
A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector

A REVIEW OF 
BIODIVERSITY DATA NEEDS 

AND 
MONITORING PROTOCOLS
for the Offshore Wind Energy Sector in the 

Baltic Sea and North Sea
By  PJ Stephenson



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector

Published October 2021

Author

Dr PJ Stephenson

Conservation & Sustainability Consultant 

Crassier, Switzerland

StephensonPJ@gmail.com 

Proposed citation:

Stephenson, P.J. (2021). A Review of Biodiversity Data Needs 

and Monitoring Protocols for the Offshore Wind Energy Sector 

in the Baltic Sea and North Sea. Report for the Renewables Grid 

Initiative, Berlin, Germany.

Imprint

The Renewables Grid Initiative e.V. 

Manfred von Richthofenstraße 4 – 12101 Berlin 

Germany

About RGI:

The Renewables Grid Initiative is a unique collaboration of 

environmental NGOs and Transmission System Operators 

from across Europe. We promote transparent, environmentally 

sensitive grid development to enable the further steady growth of 

renewable energy and the energy transition.

More information:

www.renewables-grid.eu



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector

Table of Contents

Abbreviations and Acronyms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Executive Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2. Strategies and Agreements Relevant to Offshore Wind Energy 

and Biodiversity in Europe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3. Identifying What to Monitor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4. Monitoring Marine Birds and Bats . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5. Monitoring Marine Mammals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

6. Monitoring Fish and Seabed Communities  . . . . . . . . . . . . . . . . . . 34

7. Using Existing Data Sources for Biodiversity Monitoring  . . . . . 47

8. Summary of Key Findings and Conclusions  . . . . . . . . . . . . . . . . . .52

9. Recommendations: Towards an Integrated Approach to 

Biodiversity Monitoring Around Offshore Wind Energy 

Installations and Grids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

10. References Cited . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Annexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector 4

Abbreviations and Acronyms

ASCOBANS Agreement on the Conservation of Small Cetaceans in the Baltic, North-East Atlantic, Irish 
and North Seas

AUV autonomous underwater vehicle
BACI before-after-control-impact (survey design)
BAG before-after gradient (survey design)
BfN Bundesamt für Naturschutz (German Federal Agency for Nature Conservation)
BRUV baited remote underwater video
EC European Commission
sDNA environmental DNA
EIA environmental impact assessment
EMF electromagnetic fields
EMODnet European Marine Observation and Data Network
ESAS European Seabirds at Sea
EU European Union
EurOBIS European Ocean Biodiversity Information System
GBIF Global Biodiversity Information Facility
HELCOM Helsinki Commission
IAS invasive alien species
ICES International Council for the Exploration of the Sea
IUCN International Union for Conservation of Nature
JNCC Joint Nature Conservation Committee (UK)
KBA Key Biodiversity Area
NGO non-governmental organisation
OBIS Ocean Biodiversity Information System
OWE offshore wind energy
OWF offshore wind farm
PAM passive acoustic monitoring
PTT platform terminal transmitter (for telemetry)
RGI Renewables Grid Initiative
ROV remotely operated vehicle
SEA strategic environmental assessment
TSO transmission system operator
UAV unmanned aerial vehicle (drone)
UN United Nations



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector 5

Executive Summary

Offshore renewable energy, in particular wind power, is central to global efforts to reduce greenhouse gas 
emissions and tackle climate change, yet wind farms and their associated submarine power cables and grid 
infrastructure have potential impacts on biodiversity. It is essential that the marine fauna and flora around 
offshore wind energy (OWE) sites and grids is surveyed during the planning phase of development and that 
the monitoring of species and the pressures they face is continued throughout the operational lifetime of the 
infrastructure. 

This report provides the results of a review undertaken in April-June 2021 into current biodiversity monitor-
ing needs and practices in two European seas with intense and growing wind energy development, the Baltic 
Sea and the North Sea. A literature review and interviews with selected experts led to the identification of 
the main pressures and impacts placed on biodiversity by OWE  and associated grids and the main monitoring 
methods and protocols used. Methods and protocols were then assessed to identify recommendations for the 
minimum biodiversity monitoring required.

The review found that the pressures placed by OWE and associated grids on biodiversity are commonly 
agreed but differ between taxa, as well as between the design or type of technology used (e.g. bottom-fixed 
versus floating turbines; meshed versus radial grid connections). Existing monitoring efforts focus primarily 
on marine mammals and marine birds, and to some extent on benthic fauna and flora, and are adapted de-
pending on the phase of OWE development. Indicators are not always clearly defined or identical, hampering 
comparisons and data aggregation. 

There are numerous methods available to monitor marine biodiversity around OWE and associated grids but 
guidance and protocols for applying each method are inconsistent and not always easy to find. Each method 
has a suite of pros and cons, and many are biased towards certain taxa, but there is little clear guidance on 
how to prioritise their use or which ones to favour for a given monitoring need. Many existing monitoring 
protocols have been developed using consultative processes but international, regional-level consultation and 
methods harmonisation remains weak. Threat monitoring focuses almost entirely on the impulsive noise gen-
erated by pile driving during construction, and bird collisions with turbines during operations. Pollution such 
as oil spills and the noise from vessels, turbines and submarine power cables are largely neglected.

While several national, regional and global data sources are of use in some OWE site assessments or moni-
toring schemes, data sharing is not systematic for marine biodiversity in general and for the OWE sector in 
particular. Many data collected around OWE sites and grids are kept in reports, many of which are not shared 
or are difficult to access. While systems exist for standardising data collection so as to facilitate data sharing, 
these are not yet used widely. 

Recommendations are made on developing a more integrated, multi-species, multi-method approach to biodi-
versity monitoring in the OWE sector that, while allowing flexibility in the choice of methods to use, encour-
ages the use of those methods in a more standardised way to monitor common indicators. This will facilitate 
comparisons between sites, data aggregation and sharing across regions, the study of cumulative impacts, and 
more informed results-based decision-making. 

The main recommendations focus on the need for the OWE sector to develop and adopt: 

• a set of common state and pressure indicators for use around all sites and grids; 
• more focused and targeted use of key monitoring methods, with standardised protocols; 
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• a set of principles and practices to ensure effective monitoring (including following best practices 
for indicator development, choosing methods based on indicators and monitoring questions, de-
fining the appropriate spatial and temporal scale, engaging key actors in monitoring design and 
implementation, designing fit-for-purpose monitoring programmes, and collating data in standard 
formats linked to regional and global databases to facilitate data sharing); 

• enhanced regional and sectoral collaboration, cooperation and data sharing. 

Future monitoring efforts should focus on threatened species and habitats and those taxa most impacted by 
OWE and grids, and on collecting data against a small set of common indicators focused on answering key 
questions on species populations and their threats. While precise survey and monitoring needs at an OWE 
site and around submarine power cables, as well as the methods used, will depend on local environmental 
conditions and legal frameworks, at a minimum, all OWE developments and associated grid infrastructure 
should measure:

•  the distribution, diversity and abundance of marine birds, bats, seals and small cetaceans using 
aerial surveys and static passive acoustic monitoring, complemented by targeted telemetry (to un-
derstand habitat use) and vessel-based surveys (for behaviour data where needed).

