightings within 10km of land. Two predominant populations occur in UK
inshore waters — Cardigan Bay and the Moray Firth. In addition, small groups appear to be resident or
near-resident in waters off Cornwall and Dorset. The total population in the inshore waters of the UK is
probably between 300 and 500 individuals. The species used to be more widespread, especially in the
southern North Sea and English Channel, and has certainly declined in range. Their diet is predomi-
nantly fish, although cephalopod invertebrates (squid and cuttlefish) are consumed.

Aberdeen University” and the SMRU" have studied the dolphin population in the Moray Firth since
1988. Since 1989 they started a joint project to develop photo-identification techniques in an attempt to
study the size and dynamics of the Moray Firth population.

In order for site designation under the Directive to be an appropriate mechanism for protection of
Annex II species, it is expected that clearly identifiable areas can be defined that have the physical and
biological factors essential to the life and reproduction of a population of the species. Only two areas in
UK waters have been identified that meet this criterion for bottlenose dolphins; both these localities
have been selected holding the only two substantial resident populations of the species in UK waters.
While the individuals using the two sites may range further afield for part of the year, dolphins are pres-
ent throughout the year and easily recognised individuals have been seen over periods of several years.
This repeated occurrence and continual presence indicates that the sites are critical for the maintenance
of these populations.

Monitoring requirements and suggested techniques for bottlenose dolphin

To help implement the UK’s Common Standards for Monitoring programme, it is necessary to recom-
mend a small number of techniques that are likely to provide comparable measures for each of attribute
(Table 4-3). The UK Marine SACs project evaluated the inter-comparability of some of these techniques
(for example, acoustic versus visual counts of dolphins), but considerable further work is required to
establish suitable techniques for many attributes. The advice presented below will be updated when
new information becomes available.

1 These statistics and the following text are taken from: Evans, P G H (1990) Whales, Dolphins and Porpoises:
Order Cetacea — Bottlenose dolphin, in: Harris, S and Corbet, G B (eds) The Handbook of British Mammals,
Chapter 9, pp. 331-333. Blackwells, Oxford.

See http://www.abdn.ac.uk/~nhi519/lighthse/dolphins/dolphins.htm
See http://smub.st-and.ac.uk/ch4_5.html
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Table 4-3 Suggested techniques for measuring the attributes that may be used to define favourable condition of bottlenose
dolphin populations. Guidance will be developed for the techniques listed.

Generic attribute

Feature attribute

Technique

Quantity
(Abundance)

Population size

Counts; Mark/recapture by photo-ID;
Acoustic techniques

Population dynamics

Recruitment

Mortality

Immigration

Count juveniles

Fishery by-catch survey; Stranded
carcass returns;

Photo-ID of individuals

Population structure

Age structure
Sex ratio
Fragmentation/isolation

Genetic diversity

Habitat requirements

Area for breeding

Area for feeding

Environmental processes

Habitat mapping (AGDS; side scan
sonar); Prey census techniques

4
Measure water quality factors;
Debris/litter survey in relation to
injury to animals;” Incidence of skin
lesions

Specific issues affecting the monitoring of bottlenose dolphin

Population size

For the Moray Firth population, the estimate of population size was derived from a mark-recapture
model using the proportion of photographed individuals in several separate samples. It is important to
standardise the recording period (using time) to avoid any bias in the results; that is, the counts are
effort-limited. Consistent identification of an individual relies on markings that persist between surveys
(Figure 4.5). This may require more regular surveillance visits than condition monitoring events (per-
haps every six years). In the Moray Firth, there is a photo-archive of over 395 ‘individuals’. Some ani-
mals occur more than once either because their identifying marks were lost between photographs, or
because the photographs represent left and right views that it had not been possible to link together.

4 To determine levels of nutrients, pollutants and pathogens.
5 For example, discarded monofilament nets and ropes may entangle seals causing lacerations.
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Figure 4.5 Examples of some of the main types of natural markings used to identify individual bottlenose dolphins in the
Moray Firth population. Clockwise from the top left: dorsal fin nicks, depigmented areas, rake marks; and skin lesions (after
Lighthouse Field Station, University of Aberdeen’)

Shore or boat-based counting techniques that do not involve any identification of individual animals
are prone to error due to the mobility of the animals both within and between counting periods.
Individual dolphins can move rapidly throughout their range; for example, one individual in the Moray
Firth was sighted at locations 190km apart within a 5-day period.” Nevertheless, visual counts at sta-
tions known to be regularly frequented by dolphins may be important for assessing the effectiveness of
any management actions, and if undertaken regularly may act as a regular ‘health check’ between mon-
itoring events.

Passive acoustic monitoring of dolphin vocalisations may be useful for estimating the abundance of
individuals w1th1n an SAC, particularly for monitoring changes in distribution and abundance in small,
localised areas’. This technique has the advantages of time/weather independence and it can detect dol-
phins over much greater ranges than visual census techniques’. However, it is not possible to assess the
proportion of individuals calling at any one time. Acoustic monitoring can provide a valuable adjunct
to a visual census, and may provide a valuable tool for the long-term surveillance of dolphin activity
patterns within an SAC. Photo-identification techniques are considered to be the more appropriate
method for estimating changes in dolphin abundance over a wider area (whole SAC).

None of these counting techniques provides an absolute population size, rather a minimum estimate
of population size for a defined period.

Population dynamics
It is possible to compile an inventory of individual dolphins within an area using photographic identi-
fication. From repeated observations it should be possible to track an individual dolphin through time.
Aggregating the results for many individuals may provide a basic understanding of a population’s
dynamics over time.

Analysis of stranded animals or corpses may provide surveillance data to support an assessment of
the ‘health’ of dolphin populatlons The UK Government funds schemes to report and collect stranded
carcasses for post-mortem analysis.’

6 See: http://www.abdn.ac.uk/~nhi519/lighthse/dolphins/mfdolfthid.htm

7 For example, the Natural History Museum operates a stranding project (Tel: +44 (0)20 7938 8861); also the
Collaborative Celtic Marine Strandings Project operates in Wales and Ireland.
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Habitat requirements

The precise habitat requirement of bottlenose dolphins is poorly understood. Dolphins used different
areas in the Moray Firth through the year and their distribution showed distinct geographical stratifi-
cation. This stratification may restrict the animal’s movements in confined sites such as firths and they
may not be able to move away from localised disturbance or pollution.

Unless the entire SAC is being investigated, monitoring the extent and quality of prey habitats must
be linked to contemporary surveys of the geographical location of dolphin populations rather than
simply returning to the same area at each monitoring event. Dolphins can forage widely and therefore a
decline in prey abundance in one area may not impact the population.

Incidence of skin lesions (Figure 4.5) has been tenuously linked to environmentaal factors (low water
temperature and low salinity) and may be linked to anthropogenic contamination. At present there is
no conclusive evidence for the latter although clearly a precautionary approach to SAC management
would be advisable. Populations have only been studied for a proportion of an individual’s likely life
cycle (~12 out of 40-50 years) and chronic effects may yet materialise.

Health and safety

Bottlenose dolphins may occur in offshore and potentially remote areas. Staff must follow all standard
procedures, particularly in relation to working alone (to be avoided), working in remote areas and work-
ing from small boats. Some specific risks include:

¢ using boats in offshore areas: it is imperative that suitable vessels are used in offshore locations;
weather and sea conditions can deteriorate rapidly creating very hazardous conditions;

e working on isolated beaches/offshore rocks: difficulties associated with landing, wave surges, being
stranded by a rising tide.

Swimming with dolphins is strongly discouraged — there is a potential risk of attack.

It is important to avoid disturbing or harassing dolphins w1th the survey vessel. Guidance is available
on the Whale & Dolphin Conservation Society Internet site,” and the Department for the Environment,
Transport and the Regions (DETR) Internet site.” DETR have recently pubhshed guidelines on minimis-
ing disturbance from whale watching operations under ASCOBANS."

The Wildlife and Countryside Act 1981' (dolphins are a Schedule 5 species) and the Animals
(Scientific Procedures) Act 1986 control and regulate the study of wild animals that involves the cap-
ture and release, handling or remote sampling of individuals. Under this legislation, a licence is
required from the UK Government for all activities that require the capture or handling of bottlenose
dolphins.
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Introduction

Sections 3 and 4 offered a restricted range of techniques for monitoring attributes to assess the condi-
tion of SAC features. The present section will offer advice on how to select the most appropriate
technique from the range of techniques available. Each section starts with a summary of the overall tech-
nique followed by comparative information to assist in the final selection of a technique.

This section is under development and will be expanded as more information becomes available. In
particular, it has not yet been established whether it will be necessary to aggregate data for features
across the SAC site series. If this were required, it would be necessary to standardise the data recording
on each SAC, probably via a single technique and/or method of deployment.
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Monitoring spatial patterns

Introduction

Knowledge of the extent and spatial pattern of an Annex I habitat is an essential part of the assessment
of its conservation status. It is necessary to measure the extent of an Annex I feature during the assess-
ment of whether it is in favourable condition. Inevitably when dealing with spatial issues, the concept
of scale becomes central to all investigations. The attribute of extent can be considered ont two princi-
pal scales: that of the whole Annex 1 feature, and that of individual sub-features. Recording the spatial
pattern of biological resources within an SAC will contribute to monitoring the biological diversity of
the site, and assessing the consequences of any localised anthropogenic activity on the remainder of the
site. A map is a powerful tool for presenting a clear visual synthesis of a complex natural situation.
Maps showing the distribution of habitats and their associated biota are central to many aspects of envi-
ronmental management, environmental appraisal, and the assessment of the natural heritage or conser-
vation value of an area. Unfortunately maps can also seriously mislead a user and misrepresent the real
situation.” A map is only as good as the underlying data used for its preparation. Recording data to pre-
pare maps is a complex, expensive and time-consuming operation. Resources (human and financial) are
generally finite and therefore it is vital that the method chosen is appropriate for the objective of the
study — it is fit for purpose.
Maps have a number of roles in a monitoring context:

e display the baseline spatial pattern of the features in an SAGC;

e support the development of a sampling strategy and, in particular, provide the justification for strati-
fying a sampling regime in a monitoring study;

¢ analyse changes in the spatial pattern and/or areal extent of features in an SAC after a monitoring study.

Scale: broad and fine

A map is a scale drawing of a feature on the earth’s surface.” Scale is central to mapping and maps are
often referred to as ‘broad scale’ or ‘fine scale’. These terms are relative and there are no strict defini-
tions to their actual real-world scale. Broad/fine scale definitions often relate to the techniques used to
gather the data: broad scale maps are usually derived from remote sensing techniques; fine scale maps
are based on direct observation through intensive ground surveys. Normally, ‘broad scale’ refers to a
general picture of the distribution of habitats or biotopes, often themselves defined in general terms —
for example, rock, sand, kelp forest, maerl bed. A ‘fine scale’ map will show the detailed distribution of
habitats/biotopes, with more precise definition of the class boundaries.

Point distribution and continuous coverage maps
It is important to distinguish between two very different types of map commonly used in conservation
studies (see Figure 5-1).

Point distribution maps show the location of a single sampling point in an area, and no assumptions can
be drawn on the areas between the points. For example, a series of grab samples may be taken throughout
a subtidal sandbank to record the presence or absence of a particular species or distribution of biotopes. A
map of the sandbank could show these samples as filled circles for presence, open circles for absence.

Continuous coverage maps display information on every possible location in the surveyed area. For the
latter, the method of data collection for the map has a fundamental bearing on its accuracy. Direct obser-
vation through ground survey will result in a highly accurate map (assuming the method of recording
location is precise and accurate). Alternatively, a map derived from a remote sensing study relies on
deriving a relationship between a ground sample and a remotely recorded image. All areas of the image
whose values correlate with those recorded at the ground sample point are assumed the same as the
ground sample. Thus, the ground classes are not mapped directly at all locations, rather they are pre-
dicted from the remotely sensed image. There will be errors associated with this prediction process, and
therefore the maps will have an underlying degree of uncertainty. Further sampling is required to test the
reliability of these predictions and evaluate the degree of uncertainty. It is possible to create continuous
maps from point samples using a variety of spatial statistical estimation techniques. Nevertheless, any
boundary line can only be drawn midway between dissimilar sample points. The reliability of such maps
is directly dependent on the density of sampling and the heterogeneity of the ground. Remote sensing
can provide the underlying evidence for drawing boundaries at different positions between sample
points, and for interpreting parts of an area where no sample points were recorded.
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Figure 5-1 Diagrammatic representation of point distribution and continuous coverage maps of the biotopes present with-
in a sandbank

Key issues to consider when measuring spatial patterns

To monitor any attribute involving extent, careful consideration must be given to the likely dimensions
of the feature, and whether a continuous measure is required. Such issues will have a significant bear-
ing on the selection of the most appropriate monitoring technique. It is rarely possible to undertake a
direct ground survey of an area larger than a few square kilometres. For subtidal habitats, the situation
is more acute and it is practically impossible to directly map an area greater than a few hundred square
metres without significant resources. Direct observation is therefore only an option for monitoring the
continuous extent of a sub-feature such as a biotope or biotope complex. Remote sensing techniques are
the only practical solution for mapping the continuous extent of a subtidal feature or the spatial pattern
of biological resources throughout an entire SAC. If a continuous measure is not required, standard
remote sampling techniques can be used for point sample observations to compile a map. It then
becomes vital, however, to plan the sampling strategy to ensure sufficient samples are recorded in the
most appropriate spatial configuration to unambiguously sample the entire feature throughout an SAC.
Figure 5-2 presents a basic decision tree for planning a spatial study.
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Figure 5-2 A decision tree outlining some important questions to determine the appropriate techniques for a spatial inves-
tigation

An overview of remote sensing in the marine environment

For many people, remote sensing is synonymous with satellite observation of the earth’s surface. It does
cover, however, a much wider range of instruments as satellite observation has, at present, a rather lim-
ited role in the marine environment. Remote sensing is a generic term describing the measurement of
an attribute from a distance. In the present context, it generally refers to the measurement of an attrib-
ute of the land surface from the air, or the seabed from the water’s surface. There are a wide range of
remote sensing techniques available, differing principally in the type of data recorded (electromagnetic
(light) or acoustic (sonar)), mode of data collection, the storage medium (film, paper or digital), and the
platform on which the instrument is mounted (satellite, aircraft, boat). The optimum combination of
these parameters will depend on the specific requirements of each investigation. A detailed account of
marine remote sensing is beyond the scope of the present volume and only some basic information on
these techniques is presented below. Green and King (2000)° provide a comprehensive review on the use
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of remote sensing for monitoring in the coastal zone. Ecosope (2000b)" provide an excellent summary of
the use of remote sensing techniques for terrestrial habitat survey and monitoring, which is equally
applicable to intertidal habitats. Green et al. (2000)° have published a comprehensive practical guide to
the use of remote sensing for tropical coastal management applications, including subtidal regions; it is
also applicable to clear temperate waters.

