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Summary



Coastal marine environments are important ecological, economic and social areas
providing valuable services such as coastal protection, areas of recreation and
tourism, fishing, climate regulation, biotic materials and biofuels. Marine
renewable energy developments in the coastal environment are becoming a key
objective for many countries globally. Assessing and monitoring the impacts of
these developments on features, such as coastal biodiversity, becomes a difficult
prospect in these environments due to the complexity of marine process at the
locations in which these developments are targeted.

This thesis explores the main challenges faced when assessing biodiversity in
dynamic coastal environments, in particular those susceptible to high levels of
turbidity. Various underwater camera techniques were trialled in reduced
visibility environments including baited remote underwater video (BRUV), drop-
down video and hydroacoustic methods.

This research successfully refined BRUV guidelines in the North-East Atlantic
region and identified key methodological and environmental factors influencing
data collected BRUV deployments. Key findings included mackerel as the
recommended bait type in this region and highlighting the importance of
collecting consistent metadata when using these methods.

In areas of high turbidity, clear liquid optical chambers (CLOCs) were
successfully used to enhance the quality of information gathered using
underwater cameras when monitoring benthic fauna and fish assemblages.
CLOCs were applied to both conventional BRUV camera systems and benthic
drop-down camera systems. Improvements included image quality, species and
habitat level identification, and taxonomic richness.

Evaluations of the ARIS 3000 imaging sonar and its capability of visualising
distinguishing identifying features in low visibility environments for motile fauna
showed mixed results with morphologically distinct species such as
elasmobranchs much clearer in the footage compared to individuals belonging to
finfish families.

A combined approach of optical and hydroacoustic camera methods may be most
suitable for adequately assessing coastal biodiversity in low visibility
environments.
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General Introduction

Coastal marine environments are important ecological, economic and social areas
(Martinez et al., 2007). Healthy marine ecosystems provide valuable services such
as coastal protection, areas of recreation and tourism, fishing, climate regulation,
biotic materials and biofuels (Liquete et al., 2013; Canonico et al., 2019). These
services have led to coastal environments being centres of human activity
(Martinez et al., 2007). Measures including Marine Protected Areas (MPAs) have
been implemented in the North-East Atlantic Region in order to conserve,

promote and monitor biodiversity in specific environments (Jones, 2012).

Marine renewable energy developments in the coastal environment are becoming
a key objective for many countries globally, as they are considered a more
sustainable alternative to the production of electricity and green fuels through
energy resources such as tides, currents, waves and offshore wind (Gill, 2005;
Linley et al., 2009). Turnover in the UK’s low carbon economy now is valued at
around £122 billion and has been growing at an average rate of over 7% per year
since 2010 in nominal terms. Over £42 billion pounds has been invested in
renewables, nuclear and carbon capture storage (DECC 2015) due growing
concerns into the impacts of fossil fuels such as coal, oil and natural gas on the
state of the marine environment and climate change (Cruz & Krausmann, 2013;
Demirbas, 2009; Pelc & Fujita, 2002). The UK's target for offshore wind is to
provide enough power to power all homes by 2030. Although accessing these
nearshore environments is mostly favourable, many challenges still exist with
regards to developing this technology in coastal areas, (Pelc & Fujita, 2002).
Modifications to wave climates, flow patterns, and marine habitats, particularly
through increased underwater noise and collision risk, are identified as key

ecological issues (Bonar et al., 2015).

Assessing and monitoring the impacts and interactions of marine renewable
energy developments on coastal biodiversity becomes a difficult prospect due to
the complexity and dynamics of the marine environmental processes and
renewable developments being monitored (Fox et al., 2018). Examples of these
challenging processes include the direction and speed of prevailing winds,
underwater visibility, large tidal ranges, high velocity currents and increased
wave action. The restrictions of deploying damaging extractive survey methods
close to infrastructure or in sensitive habitats protected under MPA management

further limits the assessment and monitoring the biodiversity in these
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environments (Griffin et al. 2016). This uncertainty places a considerable burden
on developers who must collect biological data through baseline and post-
deployment monitoring programs under the Environmental Impact Assessment

process (Fox et al., 2018).

Current research into monitoring methods around marine renewable energy
developments has included remote sensing, eDNA (Canonico et al., 2019),
unmanned vehicles (Verfuss et al., 2019), fish netting (Fox et al., 2018), and
various optical and acoustic technology (Polagye et al., 2020). Advancements in
camera research in the North-East Atlantic Region include both static and towed
equipment for the monitoring of marine biodiversity. Configurations below and
above water provide long- term baseline and impact- related data for development
sites and energy converters, as well as monitor impacts of operational energy
convertors on fish, mammal, and bird behaviour (Bicknell et al., 2016). The
development of rapid, cost-effective and reliable remote underwater monitoring
methods has been identified as crucial to supporting evidence-based decision-
making by planning authorities and developers when assessing environmental
risks and benefits of offshore structures. A recent example of such technological
advancements in the North-East Atlantic region includes the novel underwater
imaging system PelagiCam. This system allows for semi-automated monitoring
of mobile marine fauna at offshore structures for streamline biological data

acquisition. (Sheehan et al., 2019).
Objectives of this Thesis

The objectives of this research were to identify the main challenges faced when
assessing coastal biodiversity in dynamic areas associated with or targeted for
coastal renewable developments, and trial and test various non-destructive
underwater camera methods in reduced under visibility environments associated

with marine renewable energy developments.