• the distribution, diversity and abundance of fish, benthic invertebrates and plants, as well as the 
extent and quality of natural habitats, using methods such as grab sampling and underwater video 
surveys for habitats and benthic species, and fyke-net sampling for fish, complemented when nec-
essary by scuba diving for all species, telemetry and baited remote underwater video for fish, and 
acoustic mapping of seabed habitats

• the extent of key pressures, with priorities being noise pollution, oil spills, invasive alien species, 
and collisions with turbines and vessels, using a variety of methods from remote sensing to scuba 
diver surveys and hull inspections. 

Whilst a diversity of methods are recommended to monitor key indicators for key taxa based on this review, 
and examples of protocols are presented, the final choice of methods and protocols to standardise and roll 
out across the sector will need to be discussed and agreed by key stakeholders.

 Two key challenges were encountered during the review. Firstly, there is still inadequate information on the 
impacts of OWE and submarine power cables on certain taxa and habitats, mostly notably bats, marine turtles 
and benthic invertebrates, and the extent and scale of some impacts (e.g., how electromagnetic fields affect 
fish). Information is most sparse on the impacts of submarine power cables on all taxa. Secondly, many of the 
monitoring methods and protocols that are best developed and most widely applied pre-date recent techno-
logical advances in remote sensing that allow more efficient and cost-effective collection of larger volumes 
of data. In turn, many of the newer methods are still in their infancy and protocols have yet to be developed 
or widely tested for some of them. 

Therefore, recommendations are also made on the research and development required to improve our knowl-
edge of key pressures and impacts that may need to be monitored and to integrate new technologies into 
monitoring systems. Priority research topics include:

• the collision risk of bats, and the adverse effects of OWE and submarine power cables on marine 
turtles;

• the impacts on marine biodiversity of electromagnetic fields (especially from submarine power 
cables) and pollution such as oil spills from vessels involved in construction, maintenance and 
decommissioning;
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• the potential for new tools to be integrated into monitoring systems, especially environmental 
DNA techniques for assessing species diversity and relative abundance, baited remote underwater 
video for fish and crustaceans, light traps for benthic invertebrates, and acoustic soundscapes for 
fish and crustaceans. 

An abundance of effort and resources is already invested in researching and monitoring marine biodiversity 
around OWE and grids. If stakeholders could enhance the level of collaboration and coordination across bor-
ders and sites to identify common indicators and standardise methods and data collection formats, the avail-
ability and use of data for decision-making in the OWE sector in the Baltic Sea and North Sea would be greatly 
enhanced, and cumulative impacts better understood. Such collaboration and adoption of more standardised 
approaches would improve results-based management and ultimately reduce the impacts of offshore wind 
farms and grids on biodiversity, enhancing the sustainability of energy production.

1. Introduction

1.1 Offshore Renewable Energy and Biodiversity 

Renewable energy is central to the global effort to reduce greenhouse gas emissions and tackle climate 
change. Since the early 1990s, Europe has led the way in offshore renewables, especially wind energy, with 
the Baltic Sea and the North Sea being the two main hubs of development.

While offshore wind energy (OWE) offers immense potential for clean, green sources of power, there are 
some environmental impacts associated with the development of the infrastructure involved – the turbines 
and their towers, and the associated submarine power cables that connect the turbines to onshore electricity 
substations and grids. While the precise environmental footprint of an offshore wind farm (OWF) will depend 
on its location in relation to threatened habitats, bird migration routes, and other natural features, there are 
several potential impacts on biodiversity. Particular attention has been paid to the potential for birds and 
bats to collide with the turbines, but there are also concerns about, for example, habitat loss and degrada-
tion caused by construction, and the effects on wildlife of construction and operation noise, pollution from 
construction and maintenance vessels, and electromagnetic fields generated by submarine power cables (Gill, 
2005; Boehlert & Gill, 2010; Perrow, 2019a). Turbines are usually clustered in wind farms, and if OWFs are 
placed close together they can lead to cumulative impacts on biodiversity, multiplying effects as well as com-
pounding other anthropogenic pressures (King et al., 2015; Nogues et al., 2021).

1.2 Monitoring Biodiversity and the Pressures on Biodiversity 

OWE operators are obliged to conduct environmental impact assessments (EIAs) or strategic environmental 
assessments (SEAs), which usually advocate ongoing biodiversity monitoring through the first few years of 
construction and operation. However, the methods used to collect data vary between sites and countries and 
it is often difficult to access available information (Copping et al., 2017; Methratta & Dardick, 2019).   

The problems faced in collecting data around OWE are further compounded by the challenges that the off-
shore environment poses for monitoring biodiversity, including the following. 

•  Most species found at sea live underwater or spend some of their life submerged underwater, 
making detection (and species identification) difficult. 

• Marine conditions reduce visibility and species detection, especially during inclement weather and 
high seas.
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• Related to their aquatic existence, less is known about marine biodiversity than terrestrial biodi-
versity, with limited data available on the distribution and conservation status of species. 

• With the exception of some mammals, fish and birds, many marine species have small body size or 
are nocturnal, furthering hampering detection and identification. 

• Other factors besides the presence of a wind farm can affect the behaviour and distribution of 
species, including tides, weather and seasons.

• Many offshore wind farms are in remote locations and difficult to access; while this may encourage 
remote sensing, such techniques also have their logistical challenges in marine environments and 
produce large volumes of data to store and analyse.

The challenges with biodiversity monitoring need to be overcome if data are to inform marine spatial planning 
and the development and operation of offshore wind farms and associated grid infrastructure.   

1.3 Rationale and Aim of the Review

The Renewables Grid Initiative (RGI) is a unique collaboration of European non-governmental organisations 
(NGOs) and transmission system operators (TSOs) which promotes fair, transparent, sustainable grid develop-
ment to enable the growth of renewables to achieve full decarbonisation. In the context of its Marine Grid 
Declaration of 2019 (RGI, 2019), RGI members and other partners support the use of marine spatial planning 
for marine grid activities, in accordance with the EU Maritime Spatial Planning Directive (EU, 2014). The dec-
laration highlights the need for enabling maritime spatial planning activities in EU Member States to collect 
the needed data, develop the needed spatial management measures, and have in place a system of monitoring 
and enforcement of the plan. The declaration also encourages knowledge generation and sharing. In addition, 
actors need to adhere to, and monitor, commitments to regional seas conventions and multilateral environ-
ment agreements, as well as to the Offshore Coalition for Energy and Nature. Therefore, the RGI would like 
to standardise the way in which biodiversity data are collected. 

The purpose of this work was to conduct a review of biodiversity data needs in the offshore renewable energy 
sector, focusing on wind energy and associated submarine power grids, using the Baltic Sea and North Sea as 
case studies. The aim was to identify monitoring priorities and assess data collection methods and protocols 
and make recommendations for a more standardised approach across the sector which would allow data to 
be collected in a replicable and comparable manner and aggregated at multiple levels. The review focused 
on OWE infrastructure and the associated submarine power cables (hereafter also referred to as grids or 
grid infrastructure), and excluded onshore infrastructure such as substations and other onshore and offshore 
electricity generation sources. It is hoped this effort will lead to the improved collection and sharing of data 
on marine biodiversity and enhanced results-based decision-making and planning in the offshore renewables 
sector in the Baltic Sea and North Sea. This should ultimately lead to enhanced sustainability of renewable 
energy in the target seascapes, with lessons that could be replicable in other ocean basins.