Satellite and airborne sensors record electromagnetic spectral (EMS) radiation at a range of wave-
lengths. For most nature conservation applications, the wavelengths in the visible and near infrared are
most useful. Aerial photographs are perhaps the most familiar and straightforward products of airborne
remote sensing. Other remote sensing instruments use an electrical sensor that converts its readings into
digital numbers. These instruments scan the earth’s surface recording the intensity of reflected EMS
radiation over a range of wavelengths; the number of wavelengths or bands recorded varies between
instruments. A black and white image has a single band, a colour photograph has three bands (red, green
and blue), the Landsat satellite’s Enhanced Thematic Mapper records eight spectral bands, and the
Compact Airborne Spectrographic Imager (CASI) records 21 bands. Sensors recording many bands are
termed multispectral. In general, more bands offer a greater potential for reliably distinguishing between
features on the earth’s surface.

Box 5-1 Questions to consider when determining whether remote sensing is required
for monitoring

Question

What is the objective of the investigation?

What are the dimensions of the area?
(scale)
What is the smallest unit to identify?

(spatial resolution)

How similar are the different classes?

(spectral resolution)

What type of product is required?

Comment

Clearly identify the problem, establish the
hypothesis

For example, are you looking to map a whole reef
(broad scale) or individual boulders (fine scale)?

For example, are you trying to map areas of
rock and sand, or trying to map subtle spatial

patterns of different brown algal biotopes?

Do you only need printed output in the form of

maps and/or photographs, or are electronic

products required to integrate with other data?
Are the available funds sufficient? After answering the previous questions, are
additional funds required to provide a solution
to the problem?

While EMS radiation is highly effective for intertidal habitats (at low water), it is strongly absorbed
by water and reflected by any suspended particulate matter. Even in the clearest tropical waters, elec-
tromagnetic spectral images will only show seabed features shallower than 30m below sea level. It is
generally accepted that 15m below sea level is the maximum usable depth for habitat resource map-
ping purposes. In temperate marine systems, there are higher concentrations of particulate material. In
the apparently clear conditions on the open coast of north-west Scotland and the Northern Isles, it is
unlikely that electromagnetic sensors will record usable images for depths greater than 6m below sea
level. For the turbid waters often encountered along the southern North Sea coastline of England, it is
difficult to distinguish any feature below sea level. Acoustic radiation is less strongly absorbed by
water and therefore sound in the form of sonar is used to record images of the seafloor. The distance
sound can travel through water is dependent on its frequency: decreasing the frequency increases the
distance travelled. Sonar systems are either operated from boats where the sensor (called a transduc-
er) is mounted on the hull, or towed behind in a ‘fish’. There are two basic types of sonar: single beam
echo-sounders and swath sonars. Single beam echo-sounders emit a vertical cone of sound that ensoni-
fies a discrete area of seabed (a circle in its simplest form) under the vessel. Swath sonars ensonify a
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strip of seabed perpendicular to the vessel, where the range either side of the vessel is dependent on
the frequency of the sonar. Traditionally, the intensity of the signal reflected from the seabed was
recorded onto thermal sensitive paper to create a sonograph. Modern systems convert the returning
sonar signals into digital information.

For marine monitoring studies, the type of remote sensing technique that should be used is clearly
determined by the depth of the seabed in relation to sea level. For intertidal habitats, electromagnetic
spectral techniques are the most appropriate; for subtidal habitats deeper than 6m below sea level,
sonar techniques are the most appropriate. For the shallow region in between the choice of technique
is less stralghtforward One has to consider the likely clarity of the water before considering EMS tech-
niques, and/or whether the operating depth is sufficient to allow a vessel to manoeuvre when operat-
ing a sonar system.

Prior to commissioning a remote sensing campalgn, it is vital that the questions posed in Box 5-1 are
fully considered.

What final products should be specified?

It is important to consider the format of the output products of the instrument because this has a sig-
nificant bearing on the options available for their interpretation. Traditional paper or photographic
film products provide a readily available image of the shore or seabed that the user can scrutinise to
differentiate different features Visual interpretation of aerial photographs has a long history of use by
the conservation agenmes and people are generally familiar with these products. Printed EMS images
look superficially like an aerial photograph but become less clear When printed at a detailed scale
because they have a lower spatial resolution; they become ‘pixelated’.’ For example, field staff had
some difficulty relating a CASI image with 2m pixels of intertidal habitats of Morecambe Bay to the
saltmarsh features observed on the ground.’ Specifying digital products offers more flexibility to the
analysis and reporting of the results from a remote sensing campaign. Even if a printed output is
required, the data can be edited and filtered to remove erroneous values to improve the final output.
Multispectral data provides the facility to use band combinations other than the simple red/green/blue
combination of an aerial photograph to highlight vegetation features. Digital products can also be
incorporated into geographical information systems to integrate with other data products such as field
sample records. Long-term storage is a further consideration when specifying the output products.
There are significant storage, security and preservation issues associated with printed material that
should not be overlooked. Digital products are easily replicated for storage in different locations but
some consideration must be given to the format of the data. Storing data in a bespoke format may lead
to compatibility issues in the future, if the associated software becomes redundant.

Can the sensor detect the target habitat/biotope: a question of resolution?
Arguably, the most fundamental question to answer when selecting a remote sensing technique is: can
the sensor actually ‘see’ the entity to be monitored? In technical terms, does the sensor have sufficient
spatial and/or spectral resolution to identify the target habitat/biotope. Spatial resolution refers to the
smallest physical size/area of ground that can be differentiated in the final image; for digital images
this equates to the area of ground represented by each pixel. A basic understanding of the area to be
studied is important, in particular the dimensions of the main spatial patterns in terms of patch sizes,
prior to specifying a remote sensing technique. For example, each pixel in a Landsat ETM image rep-
resents an area of 40m x 40m on the ground and therefore will not resolve any feature with smaller
dimensions. Aerial photographs and high-resolution side scan sonar can resolve items <30cm in diam-
eter. Invariably there is a trade-off in cost terms where high resolution generally equates to higher cost
(see below) and therefore the sensor’s resolution should be matched with the dimensions of the target
classes. The scale of the desired map will also set the limit to the sensor’s spatial resolution — see Box
5-2.

Spectral resolution is more complex and often linked to ambient conditions. In simple terms, the

1 For example, by local in situ measurements using a secchi disc.

‘Campaign’ is the standard term used by the remote sensing community to cover the field data collection
activity.

3 An electronic image comprises a grid of rectangular picture elements or pixels where each pixel has an associ-
ated datum value. In its simplest form, a pixel of black and white images has a value of 1 or 0. In a remotely
sensing image of the earth’s surface, a pixel is referenced to a geometric grid (e.g. OS National Grid) and stores
data on the spectral characteristics of the rectangular area of ground it represents.
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remote sensor must ‘see’ a difference between the entities of interest if they are to appear distinct on
the final image. For example a green Ruppia seagrass bed may look the same as a green Zostera sea-
grass bed to a CASI sensor.  Similarly, bedrock covered with an algal turf may ‘look’ the same as
bedrock covered with a faunal turf to a sonar sensor. It should be noted that the converse situation
could also occur where the remote sensor can record differences within a habitat or biotope that are
not easily distinguishable on the ground. Whilst it is possible to review the results of previous inves-
tigations to determine the discriminatory power of the different sensors, ambient conditions can nev-
ertheless reduce a sensor’s discriminatory power at the time of data collection. For instance, high sed-
iment loading of the water in an estuary due to a storm event can significantly degrade sonar data.
There are no simple solutions to offer here other than to spend time investigating the discriminatory
powers of the different sensors in relation to the objectives of the remote sensing study. The procedural
guidelines dealing with remote sensing techniques offer some further guidance in relation to quality
assurance and discrimination.

Box 5-2 An indication of how image resolution affects map scale
Spatial resolution (m) Typical map scale
1000 1:1,500,000
30 1:80,000
20 1:50,000
10 1:24,000
5 1:12,000
1 1:2,000

Are field visits required?

The answer to this question is most emphatically yes! Remote sensors are recording variations in reflect-
ed energy (light or sound) of the shore or seabed and the results are no more than a series of colours on
a photograph or numbers in a computer. These colours and numbers must be interpreted in terms of the
habitat or biological classes present in the field. Collateral data are required to make this interpretation
and a field visit is the only realistic solution. Existing information from previous field surveys may be
used for an interpretation but any environmental changes between the date of recording and the date of
image capture, such as a seasonal change in vegetation cover, will compromise the image interpretation.
Whenever possible, the field visit should coincide with the image capture; coincident survey is essen-
tial if spectrophotometric measurements are required to calibrate the imaging equipment.

How many samples are required? There are no hard and fast rules here, and in practice, the final num-
ber of samples will depend on the resources available. Nevertheless, a comprehensive (ideal?) image
validation exercise to achieve statistical rigour may require at least 50 independent samples per habi-
tat/biotope class.” Image interpretation is a correlation exercise where, in general more information
equates to a more certain link between the variables. Foster-Smith et al. (1999) clearly demonstrated a
reduction in the accuracy of a biotope map derived from an acoustic ground discrimination system with
a reduction in the number of samples used for the image classification. Similar results were reported for
satellite image classification where a 50% reduction in the number of ground samples reduced the accu-
racy of the image from >60% to less than 30%."

A field visit will also be necessary to validate the final interpretation to determine its accuracy. It is
possible to produce some very plausible and visually pleasing interpretations that bear little resem-
blance to reality. An assessment of accuracy is necessary for potential users to make a judgement on
their degree of confidence in the final map. The simplest measure of the accuracy of a map is the fre-
quency with which a ground sample matches the mapped interpretation beyond random chance; it is
often quoted as the Tau coefficient." Mumby et al. (1997)" reported a maximum accuracy of 37% for
satellite imagery, 67% for aerial photographic interpretation and 81% for CASI imagery for detailed
habitat maps (>9 reef habitat classes) of a Caribbean coral reef. Error matrices are more informative than
a single measure where the sample data are listed in columns and the image data as the rows. The diag-
onal cells in the matrix show the frequency of a direct match, and the column and row totals show
where the main mis-matches occur. Foster-Smith et al. (1999)" describe the use of error matrices in rela-
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tion to biological mapping using acoustic ground discrimination systems. When commissioning a
remote sensing study, it is vital that sufficient resources are allocated to the collection of an independ-
ent set of ground samples to verify the accuracy of the final products.

In summary:

¢ Ground sampling is essential for a realistic interpretation of a remotely sensed image.

e Sufficient ground samples must be recorded to give an adequate degree of accuracy for an
interpretation.

¢ A further independent set of ground samples must be recorded to verify the accuracy of the final map.

How much will it cost?

A remote sensing campaign is expensive because it requires significant hardware (from boats to com-
puters), bespoke computer software, staff with technical expertise for data collection and image analy-
sis and field staff with biological expertise. It does, however, provide a vast amount of information on
the distribution and spatial patterns of marine habitats and biotopes. The raw data may be used by other
agencies, giving the possibility of sharing the cost of data capture. For instance, CASI airborne images
can also be used for assessing water quality. A carefully planned ground-sampling programme can pro-
vide both validation data to remote sensing, and provide data for the monitoring of other biological com-
munity attributes such as the presence/absence of a particular species. Mumby et al. (1999)" presented
a detailed discussion on the cost-effectiveness of remote sensing for habitat mapping in tropical marine
systems. They note, ‘... the issue is not that remote sensing is expensive but that habitat mapping is
expensive’, and conclude, ‘.. .the main issue facing practitioners is: What is the least expensive method
to achieve a given habitat mapping task with an acceptable accuracy?”

It is difficult to give any definitive guidance on the cost of a remote sensing campaign due to the many
options available at each stage (sensor, scale, analysis, and products). Some recent calculations were
made for tropical remote sensing.” They also compared the cost of a CASI remote sensing campaign with
a direct mapping exercise based on spot samples (see earlier) for 16km? (the median size of a marine
protected area’) and concluded, ‘... a boat based survey would still be less accurate [than remote sens-
ing], more expensive, and would involve an extra 16 person months of effort.’

What is the most appropriate technique?