During this PhD we trialled three underwater video techniques in reduced
visibility coastal environments around the UK, predominantly around the South
Wales coast with the aim of quantifying and improving the quality of information
gained through underwater imagery. Such information included species
enumeration, abundance and habitat classifications. These three methods
included the refinement of baited remote underwater video (BRUV) techniques

with the aim of providing an insight for future guidelines for the application of
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these methods in North-Eastern Atlantic coastal waters; the introduction of a
clear liquid optical chamber to improve underwater image clarity for use in motile
and benthic faunal assemblage assessments, and the use of ARIS 3000 imaging
sonar for identifying fish assemblages and characterising benthos associated with
various coastal habitats. The following research questions were applied to this

thesis:

Chapter 1: What are the main challenges of assessing coastal biodiversity

in the North-East Atlantic Region?

Chapter 2: What factors influence the information gathered by BRUV

methods in coastal waters around the UK? Published.

Chapter 3: What is the influence of bait on remote underwater video
observations in shallow-water coastal environments associated with the

North- East Atlantic Region? Published.

Chapter 4: Is the identification of motile fauna in turbid, low visibility
environments improved through the introduction of a clear liquid optical

chamber to improve image clarity around UK coastal waters? Published.

Chapter 5: Is the assessment of subtidal benthic coastal habitats in
turbid, low visibility environments improved through the introduction of
a clear liquid optical chamber to improve image clarity around UK

coastal waters? Published.

Chapter 6: What are the capabilities of the ARIS 3000 imaging sonar for

identifying fish assemblages native to UK coastal waters?

Appendix I: What are the capabilities of the ARIS 3000 imaging sonar for
characterising biogenic structures formed by Sabellaria in highly turbid

environments? Published.



Chapter 1

Challenges of Assessing Coastal
Biodiversity in the North-Fast Atlantic
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Abstract

The marine environment provides a number of highly valued ecosystem services
and goods for the human population. The need to adequately assess and monitor
this environment has arisen from the increase in human dependence on these
resources which it provides. This review explored the main survey methods used
to assess marine biodiversity and discusses their advantages and disadvantages

and recommends monitoring types depending on target biodiversity groups.

Challenges faced when assessing coastal environment in the North-East Atlantic
region included, but not restricted to; accessibility to the target area; weather;
high current velocities and turbidity levels; human, methodological and external
sampling bias; analysis duration; cost-effectiveness and selectivity of gear.
Techniques used to assess biodiversity may be split into extractive and non-
extractive methods. Extractive methods such as trawling and benthic sediment
grabbing are destructive in nature but are widely used as they are not limited by
factors such as high current velocities and underwater visibility. In contrast to
this, non-extractive methods such as underwater cameras and aerial surveys are
limited by such factors, influencing accuracy in their assessment of coastal

biodiversity.

With traditional extractive survey methods damaging the baseline environment
and limited by their proximity to seabed infrastructure, the use of non-extractive
equipment may be considered a preferable alternative for monitoring coastal
biodiversity. In order for this option to be feasible and accurate, modifications

and further research need to be made to these methods in their current form.
Keywords

Biodiversity assessments; Coastal environments; Environmental monitoring;

Sampling techniques.
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1.1. Introduction

The world’s coastline covers a distance of approximately 1,634,701km (Martinez
et al., 2007) and encompasses a variety of habitats each with their own unique
organisms and ecosystems (Raffaelli, 2006). For this review, the definition of the
coastal zone follows the JRC-IES Coastal Zone Technical Note which identifies a
10km buffer seaward from the coastline and a 2km buffer inland (Lavalle et al.,
2011). The North-East-Atlantic region encompasses a coastline area of
approximately 20,585km and includes the following features estuaries intertidal

flats, and coastal lagoons (OSPAR 2000).

The Convention on Biological Diversity defines biodiversity in Article 2 as ‘the
variability among living organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are part; this includes diversity within species, between species and
of ecosystems’ (United Nations, 1992). Biodiversity increases the ability of
ecosystems to respond and adapt to changes in the environment from
disturbances such as climate change and those anthropogenic in origin (Hoegh-
Guldberg & Bruno 2010). Areas of increased biodiversity also provide valuable
goods and services for the human population (Hiddink et al., 2008). The coastal
zone is home to diverse flora and fauna, and it provides highly valued ecosystem
services (Pakeman et al., 2017) including nutrient recycling, food production and

coastal defences (Costanza et al., 1997).

For the purpose of this chapter, coastal biodiversity has been split into five main
groups; fish; benthos (including intertidal habitats and marine flora); marine
mammals; plankton and birds; however, techniques of assessing bird and

plankton biodiversity will not be considered further in this review.
1.1.1. North-East Atlantic Coastal Biodiversity
1.1.1.1. Fish

It is estimated that approximately 78% of all marine fish species are found within
the worlds continental shelf (Cohen, 1970). Coastal and nearshore habitats such
as estuaries, coral reefs and marshes are important nursery areas which support
high abundances and diversity of fish species (Beck et al., 2001). Furthermore,

fish biodiversity within the world’s continental shelves is essential for the
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sustainability of commercial fisheries (Hiddink et al., 2008). Within the North
Atlantic Ocean, nearly 1100 species of fish are known, 600 of which are pelagic,
while the rest is demersal (OSPAR 2000). Threats to fish biodiversity include
overfishing, habitat loss, pollution and climate change (Gray, 1997). Fishery
resources account for approximately 19% of human protein intake and are
therefore considered an important commodity which needs conserving (Shao,

2009).
1.1.1.2. Benthos (Including Supratidal Dunes)