The project output is this report, which assesses the biodiversity data needs for the OWE sector in the Baltic 
Sea and North Sea, and recommends which indicators and monitoring protocols should be adopted more 
widely and how they should be used. The project outcome is expected to be the development of a system for 
collecting, sharing and aggregating marine biodiversity data that enhances the availability and use of data for 
decision-making in the OWE sector in the Baltic Sea and North Sea, using approaches and protocols that are 
transferable to other ocean basins. 
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1.4 Methods Used

Between April and June 2021, the consultant conducted a desk-top literature review to assess the current 
biodiversity data requirements, monitoring systems and protocols in the offshore renewables sector, focusing 
on wind energy generation and associated submarine grid infrastructure. Documents were identified through 
online search engines, such as Google and Google Scholar. A snowballing technique was used to source other 
literature from that uncovered.

Material reviewed included not only scientific papers in books and peer-reviewed journals, but also regula-
tory policies and frameworks, regional strategies and monitoring plans, general and sector-specific guidelines, 
reports, reviews, indicator sets, data sets and other documents and websites identified as relevant to the 
identification and use of indicators and data. 

In addition, the consultant held several informal interviews with thematic experts to seek their input and 
benchmark findings. He also participated in a BirdLife International webinar of invited experts on monitoring 
seabirds around offshore wind farms. See Annex 1 for a list of people who helped.

Pros and cons of different methods and approaches were determined and priorities established. The analysis 
of pros and cons and resultant recommendations on indicators and monitoring protocols were based on crite-
ria such as: accuracy; reliability (if they can be consistently repeated with minimal variation in results); relative 
cost-effectiveness; feasibility of use and wider adoption; appropriateness (relevance for measuring priority 
indicators); level of precision (to measure the change monitored and to signal any relevant thresholds identi-
fied); and the value of the information generated for planning and decision-making.

The findings of the review are presented in this report. Feedback received on the draft report from RGI and 
other people consulted was taken into account in this final version. 

2. Strategies and Agreements Relevant to Offshore Wind 
Energy and Biodiversity in Europe

2.1 European Union 

There are several European Union (EU) strategies, directives and agreements that influence how biodiversity 
is dealt with in the context of offshore wind energy. The following are of particular relevance to the develop-
ment of OWE.

• The EU Biodiversity Strategy (EC, 2020a) recognises the importance of marine resources and the 
need to ensure creation of protected areas, restoration of ecosystems, reduction of pollution and 
alien invasive species, and no deterioration in threatened species and habitats.

• The EU Habitats Directive, adopted in 1992 (EC, 1992), and the EU Birds Directive, adopted in 
1979 and amended in 2009  (EC, 2009), promote the establishment and conservation of Natura 
2000 protected areas. 

• The Marine Strategy Framework Directive (EU, 2008) and the Marine Spatial Planning Framework 
(EU, 2014) both advocate member states establish characteristics that define “good environmental 
status” and establish monitoring and evaluation systems with consistent and standardised meth-
ods, for the aggregation of data to the level of marine region. Evidence-based decision-making is 
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key and the Marine Spatial Planning Framework  includes provision for “use of the best available 
data”, and for the sharing of environmental data. 

• The EU Strategy to Harness the Potential of Offshore Renewable Energy (EC, 2020b) underlines 
the importance of minimising the impact of offshore energy on biodiversity by following relevant 
environmental legislation and appropriate marine spatial planning. It also promotes systematic in-
depth analyses and data exchange through the Copernicus Marine Environment Monitoring Ser-
vice and the European Marine Observation and Data Network (EMODnet).

2.2 The HELCOM Baltic Sea Action Plan 

The Baltic Marine Environment Protection Commission – also known as the Helsinki Commission (HELCOM) 
– is an intergovernmental organisation and a regional sea convention in the Baltic Sea. A regional platform 
for environmental policy making, HELCOM was established in 1974 to protect the marine environment of the 
Baltic Sea from all sources of pollution. HELCOM has ten contracting parties: Denmark, Estonia, the European 
Union, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden.

The HELCOM Baltic Sea Action Plan (HELCOM, 2007) aims to reach favourable conservation status of biodi-
versity. In accordance with the Convention on Biological Diversity, HELCOM’s overall goal of a

favourable conservation status of Baltic Sea biodiversity through ecological objectives covers topics relating 
to:

• thriving and balanced communities of plants and animals;
• viable populations of species;
• sea floor integrity;
• the distribution, abundance and quality of habitats; 
• water quality.

Commitments to achieve these objectives include actions to establish protected areas and to reduce the im-
pacts of maritime activities such as pollution from ships, pollution and other threats from offshore platforms, 
and invasive alien species (IAS).

2.3 The North-East Atlantic Environment Strategy (OSPAR) 

OSPAR (named after the original Oslo and Paris Conventions) is the mechanism by which fifteen governments 
and the EU cooperate to protect the marine environment of the North-East Atlantic. The fifteen governments 
are Belgium, Denmark, Finland, France, Germany, Iceland, Ireland, Luxembourg, The Netherlands, Norway, 
Portugal, Spain, Sweden, Switzerland and the United Kingdom. OSPAR started in 1972 with the Oslo Conven-
tion for the Prevention of Marine Pollution by Dumping from Ships and Aircraft, and was broadened to cover 
land-based sources of marine pollution and the offshore industry by the Paris Convention of 1974. These 
two conventions were unified, up-dated and extended by the 1992 OSPAR Convention. The new annex on 
biodiversity and ecosystems was adopted in 1998 to cover non-polluting human activities that can adversely 
affect the sea.
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The Strategy of the OSPAR Commission for the Protection of the Marine Environment of the North-East 
Atlantic 2010–2020 (OSPAR Commission, 2010) sets out a goal and objectives for a clean, healthy and bio-
logically diverse North-East Atlantic. The goal is to conserve marine ecosystems and safeguard human health 
and, when practicable, restore marine areas which have been adversely affected in the North-East Atlantic 
by preventing and eliminating pollution and by protecting the maritime area against the adverse effects of 
human activities. 

Objectives that will require data to monitor progress focus on:

• the status of threatened and/or declining species and habitats, in particular of those on the OSPAR 
List (see section 3.2);

• ecologically coherent and well managed marine protected areas; 
• the impacts of human pressures;
• marine litter;
• energy, including underwater noise;
• non-indigenous species (i.e., alien invasives).

2.4 Implications for Biodiversity Monitoring around Offshore Wind Energy 

Given the strategies and agreements in place in the region, wherever possible the monitoring of marine biodi-
versity and the pressures it faces around OWE and grid development should factor in and prioritise:

• species and habitats listed as important by EU directives;
• regional species priorities identified in the Baltic Sea and North Sea action plans;
• actions to minimise pressures, especially noise, pollution and invasive alien species;
• the sharing of data with EU-supported databases like EMODnet, as well as national databases.