Taking account of the issues raised in the preceding text, it would be unwise to recommend a single
technique to monitor an attribute. The final choice will depend on the characteristics of the attribute
itself (such as scale, resolution), the resources (expertise, funds, equipment) available, and the degree of
accuracy required. It is imperative that the questions listed in Box 5-1 are carefully considered prior to
commissioning any spatial investigation. Table 5-2 (intertidal/shallow subtidal) and Table 5-3 (subtidal)
compare the different techniques available in an attempt to make the final choice of technique easier.
Kenny et al. (2000) provides an excellent account of the different technologies available for seabed map-
ping and includes a number of comparative tables (see Table 5-1). They note that there are three factors
to consider when selecting the most appropriate and cost effective (acoustic) system:

1) dimensions of the area to map;
2) range of depths over the survey area;

3) size of the objects to detect (spatial resolution).
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Water depth (m) Multibeam sonar @ 12 kts Feature attribute
Horizontal Maximum Coverage Horizontal Maximum Coverage
width (m) footprint (m) (km? perday) width (m) footprint (m) (km? per day)
10 70 2.4 40 400 1.0 67
50 350 12 195 400 1.0 67
100 700 24 390 400 1.0 67
200 1400 48 780 400 1.0 67

Table 5-1 Area of seafloor mapped by multibeam sonar and side scan sonar in a given time under operational conditions
(from Kenny et al. (2000) - reproduced with the kind permission of the authors)

It should be noted that the technologies available are changing rapidly and the specifications pre-
sented are current at the time of publication. The basic principles, however, should remain constant.
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Monitoring biological composition

Background

Maintaining biodiversity is the main aim of the Habitats Directive.’ Biodiversity itself is generally consid-
ered to encompass the variety of fauna and flora. Each Annex I feature in an SAC should have an attrib-
ute(s) that encompasses the variety of fauna and flora it supports. Theoretically, recording the total num-
ber of species present would provide the optimum measure of the biological diversity of a feature. In prac-
tice, the definition of each marine Annex I feature is sufficiently broad that enumerating the total number
of species would be a near impossible task. Description of the biodiversity of ecosystems can be simpli-
fied by sub-dividing the environment into more easily recognisable units or classes, usually on the basis
of the main physical habitats and their associated characterising species. The term biotope’ is generally
used for biological classes. Recording the number of classes in an area is a more practical proposition and
the total number of classes is considered an appropriate proxy measurement for the total number of
species. The range of biotopes supported by an Annex I feature in an SAC, termed the biotope richness, is
an important attribute to measure the condition of a feature.” Prior to discussing techniques to monitor
biotope richness, it is important to review some fundamental issues regarding the classification process.

Biotope classification

Subdividing a continuous variable into categories can be a subjective or objective process. A subjective
approach is straightforward but often difficult to repeat. An objective rule-based decision process is more
repeatable but often difficult to apply to the ‘irrational’ biological world. In practice, the combination of an
objective analysis with an ‘experienced eye’ is often the optimum solution when deciding where to put the
dividing line in a classification. In 1997, the JNCC published a draft classification of marine biotopes for the
UK and Ireland (Connor et al. (1997) a and b); the final version will be published in 2001. The biotopes were
defined from the results of statistical classification analyses interpreted by marine biologists with consider-
able field survey experience. These analyses used data recorded around the whole of the UK and Ireland
and the descriptions represented this national emphasis. The UK biotope classification was an important
component in achieving a consistent approach to describing marine SACs throughout the UK and estab-
lishing a framework for common standards monitoring. How is the biotope classification used in practice?

Identifying biotopes from field records

Ideally, each biotope should be a recognisable unit in the field whereby a surveyor could simply record
the presence of each biotope as they move around an SAC. In practice, many biotopes require dedicat-
ed sampling techniques to collect their characterising species (for instance, sampling infauna in
sediments), and/or specialist taxonomic skills to then identify these species. More importantly, simply
identifying a biotope in the field without recording any supporting data does not enable subsequent
auditing of field data for quality assurance purposes. Thus the issues of biotope description and biotope
assignment have profound consequences for monitoring studies and should be clearly understood:

¢ The biotopes in the published classification were defined on a national basis, and cannot take account
of all regional or site-specific (i.e. an individual SAC) variations in form. (Biotope description)

¢ Each biotope is a sub-division of a continuum with its description representing a nodal point. A
sample from a transitional zone will have the characteristics of two or more biotopes.
(Biotope assignment)

Most of the monitoring trials undertaken by the UK Marine SACs Project recorded some difficulties in
assigning field records to the national biotope descriptions. It should be noted that these problems were
largely only encountered with subtidal biotopes; fewer problems have been encountered with assigning
intertidal records to a national biotope description. In retrospect, trying to use the national classifica-
tion compromised the results for these subtidal studies and severely reduced the usefulness of their con-
clusions. The concluding message is therefore:

8 The introductory section of the Directive states: ‘Whereas, the main aim of this Directive being to promote the
maintenance of biodiversity,...’

9 A biotope is defined as the habitat (i.e. the environment’s physical and chemical characteristics) together with
its recurring associated community of species, operating together at a particular scale.
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Regional or site-specific biotope descriptions are a fundamental requirement for a
monitoring programme on a marine SAC

Notwithstanding this requirement, there is a need to achieve a degree of consistency in the approach
to compiling any regional description, with explicit links to the national biotope classification, from a
common standard for monitoring perspective (Figure 5-3).

Describing regional biotopes
Baseline survey

l

Assign JNCC to define Mational hierarchy
[0 .

' : — ayn " '

national o new national  —__

biotope biotope - Biotope

w

Powor fit i
JNCC to
D‘ETIJ.IE ‘local :lmm.ul the _—
biotope national
classification

_—* Sub-hiotope

L
Monitoring survey

Figure 5-3 An approach to achieve consistency in defining regional biotopes

Even with bespoke descriptions, assigning field records to a biotope will remain difficult due to the
inherent variability in the natural environment. The biotope classification is hierarchical where many
of the final divisions between very similar biotopes rely on the presence or absence of a small number
of (often inconspicuous) species. If some of these characterising species are not present (or not record-
ed!), the final assignment of the record to a biotope is difficult and becomes more subjective. Field
records must include sufficient information (evidence) to help reduce ambiguities in the assignment
process. Moore (2000) concluded, ‘Problems with species identification should not occur in future
monitoring, as long as surveys are carried out by experienced surveyors and using a checklist which
they have studied in advance.” Similarly, Sanderson et al. (2000)" stated that ‘A biotope “key” may
improve future work of this nature’ (when allocating field records to biotopes).

When assessing the results of a monitoring investigation, any changes in the biotope composition
should consider the magnitude of the difference between the observed and expected biotopes (or the
distance apart in the classification) prior to instigating any management action. A change between close-
ly linked biotopes is perhaps less profound than between biotopes in very different parts of the classi-
fication. For instance, incomplete recording of the full range of species in a kelp forest could be inter-
preted as a generic kelp biotope rather than a previously more diverse tideswept variant (less worrying).
Alternatively, a reduction in the density of kelp leading to a change from kelp forest to kelp park could
be linked to an increase in sediment loading of the overlying water column (more worrying) that could
merit further management action. In such situations, it is essential that the assessor can review previ-
ous records to check the assignment process prior to instigating potentially expensive management
actions. An audit trail is required for quality assurance purposes. Sufficient data must be recorded in
the field, and maintained in an appropriate database, to support future assessment by other staff.

Resolving problems where field records do not match national descriptions is not a solely marine
problem. Ecoscope (2000b)" discuss fitting terrestrial vegetation records to the National Vegetation
Classification (NVC) and mention computer programs to assist the process. JNCC are investigating
whether similar computer-assisted techniques can help in the marine environment. At present, howev-
er, the concluding messages to improve biotope assignment are:
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e Develop checklists to support field recording

e Ensure sufficient data are recorded and stored to support qual-
ity assurance of biotope assignments

e Use suitably qualified field surveyors”
e Familiarise field surveyors with local biotopes

* Develop a key for biotope identification

Measuring biotope richness

Compiling an inventory of the biotopes present in a marine SAC requires a structured approach if
biotope richness' is an attribute used to define the favourable condition of an Annex I feature. Arguably,
remote sensing is the most efficient method for compiling a biotope inventory of a SAC (see previous
section). Unfortunately, some biotopes are beyond the spectral resolution of remote sensors and there-
fore alternative techniques are necessary to record the full range of biotopes present within a feature,
and thereby evaluate biotope richness. Maps derived from remote sensing studies can make a signifi-
cant contribution to the process by indicating the range of habitats and, by inference, the likely number
of biotopes present throughout the site. Such information can assist in planning a sampling programme
to record biotopes. Accurate biotope identification requires direct observation of the seabed, which can
be achieved for many biotopes " using a remote viewing technique via video cameras or sediment sam-
pling devices. There are two issues to consider when planning an investigation into biotope richness for
monitoring the condition of a marine SAC:

¢ Do I need fixed (permanent) stations?

e How do I repeat (standardise) the recording?

Fixed stations provide greater precision for monitoring by reducing spatial variability between sampling
events, but there are significant overheads in relation to relocation and maintenance. For mobile subti-
dal habitats such as sandbanks, the problems of permanent marking are even more acute. Furthermore,
to record biotope richness throughout a site requires many sampling stations that would in reality,
become an overwhelming burden on a monitoring programme. Accurately relocating a site has clear
time implications, where this extra time could usefully allow additional sites to be sampled to increase
the statistical power of the sampling strategy. Thus fixed stations are not considered appropriate to
measure the biotope richness of Annex I features.

It is vital to adopt a standardised approach to recording biotope richness if the results are to reliably
contribute to the assessment of condition of an Annex I feature. The most important aspect to stan-
dardise is the recording effort. It is well documented that the total number of species recorded will
increase with the number of samples collected. It is logical to extend this concept to recording the num-
ber of biotopes in an area. Standardising (or limiting) the recording effort must be applied at two spa-
tial scales: the whole feature level and the individual sample level. At the feature level, clearly it will
be necessary to record the same number of samples at each monitoring event. At the sample level,
Sanderson et al. (2000) discuss various aspects of effort limitation, although perhaps the most impor-
tant are time and distance. Ultimately, both time and distance relate to the area of seabed actually sam-
pled at a location, which should remain constant between samples and monitoring events.

10 Staff must have experience of both the recording method and sufficient taxonomic expertise to identify the
likely range of species present. It may be necessary to have bespoke training sessions prior to the monitoring
event. These issues are very important to achieve satisfactory QA/QC.

11 The number of biotopes supported by a feature. It will be necessary to specify the finest level in the hierarchy
of the biotope classification to which any sample will be classified to ensure a standard and consistent
approach.

12 Remote viewing will not discriminate between biotopes that are defined on the presence or absence of small
filamentous or cryptic species.
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Determining the sampling strategy and the number of samples necessary is a more complex issue that
is not fully resolved at the present time. For species recording, the optimum number of samples is often
derived from a pilot study where the area is intensively sampled to generate a species/effort (or area =
no. of quadrats) graph. The resulting graph is used to determine the number of samples necessary to
record the total number of species in the area.”” For many biotopes, the number of samples required to
record all the species present is likely to be prohibitively expensive and thus an acceptable level will
need to be determined. It is possible to use mathematical techniques (rarefaction method, bootstrap pro-
cedure or jackknife estimate™) to estimate the fotal number of species based on a selection of random
quadrats. A similar approach could be adopted for recording biotope richness. Due to the nature (habi-
tat versus physiographic feature) and the large geographical extent of some marine Annex I features in
the UK (Wash, Morecambe Bay), the optimum sampling strategy is likely to have significant financial
implications. It is possible that a smaller representative area within a feature could be ‘sub-sampled’ as
a proxy to assess condition for the whole feature. The long-term implications of such an approach have
yet to be fully explored. Sub-sampling itself requires careful consideration of the location and number
of sub-units necessary to reliably assess biotope richness throughout the entire feature.

In summary, to record biotope richness it is considered necessary to:

Standardise the number of stations sampled

Standardise the sampling effort at each station

What is the most appropriate technique?

A range of techniques is available for the direct observation of the seabed (intertidal and subtidal) to
identify the biotopes present. The Countryside Council for Wales (CCW) completed a comprehensive
evaluation of techniques in their contribution to the UK Marine SACs Project.” Their results are includ-
ed in Table 5-4 and Table 5-5. It should be noted that the level and quantity of data recorded by these
different techniques do vary, and it may be possible to record information to address more than one
attribute from a sampling exercise using a single technique. For example, by taking a grab sample to
identify a sedimentary biotope, the sample may be retained for both particle size analysis and to enu-
merate the number of infaunal organisms present to estimate biomass. These additional uses of the same
sample have clear implications for the cost-efficiency of the technique.

13 A review of the number of samples to take is provided by Baker and Wolff (1987)
14 For an explanation, see Krebs, CJ (1998) Ecological methodolgy. Addison Wesley Longman Inc., California.
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How do | measure the quality of the biological component of a feature?

Quality is a difficult term to define in the context of environmental management. Reminding ourselves
that the Habitats Directive aims to conserve biodiversity, quality in SAC terms should be interpreted in
terms of the definition of biodiversity. That is, the variety of life within an SAC. There is a scale issue
to consider and the previous section considered the variety (richness) of biotopes within a site. Biotopes
are defined based on a limited number of characterising species but all blotopes will also support very
many additional species. Biotope definitions are not exact and the faithfulness” of their characterising
species will not be 100%. Consequently, not all the characterising species listed in a biotope descrip-
tion need to be recorded for a sample to be assigned to that biotope. Simply monitoring the number of
biotopes present within a feature may mask some important changes in the overall biological composi-
tion. It is possible that the number of characterising species in each biotope could decline over a series
of monitoring cycles, or the range of characterising species present may change over time, without
reducing the number of biotopes in the feature. Thus, only measuring biotope richness may not provide
an accurate picture of the condition (= quality) of a feature. To monitor the quality of a feature, it is
therefore vital to make a quantitative assessment of the species complement present within a biotope
(characterising species and others), including the abundance of individuals”. The quality of a biotope
is often measured using indices of species richness or species diversity (see Box 5-3) although the value
of this approach for monitoring purposes is subject to debate.”

Box 5-3 What is meant by the terms ‘species richness’” and ‘species diversity’?

Species richness is defined as the number of species present in a biotope
Species diversity is a dual concept incorporating the number of species present, and the
evenness with which the individuals are divided amongst these species

The concept of quality can also be applied at the level of individual species where the presence or
absence of a species may be an important attribute of a feature. For example, a species may be used as
an 1nd10at0r of the ‘health’ of a feature (for a discussion on the use of indicator species’ see: Rowell
1994" and GESAMP 1995"), or a surrogate for another attribute. Assessing the favourable conservation
status of an Annex I feature includes an evaluation of the status of its typical species.