Within coastal ecosystems, benthic biodiversity is essential to ecological functions
such as decomposition, nutrient recycling and nutrient production (Levin et al.,
2001). High benthic biodiversity also has the potential to increase sediment
stability in turn reducing erodibility and may also provide food for human
consumption. Anthropogenic disturbance to benthic and intertidal communities
may occur directly from actions such as fishing and coastal and offshore industrial
developments directly on the seabed i.e., oil & gas, renewable energy (Snelgrove,
1997). Research has suggested that benthos subject to reduced disturbance levels
show positive responses within three years for species richness, total abundance,
and assemblage composition for certain indicator species (Sheehan et al 2013).
Coastal habitats such as saltmarshes, seagrass meadows, reefs and supratidal
sand dunes can also act as valuable natural coastal protection for the human

population from events such as sea level rise and flooding (Arkema et al., 2013).
1.1.1.3. Marine Mammals

Marine mammals represent the smallest number of different species in the
marine environment; however, they account for a far larger biomass in
comparison to fish and benthos (Kaschner et al., 2011) and play key roles in
ecosystems through predation (Schipper et al., 2009) and nurtrient recycling
(Bowen 1997). Two species of seal and 32 different species of cetacean have been
observed in the Atlantic Ocean (OSPAR, 2000). Cetaceans are classified as
keystone indicator species (Harwood 2001) and are often considered high profile
taxa due to their charismatic nature, capturing the public’s attention when it

comes to raising awareness of the marine environment (Parsons et al., 2015).
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1.1.2. Importance of Assessing Coastal Biodiversity

The need to assess marine biodiversity has arisen from the increased human
dependence and exploitation / development in the marine environment (Selig et
al., 2013) through the services in which it provides. Such services include coastal
protection, tourism, nutrient recycling, and food production including fisheries
and aquaculture (Barbier et al., 2011; Costanza et al., 1997; Liquete et al., 2013).
This in turn has led to the overexploitation of these areas (Heiskanen et al., 2016).
Reducing this anthropogenic impact and monitoring the marine environment has

therefore become a necessity.

Approaches to assessing and monitoring this diversity varies globally. Even with
established monitoring systems, there is still variation in individual countries
priorities, objectives and standards, causing difficulties to the decision-making

process with regards to the coastal environment (Teder et al., 2006).
1.1.2.1. Protected species and habitats

The Strategic Plan for Biodiversity 2011-2020 developed by the Parties to the
Convention on Biological Diversity (CBD) is a global framework with the aim of
safeguarding biodiversity with the development of national targets (United
Nations, 2011). Several legal instruments (conventions and directives) aim to
protect and conserve the marine life in the North-east Atlantic Ocean. These
include Convention for the Protection of the Marine Environment of the North-
East Atlantic (OSPAR), International Council for the Exploration of the Sea
(ICES), EU Birds and Habitat Directives, North Atlantic Marine Mammal
Commission (NAMMCO) and the BERN Convention (OSPAR 2000).

Within European countries of the North-East Atlantic region, the EU Marine
Strategy Framework Directive (MSFD) sets out 11 qualitative descriptors for
“good environmental status” (GES) (Andersen et al., 2014). This status not only
recognises the state of species and habitat biodiversity but also includes aspects
such as seafloor integrity and food webs (Andersen et al., 2014; Cochrane et al.,
2016). The Directive came into force on 15 July 2008 and was transposed into UK
law by the Marine Strategy Regulations 2010 (Department for Environment Food
and Rural Affairs, 2014). Supporting this, the Water Framework Directive (WFD)

has introduced an international commitment to assess the ecological status of
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transitional waters where fish assemblages are considered a vital ecological

component (Coates et al., 2007).

The Council Directive 92/43/EEC on the conservation of natural habitats and of
wild fauna and flora, also known as the EU Habitats Directive, adopted in 1992,
protects a range of threatened habitat types and species listed in Annex I and
Annex II respectively (European Commission, 1992). These are often considered
habitats of key species and indicators of biodiversity (Heiskanen et al., 2016). The
protection of these Annex I and II habitats and species contributes to a network
of Special Areas of Conservation (SACs) (European Commission, 1992). However,
the balance of species and habitats protected under this directive is currently
heavily weighted on the terrestrial side (77 terrestrial species within the UK
Atlantic biogeographic region compared to 16 species within the UK Marine
Atlantic region) (European Commission, 2018). These measures are just an
example of the different policies in place to promote the protection of biodiversity,
with individual nations and regional seas also having their own assessment and

monitoring programmes in place (Heiskanen et al., 2016).

Specifically, within the UK for example, species and habitats which are
strategically monitored fall within the following components: seabirds, marine
mammals (cetaceans and seals), fish and cephalopods, benthic habitats, plankton,
and ecosystem processes and functions (Joint Nature Conservation Committee,
2016; Noble-James et al., 2017). Further aspects such as water quality and
pollution are also monitored. The UK Marine Biodiversity Monitoring Strategy
aims to provide options for assessing different biodiversity components identified
for the development of the MSFD. The principles of these monitoring strategies
follow a risk-based approach to reduce the scale of monitoring required and
prioritising monitoring activities. This strategy aims to ensure that species and
habitats deemed ‘high risk’ and ecosystem components sensitive to pressure are
a monitoring priority. Once determined, monitoring may be undertaken through
sentinel monitoring of long-term trends (Type 1), operational monitoring of
pressure-state relationships (Type 2) and / or investigative monitoring to
determine management needs and effectiveness (Type 3) (Joint Nature

Conservation Committee, 2016).