3. Identifying What to Monitor 

The recently published IUCN Guidelines for Planning and Monitoring Corporate Biodiversity Performance 
(Stephenson & Carbone, 2021) advocate for monitoring to focus on indicators that are directly relevant to 
the goals and biodiversity priorities defined by assessing environmental pressures and impacts. Therefore, 
the priorities for biodiversity monitoring in the offshore renewable energy sector should be related to the 
sector-specific environmental pressures and impacts, and the species and habitats these affect. For the Baltic 
Sea and North Sea, special attention should also be paid to biodiversity indicators used to monitor delivery 
of regional plans. 

HELCOM monitoring programmes are compiled in the HELCOM Monitoring Manual (HELCOM, 2021a) and 
are the source of data for indicator-based assessments of the state of, and pressures on, the marine environ-
ment, as well as the analysis of long-term trends. The data are used for periodic assessment reports (e.g., 
HELCOM, 2009, 2012). Current monitoring and assessment activities are guided by the HELCOM Monitoring 
and Assessment Strategy (HELCOM, 2013a), which outlines a series of common indicators to be used across 
the Baltic (see below).

The OSPAR Commission has a Coordinated Environmental Monitoring Programme (OSPAR Commission, 
2016a), which also has a suite of indicators which are explained by a series of guidelines (e.g., OSPAR Com-
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mission, 2016b, 2018, 2019). The data collected are then used for periodic assessments (e.g., OSPAR Com-
mission, 2010b, 2021).

Indicators used by HELCOM and OSPAR are considered in the sections below and taken into account as prior-
ity indicators are identified.

3.1 Key Biodiversity Pressures and Impacts to Consider for Offshore Wind 
Energy

The construction, operation and decommissioning of OWE and associated grid infrastructure causes a range 
of pressures1 on biodiversity which in turn lead to impacts2 on species and ecosystems. 

The main environmental impacts associated with OWE are risk of collision mortality, displacement due to 
disturbance (including noise), barrier effects restricting movement and habitat loss, as well as indirect eco-
system effects (OSPAR Commission, 2008a; Boehlert & Gill, 2010; Perrow, 2019a; Bennun et al., 2021). A 
number of positive impacts of OWE have also been noted, including introduction of new habitat, artificial reef 
effects and a fishery reserve effect, where marine fauna can aggregate due to the exclusion of human activ-
ity, especially fishing (e.g., Bergstrom et al., 2013; Hammar et al., 2016). It has been suggested that, in some 
cases, “wind farms may even be more efficient means of conservation than ordinary marine protected areas” 
(Hammar et al., 2016).

Bennun et al. (2021) provide a detailed breakdown and identify fourteen key environmental impacts of OWE:

1) Bird and bat collision with wind turbines and onshore transmission lines;
2) Seabed habitat loss, degradation and transformation;
3) Hydrodynamic change;
4) Habitat creation;
5) Trophic cascades;
6) Barrier effects or displacement effects due to presence of wind farm;
7) Bird mortality through electrocution on associated onshore distribution lines;
8) Mortality, injury and behavioural effects associated with vessels;
9) Mortality, injury and behavioural effects associated with underwater noise;
10) Behavioural effects associated with electromagnetic fields (EMF) of submarine cables;
11) Pollution (e.g., dust, light, solid/liquid waste);
12) Indirect impacts offsite due to increased economic activity and displaced activities, such as fish-

ing;
13) Associated ecosystem service impacts;
14) Introduction of invasive alien species.

Impacts are caused by a variety of pressures which vary between different phases of OWE development. 
Some pressures such as mortality caused by seabed habitat loss or underwater noise are greatest during con-
struction; others, like bird and bat mortality from collisions, are more prevalent during the operational phase. 
The first offshore wind farm was established in 1991 and only in recent years have any farms been decom-
missioned (Topham & McMillan, 2017). Therefore, our knowledge of the impacts and monitoring needs of this 

1 A pressure as defined here is an anthropogenic threat caused by OWE that has an impact on biodiversity and 
ecosystem processes

2 An impact as defined here is the effect the OWE has on the environment.
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phase are still poorly understood, as are the correct approaches to minimise impacts and the appropriateness 
and effectiveness of turbine-to-reef programmes (sensu Reggio, 1987, and Macreadie et al., 2011). 

While most attention focuses on the turbines, the commissioning of submarine power cables can also have a 
number of negative environmental impacts, including habitat damage or loss, noise, heat and electromagnetic 
field emissions, introduction of artificial substrates, and the creation of reserve effects (Taormina et al., 2018; 
Copping & Hemery, 2020; Copping et al., 2020; Gill & Desender, 2020). Of these impacts, electromagnetic 
fields (EMF) are a specific concern for power cables. Although it has been widely demonstrated that fish and 
other benthic organisms could be influenced by EMF (e.g., Bergstrom et al., 2013; Taormina et al. 2018), there 
remains limited evidence that the levels around submarine power cables are adequate to elicit an effect (NI-
RAS, 2015; Gill & Desender, 2020). Similarly, noise associated with the operation of submarine power cables 
is thought to be insignificant (Starmore et al., 2020). The potential impact of localised temperature increases 
caused by submarine power cables on infauna communities is an aspect of environmental effects on benthic 
organisms that has not been addressed much yet (Taormina et al. 2018). While the environmental impacts of 
submarine power cables are generally relatively weak, small scale and short term, uncertainties remain that 
need to be investigated, especially as their impact has been studied much less than the pressures caused by 
OWE infrastructure (Taormina et al., 2018). 

The location, design and type of technology used in an OWF and its associated grid infrastructure can also af-
fect the impacts on biodiversity. For example, floating turbines will have less of a footprint on the seabed then 
bottom-fixed turbines, although mooring cables (especially nylon-containing catenary moorings) may increase 
the risks of marine mammal entanglement (Benjamins et al., 2014; Bennun et al., 2021). Meshed grids require 
less power cable than radial grids (Cole et al., 2014) and so are expected to have less environmental impact.  

While this review considers the main pressures and impacts identified to date with OWE and grids, it does not 
compare them with other human uses of the Baltic Sea and North Sea. In that context it is worth noting that, 
as well as reducing greenhouse gas emissions and the resultant climate change, OWE is generally thought to 
have lower levels of anthropogenic impacts on many taxa than other commercial activities, such as shipping, 
oil and gas exploitation, and fishing (Starmore et al., 2020). 

It is also important to note that many of the known pressures on biodiversity can be addressed through a 
variety of mitigation strategies that either reduce the magnitude of the pressure or its impact on species and 
habitats. Examples include: shutdown on demand approaches that stop turbines when there is imminent risk 
of bird collisions (e.g. de Lucas et al., 2012; Tomé et al., 2017); bubble curtains, acoustic deterrents and the 
use of low-noise foundations that can mitigate the effects of pile driving noise on marine mammals (Koschin-
ski & Lüdemann, 2020). While the effectiveness of mitigation measures will need to be evaluated regularly 
to ensure they are working (by measuring noise levels and the presence and abundance of sensitive species), 
in general the use of such measures should reduce the amount of monitoring required as it will allow some 
assumptions to be made about the impacts on biodiversity. 