Monitoring attributes to assess the quality of a feature all require the enumeration of the number of
species and/or the number of individuals present. For most marine species, the size and complexity of
marine Annex 1 features, and the life-cycle/nature of marine Annex II species, preclude any attempt at
counting the entire population. Sampling is therefore required.

How do I sample a population?

Population estimates for species are generated from a sampling programme where the number of indi-
viduals is enumerated for a small fixed area. Brown' relayed the following quote to explain the concept
of sampling: Dr Johnson said that you do not have to eat whole ox, in order to know that the meat is
tough’! Brown’ presents an excellent explanation of the principles and practices behind sampling in
relatlon to common standards monitoring. Sampling is also described in detail by most standard eco-
logical " and statistical “ " texts. Ecoscope (2000a) explain sampling procedures in the context of
designing a monitoring programme to assess site condition. The most important issues relating to sam-
pling are:

29 A highly faithful species is restricted to the defined habitat for the biotope; a poorly faithful species is found
very widely in the relevant major habitat. Definitions taken from the National Biotope Classification.

30 Determining abundance of individual is important for the same reason as counting the number of species in a
biotope — the abundance could decline without reducing the number of species, indicating some management
action may be necessary.

31 A species whose characteristics (presence/absence, population density, dispersion, reproductive success) are
used as an index of attributes too difficult, inconvenient or expensive to measure for other species or envi-
ronmental conditions of interest: Landres, P B, Verner, J, and Thomas, ] W (1988) Ecological uses of verte-
brate indicator species: a critique. Conservation Biology, 2, 316—328.

32 Surrogate species are likely to change if the whole biotope is changing and therefore may be considered to
represent the whole community.
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e the pattern of sample recording
¢ the number of samples recorded
e the size of the sample area: the concept of the quadrat

e the method of enumeration

What size quadrat should | use?

To standardise field recording to ensure the results are comparable between samples and monitoring
events, it is imperative that a standard recording unit is adopted. Such standardisation is most easily
achieved using a quadrat. A quadrat is ‘some sort of square, rectangular or circular frame ... [that] pro-
vides some discipline for recording information about the habitat or vegetation’.” Quadrat size (and
shape) will affect the measurement type and the efficiency of recording. The choice of the size of the
quadrat is fundamentally related to the characteristics of the population under investigation, and par-
ticularly to its spatial organisation; estimates for populations with an aggregated distribution are most
affected by quadrat size. The most appropriate method used for choosing the optimal quadrat size is the
subject of considerable debate with views ranging from a ‘gut feeling/easy deployment’ approach to rig-
orous statistical analysis.” Ecoscope (2000b) devote an appendix to the issue of selecting an appropri-
ate quadrat size and note that ‘there is no simple rule for calculating optimal size [of quadrats]’. Andrew
and Mapstone (1987)" present a useful discussion on the topic and provide many references to other
investigations. (Boz 5-4)

The results of the UK Marine SACs Project monitoring trials provided some guidance on the most
appropriate quadrat size although no dedicated investigations were undertaken. Overall, 0.1m?2
quadrats were appropriate for dense a faunal and/or algal turf, 0.25m?2 for most other assemblages, and
1m? for counting large organisms such as the brown alga Halidrys siliquosa or the northern sea fan
Swiftia pallida.

Green (1979) (quoted in Andrew and Mapstone 1987) noted that ‘Those who skip this step [pilot
study] because they do not have enough time, usually end up losing time.’

What counting technique should I use to estimate abundance?

There are four different techniques commonly used to estimate the abundance of a species:
1
2
3
4

percentage cover

actual counts

frequency of occurrence (in a quadrat) .
Box 5-4 Key conclusions from Andrew &

Mapstone (1987) on the choice of quadrat size.

~— O

abundance scales

Points 1-3 are quantitative, 4 is a semi-

quantitative measure based on a subjec- Estimates of average abundance obtained from larger quadrats
tive assessment of abundance by the | will be less affected by the spatial patterns of the organisms
recorder. Even when rigorously applied, | under investigation.

the subjective element of abundance scale . . o . .

. . For a given sample size, the precision of a sample estimate will
datfi h?a'ds to considerable inter-recorder | jncrease with increasing quadrat size until the size exceeds the
variability and therefore they are not | average distance between aggregations in the population.

appropriate for species monitoring.” - ¢ h d ffoct th . dth
Furthermore, semi-quantitative data can- ape o t ° qua rat may affect the precision, and the amount
of ‘boundary’ relative to the area or volume of the

not be used for most statistical analyses sample unit should be minimised.

routinely used for hypothesis testing.
There are no hard and fast rules for the | Where the spatial arrangement of the organisms is unknown
(or not important), the smallest quadrat should be at least one

Chom? betweep the thre(‘e quantltat,lve order of magnitude larger than the size of the largest organism
counting techniques. In a ‘straw poll’ of being counted.

participants in the UK Marine SACs
Project monitoring trials, staff felt that A cost/benefit analysis is e.ss.ential to compare quadrat size,
frequency estimates were simpler to MTELBGE @37 el GTmel cisteHerneg:

undertake and therefore they had more It is often more economical to take a larger number of the
confidence in the results; a view borne | smallest quadrat size

out by the conclusmns drawn from a
study of Loch Maddy, " but contradicted by a similar study in Plymouth " Table 5-6 provides some basic
recommendations based on the studies completed by the UK Marine SACs project.
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Table 5-6 Suggested monitoring application of different counting techniques

Type of count Application

Percentage cover Estimating community composition; density of indicator species; algal composition
of a community; density of colonial species

Actual counts Estimating ratio of kelp species; density of sea fans; density of cup corals

Frequency of occurrence  Estimating community composition; density of mobile species

This table will be expanded to include the advantages and disadvantages of each counting technique
when information becomes available.

How do | sample sediment habitats

Most of the fauna of sediment habitats lives within the sediment. For subtidal sediment habitats, there
is some debate on whether the biotope can be defined by the species living on the surface (the epiben-
thos). There are few epibenthic species visible on intertidal sediment flats at low water. It is necessary
to excavate the sediment to sample the full range of species in sediment habitats. All the earlier dis-
cussions on quadrat size and counting methods equally apply to sediment sampling techniques. The
only difference is that one needs to sample a standard volume of sediment rather than a standard area
as provided by a quadrat. A standard volume is collected with a container of known dimensions
although the actual method of deployment will vary between intertidal and subtidal habitats. For inter-
tidal habitats, the most common

method of sampling uses a core or box,

which is driven into the sediment and Box 5-5

then carefully dug out with its contents Standard texts for sediment monitoring

intact. Divers can also use a similar

technique for subtidal sediments, par- * Green b0031§ for UK National Marine Monitoring
ticularly coarse sediments such as Programme

maerl. Divers may use a suction sam- ¢ ICES (Rumohr, H. ed.) Techniques in marine
pling device to excavate a known vol- monitoring: soft bottom macrofauna: collection,
ume of sediment from within a frame. treatment and quality assurance of samples. See:
However, a mechanical grab or corer http://www.ices.dk/pubs/times/times.htm

operated remotely from a support ves- e International Standards Organisation (ISO) guidelines
sel is the most common method of sam- for quantitative investigations of marine soft bottom
pling subtidal sediments. After recover- benthic fauna (draft only)

ing a standard volume, the contents are

passed through a mesh to separate the
fauna from the sediment and the biotic material is then preserved for enumeration in the laboratory.
Infaunal species vary in size from the meiofauna attached to individual sand grains (pm) to large
(>10cm) bivalve molluscs. The size of the mesh will determine the precise fraction of the infaunal
assemblage retained for future analysis. The most common mesh sizes used are 2mm, 1mm, 0.5mm and
0.125mm. Mesh size is an extremely contentious subject in benthic ecology and it is difficult to provide
any specific recommendations without starting a heated debate. Clearly the size distribution of indi-
viduals in the target community must be considered: there is little value in using a coarse mesh (2mm)
to sample an assemblage of tiny polychaetes in soft mud because most individuals will pass through the
mesh! In contrast, using too fine a mesh in coarse sediments will result in a large volume of residue that
will take a long time to sort through in the laboratory and therefore have significant financial implica-
tions. A study of sandbanks in Plymouth Sound cSAC for the UK Marine SACs Project’ investigated the
difference between three mesh sizes (5mm, 1mm and 0.5mm). Similar results were obtained for 0.5mm
and 1mm mesh although significantly lower values were recorded for abundance, species richness and
species diversity for the larger mesh. Nevertheless, they concluded that a 1mm sieve would ‘... proba-
bly be the optimum size for future sampling’, because the reduction in sampling efficiency (of
species/individuals) would be more than compensated by the reduction in the time taken for sample
analysis. The National Marine Monitoring Programme " requires samples to be sieved at both 0.5mm and

33 The Green Book is a controlled document distributed by Fisheries Research Service, Marine Laboratory,
Aberdeen (contact Dr Gill Rodger rodgergk@marlab.ac.uk). The text may be downloaded from.
http://www.marlab.ac.uk/greenbook/GREEN.htm

34 See Chapter 1.
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1mm, but only the 1mm results are reported for offshore and intermediate sites; both the 1mm and
0.5mm results are reported for estuarine sites. The International Council for the Exploration of the Seas
(ICES) guidance on sediment sampling (Rumohr 2000) recommends a 1mm sieve for ‘descriptive sur-
veys’, and further recommends that where a finer mesh is required, the samples are split into fractions
by mesh size. Thus:

e Samples should be processed through a 1mm sieve, unless previous investigations indicate a finer
mesh is necessary to adequately sample the target biotic assemblage. Where a finer mesh is necessary,
the sample should be sub-divided to provide a 1mm mesh fraction.

So what techniques should I use? Sediment monitoring has a long history and there are many texts
describing ‘standard’ methods (Box 5-5). Clearly, the most important issue is to ensure the sampling
method will fully address the attribute under investigation, and the parameters are fixed for future mon-
itoring.

Finally, the clear recommendation for sediment sampling is:

There should be a pilot study to compare the relative accuracy and relative
precision and the cost-benefit of different sample and mesh sizes, prior to
establishing a monitoring programme

Future developments

The information provided in Chapter 5 was drawn from both the scientific literature and the results of
the monitoring trials undertaken by the UK Marine SACs project. Thus it is mostly theoretical (although
derived from practical studies) and its applicability to SAC monitoring programmes has yet to be fully
evaluated. These sections will be updated in the electronic version of the handbook when more infor-
mation becomes available.

Additional sections are planned to address other attributes. Specifically, we hope to prepare advice
on monitoring biological structure and the physical properties of Annex I habitats, and techniques for
monitoring Annex II species.
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O Procedural guidelines

Caroline Turnbull and Jon Davies

The following table lists the techniques for which guidance will be available. The status column indi-
cates the current stage of development for each procedural guideline. Those guidelines whose status is
listed as in prep.’ or ‘planned’ are not included in the current version (March 01).

Attribute Number Full title of guideline Summary title Status
Extent
1-1 Intertidal resource mapping using aerial photographs Intertidal resource mapping finished
1-2 Fixed viewpoint photography Viewpoint photography finished
1-3 Seabed mapping using acoustic ground discrimination AGDS finished

interpreted with ground truthing

1-4 The application of side scan sonar for seabed mapping Side scan sonar finished

1-5 Mosaicing side scan sonar images to map seabed Mosaicing sonar images in prep.
features

1-6 Mapping extent using point samples Point sample mapping in prep.
Satellite and airborne multispectral remote sensing Remote imaging planned
Aerial photography and photogrammetry Air photo interpretation planned
LIDAR LIDAR planned

Physical properties

2-1 Measuring water quality parameters: clarity, Measuring water quality in prep.
chemistry, density, salinity and temperature

2-2 Sediment profile imagery Sediment profile imagery  finished

2-3 Undertaking a physical survey of littoral and Surveying sea caves finished
sublittoral sea caves

2-4 Determining the structure and particle size Particle size analysis in prep.
composition of sediment

Routine monitoring of water chemistry parameters Water chemistry data planned
using in situ data loggers loggers

Analysing the chemical structure of marine sediments Sediment chemical analyses planned

Measuring bathymetry using standard hydrographic Bathymetric mapping planned
techniques
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Attribute Number Full title of guideline Summary title Status
Biotic composition
Biotopes

3-1 In situ intertidal biotope recording Intertidal biotope ID finished
3-2 In situ survey of intertidal biotopes using abundance Intertidal ACE finished
scales and checklists at exact locations (ACE surveys)
3-3 In situ survey of subtidal (epibiota) biotopes and Subtidal biotope ID finished
species using diving techniques
3-4 Descriptive and quantitative surveys using remote ROV in prep.
operated vehicles
3-5 Identifying biotopes using video recordings Drop-down video finished
3-6 Quantitative sampling of intertidal sediment species  Intertidal core sampling finished
using cores
3-7 In situ quantitative survey of subtidal epibiota using  Subtidal quadrat sampling finished
quadrat sampling techniques
3-8 Quantitative sampling of sublittoral sediment biotopes Sublittoral coring by diver finished
and species using diver-operated cores
3-9 Quantitative sampling of sublittoral sediment biotopes Grab sampling finished
and species using remote-operated grabs
3-10 Sampling marine benthos using suction samplers Suction sampling finished
3-11 Littoral monitoring using fixed quadrat photography  Intertidal quadrat finished
photography
3-12 Quantitative surveillance of sublittoral rock biotopes  Sublittoral photography final draft
and species using photographs
3-13 In situ surveys of sublittoral epibiota using hand-held Subtidal hand-held video  finished
video
3-14 In situ survey of sublittoral epibiota using towed Towed sledge finished
sledge video and still photography
Species
4-1 Sampling fish and demersal fish populations in Fish in subtidal rock habitats finished
subtidal rock habitats
4-2 Recording benthic and demersal fish in dense Fish in vegetative cover finished
vegetative cover
4-3 Sampling benthic and demersal fish populations on Fish on sediments finished
sediments
4-4 Sampling fish in rockpools Fish in rockpools finished
4-5 Techniques for monitoring the abundance and Bottlenose dolphins draft
behaviour of bottlenose dolphins
Using the National biotope classification for planned
monitoring
Biological structure
5-1 Assessing the population structure of Modiolus Mollusc shell ageing in prep.
modiolus reefs by shell ageing techniques
Measuring the vertical distribution of species or Shore profiling planned
biotopes using levelling
Measuring spatial patterns using transect survey Transect survey planned
techniques
General dGPS finished
6-1 Positioning by differential GPS in near-shore tidal waters
6-2 Relocation of intertidal and subtidal sites Site relocation finished
6-3 Specimen collection, preservation and storage Specimen collection finished




Procedural Guideline 1-1
Intertidal resource
mapping using aerial photographs

Francis Bunker, MarineSeen,” Bob Foster-Smith, SeaMap’ and
James Perrins, exeGeslS SDM Ltd’

Background

Shore mapping aims to create maps showing the distribution of biotopes along with associated informa-
tion, such as the occurrence of rare species, details of habitat, etc. Biotopes are located on the shore and
matched to features shown on recent colour aerial photographs (corrected to allow an Ordnance Survey
grid overlay). The biotope boundaries are then defined on the photograph (as ‘polygons’) and target notes
made on biotopes and features of interest together with detailed quantitative data if required. Integral to
the methodology is the collating of the biological data, together with aerial photographs and digitised
1:10,000 OS maps on a PC-based Geographical Information System (GIS) such as MapInfoTM or ArcView
(ideally linked to a database).