The Joint Nature Conservation Committee Marine Monitoring Handbook (Davies

et al., 2001) provides guidance on method suitability, and states that monitoring
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methods in the marine environment should be chosen based on their; likelihood
of damage to the target species and / or environment; ability to provide a type of
measurement consistent with the objective of the target species or habitat; ability
to measure the attribute across an appropriate range of conditions; ability to

provide precise observations on scales of change; and within the budget available.
1.1.2.2. Ecosystem-Based Management

Ecosystem-based management (EBM) has been promoted as an efficient way of
implementing environmental and water policies (Apitz et al., 2006; Rouillard et
al., 2018). EBM ‘takes into account the interconnectedness and interdependent
nature of ecosystem components and emphasizes the importance of ecosystem
structures and functions which provide a range of services’ (Curtin & Prellezo
2010). EBM aims to create management systems that better protect the dynamics
and requirements of healthy ecosystems (Rouillard et al., 2018). Its importance is
highlighted in the Millennium Ecosystem Assessment (2005), and its principles
underpin policy developments such as the WFD (2000/60/EC) and the MSFD
(2008/56/EC) (Holt et al., 2011). Examples of regional management measures that
are based on this ecosystem approach include the Helsinki Commaission Baltic Sea
Action Plan (Backer et al., 2010) and the A Land Use Strategy for Scotland
(Scottish Government 2011). Nature Directives, WFD and MSFD support many
keys aspects of EBM. These include ecological integrity, acknowledgement of
multiple scales, multi-disciplinary knowledge, stakeholder participation,
transparency, policy coordination, adaptive management. This provides an
opportunity for streamlining and coordinating between directives (Rouillard et

al., 2018).
1.1.2.3. Environmental Impact Assessments

The United Nations Convention on the Law of the Sea (UNCLOS) defines the
responsibilities of individual nations to the use of the marine environment
(Davidson, 1997). With the increasing influence of humans on the marine
environment, marine licence applications are assessed to understand the likely
impacts of proposed activities. Within the North-East Atlantic region, under the
Environmental Impact Assessment Directive (85/337/EEC), for projects which are
likely to significantly affect the environment, an Environmental Impact

Assessment (EIA) must be submitted (UK Parliament, 2017).
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The aim of an EIA is to ensure that decisions regarding a proposed development
take into account the physical and biological environment and any implications
which may arise on the existing environment (Rosenberg et al., 1981). In order
to provide this information, the need for science to inform policy is required
through a variety of environmental baseline surveys, habitat assessments and
monitoring surveys (Borja et al., 2017). In the UK, there is currently no required
format but must include the information set out in Schedule 3 to the Marine
Works (Environmental Impact Assessment) Regulations 2007 which include an
accurate description of the current state of the environment, and the likely

evolution of the baseline in the absence of the project such as:

e Human beings, fauna and flora;
e Soil, water, air, climate and the landscape;

e Material assets and the cultural heritage; and

EIAs and Environmental Statements (ES) assess biodiversity which has the

potential to be significantly affected by a project, these include:

e Direct and indirect effects;

o Secondary effects;

e Cumulative effects;

e Transboundary;

e Short-term, medium-term and long-term effects;
e Permanent and temporary effects; and

e Positive and negative effects.

This literature review 1) identifies the challenges of monitoring coastal
biodiversity in the North-East Atlantic region, 2) explores the main survey
methods used to assess this biodiversity and discusses their advantages and
disadvantages with the aim of identifying holes and limitations in current

assessment methods used to support current legislation and EIAs.
1.2. Literature Review Methods

Literature searches were conducted based on the guidance set out by Pullin &
Stewart (2006) using Google Scholar and Web of Science™. Literature searches
for this review were undertaken between October 2017 and June 2020. Detailed

literature searches included (but not restricted to) the following search terms:
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marine biodiversity assessments, coastal environment monitoring, marine
sampling techniques and marine monitoring techniques. These terms were used
to inform more detailed subsequent searches where required. Grey literature was
used with caution throughout this review. Checks on the author / organisation
responsible for the article, target audience, date of issue and whether any bias

was involved were all taken into consideration.
1.3. Challenges of Assessing Coastal Biodiversity

The coastal marine environment is a dynamic and complex area influenced by
processes such as weather, climate, temperature, salinity, seabed morphology,
circulation, sedimentary processes, sea level, tidal ranges, wave action and
turbidity (Carter & Carter 1988; Huthnance, 2010). Such processes can heavily

influence the effectiveness and success of an environmental survey.

The North-East Atlantic region experiences large semidiurnal tidal ranges which
in-turn generate locally large near bed currents (Bricheno et al., 2015). Locations
such as the Severn Estuary, UK and along the coast of Brittany, France are
known for having tidal ranges more than 12m (Green & Smith, 2009) and 5m
(Britannica 2021) respecitvely. With this large tidal range comes high current
velocities (Stride, 1982), turbidity, debris, sensitive habitats and decreased
accessibility to the environment with surveys heavily restricted in the time spent
at any one location per day (Natural Resources Wales, 2018). Accessibility to
coastal marine areas may also be further restricted by meteorological changes
such as prevailing weather conditions influencing wind and swell further
restricting survey time in specific locations (Walker et al., 2013). Permission and
licences may also need to be granted to access and samples specific sample sites
(Boyes & Elliott, 2015), especially with regards to the intertidal zone and the
availability of harbours / launching facilities for boat activity and drones (Murfitt

et al. 2017).