3.2 Biodiversity Priorities for Monitoring in the Baltic Sea and North Sea

Bennun et al. (2021) note the following biodiversity as most at risk from the pressures from offshore wind 
energy:

• seabirds;
• migratory shorebirds and waterfowl;
• bats;
• marine mammals;
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• marine turtles; 
• fish;
• habitats - a variety of offshore and coastal habitat types, such as sandbanks, coral reefs, seagrass-

es, mangroves, salt marshes, oyster beds and wetlands.

While the habitats named by Bennun et al. (2021) include various invertebrates, the infauna, epifauna, algae 
and seagrasses within those habitats are more explicitly named as potential priorities by other authors (e.g., 
Dahlgren et al., 2019). Both HELCOM and the OSPAR Commission have identified priority taxa for conserva-
tion in the Baltic Sea and North Seas that include most of these taxa (see the following sections). 

Other international conventions also influence habitats and species that need to be conserved (see Soria-
Rodríguez, 2020, for a review). These include species identified in the EU Birds and Habitats Directives (see 
above) and species identified by the Convention on Migratory Species and its associated agreements on small 
cetaceans (ASCOBANS: Agreement on the Conservation of Small Cetaceans in the Baltic, North-East Atlantic, 
Irish and North Seas), seals (WSSA: Agreement on the Conservation of Seals in the Wadden Sea), bats (EURO-
BATS: Agreement on the Conservation of Populations of European Bats) and waterbirds (AEWA: Agreement 
on the Conservation of African–Eurasian Migratory Waterbirds), as well as wetland sites of international im-
portance identified by the Ramsar Convention.

Priority species for monitoring are identified in sections 4-6 of this report. While marine turtles may be ad-
versely affected by OWE and associated grids, especially EMF, noise or the reef effect (Bennun et al., 2021; 
Hernandez et al., 2021), they are not commonly encountered in the Baltic Sea and North Sea. Only the leath-
erback turtle (Dermochelys coriacea) is named as a regional priority (OSPAR Commission, 2008b), but the 
species is not monitored systematically in any of the North Sea countries. Therefore, it is not included in this 
review.

4. Monitoring Marine Birds and Bats

This section reviews the monitoring of volant species affected by OWE, birds and bats, since many of the 
threats they face are the same and some of the monitoring methods are the same or similar. 

4.1 Priority Pressures and Impacts 

Most impacts on birds are during the operational phase of offshore wind farms. Bennun et al. (2021) note the 
main impacts as collision of seabirds, especially gulls, and barrier or displacement effects (especially on divers, 
gannets and guillemots) when wind farms present an obstacle to movement. The presence of the turbines, 
and associated maintenance vessel traffic, may also discourage birds from using the OWF site. On the other 
hand, some taxa (e.g., great cormorant, black-backed gull) are attracted by turbines, which is likely linked to 
increased fish abundance caused by the reef and reserve effects of the infrastructure. Some birds may also be 
attracted to lights on wind farms, increasing the risk of collision. Migratory species of shorebirds and water-
fowl appear to avoid OWFs (Hüppop et al., 2019). Some migratory land birds may be at risk, especially those 
attracted to light (and migrating passerines are the main taxa killed on offshore platforms and rigs; Molis et 
al., 2019), so major crossing routes need to be avoided when developing OWE. 

Bats sometimes collide with onshore turbines but the impacts of OWE on bats is less well understood (Thax-
ter et al., 2017). One study recorded 11 species of bat flying out to sea over the Baltic, with animals hunting 
for insects around turbines, and even sometimes landing on the infrastructure (Ahlen et al., 2009). Another 
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study off the Netherlands in the North Sea also found bats (2 species) around wind farms (Lagerveld et al., 
2014). Recent studies in Germany using acoustic monitoring (BFN, 2021) confirmed that bats regularly mi-
grate across both the Baltic Sea and the North Sea and were recorded at almost all the offshore sites fitted 
with recording devices. Such studies suggest bats may be at risk from collisions with turbines and need to be 
monitored.

4.2 Priority Species

Marine birds are defined as those that regularly use the marine environment (Thaxter & Perrow, 2019), which 
include seabirds, waterbirds and migratory waterfowl and waders.

Priority taxa, based on Bennun et al. (2021), HELCOM (2021b) and OSPAR Commission (2008b) are:

• Seabirds: petrels and shearwaters (Procellariiformes); gannets and cormorants (Pelecaniformes); 
skuas, gulls, terns and auks (Charadriiformes).

• Shorebirds in the order Charadriiformes, waterfowl in the order Anseriformes (ducks, geese and 
swans). divers (Gaviiformes) and grebes (Podicipediformes).

Species named as priorities in the two target seas are presented in Table 4A. BirdLife International identified 
common scoter, greater scaup, lesser black-backed gull, herring gull, black-throated divers, and red-throated 
divers as priority high-risk species for the Baltic Sea and northern gannets, lesser black-backed gulls as prior-
ity high-risk species for the North Sea (Piggott et al., 2021). BirdLife International (Piggott et al., 2021) also 
flagged the following species as of potentially high concern, based on expert opinion: seaducks in general, 
white-tailed eagles, short-tailed owls, hen harriers and migrating species such as grey herons, white egret and 
cranes in the Baltic; and migrating passerines in the North Sea. 

While no bats have been identified as priorities for protection or monitoring in relation to the target seas, 51 
species are listed under the EUROBATS agreement as requiring protection (UNEP EUROBATS 2021; including 
all of those recorded near OWE in the Baltic), so efforts should be made to reduce collision risk among all bat 
species found close to OWE.

Table 4A. Bird species listed as conservation priorities in the Baltic Sea (HELCOM, 2021b), and Greater North 
Sea (OSPAR Commission, 2008b), and their global conservation status as defined by the IUCN Red List of 
Threatened Species (IUCN, 2021a). Also listed are species identified on the EU Birds Directive (EC, 2009) as 
regional priorities, and species identified by BirdLife international as at high or very high risk of collision or 
displacement effects (Piggott et al., 2021). Some birds are also identified by the Common Environmental As-
sessment Framework (SEANSE, 2019) as species to monitor to assess cumulative impacts of OWE. 

English 
common 
name

Scienti fi c 
name

IUCN Red List HELCOM OSPAR 
Commission

Also 
proposed for 
monitoring

Balearic shear-
water

Puffinus maure-
tanicus

CR - Yes

Black-legged 
kittiwake

Rissa tridactyla VU Breeding EN

Wintering VU

Yes BirdLife for 
North Sea; 
SEANSE (for col-
lisions)

Roseate tern Sterna dougallii LC - Yes
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English 
common 
name

Scienti fi c 
name

IUCN Red List HELCOM OSPAR 
Commission

Also 
proposed for 
monitoring

Common gull-
billed tern

Gelochelidon 
nilotica

LC RE -

Black-throated 
diver (or Arctic 
loon)

Gavia arctica 
(wintering popu-
lation)

LC CR - BirdLife for Bal-
tic Sea & North 
Sea

Red-throated 
diver

Gavia stellata 
(wintering popu-
lation)

LC CR -

Kentish plover Charadrius alex-
andrinus

LC CR -

Bean goose Anser fabalis 
fables (wintering 
population)