The precise methodology varies slightly between workers, but generally follows that described in
Foster-Smith and Bunker (1997) and Wyn et al. (2000). Shore biotopes are classified according to the
national classification (Connor et al. 1997); however, it is important to recognise and properly describe
the regional character and variants of biotopes in each area of study. Maps may be displayed in a variety
of ways, depending on the end-user requirements, either using life form colours (Foster-Smith and
Bunker 1997) or biotope complex colours (Connor et al. 1997). Perrins and Bunker (1998) discuss the
merits of presenting the same map in different ways.

Shore mapping is primarily designed to record the broad-scale distribution of biotopes for baseline
mapping. However, following trials on rocky shores oiled by the Sea Empress spill, Bunker and Bunker
(1998) concluded that the method also has a useful role in surveillance studies and in the planning of
monitoring strategies. A useful discussion of the limitations of shore mapping in monitoring sediment
biotopes is given in Perrins and Bunker (1998).

A study of shores in Pembrokeshire, Wales affected by the Sea Empress oil spill provided examples of
how large-scale changes over time were detected by detailed shore mapping and target noting (Bunker
and Bunker 1998). Figure 1 shows biotope maps of a limestone shore approximately 6 months and 17
months after the spill. These maps are coloured according to life form (Foster-Smith and Bunker 1997)
and show biotopes classified according to Connor et al. (1997). Local variants of biotopes were recognised
in order to describe particular characteristics of the shore, and subtle changes that took place. Many of
the subtle changes that occurred on the shore were not easily shown on a map. Examples of these includ-
ed the bleaching and subsequent recovery of crustose coralline algae in some kelp biotopes and growths
of Pelvetia canaliculata, which appeared in the ELR.MB.BPat.Cht (Chthamalus montagui and Lichina
pygmaea) biotope. Such details were recorded as target notes and subsequently discussed in the report.

Estuary Cottage, Bentlass, Hundleton, Pembrokeshire SA71 5RN, UK.

Department of Marine Science and Coastal Management, Ridley Building, University of Newcastle-upon-Tyne,
Newecastle-upon-Tyne NE1 7RY, UK.

3 The Smithy, Cosheston, Pembroke, Pembrokeshire SA72 4UH, UK.
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Purpose

Attributes measurable by shore mapping

e distribution of individual or groups of biotopes, biotope complexes and life forms present in an area

¢ extent of individual or groups of biotopes, biotope complexes and life forms present in an area

e diversity of biotopes present in an area

e other attributes attached to polygons in the form of target notes, such as species information, condi-
tion of biotopes (Bunker and Bunker 1998) and sensitivity (Cooke and McMath 2000)

Although not essential, the use of GIS, especially when linked to a database, greatly facilitates measur-
ing of various attributes of shore mapping, including the following.

Applicability of shore mapping to other survey objectives
Compile an inventory / re-inventory biotopes or biotope complexes present in a defined area.

Advantages

e The maps can show the overall distribution of biotopes over large areas of shoreline and can be invalu-
able for developing resource management and monitoring strategies.

e The maps can highlight and help quantify large-scale changes in biotope distribution.
e Aerial photograph interpretation is a tried and tested technique.

¢ Data stored in a GIS are more flexible and can be interrogated in a number of ways. Entering field data
directly to a PC has several advantages. As well as being quick, it cuts out sources of error which can
be created by in-between paper stages.

Disadvantages

e It is important that the limitations are fully understood. The colour maps produced on a GIS can
appear impressive, but their accuracy together with the biotope boundaries must always be scruti-
nised. Many shore species and communities occur along a continuum and therefore biotope bound-
aries are often artificial and subjective.

¢ Mapping biotopes with strict adherence to the present national classification (Connor et al. 1997a, b) may
not take account of regional characteristics. So it is essential that proper local descriptions are prepared.

Small features or species of interest may be overlooked where a large area is being studied. For example,
intertidal Zostera plants may virtually disappear from sediment flats due to winter die-back and grazing
by wildfowl (Perrins and Bunker 1998) and the low density may be missed by ground validation.

It is difficult to represent the quality of a biotope. The importance of target notes and quantitative
studies associated with mapped biotopes is stressed.

e An important biotope may not be a mappable unit resolved by the aerial photograph.

Photographs may not be taken at the same time as the survey, particularly at low water. However, it is
important to use recent aerial photographs. On sediment shores, features can shift over short time
scales (between tides in some cases) and this will affect the accuracy of maps produced (see discus-
sion in Perrins and Bunker 1998).

The aerial photographs available to a study may not be of high enough resolution or quality for shore
mapping.

Logistics

Pre-survey
Time should be allowed before the survey to obtain aerial pictures, scan, digitise and ortho-
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rectify’ them prior to incorporation into a GIS. If data are to be collated electronically at the time of the
survey, aerial photographs for annotation must be prepared prior to the work commencing. Photos must
be recorded/analysed at the start, prior to planning fieldwork.

Proper planning of fieldwork is essential for efficient use of the limited time the whole shore is uncov-
ered. As a guide, effective shore mapping work can be carried out for a maximum of 4 hours (2 hours
either side of low water) in any period of one low water. Fieldwork should only be carried out during
the two to three days either side of spring tides.

Field

The amount of shore that can be covered during a single low tide by a pair of surveyors will vary
depending on a number of factors. These include the quantity of information required as well as the
complexity and accessibility of the coastline. Wyn et al. (2000) discuss survey speeds on different shore
types and quote an average speed of 0.6 km/hour or 2.4 km/tide assuming four hours of survey per tide.

The precise equipment to be taken into the field depends upon the information required, but as a
guide, a list is given below. Most of the items for general shore work are self-explanatory. A dGPS is
essential, especially where points of reference are unclear in the field, e.g. in the middle of an extensive
sediment area or positioning or the confirmation of boundaries.

Biotopes on hard substrata do not generally require specialised equipment for sampling. However, for
sediment habitats some sampling of the infauna is needed to identify the biotope. A general description
of sediment biotopes can be obtained by digging over an area for conspicuous macrofauna and sieving
for smaller macrofauna; voucher specimens should be kept for detailed laboratory examination.

A small boat (e.g. an RIB or inflatable) can be useful, even essential along inaccessible rocky coasts
and in areas of extensive sediment. (Flat-bottomed boats are most suitable for use on sediment flats.)

Equipment

e clipboard (weather-writers are good for fieldwork)

e printouts of scanned aerial photographs for annotating (laminated copies are most sturdy)
e space pen or 4B pencils for annotating colour photographs

e A4 copies of Ordnance Survey maps (enlarged if necessary)’

e field notebook for recording biotopes, target notes and shore profiles

¢ Site Forms (the MNCR site record form)

¢ MNCR Biotope Forms (for new biotopes)

e collecting equipment for voucher specimens

e camera (for transparencies/prints and preferably weatherproof) or digital camera/video (or Polaroid
camera)

e compass and hand-held differential Global Position System (GPS) (tracking facilities and an interface
to download to a PC are desirable features)

* hand lens
e safety equipment including mobile phone, VHF radio, personal protective clothing, first aid kit, life jacket
e tide tables

Extra equipment needed for sediment shores
e spade

¢ sieve (1mm mesh size)

e sample containers (if voucher specimens are to be kept)

Optional equipment
¢ hard-hat (for working under cliffs or in caves)

4 Otho-rectification removes all the camera distortions, and also corrects what is known as relief displacement
(the fact that the top of a hill is closer to the camera and so appears artificially enlarged).

5 N.B. A licence is required to copy OS maps.
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e hand held flares

e binoculars

¢ MNCR Biotopes Manual (where a good working knowledge is lacking)
e Field Guide to Seashore Mapping (Bunker and Foster-Smith 1996)

Personnel/time

Each field recording team requires at least one marine biologist, skilled in the recognition of biotopes in
the field. Other skills required are the ability to operate a GPS, and to interpret maps and aerial photo-
graphs. When a boat is used, appropriate seamanship skills are required. For lab-based work, basic skills
in the use of GIS are required.

Writing up field data

A day’s worth of data from a pair of field workers will take four to six hours to ‘write up’. This includes
the downloading of GPS information, digitising of polygons (or preparing fair maps), writing up target
notes, drawing profiles and logging of photographs. All target notes, descriptions and photographs
should be clearly geo-referenced either to polygons or to known locations (e.g. a GPS waypoint). If a PC
is not available to field workers, all data should be transposed onto paper and a neat map drawn and
clearly labelled. It is essential that all the information is collated in such a way that it can be readily
entered into a GIS at a later date. If producing a paper copy it is particularly important that polygon
boundaries are made clear. Surveyors must keep up with the task of writing up as the survey progress-
es and sufficient personnel and time should be allowed for this on survey.

Data collation and analysis

Where more than one field team has been entering data into a GIS and database, time must be allowed
for amalgamation of data. The more thoroughly data collation is carried out following each field work
session, the less arduous the task of producing the final maps and data output.

Method

Preparation

Good quality colour aerial photographs taken at low water of spring tides at a scale of 1:10,000 provide

the best information for shore mapping. Photographs taken at a larger scale may not show enough detail

to be useful. If the photographs are loaded into a GIS on a computer prior to the fieldwork, they can be

printed out at any required scale for field annotation. Additional background maps (available from the

Ordnance Survey), and grid lines can also be overlain prior to printing. The more information that can

be made available to the field surveyor, the easier the job of locating one’s position in the field becomes.
There are a number of methods for loading aerial photographs into a GIS system:

(1) scanning and registering
(2) scanning, warping (or rubber sheeting) and registering
(3) scanning and ortho-rectification

For each of the above methods, the photographs should be scanned (ideally at a resolution of 300dpi or
higher) and registered (i.e. identify points on the photograph — sometimes called control points — and obtain
the co-ordinates for the same point from a map). Registration is normally done using about 5 control points.

Warping (sometimes referred to as rubber sheeting) requires an additional software tool. By using
additional control points, the aerial photograph is fitted more closely to the real map. ‘Rubber sheeting’
is a term used to describe the technique, as it is analogous to printing the aerial photograph on a sheet
of rubber, and then using pins to hold each of the control points in the correct position. The end result
is that all the control points are correctly located, and the photograph is stretched between these points.
In practice it means that the further you are from a control point, the greater the inaccuracies.

The only truly accurate method for loading an aerial photograph into a GIS is through ortho-rectifica-
tion. The inaccuracies may seem small, but they tend to be cumulative, especially if you are trying to
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‘mosaic together’ a number of aerial photographs. Without ortho-rectification it becomes virtually
impossible to line up neighbouring photographs. This again requires additional software such as
OrthoPhoto by exeGesIS SDM Ltd. It also requires the digital terrain model (DTM), which can be pur-
chased from the Ordnance Survey for about £50 for a 20 x 20km tile (at the time of writing). This is used
to remove the relief displacement errors.

Colour maps for use in the field should then be printed at a scale of 1:5000 or greater (depending on
the detail required by the survey). By printing them from a properly corrected set of aerial photographs,
any area can be printed regardless of whether it was originally split between two or more photographs.
It is useful to print grid lines on top of the aerial photographs. Problems of orientation on the shore can
occur, for example, when working below cliffs or far from shore on sediment flats where land features
cannot be seen. The availability of grid lines and a GPS that gives read-outs in OS co-ordinates can be
invaluable in such instances.

Wyn et al. (2000) describe a technique of producing ‘wire frames’ by tracing recognisable features from
aerial photographs prior to the field survey. This can be useful when copies of aerial photographs are
not available for annotation in the field. Visible polygon boundaries are traced by laying a clear acetate
sheet over an aerial photograph or by using a GIS. Other visible features, which will be useful for ori-
entation in the field, can also be included, such as field boundaries, roads, groynes, streams, houses and
access points. The wire frame map can then be transferred onto waterproof paper and annotated in the
field with biotope information and polygon boundaries adjusted as required.

Field recording

Prior to beginning any fieldwork, it is important that the whole survey team gets together to agree
recording procedures and biotope identification. Biotope recording is not an exact science and biotopes
in the National Classification (Connor et al. 1997) can vary visibly from region to region. A ‘training ses-
sion’ may take most of one working tide but is essential in order to ensure consistency in recording
between team pairs.

When taking aerial photographs into the field, recorders must match biological features with those
identified from aerial photographs. These features are then labelled with dominant biotopes and their
extents marked on the printed aerial photographs as polygons. It is important for later data handling that
each polygon is given its unique field identification code (e.g. FB12).