High current velocities and turbulence associated with these large tidal ranges
may also restrict marine surveys through the displacement of equipment placed
on the seabed (Uihlein & Magagna 2016). In this instance, towed equipment may
be a preferred option to avoid the risk of losing valuable resources (Rooper 2008).
Other physical processes associated with these dynamic environments also

influence the movement and sorting of sediment. Suspended particulate matter
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(SPM) determines turbidity in the water column (The Scottish Government, 2010)
which in high levels, ultimately significantly reduces underwater visibility in
these environments (Schechner & Karpel, 2005), restricting the use of visual
underwater surveys using divers and underwater cameras. In this instance, the
preferred option is use of traditional extractive sampling techniques (e.g., beam
trawling, grab sampling) to assess these habitats, and in light of their destructive
nature, are usually carried out at a distance from the target feature (Griffin et al.,
2016). This sampling distance varies and is usually due to restrictions imposed
by both industries to protect valuable infrastructure and regulatory bodies to
protect valuable habitats and species (MMO 2014). This, in tandem with spatial
variations in biodiversity means that communities are notoriously under sampled
on and around the vicinity of protected coastal habitats, and despite the protected
status of certain coastal habitats, the linkages between these protected habitats
and the motile communities they support are poorly understood (Jones et al.,

2019).

It is these dynamic coastal environments which provide an opportunity for the
development of marine renewable energy which already considered to be under
anthropogenic pressure due to their accessibility, biological productivity and other
valuable ecosystems and services (Costanza et al., 1997; Gill, 2005). With this in
mind, accurately collecting comprehensive environmental baseline data in these
environments is essential for appropriately assessing the status of the target

environment and magnitude of potential impacts (Gill, 2005).
1.4. Current Methods for Assessing Coastal Biodiversity

1.4.1. Extractive Methods
1.4.1.1. Trawling

Trawling encompasses a range of techniques and can be split into bottom trawling
and mid-water trawling (Galbraith et al., 2004). Bottom trawling is the process
of towing along, or close to, the seabed whereas mid-water towing is the process
of towing the trawl through the water column (FAO, 2016). These types of survey
are used to target bottom, demersal and pelagic fish species and are used globally.
Beam and otter trawls are two of the most widely used fishing gears in the North

Sea (Jennings et al., 1999). Trawl surveys have often been used to monitor fish
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stocks in long term data sets (Magurran et al., 2010) and can provide information

on fish abundance and species composition (Smith, 1996).
Advantages

Trawling surveys have been conducted in the North Atlantic region for numerous
marine renewable energy monitoring programs, specifically windfarms (MMO
2014). These can be used as good reference points to monitor change in fish
populations over time (Magurran et al., 2010). Trawling can also be considered
an effective approach to covering a large ‘swept’ area (Sparre & Venema, 1998)

and estimates can be made on absolute stock sizes (Ligtvoet et al., 1995).

Trawling, like other extractive methods are not limited by specific complex
conditions of the water column in coastal environments (Table 1). For instance,
turbidity and high velocity currents do not affect quality of the extracted sample;
however, changes to trawl speeds due to strong currents may decrease the
effectiveness of the trawl (Weinberg, 2003). Methods allow for samples to be
extracted and identified either on-board the vessel or in laboratory conditions

eliminating the limitation of in situ visibility.
Limitations

The ecological impacts of trawling on the seafloor must be considered when
undertaking this type of survey, especially within marine reserves and SACs
where conservation objectives must be upheld and disturbance to protected
habitats is restricted (Hall-Spencer et al., 2002) (Table 1). Subsequent changes
to an ecosystem, such as bedforms or reef structures, may occur from extractive
surveys and may have an adverse impact on the conservation and monitoring

objectives at a specific site or development (Lindholm et al., 2015).

Trawling is an expensive method of assessing biodiversity with surveys usually
using large vessels which are unable to operate in very shallow areas (Ligtvoet et
al., 1995). Issues with standardisation to ensure that multi-vessel surveys are
comparable when analysing trawling data have been a major concern (Galgani et
al., 2010). The extent of trawling standardisation varies; it has also been recorded
that ‘standardised vessels’ may still have differing catch capabilities. Changes to
any existing gear on a vessel is also expensive and may influence the catchability
of target species (Bagley et al., 2015). This variation in catchability can influence

unreliable population assessments (Hoffman et al., 2009). Further to this, the

11
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selectivity of fishing gear (mesh size and tow speed) for target species limits the
assessment of biodiversity through this survey method (Stepputtis et al., 2016);
however, methods such as a codend mesh can limit this selectivity if implemented

(Ligtvoet et al., 1995).

When towing equipment behind a vessel, there is a risk of it snagging on exposed
structures. Renewable energy developments and other subsea infrastructure
poses a huge risk to trawlers through snagging and also to the integrity of the
existing infrastructure (Det Norske Veritas, 2010). The risks of these methods
limit their use within the close vicinity of any installations or protected habitats
within the target area. For instance, EIA’s and subsequent monitoring for
offshore windfarms in the UK regularly use trawl data to assess the state of fish
assemblages in the area. However, regardless of statutory requirements, trawl
survey data usually refers to that taken from ‘within the wider wind farm area’
rather than within close proximity to the infrastructure which would inevitably
provide more accurate data on the impacts of the development (Griffin et al., 2016;
MMO 2014). Furthermore, the gear used on trawl surveys may also be limited by

any hard substrate present on the seabed.
1.4.1.2. Seines, Traps and Gillnets

Seine nets haul and herd fish and can either be deployed from the beach or a boat
targeting mainly demersal species (FAQ, 2018). Gillnetting uses a wall of netting
which hangs in the water column and anchored on the seabed. These nets are
designed so the fish are either gilled, entangled or enmeshed in the netting (FAO,
2016) and can be used almost everywhere (Ligtvoet et al., 1995). Fyke nets consist
of cylindrical net bags mounted on rigid structures with wings at the entrance to
guide fish into the net. These nets, like gillnets, are usually fixed to the bottom
using anchors (FAO, 2016). This method is commonly used in estuaries and

shallow water.
Advantages

These methods are one of the simplest and easiest forms of fishing (Clay, 1981),
and can be used as a repetitive sampling tool (Askey et al., 2007). They are
considered to be a cost-effective means of fishing for target fish species due to their
inexpensive equipment compared to trawling (Askey et al., 2007; Clay, 1981).