LC EN

Dunlin Calidris alpina 
schinzii

LC EN -

Long-tailed duck Clangula hyema-
lis (wintering 
population)

VU EN - BirdLife for 
Baltic Sea

Mediterranean 
gull

Larus melano-
cephalus

LC EN - EU Birds Annex 
1

Common scoter Melanitta nigra 
(wintering popu-
lation)

LC EN - BirdLife for Bal-
tic Sea & North 
Sea

Red-necked 
grebe

Podiceps grise-
gena (wintering 
population)

LC EN -

Steller's eider Polysticta stel-
leri (wintering 
population)

VU EN -

Terek sandpiper Xenus cinereus LC EN -

Velvet scoter Melanitta fusca 
(breeding/win-
tering)

VU VU/EN - BirdLife for 
Baltic Sea

Common eider Somateria 
mollissima 
(breeding/win-
tering)

NT VU/EN - BirdLife for 
Baltic Sea

Lesser black-
backed gull

Larus fuscus 
fiscus

LC VU -

Red-breasted 
merganser

Mergus serra-
tor (wintering 
population)

LC VU -
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English 
common 
name

Scienti fi c 
name

IUCN Red List HELCOM OSPAR 
Commission

Also 
proposed for 
monitoring

Ruff Philomachus 
pugnax

LC VU -

Horned grebe Podiceps auritus 
(breeding/win-
tering)

VU VU/NT -

Ruddy turnstone Arenaria inter-
pres

LC VU -

Greater scaup Aythya marila LC VU - BirdLife for Bal-
tic Sea & North 
Sea

Black guillemot Cepphus grylle 
grylle/Cepphus 
grylle arcticus

LC LC-VU -

Caspian tern Hydroprogne 
caspia

LC VU - BirdLife for Bal-
tic Sea; EU Birds 
Annex 1

Barnacle goose Branta leucopsis LC - - EU Birds Annex 
1

White-billed 
diver

Gavia adamsii LC - - BirdLife for 
North Sea

Sandwich tern Thalasseus 
sandvicensis

LC - - BirdLife for 
North Sea; EU 
Birds Annex 1

Northern gannet Moras bassanus LC - - BirdLife for 
North Sea

Razorbill  Alca torda NT - - BirdLife for 
North Sea

Common guil-
lemot

Uria aalge LC - - BirdLife for 
North Sea; 
SEANSE (for 
habitat loss)

Common gold-
eneye

Bucephala clan-
gula

LC - - BirdLife for Bal-
tic Sea & North 
Sea

Goosander Mergus mergan-
ser

LC - - BirdLife for Bal-
tic Sea & North 
Sea

Glaucous gull Larus hyper-
boreus

LC - - BirdLife for 
North Sea

Iceland gull Larus glaucoides LC - - BirdLife for 
North Sea
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English 
common 
name

Scienti fi c 
name

IUCN Red List HELCOM OSPAR 
Commission

Also 
proposed for 
monitoring

Sabine’s gull Xema sabini LC - - BirdLife for 
North Sea

European her-
ring gull

Larus argentatus LC - - BirdLife for Bal-
tic Sea & North 
Sea

Great black-
backed gull

Larus marinus LC - - BirdLife for Bal-
tic Sea & North 
Sea

Black-headed 
gull

Larus ridibundus LC - - BirdLife for Bal-
tic Sea & North 
Sea

Mediterranean 
gull

Larus melano-
cephalus

LC - - BirdLife for Bal-
tic Sea & North 
Sea

Common gull Larus canus LC - - BirdLife for Bal-
tic Sea & North 
Sea

Little gull Hydrocoloeus 
minutus

LC - - BirdLife for Bal-
tic Sea & North 
Sea

Pied avocet Recurvirostra 
avosetta

LC - - EU Birds Annex 
1

Common tern Sterna hirundo LC - - EU Birds Annex 
1

Little tern Sternula albi-
frons

LC - - EU Birds Annex 
1

Arctic tern Sterna paradi-
saea

LC - - EU Birds Annex 
1

4.3 Current Monitoring Programmes

The regional seas action plans have a small set of indicators focused on marine bird abundance and breeding 
success (Table 4B), although most of them are not used to monitor birds at sea. However, guidelines for ma-
rine bird monitoring around OWE (e.g., Jackson & Whitfield, 2011; Camphuysen et al., 2004; Hüppop et al., 
2019; Webb & Nehls, 2019) propose methods to collect data for a larger array of indicators including:

• abundance or relative abundance;
• distribution;
• breeding success;
• behaviour (foraging, travelling, loafing);
• flight patterns (height, speed, avoidance);
• collisions. 
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Table 4B. Regional marine bird Indicators adopted by HELCOM and the OSPAR Commission.

Indicator Regional indicator Notes
Marine bird 
abundance

OSPAR B1 marine bird abundance Currently not used for birds at sea 

HELCOM abundance of waterbirds in the 
breeding season

For coastal area only - not used for birds 
at sea 

HELCOM abundance of waterbirds in the 
wintering season

For coastal area only - not used for birds 
at sea 

Marine bird 
breeding suc-
cess

OSPAR B3 marine bird breeding success/
failure (number of chicks fledged annually)

Under development; for surface feeders 
and water column feeders; could be useful 
indicator of how OWE has affected fish 
stocks as well as the birds that feed on 
them

Table 4C. A detailed example of the types of monitoring questions that need to be addressed by bird surveys 
around offshore energy installations to establish an initial baseline during development and after consent. 
Adapted from Jackson & Whitfield (2011).

Baseline conditi ons questi on Post-consent monitoring questi on
Which species occur in the survey area (i.e., the site 
and its vicinity)?

Does species composition significantly change fol-
lowing construction /operation? 

HELCOM abundance of waterbirds in the breeding 
season

For coastal area only - not used for birds at sea 

What is the abundance of the species? Does abundance of species significantly change fol-
lowing construction /operation? 

How does abundance vary spatially across the sur-
vey area?

Does spatial distribution of species significantly 
change following construction /operation?

How does abundance vary temporally (seasonally 
especially, time of day and state of tide may also be 
relevant)?

Does temporal patterns of occurrence of species 
significantly change following construction /opera-
tion?

Which habitats do birds use, (surface, mid-water, 
seabed, air-space etc)?

Does habitat selection at a development site signifi-
cantly change following construction /operation?

Why do birds use a survey area and at which life-
cycle stages are they present (i.e., what is their 
behaviour and purpose for being there)?

Do species significantly change their behaviour or 
reasons for using the site following construction /
operation?

What are the origins of birds using the study area 
(where do they breed, what other areas do they use, 
i.e., connectivity)?

Do any populations stop using the site – or do other 
populations start using the site – after construction?

What human activities occur in the study area and 
how do birds respond to them (e.g., vessel traffic, 
fishing)?

How do human activities at the site change fol-
lowing construction/operation (be they associated 
with the development or not), and what behavioural 
changes occur in response?
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Baseline conditi ons questi on Post-consent monitoring questi on
Does a study area have any habitat features that ap-
pear to be particularly important to birds (e.g., tide 
races, skerries, sheltered bays, nest sites)?

Do features identified in baseline surveys as impor-
tant continue to be so?