In particular, on rocky shores, polygons may contain more than one biotope, e.g. algal/faunal domi-
nated zones interspersed with rock pools, overhangs, gullies, etc. Guidelines for recording/mapping
mixed biotopes are given in Foster-Smith and Bunker (1997); see Figure 1. Notes on subordinate
biotopes in polygons together with any features of importance should also be recorded, together with
positional information where possible (e.g. GPS waypoints). Profiles of shores or sketches of important
features should be completed in field notebooks whenever a major change is encountered. These pro-
files are especially important to give information on zonation patterns on steep or vertical shores. It is
important that estimates (or measurements) of horizontal and vertical scale should be included on all
diagrams and that these should be geo-referenced.

If required, biotope boundaries and the positions of particular features, such as gullies, can be record-
ed precisely using differential GPS. This may be useful for recording changes of features such as inter-
tidal Zostera beds. Biotope boundaries can be difficult to interpret from aerial photographs of sediment
shores. It is important to make decisions over biotope boundaries in the field and complete polygon
maps as fully as possible. Delaying difficult decisions simply results in further inaccuracies. As it is
impossible to cover every square metre of shore, it is important to record how much of the shore area
has been visited during the survey. If the GPS has a tracking function, it can be useful to show exactly
where surveyors have been. The GPS tracks can later be downloaded to a PC with appropriate software.
A map of tracks can then be produced which will give future surveyors a guide as to the intensity of sur-
vey undertaken to produce the field maps.

If a biotope is encountered which does not match the national biotope classification, full JNCC marine
habitat and site forms should be completed. The data obtained should then be discussed with the JNCC’s
Marine Information Team.

Photography is an important adjunct to the field surveys. This gives visual information on the condition
of the biotope against which gross change can be measured. A mixture of viewpoint and close-up photog-
raphy is useful. Photographs can be scanned (alternatively a digital camera can be used) and images
attached electronically to polygons (with the aid of appropriate software). Video is also a useful medium
for recording and can be used as a visual notebook and as an aid to provide relocation information
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for features of interest. Video files can be incorporated into the GIS and geo-referenced if desired. This
method was trialled during the monitoring of biotopes on shores oiled by the Sea Empress oil spill in
Pembrokeshire; see Bunker and Bunker (1997) for further information on the use of video.

A distinction is made between polygon attributes and target notes depending upon the type of infor-
mation and the way in which the notes are geo-referenced.

Polygon attributes

Polygon attributes are information attached to a polygon and recorded as standard. This information
would include (where relevant):

¢ dominant biotope(s);

e substrata and important modifying features;

¢ species/community information pertaining to the polygon, particularly if this represents a significant
variation on the standard biotope description;

e rare species or species of conservation significance;

information on the quality of the biotope, e.g. if it is scoured or perhaps a particularly good example;

subsidiary biotopes, which are too small to be mapped individually, e.g. shallow coralline pools,
which are widespread over the polygon;

e any other relevant information relating specifically to a particular polygon, e.g. any anthropogenic
activities such as bait digging.

Additionally, some surveys may require specific fields for recording data such as the degree of oiling,
bait digging or other anthropogenic effects that apply to the polygon.

These data will be stored in a spreadsheet or database linked directly to the polygons through the
unique polygon ID reference code. Note that all these data are mappable either by creating a thematic
map based on the polygons or as points taken as the centroid of the polyons.

Target notes

Target notes contain information not collected as standard for the polygons, which can be located on
the map. This information will be displayed as at least one separate layer within a GIS. The number of
layers will be dictated by the nature of the data. The target notes may refer to points, lines or polygons,
and it is good GIS practice to have separate layers for each of these data types. The information may also
be separated by category (e.g. biological and anthropogenic). Although the creation of too many layers
within a GIS may not be desirable, it is extremely difficult to disentangle different types of information
once they have been amalgamated into a single layer.

The data may contain:

¢ information on biotopes smaller than 5 x 5m which cannot be regarded as typifying the whole poly-
gon, e.g. a significant small pool or gully in a large polygon;

¢ information on impacts within a localised area of a polygon (but which can encompass more than one
polygon);

e artificial substrata, e.g. sewage pipes which may be represented as lines that may cross more than one
polygon;

e shore profiles showing zonation and biotope extents (especially important on steep or vertical shores);

e features outside the limits of the survey (dunes, land falls, etc);

¢ locations where photographs and /or video were recorded;

e location of sampling stations (e.g. where quadrats or sediment samples were recorded).

Note that the target notes might refer to very small features as point data (e.g. location of a photo-
graph), or features that are large enough to encompass more than one polygon (e.g. a long sewer pipe).
The positions of the target notes can be estimated visually or located more precisely using GPS; the
method used and its accuracy must be recorded in the data file for future reference. All target notes must
be geo-referenced to display on a map.

Often where there is a large area of shore to cover, it is not possible to visit every polygon and any map
should make a distinction between those polygons actually visited and those mapped by extrapolation
or using binoculars. The associated data file should include a field to indicate how the data were record-
ed (direct observation or extrapolation).



Advice on selecting appropriate monitoring techniques 171

Writing up field data

Ideally, surveyors should aim to transcribe field maps, target notes, etc. directly to a PC following the
survey. The availability of powerful notebook PCs has made this option easily achievable for field
survey teams. Failing this, a neat paper copy of all field survey data should be made. Whatever method
is used, it is important that information is transcribed carefully and that target notes, photo logs and
other information are cross-referenced both to each other and to the shore map (or GPS waypoints if
appropriate). It can be useful to collate the information gathered every day by a team of field workers
within MNCR or CCW Site Forms (especially if it is not being entered directly into a PC).

Fair maps should be prepared by drawing out the polygon boundaries, elucidated in the field from
aerial photographs. This can be achieved either on a GIS (i.e. digitising the polygons) or by making a
neat copy by hand. Either way the polygons should be numbered and labelled with biotopes. Polygon
attribute and target note information should be referenced to the numbered polygons and/or waypoints
from the GPS (on a PC this is achieved by creating data files which are either tagged to polygons or geo-
referenced to waypoints). Photographs should be logged and also geo-referenced (any digital images
being downloaded onto a PC). Sketches from field notebooks should be copied out in neat and geo-ref-
erenced (these can be scanned in at a later date and incorporated into the GIS if desired).

Any GPS waypoints should be accurately copied out on paper, entered, or downloaded directly onto
the PC for display on maps.

Field teams may find it useful to write out the descriptions and target notes and transcribe shore pro-
files for stretches of coast on standard forms such as the MNCR Site Form or those produced for
Phase 1 mapping by CCW (Wyn et al. 2000).

Data analysis

All data should be entered into a database such as Recorder 2000. The GIS and associated database can
be interrogated for required information. However, it is important that the requirements be decided
upon prior to the survey and data entry.

Accuracy testing

Independent checks need to be made at all stages to ensure accuracy.

QA/QC

Photography is a useful supplementary recording method, for instance where examples of biotopes (par-
ticularly new, provisional biotopes) need to be referred to during the course of the survey to ensure con-
sistency of recording. This is especially so when there are more than one pair of surveyors involved with
the survey work. The use of digital cameras is recommended, as images are instantly available and can
be readily downloaded, attributed to OS co-ordinates (geo-referenced) and then entered onto the GIS.

Where more than one field team is operating, it is important that agreement is reached on the naming
of biotopes, target noting and other procedural matters before the survey begins. Agreeing the naming
of biotopes between survey teams is especially important as there can be difficulties matching the habi-
tats and communities seen in the field with the biotope classification. Training prior to a survey is essen-
tial and such procedures are covered in Wyn et al. (2000).

Within the context of monitoring it is important to ensure that changes observed are due to factors
other than inaccurate recording or variability between workers and it is therefore important to embrace
control methods. Completed biotope maps should be taken into the field and checked for accuracy;
checks could be made on the identification of biotopes and species. Special attention should be paid to
the marking of polygon boundaries. Where extrapolation has been used to complete areas of the photo-
graphs not surveyed, some of these areas should be checked.

Wyn et al. (2000) describe quality control methods adopted by CCW, where it is recommended that
5% of sites be checked in house and 2% by experienced external surveyors.

The accuracy of field maps will depend on a variety of factors; in particular, the quality of aerial pho-
tographs, accuracy of photo registration, intensity of survey, consistency in biotope identification,
weather and tidal conditions during time of survey and whether differential or ordinary GPS is used.
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Data products

End products by necessity depend on study requirements. It is important to ensure that the GIS and
associated database can be interrogated for required information prior to entering data. Commonly
required products include printouts of biotope maps (Figure 1), together with data tables of associated
information (e.g. target notes) and a written discussion. For monitoring purposes, precise details of the
methodology will be required for future surveys.

Electronic copies of the maps, database, etc. are perhaps the most important data products.

Cost and time

The costs of a particular project will depend on location, extent and detail of survey required, ease of
access and many other factors depending on the specifications of the project. When in the field, rate of
progress will depend not only on these factors but also the prevailing weather conditions, especially if
boats are needed for access. It is essential in every survey to cost in time for training and agreement of
procedures and biotopes by the field team. Wyn et al. (2000) provide a useful guide to estimating the
time required to undertake fieldwork in a variety of situations (Table 1).

Table 1 Examples of variations in survey speed on different shore types (from Wyn et al., 2000)

Shore type Survey Survey time Site length (km) Site area (km2) km/hr km2/hr
method (hrs) (4hrs/tide)

Sandy shore foot 8 8.2 3.64 1.025 0.5
Bedrock cliff boat 3 5.1 0.11 1.7 0.04
Sandy mud inlet foot 8 4 2.23 0.5 03
Thick mud estuary boat and foot 15 33.5 4.3 2.2 0.3
Muddy gravel inlet foot 8 4.3 0.81 0.5 0.1
Complex mixed shore foot 8.5 7 0.65 0.8 0.08
Complex bedrock platform foot 7 3.6 0.6 0.5 0.08
Complex shelving platform boat and foot 9 13 0.52 1.4 0.06

Wide rocky shores (such as those 200m wide found along much of the Northumberland coast) are very
difficult to explore by foot and require more survey time than the narrow shores found around much of
the Shetland Isles. A boat can be useful for wide rocky shores where one team records the lower shore
while a land-based team records the middle and upper shore.

Table 2 provides a framework, which can be used as a guide to planning for costs and time to com-
plete a project. This assumes the team involved has the necessary tools to carry out the job (see
‘Equipment’ above) together with one or more computers with GIS software.
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Table 2 A suggested framework to assist the planning of a mapping project

Item Cost per unit No. of units Total  Notes
Pre-survey Desk rate for Estimate number of Obtaining of maps and aerial
experienced staff days to complete task photographs. Scanning and

ortho-rectification of aerials
together with preparation of the
PC system for data entry and
interrogation.

Printing out maps and aerial
photographs for field use. General
survey preparation.

Transport Mileage cost Estimate distances Two vehicles desirable, one to
deposit a team, the other to leave
at a pick-up point for after the

survey.
Field team (worker 1) Field day rate for Estimate number of A team of two would be a
experienced biologist days to complete task minimum. Most surveys use two

pairs of surveyors.

Field team (worker 2) Field day rate for Estimate number of

person with days to complete task

mapping/GPS

experience
Boat Hire charge Negotiate daily or Does cost include fuel? Always

weekly rate try and view boat to ensure it is
suitable for the job.

Accommodation and Rate per day / week Ensure adequate space available
Food to spread out maps, photographs,

etc. and instal PCs and printers.
Self-catering can be an
advantage.

Health and safety

Codes of safe conduct for shore and boat work must be followed at all times and risk assessments must
be prepared for the specific locations where the study is being undertaken. The fieldwork often involves
exploring coastlines not known to the surveyors. A proper risk assessment prior to fieldwork is essen-
tial, especially regarding access and tide times to prevent surveyors being stranded by a rising tide.

Appropriate field survey clothing and safety equipment should be carried, along with a VHF radio or
mobile telephone, first aid kits, tide tables and hats and sunscreen (also immersion suits, life jackets
and/or hard hats where appropriate).

Surveyors should always work in pairs and adopt lone-worker policies in case both surveyors become
trapped or incapacitated (e.g. adhere to predetermined routes and agree details for rendezvous follow-
ing the survey).
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Figure 1 Typical outputs from a biotope mapping exercise (from Bunker and Bunker, 1997; aerial photograph printed
with permission from the Countryside Council for Wales)

Aerial photograph
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Figure 2. Different methods of recording and representing biotope mixes (after Foster-Smith and Bunker, 1997)

A. Homogeneous areas (polygons) illustrating the format for recording biotope information as codes and
target notes
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B. Areas dominated by one biotope but with a major division in a key habitat feature and/or presence
of subordinate biotope

C. Biotopes form a patchwork where each patch falls below the minimum mappable size and where
there is no clear predominant biotope. The biotopes are likely to be distributed according to obvious
structural differences in the habitat.
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D. Biotopes form a mosaic of small patches below 1m?. Often, these mosaics are the result of biological
interactions leading to changes in patch distribution over time and are not directly related to structur-

al differences in the habitat.
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E. Biotope forming a linear feature with no mappable width
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F. Biotopes forming a zonation pattern where each biotope is a linear feature of no mappable width
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G. Cryptic biotopes as a component of more conspicuous biotopes
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Procedural Guideline 1-2
Fixed viewpoint photography
Jon Moore'

Background

Viewpoint photography involves taking photographs of a monitoring site, transect, biotope or other
fixed area at intervals over time, at exactly the same viewpoint, to show visual changes. However, a
number of potential pitfalls need to be avoided, and there are simple procedures that can help to pro-
duce more useful photographs. This guideline describes many of these features.

The surveillance method has been used extensively in an ad hoc and unsystematic fashion for many
intertidal monitoring and surveillance programmes, but it can provide considerably more useful and
impressive material if it is carried out systematically. It is used during the long-term annual rocky shore
transect monitoring around the Sullom Voe oil terminal in Shetland (Moore et al. 1995), for which it
provides very useful information to back-up semi-quantitative data which is also collected.

General advice on photography as a research tool is given by George (1980).