They are also considered to be less destructive, easy to deploy and are preferable

12
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in areas where trawling is unable to operate (Davies et al., 2001; Ligtvoet et al.,
1995). Furthermore, limitations such as underwater visibility are not applicable

to these methods (Table 1).
Limitations

Seines, traps and gillnet activities also pose a risk to protected species such as
marine mammals and turtles through entanglement (Dawson, 1991; Naismith &

Knights, 1994).

Trawling provides a more comprehensive assessment of fish biodiversity when
compared to methods such as gillnets due to the efficiency of selectivity of gillnets
(very size selective) (Li et al., 2017) and the fact they can only catch active fish
(Ligtvoet et al., 1995). Gillnets are a passive type of gear and are not useful for
estimates of absolute stock size but can provide indices of relative stock size
(Ligtvoet et al., 1995) and diversity. Similarly to trawling, limitations may also
be placed on the proximity in which seine nets, gillnets and fyke nets may be
deployed to marine infrastructure (Griffin et al., 2016). These methods of
assessing biodiversity are small scale when compared to the area potentially
covered by trawls (Butcher et al., 2005). Deployments of these net types are also
difficult in rough sea conditions and high current speeds which often occur in
coastal environments as they are often susceptible to displacement (Davies et al.,

2001).
1.4.1.3. Benthic grabs

Benthic grab sampling encompasses a range of techniques used to collect a
sediment sample from the seabed for analysis of biological infauna, particle size
and contaminants (EPA, 2002). There are several types of benthic grab, these
include Hamon, Day, Shipek, van Veen and Petersen samplers (Hails, 1982). The
Hamon grab has been identified as the most effective grab type for mixed
sediments (Boyd et al., 2006) whereas the day grab has been identified as the most
effective type for soft homogenous sediments (Rogers et al., 2008) and typically
sample a 0.1m? area. Grabs consist of two ‘bucket’ sections. When in contact with
the seabed, these buckets close into the seabed and extract a sample before being
hauled back up to the vessel. Although the concept of these techniques has
remained the same over the years, developments have been made into the gear

efficiency and positioning equipment.
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Advantages

This method is easily conducted from a range of boat sizes and provides detailed
quantitative data on sedentary infaunal and epifaunal species which are open to
use in various statistical analysis and interpretation (Eleftheriou, 2013). The
interpretation of results from grab samples does not usually require advanced
technology or software; however, personnel must be adequately trained in
taxonomy and/or faunal identification. This sampling method is often used as a
ground truthing tool alongside non-extractive methods such as underwater

cameras and acoustic surveys (Davies et al., 2001).

When using the same sampling gear and accurate positioning information, this
method can be easily replicated over time providing a good indication of benthic
environmental changes (Eleftheriou & Mclntyre, 2005). This method also
provides data for certain habitat characterisations where considerable
comparable information is available and also for quantitatively determining
habitats using various multivariate data outputs (Eleftheriou, 2013). Due to the
extractive nature of this method, it is not restricted by visibility in the water

(Table 1) column and samples can be retained for future analysis.
Limitations

Benthic grabbing and subsequent faunal analysis are a time consuming and costly
process (Kingston & Riddle, 1989). Similar to trawling, restrictions may be placed
on these techniques in areas of significant subsea infrastructure such as cables
and pipelines or areas paramount to supporting any existing infrastructure and

predicted sensitive benthic habitats (Noble-James et al., 2017).

Large variations in benthic community structure and habitats can occur over a
small spatial scale when implementing this method. In this instance, a more
intensive sampling regime is needed to account for this variation (Underwood &
Chapman, 2013) with benthic grabs also not useful in sampling rare fauna
(McIntyre, 1956). Benthic grab surveys are also limited by substrate type with
different sediment types requiring different grab equipment each with variations
in efficiency (Underwood & Chapman, 2013; Word, 1975). This type of survey
method targets fine grained, cohesive sediment such as silt and clay, and non-
cohesive sands including shell, and gravel (Hails, 1982). Benthic grabs are not

effective on sediments that may prevent grab closure such as rocky outcrops
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(Davies et al., 2001; Jorgensen et al., 2011). This method therefore becomes
difficult to implement in coastal monitoring surveys in high energy tidal stream
and wave sites where rocky ledges, boulders and soft-sediment patches are

common features (Sheehan et al., 2010).