Not relevant Do species initially affected by displacement show 
habituation to the development with time?

Not relevant For breeding species potentially affected by a de-
velopment, are there changes in breeding numbers 
or productivity at corresponding breeding sites (e.g., 
nearby colonies), and if so, is there evidence that 
these are caused by the development?

Not relevant If death or injury from collision risk has been identi-
fied as a potentially serious issue for a species, what 
is the magnitude of the actual effect?

The large array of questions that need to be answered by such monitoring is demonstrated in Table 4C. 

HELCOM collates data from member states on the abundance of waterbirds in the breeding season and in the 
wintering season, and publishes periodic reports showing trends (e.g., HELCOM, 2018a).  Likewise, OSPAR 
monitors marine bird abundance as per its own indicator, with data aggregated from national systems, most 
countries monitoring a sample of their colonies. Data collection focuses on breeding seabird colonies and 
breeding waterbirds nesting close to the coast, as well as wintering and migrating waterbirds. The latest re-
sults were shared as part of the intermediary Assessment of 2017 (OSPAR Commission, 2021).

Bird data are not collected in co-ordinated regional programmes, but at national level, sometimes in partner-
ship. For example, the UK has several national seabird-related counting mechanisms (RSPB, 2012) and it also 
works with Germany to conduct at-sea monitoring of marine birds, based on ship-based and aerial transect 
surveys. The European Seabirds at Sea (ESAS) Partnership led by the British Joint Nature Conservation Com-
mittee (JNCC) also collates data on opportunistic seabird sightings at sea for an ESAS database. Standardised 
ESAS monitoring protocols are used (Lewis & Dunn, 2020). 

The 2017 OSPAR Commission bird status report disaggregated data by functional group, which refers to the 
feeding category of the birds (waders, surface feeders, water column feeders, benthic feeders and grazing 
feeders). The HELCOM indicator on waterbird abundance in the breeding season also dis-aggregates data by 
feeding group. This appears to be done to help assess any change in trophic guild.

4.3.1 Pros and cons of the main methods used for monitoring marine birds 
and bats

There are a range of well-established methods and protocols for surveying marine birds in general (e.g., Tasker 
et al., 1984; Komdeur et al., 1992; Walsh et al., 1995; Gilbert et al., 1998) and in the specific context of OWE 
(e.g., Jackson & Whitfield, 2011; Camphuysen et al., 2004; Hüppop et al., 2019; Webb & Nehls, 2019).

The main methods for measuring marine bird populations around OWE (Webb & Nehls, 2019) are vessel-
based or aerial line transect surveys, with increasing use of aerial digital surveys (using still and moving images 
and, sometimes, species identification software). Aerial surveys have the advantage of covering larger areas 
and detecting species sensitive to vessels. However, vessel-based surveys allow the collection of a wider di-
versity of data; bird behaviour and flight height can be monitored, and other species such as mammals can be 
surveyed from the same vessel (also fish through the use of hydroacoustics; Masse, 1996; Krägefsky, 2014). 
Furthermore, data on water salinity, temperature and other environmental parameters can be collected. Ves-
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sel and aerial surveys are increasingly being complemented by digital aerial surveys, using high-definition 
camera technology to collect still and moving images (Webb et al., 2017; Zydelis et al., 2019). These digital 
aerial surveys can usually identify species as effectively as human observers on boats (Johnstone et al., 2015). 
In some cases, cameras are deployed with drones or unmanned aerial vehicles (UAVs), especially for colony 
counts (Wich & Koh, 2018; Raoult et al., 2020).

For vessel-based surveys, standard ESAS protocols are often used (Webb & Durinck, 1992; Camphuysen & 
Garthe, 2004; Lewis & Dunn, 2020), using two observers on board to monitor distribution and abundance 
and also record behaviour (Camphuysen et al., 2004). An explanation of this long-used approach is described 
in Box 4.1.

 Box 4.1: An example of vessel-based survey methods. Adapted from 
Batty (2008).

Vessel-based bird surveys involve the simultaneous operation of three separate, but linked, methodolo-
gies.  

1) Surveying a 90° scan area, from bow to beam, on one side of the vessel (the side chosen is 
based on observation conditions). All birds seen at any time within this area are recorded. 
This data can be used to give indications of abundance and distribution, and allows for the 
recording of scarce and unusual species which are unlikely to appear in transect.

2) Surveying a band transect. A 300 m wide transect, ahead of the vessel within the 90° sur-
vey area is operated. This strip is further divided into four sub-bands (A-D, band E>300 m). 
Birds recorded on the water (or making contact with the water, e.g., feeding), at any point 
within this 300 m area are recorded as being ‘in transect’.

3) A ‘snapshot’ method is operated for flying birds. The area ahead of the ship, within the 
band transect, is surveyed instantaneously at set intervals (depending on vessels speed) 
for flying birds. For example, if the vessel travels 300m per minute, the snapshot area will 
be 300 m ahead, and an instantaneous count of flying birds will be made every minute. 
Birds recorded within the snapshot are recorded as being ‘in transect’. 

Counts of birds ‘in transect’ (methods 2 & 3) allow for the determination of densities and distributions of 
seabirds. There was no surveying during the stationary periods, while shooting or hauling nets, or when 
trawling. Weather limitation is usually taken to be sea state 6 or over but these conditions were not 
experienced on the survey. (Note that recent studies have shown that radial rather than box snapshots 
avoid underestimating the densities of some species; see Webb & Nehls, 2019).

Surveying is usually performed using the naked eye, with binoculars used to check identifications or 
other details. Binoculars are also occasionally used to scan ahead of the vessel as an observers ‘self 
check’ on observational efficiency during the survey. In certain areas, where species such as divers and 
sea-duck are present, binoculars must be used with more regularity in order to detect these birds at 
distance, ahead of the vessel, before they fly off.

Vessel surveys generally need to be conducted in favourable conditions, although the precise definition 
varies. For example, Vanermen et al. (2015) conducted seabird surveys only in good visibility, a calm to 
moderate wind force (<6 Bft) and a significant wave height of less than 2 m. BSH (2013) suggest surveys 
can be carried out in winds of up to 7 Bft and at wave heights of up to 2.5 m.
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Bats generally need to be monitored using passive acoustic techniques, though this poses greater challenges 
at sea (Molis et al., 2019; Sugai et al., 2019; BFN, 2021). The main option is to attach passive acoustic record-
ing devices to OWE infrastructure (BFN, 2021; Noordzeeloket, 2021).  

Other monitoring methods for birds include vantage point surveys and telemetry. Telemetry (the tracking 
of birds by tagging them with various electronic devices) is still the most effective way at gaining an under-
standing of how an individual bird moves and uses its habitat (e.g., Largey et al., 2021). For OWE monitoring, 
it can complement aerial and vessel surveys by gaining an understanding of how a species uses habitats in 
and around a wind farm or subsea power cable corridor. Platform terminal transmitters (PTTs) have provided 
scope for the detection of emitted radio waves by satellite (Phillips et al., 2007; Griffin et al., 2011). As 
technology advances, a larger variety of sensors is becoming available that can be attached to birds and, as 
well as position and speed, some can record a bird’s altitude, the time it spends underwater, and the depth 
dived (Thaxter & Perrow, 2019)). Telemetry can thus help identify foraging areas and barrier effects and be 
used to understand connectivity between a bird colony and a wind farm, how much birds are exposed to risk 
from collision, and how much their movement and behaviour changes in response to the farm. The method is 
therefore useful in all phases of OWE development and operation. During the scoping and planning phase of 
OWE development, telemetry data can be used to assess the importance of the area for birds, and then later 
used to see if birds have been displaced or attracted to the area once the OWF goes into operation. The data 
can be fed into collision risk models, which are especially key in the EIA process to attain consent for OWE 
development (Band, 2012; Cook & Masden, 2019).