Purpose

Viewpoint photographs are most useful as supporting information for a more quantitative monitoring or
surveillance programme. In particular, they provide very valuable visual information which can be used
to support or refute evidence from quantitative data; help to show whether changes identified from
monitoring in a small area are representative of a larger area; and provide information (in the form of
visual clues) about other features that were not recorded (either forgotten or not easily recorded quanti-
tatively) at the time of the survey (e.g. the movement of boulders and cobbles, the presence of silt, the
amount of space between the barnacles, etc.).

The method is also very valuable for rapid inspection surveys in between more detailed monitoring
surveys and can provide a record to check when a change started to occur. The technique is particular-
ly suitable for use by non-biologist or marine biologist staff including site wardens.

Some qualitative and semi-quantitative attributes can be recorded from viewpoint photographs. In par-
ticular:

e extent of a biotope, e.g. for an intertidal eelgrass bed or mussel bed
¢ semi-quantitative abundance of highly conspicuous species, e.g. ephemeral green algae

Viewpoint photographs are also extremely valuable as an easily interpretable medium, for showing to
non-specialists when explaining features that have been identified by other data.

Advantages

¢ non-destructive
e can provide information for large and small areas

e provides pictures — easier to interpret by anybody and can be more effective than data when explain-
ing features to non-specialists

e can be carried out by non-biologists (e.g. local staff or volunteers)
e cheap and quick

* images are permanent (if stored properly) and can be interpreted at a later date

1 Ti Cara, Point Lane, Cosheston, Pembroke Dock, Pembrokeshire, SA72 4UN, UK.
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Disadvantages

does not provide any reliable quantitative data
e cannot be used reliably for species identification

of limited use on biotopes that are overlain by algae
* image quality is greatly dependent on the prevailing weather conditions at time of survey
e comparisons can provide misleading information if light conditions or image quality is variable

will not replace in situ quantitative recording

difficult to apply subtidally

Logistics

Normal logistical planning required, as for any other intertidal survey. In particular, check tides, weath-
er and site access.

Equipment

Key equipment

¢ SLR camera with an appropriate lens. A standard (50mm) lens is generally best, but a wide angle (e.g.
35mm or 28mm) can be most useful in taking whole shore photographs. Whatever focal length is used,
it should be fixed (i.e. not a zoom lens), so that the angle of the view is the same every time.

¢ Colour print or slide film (400 ASA usually most useful to give flexibility with light conditions).
Colour prints have been found most useful for comparison.

Other useful equipment

e tripod — to get good stable images from a known fixed height (particularly in low light conditions)
¢ Polaroid camera and film — to take instant photographs which can then be annotated on site

e waterproof pens (fine tip)

e portable GPS navigator — to take aid position fixing

e access to good colour photocopier (with slide attachment if appropriate); or slide scanner and colour
printer

® access to laminator

The polaroid prints are marked with the waterproof pen to show the precise location where the pho-
tographer is to stand, the location of sites for close-up photographs and any conspicuous objects or fea-
tures to line-up for positioning.

Personnel/time

Personnel required

¢ one capable photographer — experience at taking landscape photographs preferred

e one assistant — primarily for safety back-up (it’s easy to fall over when you are walking along while
looking through a camera lens!); can also be useful for pointing to important features in the
photograph

Best time of year
Primary consideration is the amount of light, but there are no particular seasonal requirements.
However, for intertidal viewpoint photography the time of low water spring tides may be a limitation
during the winter months. Spring months are often best avoided because of barnacle spat settlement and
other rapid changes in shore communities. Whatever time of year is chosen, repeat photography is best
carried out at the same time.

Note: The repeat photography will also be much better if it is carried out at the same time of day as
the initial survey, because the direction of lighting determines the position of shadows and the general
appearance of the shore.
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Method

In conditions (of tidal height, weather, time of day) as similar as possible to those of any previous survey,
return to the exact location from which photographs were taken previously and, using those photographs
for reference, re-take the same views using the same focal length lens and film speed as previously.

Initial survey

(1) First choose subjects and a viewpoint according to the objective of the study. This choice should not
be rushed. Move around the site looking at it from different angles before choosing. On rocky shore
sites photographs are typically taken with a view up the shore, down the shore, across the site and
then of particular biotopes or areas of interest.

(2) Choose a lens of suitable focal length. If at all possible, use a standard 50mm lens. If you are using
another lens, note the focal length used for each shot. Put the camera on a tripod if you find it eas-
ier or if light conditions require it.

(3) Try to ensure that important features which happen to be of similar colour, texture and shade will
be distinguishable in the photo, because the 3D perspective you have when you are standing in the
field will not be so obvious in the photograph (for example, a view of an overlapping series of rock
ridges can look like a single piece of rock).

(4) Try to frame the photo in such a way that it will be easy to re-frame the same view on a future occa-
sion; for instance, try to have distinguishable features in the foreground, background and at the
edges of the view. Best of all, try to line up an object on the skyline with a sharp feature in the fore-
ground. If you have more than one aid to re-framing in the photo it will help you to re-position your-
self very quickly (and it will check that you have the correct focal length lens).

(5) If you think that it may be difficult to relocate the viewpoint, you may need to take a photograph of
the place from which you took the viewpoint photograph. This is best done with a Polaroid camera,
because you can then annotate the Polaroid photo on site (X marks the spot).

(6) Take photograph. Bracket exposures if you are not sure if all features will come out.

(7) It may help to locate important features (site markers, biotope boundaries, re-framing features, etc.)
in the final photograph if you also take a Polaroid photograph of the view at the same time and then
annotate it with a fine-tip waterproof pen. These can then be copied to the proper photograph after
the film has been processed.

(8) Make any necessary notes, sketches and GPS position fixes to ensure that you can find the site again.
A record of date and time is also a good idea (these will be recorded on the GPS).

Processing

(1) Have the film developed and printed, then label all originals on the back as soon as possible. The
label should include date, location, film number, and frame number. Do not use water soluble pens.
Label and store negatives.

(2) Get a set of prints (standard 6” x 4” are normally adequate, but larger sizes can be useful) of all view-
point photos that will be used in the field. Do not use originals in the field. Colour photocopies are
often cheapest and easiest.

(3) Annotate prints to aid identification of important features (as in point 7 above). The prints can also
be incorporated into detailed site location sheets with maps, grid references, site and methodologi-
cal details, etc.

(4) Have these prints laminated or otherwise waterproofed.

Repeat survey

(1) Plan the survey for, as near as possible, the same time of year (unless intentionally more frequent
than annually),and the same time of day and tide as the initial survey.

(2) Use camera with same focal length lens.

(3) Locate general viewpoint position using all clues.

(4) Look through viewfinder and then check back and forwards between viewfinder and the annotated pho-
tograph to line up all features. Take care to get it right — a quick snap from ‘about the right place’ is not
good enough. It can take some time to see the features on the rock that are shown in the photograph.

(5) Re-take the photograph and make a note of the frame number.

2
3

Processing (repeat survey)
After the film has been developed and printed, label all prints on the back as soon as possible. Label
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should include date and location (and preferably film number, and frame number). Do not use water sol-
uble pens. Label and store negatives and prints.

Data analysis

Photographs can be displayed (or projected) side by side for easy comparison.
There are various methods of measuring the area of a feature in a photograph (e.g. using grids, point
screens, computer image analysis), depending on the degree of accuracy and precision required.
Photographs can be used in presentations or reports for illustration.

Accuracy testing

The only potential concern is for photographs to be taken from the wrong position. It is normally obvi-
ous if this occurs and accuracy testing is not considered necessary. If there is any doubt, have a suitably
experienced and independent person view and assess the photographs.

QA/QC

It is essential that photographs are taken from exactly the same position each time, using the same focal
length lens. Good site location information and instructions for each viewpoint photography site, which any-
body can understand, are therefore required. Sufficient time must be allowed for relocation of viewpoints.
It is difficult to cater for the weather conditions, but if good quality images are an important feature
of the survey, it may be necessary to wait for suitable conditions before the viewpoint photography is
carried out. The best conditions are bright diffuse light on a dry day. Very bright directional side light-
ing is often worse than low light and wet weather, because the contrast between shadows and highlights
can make the photograph almost useless for comparison with images taken in other conditions.
Photographs and negatives must be fully and accurately labelled as soon as possible after the survey.

Data products

The method will produce a collection of photographs (preferably prints and negatives) which need to
be stored in a dry place, out of the sun.

Cost and time

Camera hire rates can vary, but are often around £5/day for a standard land camera. Film cost, includ-
ing processing, may be around £10 per 36-exposure film.

This method is normally used in conjunction with another more quantitative survey method. On this
basis, a survey of a typical rocky shore site, with five or six viewpoint photographs, would require an
additional 15—20 minutes on site for the photography (for the initial survey or a repeat survey).

Labelling the photographs, after they have been developed and printed, can take 30—45 minutes per film.

Comparison of photographs may only require a quick scan and a couple of notes, or a more detailed
measurement of area.

Health and safety

Appropriate safety procedures for shore surveys must be followed, especially with regard to protective
clothing and careful use of tide tables, taking account of local conditions to avoid being cut off by the tide.
Photographic viewpoints must not be established at dangerous positions such as the edges of cliffs.
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Procedural Guideline 1-3
Seabed mapping using acoustic
ground discrimination interpreted
with ground truthing

Bob Foster-Smith, SeaMap,' Craig Brown, CEFAS’,
Bill Meadows, CEFAS® and Ivor Rees, School of Ocean Sciences,
University College of North Wales’

Background

Acoustic ground discrimination systems (AGDS) are based on single beam echo-sounders and are
designed to detect different substrata by their acoustic reflectance properties. An echo-sounder gener-
ates a short pulse of sound at a single frequency that travels through the water and rebounds off the
seabed (Urick 1983; Mitson 1983).The echo is detected by the transducer which converts the acoustic
energy into an electrical signal that is displayed on a screen. The transducer shapes the pulse of sound
into an approximate cone directed towards the sea floor. The area ensonified’ — known as the footprint
— by the echo-sounder directly under the vessel is approximately circular, although in practice, echo-
sounders produce many side-lobes that make the footprint a more complex shape. The area depends
upon the diverging beam angle (angle of the apex of the cone of sound) and depth of the sea floor.

Sound waves travelling in the centre of this cone will hit the seabed first (assuming the seabed is level)
and depth is measured from time taken for this returning sound energy to be detected by the transduc-
er. The strength of the echo and the way it decays with time produces a complex signal whose shape
depends to a large degree on the nature of the sea floor and this is the basis upon which echo-sounders
have been used for sea floor classification (Orlowski 1984; Burns et al. 1985; Jackson and Briggs 1992;
Keeton and Burle 1996). The extent to which sound is absorbed or reflected by the sea floor depends
upon the hardness of the seabed: hard surfaces produce strong echoes whilst soft surfaces (and this may
include rock substrata that are acoustically softened by overgrowth of biota) give a weaker signal return.
The sound energy that spreads away from the centre of the cone produces a weaker echo. This wave
energy takes slightly longer to reach the seabed because of the extra distance travelled, and this time lag
increases with increasing angular distance away from the vertical axis of the transmission pulse. Rough
surfaces will produce an echo that decays slowly, since sound spreading some distance from the verti-
cal may reflect off inclined surfaces angled towards the transducer (a property termed ‘backscatter’)
whilst flat surfaces will reflect sound away from the transducer. The decaying echo may also contain an
element that depends on the reflectance of sound from subsurface features. This is particularly the case
for low frequency echo-sounders where there is greater penetration through soft surface sediment. The
shape of this returning pulse or first return forms the basis for AGDS systems that map acoustic seabed
properties to physical seabed properties.

Additionally, there may be multiple echoes as the returning sound energy bounces off the water sur-
face and rebounds from the sea floor a second (or third) time. The significance of the second echo (first
multiple echo) for ground discrimination is debatable, but it has been considered to be more sensitive
to hardness than the initial reflectance of the first echo (Chivers et al. 1990; Heald and Pace 1996).

Two proprietary AGDS have been used extensively for surveying biotopes — RoxAnn™ (Marine Micro
Systems Ltd, Aberdeen) and QTC-View™ (Quester Tangent Corporation, Sydney, Canada). Echo Plus ™
(SEA Ltd, Bath) is a third system new on the market that is a dual frequency, digital system similar in

1 Department of Marine Science and Coastal Management, University of Newcastle-upon-Tyne, Ridley Building,
Newcastle-upon-Tyne NE1 7RU, UK.

2 CEFAS Burnham Laboratory, Remembrance Avenue, Burnham-on-Crouch, Essex CM0 8HA, UK.

Menai Bridge, Anglesey, Gwynedd LL59 5EY, UK.

4 Analogous to the term ‘illuminated’.

w
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principle to RoxAnn.

The RoxAnn system uses analogue signal processing hardware to select two elements from the echo and
measure signal strength (in millivolts) integrated over the time (Burns et al. 1985; Chivers et al. 1990). The
first selected segment of the echo is the decaying echo after the initial peak. This measure of time/strength
of the decaying echo is termed ‘Echo 1’ (or ‘E1’) and is taken to be a measure of roughness of the ground.
The beam width of the echo-sounder is important for E1 since a wide beam will give greater scope for meas-
uring signal decay away from the perpendicular than a narrow beam. For this reason it is recommended that
AGDS operate with a echo-sounder of moderate beam width (15-25°). The second segment is the whole of
the first multiple echo and is measured by the RoxAnn processor as ‘Echo 2’ (or ‘E2’).

The two paired variables (E1 and E2) can be displayed on a Cartesian XY plot, and this is the basis of
the RoxAnn real-time display as used in the data logging and display software Microplot™ and
RoxMap™. Rectangular areas on the Cartesian plot can be marked out so that records lying within that
section of the plot can be colour-coded and displayed on the track plot.

QTC View operates in a very different way to RoxAnn. The echo is converted from analogue to digital
form and is then subjected to analysis using a large number of algorithms for wave-form analysis
(Collins et al. 1996; Collins and McConnaghey 1998). The QTC choice of algorithms and the way they
are applied to the echo is considered commercially sensitive. However, the second echo is not used. The
system can be run in one of two settings: supervised or unsupervised mode.