The deployment of grab equipment relies on existing information either from
previous surveys or from pre-camera surveys or other ground surveys to target
areas of interest and reduce damage to protected habitats (Davies et al., 2001).
Larger and more mobile fauna tend to be underestimated via this method as they
are more likely to have the ability to avoid the equipment when disturbed by
burrowing deeper into the sediment or have a body size too big for the grab
(Costello et al., 2017; Kendall & Widdicombe, 1999). Differences may also occur

in the data formats of epifauna and infauna (Tagliapietra & Sigovini, 2010).
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Table 1° Overview of the advantages and limitations of extractive sampling for assessing coastal biodiversity in the North-East Atlantic region

Assessment Data Type Advantages Disadvantages Applicable in Applicable in
Technique Low Visibility High Velocity
Environments Environments
Bottom trawling « Fish e Numerous long- e Issues with Yes. Trawling Yes. Trawling
Mid-water trawling abundance. term data sets standardisation. methods are not methods are not
o Total fish already exist. e  Gear is expensive. limited by low limited by high
counts. « Can cover a large « Risk of snagging on visibility coastal velocities in
o Biomass. area in a short marine environments. coastal
e  Species period of time. infrastructure. environments
composition. o Not limited by o  Selectivity of gear- unless boat trawl
conditions of the but can be limited. speed is
water column. o  Ecological impacts compromised.
« Can estimate must be considered-
absolute stock size. Destructive.
o Limited by depth.
Gillnetting « Fish e Simple forms of o Highly selective Yes. Seines, traps No. Seines, Traps
Fykes abundance. fishing. o Risk of snagging on and gillnets are and Gillnets are
Qeine o Total fish o  Cost-effective. marine not limited by low | not applicable in
counts. « Easy to use. infrastructure. visibility in coastal | very high velocity
o Biomass. o Less destructive « Entanglement of environments. environments
o  Species than trawling to non-target species. where
composition. the seabed. o Cover a small area. displacement may
« Not restricted by « Cannot estimate occur.
sediment type. absolute stock size.
o Passive.
» Risk of displacement.
o  Restricted by water
depth.
Hamon o Biological o Easily conducted o Large variations in Yes. Benthic Yes. Benthic
Day grab infauna from different benthic community grabbing grabbing
Shipek, abundance vessel sizes. structure and techniques are not | techniques are not
o Biomass e  Provides detailed habitats can occur limited by low limited by high
van Veen . L X P .
o  Species quantitative data. over a small spatial visibility coastal velocity coastal
Petersen o ; . .
composition o Can be replicated scale. environments. environments.
Cores o Particle size easily with o  Ecological impacts
Dredges analysis accurate must be considered-
Sleds o Contamination positioning Destructive.
equipment. o  Limited by substrate
type.
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Assessment
Technique

Data Type

Advantages

Disadvantages

Applicable in
Low Visibility
Environments

Applicable in
High Velocity
Environments

e Suitable for
multivariate
analysis.

« Not restricted by
water column
characteristics.

+ Relies on existing
information before
deployment.

o Megafauna can be
too big for the grab.

e Time consuming and
costly.

e Restricted sampling
around
infrastructure.
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1.4.2. Non-Extractive Methods
1.4.2.1. Underwater Cameras

The use of underwater camera methods for assessing marine biodiversity has
increased in recent times with technological progress in battery life, underwater
housings, and storage now making these methods available for a number of users
(Bicknell et al., 2016; Mallet & Pelletier, 2014). These methods are considered an
alternative to destructive methods, especially in sensitive and complex habitats,
and around marine infrastructure (Griffin et al., 2016; Unsworth et al., 2014).
Underwater video encompasses a range of different techniques and can be applied
to different species and habitat assessments. There are several types of camera
which fall under this method, these include remote underwater video, baited
remote underwater video (BRUV) (Cappo, et al., 2006), benthic drop-down video
(Bethoney & Stokesbury, 2018; Jenkins et al., 2018), towed video (Sheehan et al.,
2016), remotely operated vehicles (ROVs), autonomous underwater vehicle (AUV)
and diver-operated video (Mallet & Pelletier, 2014; Sward et al., 2019). More
recently, high-resolution Serial Peripheral Interface (SPI) cameras using
Raspberry Pi microcomputers have been identified as customisable, cheap (<200

euro) marine camera systems (Purser et al., 2020).
Advantages

One of the advantages of underwater cameras lies in the variety of different types
of camera which exist and applicability for reaching different survey objectives in
various marine environments including benthic habitat ground-truthing, fish
species behaviour and habitat use, inter- and intra-specific interactions and
population level monitoring (Bicknell et al., 2016) (Table 2). Cameras may be
baited or un-baited depending on the survey and also remotely deployed (Murphy
& Jenkins, 2010). In the North-East Atlantic region, camera methods including
benthic drop-down and towed video have been used for benthic habitat
assessments whilst BRUVs have previously been used for fish assessments
around marine renewable energy developments such as windfarms (Hitchin et al.,
2015; Sheehan et al., 2016; Griffin et al., 2016). To counter environments subject
to low visiblity, ‘freshwater housings’ have been implemented in benthic habitat
assessments in both the oil & gas and marine renewable enrgy industries (Hitchin

et al., 2015).
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Underwater cameras are non-extractive and can provide a high-definition view of
the target area and access those habitats or environments that may be
inaccessible by conventional methods (Unsworth et al., 2014), such as subsea
infrastructure (Bicknell et al., 2019). Unlike trawling or benthic grab sediment
sampling, underwater cameras are not restricted by hard bottom substrates and
are often critical for monitoring this type of environment (Pohle & Thomas, 1997).
Comparisons have previously been made between camera surveys and
underwater visual census using divers and show that underwater video is more
cost-effective in terms of time spent out in the field or in a laboratory (Francour
et al., 1999). Exclusion of divers when surveying has removed time and depth
limitations as well as reductions in survey cost and diver bias (Stobart et al.,
2015). It has also reduced the health and safety risk to personnel (Griffin et al.,
2016; Jones et al., 2019).

The difficulty of accurately assessing faunal lengths has been overcome by using
stereo camera systems which use two cameras pointed at the same area to create
a 3D image for analysis (Boom et al., 2014; Murphy & Jenkins, 2010; Unsworth
et al., 2014) allowing various measurements to be taken. BRUVs are an example
of this and use either a single or two cameras (stereo) to record an area and use
bait to attract fish (Dorman et al., 2012; Ghazilou et al., 2016; Harvey et al., 2012;
Mallet & Pelletier, 2014). The target species and the range of action are
determined by the type of bait used (Ebner & Morgan, 2013; Hannah & Blume,
2014; Harvey et al.,, 2007). The use of baited cameras provides a means of
collecting ecological data on motile fauna (Cappo et al., 2004; Griffin et al., 2016)
and decreases the occurrence of zero counts and increase the repeatability
between surveys (Murphy & Jenkins, 2010). Cameras can be set up either
horizontally or vertically to target fish assemblages and benthic habitats
respectively (Mallet & Pelletier, 2014), and can be used in both coastal waters and
deeper offshore waters and are potentially a useful tool in low wvisibility
environments when the position of the bait is relatively close to the camera (Cappo
et al., 2006; Jones et al., 2019; Lowry et al., 2012; Unsworth et al., 2014). The
static nature of these systems is desirable for monitoring biodiversity around
marine developments and infrastructure (Griffin et al., 2016). BRUV systems
have been identified as providing better statistical power than un-baited systems
in the detection of spatial and temporal changes in the relative abundance and

structure of fish assemblages (Stobart et al., 2015).
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To cover larger spatial areas, towed cameras may be used (Bicknell et al., 2016;
Sheehan et al., 2010). These cameras may be used either at the seabed or in mid-
water (Mallet & Pelletier, 2014) towed behind a vessel to record habitat data

during transects of an area for future spatial analysis (Stoner et al., 2007).
Limitations

One of the main challenges identified in the literature with using underwater
cameras is gaining accurate data in low visibility environments (<4m visibility)
(Jones et al., 2019) (Table 2). Coastal areas are often described as highly dynamic
environments especially around estuaries where areas of high turbidity, organic
matter, plankton and sediment loads are present (Uncles et al., 2002). Research
has been conducted into the improvement of autonomous underwater vehicles
navigation and surveillance (Cho & Kim, 2017) and using highly sensitive
cameras in aquaculture ponds (Hung et al., 2016); however, little research has
been conducted into improving visibility of underwater cameras for assessing and
monitoring coastal biodiversity. As previously discussed, turbulence and large
tidal ranges are common in coastal areas especially in the North-East Atlantic
region. Static monitoring equipment placed in these environments have the
potential to be moved and visibility in the water column further reduced (Fraser
et al., 2016). With non-extractive sampling such as underwater cameras a vital
and preferred method in assessing sensitive coastal habitats (Davies et al., 2001),
limitations placed on the cameras through the extreme environments which they
are deployed currently significantly reduces their effectiveness in certain

locations.

The duration of image analysis is also still an issue when it comes to video data
with different video techniques exhibiting differences in information provided and
requiring differing effort to analyse. The analysis of a camera observation can
take anything from a few minutes to an hour depending on the survey type,
objectives and the deployment times (Mallet & Pelletier, 2014). Further issues
may include human error when identifying species as it is far more difficult to
accurately identify marine species, especially benthos, using images alone
(Durden et al., 2016; Mallet & Pelletier, 2014). Fauna such as hydroids, bryozoans
and fine algae are notoriously difficult to identify through underwater cameras.

In this instance, further ground-truthing is usually required (Davies et al., 2001).
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With regards to baited video, bias towards predators and/or scavenger species has
previously been recorded, (Stobart et al., 2015, 2007) with different bait types also
influencing the species of fish attracted to the area (Dorman et al., 2012; Ghazilou
et al., 2016; Hannah & Blume, 2014; Harvey et al., 2007; Whitmarsh,
Fairweather, & Huveneers, 2017).

Research suggests that for underwater camera surveys, a combination of
methods, such as BRUVS and different fish nets or drop-down benthic cameras
and benthic sediment grabs, may be a more accurate way of assessing biodiversity
as it potentially counteracts each of their inherent biases (Davies et al., 2001;
Murphy & Jenkins, 2010; Watson et al., 2005). Such integrated approaches have
been identified in the WFD, with respect to fish communities (Coates et al., 2007).

1.4.2.2. Acoustic Surveys

Benthic acoustic surveys include various types of equipment including multibeam
echosounders (MBES), side scan sonar (SSS) and sub bottom acoustic profilers
(SBPs) (Table 2). These methods provide detailed information on water depth,
seabed morphology, objects and features. These methods are predominantly used
for habitat assessments and mapping (Bates & Moore, 2002). Marine acoustic
surveys have also been applied to the monitoring of marine mammals (Mellinger
et al., 2007; Verfuss et al., 2018) and fish assemblages using methods such as
passive acoustic monitoring (PAM) (Merchant et al., 2014; Verfuss et al., 2018),
fixed autonomous underwater sound recorders (ARs) (Sousa-Lima et al., 2013),
fish acoustics (Jolly & Hampton, 1990; Maravelias et al., 1996), acoustic telemetry
(tagging) (Abecasis et al., 2018) and acoustic cameras (Martignac et al., 2015).

Advantages

Acoustic survey techniques can be applied to the monitoring of many different
aspects of biodiversity. They are considered superior to v