In the supervised mode the system is designed to be calibrated (ground-truthed) by positioning the
vessel over known ground types and a sample dataset collected. The exercise is repeated for different
ground types and the combined datasets subjected to principal components analysis. The data are dis-
played on a three-dimensional plot of the first three principal components, termed ‘Q space’. The Q
space is then divided up into regions that relate to the ground type classes by forming a catalogue. This
catalogue can then be applied to subsequent survey data collected at the site to classify the tracks in real
time. If new ground types are covered further ground truthing is necessary.

The unsupervised mode offers greater flexibility without the use of calibration. The signal is subject-
ed to the same algorithms within the QTC View system, but all variables are logged for later principal
components analysis to be applied to the complete dataset. The software package QTC Impact is then
used to identify ‘natural’ clusters which are acoustically different, within the dataset, which can then
be attributed to ground types as dictated by the field sample data. The clusters can be further split by
running Impact again. This process of finding ‘natural’ clusters is termed “‘unsupervised classification’
and is covered in detail later under the section on classification procedures).

Purpose

Since the purpose of survey based on remote sensing is to extrapolate from direct observations to
unobserved areas, uncertainty is unavoidable. No remote survey will give detailed, precise and accurate
information. Uncertainty may be high with AGDS surveys, but the adoption of realistic objectives for a
survey can reduce uncertainty to acceptable levels. AGDS measure acoustic properties of the sea floor
and do not directly measure sediment or biological characteristics. These must be interpreted from the
acoustic data through the use of field sampling (such as videography, diver observations, physical sam-
pling using grabs etc). As with all remote sensing systems, the extent to which AGDS can discriminate
between biotopes (e.g. physical habitats and their associated benthic communities) is dependant on the
spatial distribution and degree of disparity between adjacent biotopes. For example, it might be expect-
ed that AGDS will be able to detect the difference between a limited number of discrete biotopes with
clearly defined faunistic/habitat boundaries, whereas a but large number of subtly different biotopes
that merge into each other will be poorly discriminated using these systems.

With this in mind suitable objectives for AGDS surveys include:

¢ Very broad-scale survey of large areas to map the approximate distribution and extent of a limited
range of broadly defined biotope types (no more than 15). This type of survey is useful for gathering
information in areas where there is little available data, and broad-scale survey has been the most
common use of AGDS.

e AGDS maps may stratify the selection of suitable sites for more detailed survey. AGDS surveys can
identify areas where there is a greater likelihood of finding a particular biotope of interest and thus
reducing subsequent survey effort and cost.

e Rapid repeat survey of a small number of broadly defined biotope types to assess gross change over
time. Although uncertainty will undermine the significance of apparent changes between similar
biotopes, it must be remembered that gross changes can and do occur.
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e The survey of a small number of distinct biotopes: whilst this might be useful for monitoring changes
in boundary, this specific application for monitoring may be very limited.

AGDS are of limited use where repeat surveys are required to assess small and subtle changes in biotope
composition.

Applicable to the following attributes

Generic attributes that could be addressed by AGDS surveys are:

e The geographic range, extent and number of major habitat types supporting features of interest with-
in an SAG;

e The geographic range, extent and number of biotopes or biotope complexes present in an SAC; and

¢ The geographic range and extent of the important biotopes (such as rare, fragile or rich biotopes) with-
in an SAC.

Applicable to the following survey objectives

e Map and re-map the extent of major substratum features including major biotope complexes.

e Compile an inventory of biotopes or biotope complexes present in an SAC (including the extent of
organisms with a distinctive acoustic signal such as kelp, sea grass, mussel beds and maerl).

* Map or re-map the area occupied by all or selected biotopes or biotope complexes in an SAC.

Advantages

e AGDS are relatively inexpensive compared to other acoustic systems.

e The quantity of data produced is less than for many other acoustic systems and this facilitates data
handling and analysis.

e The analysis of a single vertical beam for measuring sediment properties is more straightforward than
for swath systems.

e AGDS can be deployed from a variety of vessels of opportunity.
e Large areas can be surveyed (although at low resolution — see below) quite rapidly.

Disadvantages

¢ AGDS do not give a complete coverage of the sea floor since the data are essentially points directly
under the survey vessel as it tracks over the survey area.

¢ The wide beam width results in large acoustic footprints in deep water.
e The quality of the data is prone to the effects of poor weather conditions, and changes in acoustic
properties such as tide and suspended load, perhaps more so than other acoustic systems.

These first two issues mean that the resolution of AGDS is poor as compared to swath systems. Although
close track spacing can increase resolution, it is unlikely that a survey will result in a resolution greater
than about 25m.

Equipment

The following list indicates the equipment required for AGDS data collection.

(1) A vessel suitable for work in the locality with adequate cabin space for electronic equipment. (Some
survey and fisheries patrol vessels have the relevant equipment permanently fitted.) Small vessels
are adequate for sheltered inshore waters, but a stable working platform is essential.

(2) Power supply. The power supply on boats cannot always be relied upon where, for example, the
peculiarities of wiring systems can affect electronic equipment. Unless absolutely confident of the
reliability of the vessel’s power, it is prudent to rely on your own power supply (generator and/or
batteries, plus an inverter for higher voltage). All operators should be aware of the electrical safety
implications of using mains powered equipment in marine conditions.

(3) An AGDS signal processor (RoxAnn, QTC or similar).

(4) A computer with appropriate data logging software.



186 Marine Monitoring Handbook

(5) A differential GPS.’ Although the vessel’s system may provide suitable navigation data, it is often
better to be self-reliant for two reasons. Firstly it will avoid problems interfacing unfamiliar systems,
and secondly, it is then possible to position the antennae above the transducer as far as is possible
to minimise heading errors.

(6) Echo-sounder. 1t is likely that each AGDS will have its own echo-sounder, although they can be
adapted to different systems. If AGDS are to be deployed from vessels of opportunity then portable
systems with dedicated echo-sounders are required. The choice of frequency and power will depend
upon the working depths expected. Systems set for deep water (generally low frequency) will not
work well in water less than about 3—5m deep and systems set for shallow water (generally high fre-
quency) may return invalid readings much below 30m.

(7) A means of deploying the transducer from the boat. The usual method is to mount the transducer
on a pole strapped to the side or the bow of the boat (scaffolding poles are ideal, being cheap, read-
ily available and very rigid.) This often limits the vessel’s speed although fairings may reduce aera-
tion and drag. Care should be taken to stop air bubbles being drawn through the pipe-end whilst
underway and interfering with the signal. A range of ratchet straps to pull the pole into the side of
the boat and brace the top and lower end of the pole fore and aft is usually sufficient to keep the
pole stable at working speed (typically 7-8 knots). The transducer should be at least 1m below the
water level and twice this in open seas to reduce aeration. It should also be lower than the vessel’s
deepest hull structure to avoid multipath interference.

(8) Field sampling equipment (see later section).

Personnel/time

Skilled and experienced operators are needed to run the AGDS and field sampling equipment. This is
necessary to cope with any malfunctions, to ensure that the correct settings are used, and to increase the
likelihood of detecting any spurious data being recorded. Numbers of operators will vary according to
survey circumstances and whether 24-hour working is planned. On chartered boats where field sam-
pling will also be undertaken, at least two experienced persons are advised.

Staff with good IT skills are needed for post-processing of data. They should also have sufficient
understanding of sedimentology and marine ecosystems to use the most appropriate settings to derive
the most suitable displays of the data.

Method

These glslidelines are based on more extensive technical reports than can be found on the SeaMap inter-
net site.

Planning the survey

AGDS coverage is determined by track spacing and the way in which complex coastlines are surveyed.
The intensity of tracking will depend upon the heterogeneity of the ground. Whilst this cannot be deter-
mined prior to a survey, inspection of hydrographic charts will give some indication of the nature of the
ground likely to be encountered. Although a series of regularly spaced parallel tracks may be desirable
for consistency in analysis, the need to concentrate survey effort where most needed in the limited time
available may dictate that some sectors of the survey area will be more intensively tracked than others.
The decision about tracking intensity may need to be made on survey, especially if poor weather reduces
available survey time.

Real-time visualisation available through Microplot™, RoxMap™ or other proprietary logging soft-
ware can be used to keep a check on ground variability, consistency between tracks and discrimination
(with reference to field sampling). QTC operated in unsupervised mode cannot display this information.
Surveyors can plan their tracking in such a way as to reduce problems for data analysis (ideally, one of
the surveyors should also be involved with subsequent data analysis). Planned track pattern should take
account of the following:

5 At the time of writing, selective availability has been switched off and an acceptable accuracy to within 5m is
possible without the use of a differential system.

6 See: http://www.ncl.ac.uk/seamap
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e Track spacing should be related to along-track variability. The aim should be to see patterns emerging
between adjacent tracks. Where track variability is high, close tracks will be needed. Track spacing might
vary over very large areas with different patterns of variability. Track orientation should allow for the
possibility of missing linear track features formed by underlying geology or tidal transport mechanisms.

¢ Geographic coverage should be comprehensive at the maximum track spacing.

e Track spacing wider than 500m is likely to present problems when generating a coverage from the
AGDS data and should be avoided if interpolation is required for data analysis (see later section).

e Tracks should extend beyond the main area of interest since interpolation is often poor around the out-
side of a data set.

e Ground is usually very variable close inshore, particularly where the shoreline is complex. Ideally the
shoreline should be tracked as far inshore as the safety of the vessel permits. This is particularly
important to avoid spurious interpolation of data around islands and headlands. Minimum operating
depths do apply to AGDS systems especially QTC

Maintaining data quality during field survey

Maintaining the quality of the data is vital. AGDS can give variable data because of changing sea con-
ditions or internal variability in the AGDS itself. The effects on the data may not be obvious unless a
careful check is kept during the survey. Unless this is done, dubious data may only come to light in sub-
sequent post-survey analysis when there is no possibility of collecting new data. The following should
be continually monitored:

¢ The echo-sounder screen itself provides valuable information on ground type that cannot be easily
seen on the AGDS plot. A good log will help interpretation and reassure analysts that the AGDS data
accords with the surveyor’s impressions of ground type.

® The echo-sounder screen may also indicate if there is interference with other acoustic systems (nor-
mally shown as interference on the screen). Any potential interference should be eliminated and all
personnel alerted to the problems caused by switching on other echo-sounders during a survey.

¢ Deteriorating sea conditions may create aeration under the transducer, interrupting the signals from the
echo-sounder; erratic depths recorded by the AGDS are a clear symptom. Too many erratic depth read-
ings will usually lead to all the data for that whole track being considered invalid. However, AGDS can
work in quite rough sea conditions and this alone should not prevent the survey from continuing.

e Cross-tracks and/or some close parallel tracks should be run at times throughout a survey to check for
consistency in the operation of the system.

If the surveyor has reason to suspect that the track data are inconsistent then attempts should be made to
trace the cause. This may be due to aeration and lowering or altering the position of the transducer pole may
help. Electrical connections between the transducer and the AGDS are particularly prone to stress and inter-
mittent faults can give misleading data — all electrical connections that are regularly made during equip-
ment set-up should be checked. If sea conditions have deteriorated, the survey should be suspended.

However, some variability is only temporary and may be due to very slow vessel speed (such as when
the vessel stops for sampling) or rapid changes in direction. It is not advisable to stop recording the
AGDS data since these records can easily be identified post-survey and removed from the data set. There
is always the risk that the operator may forget to restart the recording resulting in a loss of data.

Variability between days is a more difficult issue to address. It is good practice to track over a patch
of homogeneous ground at the start and finish of each day. This is only possible when the vessel uses
the same port throughout the survey. If different sections of a large survey area are covered each day,
then the sections should overlap and attempts should be made to ensure tracks coincide. These over-
lapping data can be compared for consistency.

Choice of field sampling technique

The choice of sampling techniques must match the expected nature of the sea floor and the purpose of
the survey. For example, if the main objective is to survey bedrock reefs it may be sufficient simply to
record where sandy habitats occur from videography without the need to take sediment samples.
Drop-down or passively towed video systems are ideal for rapid sampling. Rapid sampling is important
since successful analysis of the AGDS data depends upon the collection of a large number of field samples,
accurately located on the acoustic map. Video permits the observation of conspicuous sea floor character-
istics at a scale appropriate to the echo-sounder footprint. The position of the video system must be esti-
mated. Therefore, it is best deployed for a short duration rather than for long tows. This will reduce the posi-
tional error (layback) caused by the relative movement of the sledge to the ship’s position in tidal streams
as more umbilical is paid out. The use of non-contact ‘dunking’ video systems drifting with the prevailing
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current can minimise these layback errors. Numerous short drops (point data) on homogeneous ground are
far easier to post-process than fewer long tows covering a wide variety of habitats. However, short and care-
fully positioned tows can be useful to explore sharp transitions in acoustic ground types.

Although videography is ideal for biotopes that are primarily characterised by their epifauna and flora,
it is also useful for determining surface features of sediment (sand waves, shell fragments and evidence
of bioturbation or biogenic sand reefs). Thus, video is almost universally applicable to surveys except
where visibility is likely to be extremely poor. However, sediment sampling methods must be used to
validate sedimentary areas, particularly when the biotopes present are characterised by infauna. For
example, a standard grab sampling programme can be run in conjunction with a remote survey.’

Side scan sonar can also be used as a tool for ground validation and areas of habitat type recognised
from the traces can be used to interpret AGDS data.

Selecting field sample stations

AGDS are designed to give real-time discrimination between habitats. Whilst it is strongly advised to
use post-processing of the data for interpretation (see below), the real-time facility is very useful for
gaining knowledge of the distribution of acoustic ground types during the survey. Such knowledge is
essential for designing an efficient, stratified field sampling programme to validate the acoustic data.
Surveyors should edit the real-time display (e.g. the arrangement of the boxes in E1/E2-space) to iden-
tify acoustic ground types which may be related to particular habitats or biotopes. In this way field sam-
pling will have an element of prediction as the survey prog