The main threat to birds and bats from OWE is collision with turbines and efforts have been made to moni-
tor birds and bats killed. However, numerous challenges exist, the greatest one being the fact carcasses are 
usually lost at sea, making precise figures for collision deaths difficult to estimate. Furthermore, bird count 
and flight height data are generally inadequate to accurately estimate collision risk (Green et al., 2016). None-
theless, several techniques have been used to try to detect bird and bat interactions and collisions with wind 
turbines, including radar, active sonar, thermal infrared imagining and acoustic monitoring. A large variety of 
radar systems and types of antenna have been developed (Molis et al., 2019), but this broad choice compli-
cates the standardisation of protocols. Radar observations often include both a horizontal radar to measure 
flight paths, and a vertical radar to measure fluxes and flight altitudes (e.g., Krijgsveld et al., 2011). The main 
challenge, however, is that the spatial resolution provided by radar does not allow detection of collisions. 
LiDAR systems that emit frequent, short-duration laser pulses have also been used and are increasingly be-
ing tested (e.g., Cook et al., 2018), and these offer an option for measuring bird and bat flight height and for 
assessing micro-avoidance movements. While no ready to use LIDAR products in the field of detecting bats 
and birds are currently available (Lagerveld et al., 2020), this tool should be explored further. It is also being 
tested with digital aerial surveys to help add data on flight height. One study (Cook et al., 2018) showed that 
the height of birds in flight could be measured using LiDAR to an accuracy of within 1 m, which compares 
favourably to other tools. Thermal imaging has been used to record bird and bat collisions with wind turbines 
since the 1980s and sensors continue to evolve (see Molis et al., 2019). But multiple cameras are generally 
needed to provide adequate detection coverage. 

Some offshore wind farm operators have used acoustic monitoring to detect the presence of both bird and 
bats around turbines. Generally, acoustic monitoring is insufficient to monitor the flight activity of birds (Mo-
lis et al., 2019) but is undoubtedly the most efficient method for assessing the collision risk of bats (Peterson 
et al., 2016; Molis et al., 2019).

In recent years, multidetector or multi-sensor systems have been employed in a number of terrestrial and 
offshore wind farms to maximise the advantages of different remote sensing systems, especially to monitor 
collisions or collision risk (Skov et al., 2018: Molis et al., 2019; Niemi & Tanttu, 2019; Lagerveld et al., 2020; 
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Largey et al., 2021; Noordzeeloket, 2021). However, the proliferation of different options makes comparisons 
and standardised protocols a significant challenge. One advantage of such systems is that they can facilitate 
shutdown on demand approaches to mitigate impacts on birds with minimal loss of energy production (de 
Lucas et al., 2012; Tomé et al., 2017; Bennun et al., 2021), so these monitoring systems should continue to 
be tested.  

Common characteristics of current marine bird monitoring around OWFs (as identified by BirdLife Interna-
tional Europe and Central Asia; Piggott et al., 2021) include:

• boat and aerial transect surveys are the most often used monitoring tools; sometimes digital aerial 
survey of transects or grids;

• baseline field studies are usually conducted for a minimum of 2 years;
• the impact area should comprise the wind farm and a suitable buffer;
• ideally surveys should cover day/night, tidal cycles, weather variation and breeding/non breeding 

seasons;
• besides recording presence, behaviour (especially flight height) is usually measured.

The pros and cons of the main methods for monitoring birds are summarised in Annex 2. It was often hard to 
compare cost-effectiveness directly between methods since, besides the direct costs of monitoring (equip-
ment, transport, human resources, etc.), there are many indirect costs that are difficult to gauge (time needed 
for data processing and analysis, training, etc,), as well as scale issues to assess (e.g. it may cost more per day 
to fly aircraft transects but they will cover a wider area more quickly than cheaper vessel-based surveys). A  
recent review of monitoring methods suggested that, “while the costs involved in using technological tools 
may be declining, challenges remain with the capacity and time needed to store, share and analyse the large 
volumes of data generated” (Stephenson, 2020). Therefore, while cost is undoubtedly an important factor to 
consider in choosing methods, other efficiencies need to be considered as well. Probably the biggest chal-
lenge to selecting the most appropriate method is that most established protocols are for older methods such 
as vessel surveys and, while newer technological options are promising, many are still only being tested and 
there are often no standardised protocols for their use. 

Ultimately, it is most important that surveys for particular species are designed around methods that can 
answer the key monitoring questions and measure priority indicators for priority species and threats, adapted 
as necessary to local conditions. All methods have their valid uses in certain prevailing conditions, and some 
continue to be favoured more by some national level marine bird monitoring programmes than others (e.g., 
aerial digital surveys are becoming more standard across Germany and the UK; vessel-based surveys remain 
dominant in places like Belgium and the Netherlands). 

4.4 Priority Indicators, Methods and Protocols for Monitoring Marine Birds 
and Bats

Based on the priority species identified, and the pressures they face from OWE. the key questions that marine 
bird monitoring needs to answer include:

• Which marine birds are present in the area? Is there a breeding colony nearby that might be forag-
ing at the site?

• What is the distribution and abundance of the species that are present?
• Does distribution and abundance change as a result of wind farm construction and operations?
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• Is there evidence of behavioural traits that place birds at risk (such as flying at rotor blade height 
or foraging near farms)?

• Is there any evidence of bird collisions with OWE infrastructure?
• Do mitigation measures affect the animals? 

For bats the question most important to answer for the moment is: what is the collision risk of bat species and 
what mitigation methods are most effective?

Priority indicators for each stage (1. Planning – scoping, pre- and post- consent); 2. Construction; 3. Opera-
tion; 4. Decommissioning) are:

• Presence of birds and bats in and around the wind farm to determine the extent of occurrence or 
distribution of each species and overall species diversity (1-4)

• Presence and size of seabird breeding colonies within an appropriate radius of OWE (1-4)
• Absolute or relative abundance of marine birds (numbers of birds per unit area in and around the 

wind farm) (1-4
• Behaviour of birds and bats (use of wind farm area for foraging/migration) (1-4)
• Flight height (1-3).

Bird abundance (framed as densities) can also act as a proxy measure of habitat availability (Fox et al., 2006).

Weighing up the various pros and cons and optimising efficiency, comparability across sites and effectiveness, 
it would seem that:

• Methods to be favoured should include: digital aerial surveys for birds; acoustic monitoring for bats 
• Methods to be used for more targeted studies when needed: telemetry; aerial-based and vessel-

based observation surveys 
• Methods that are generally of less use across OWE sites: vantage point surveys (which are too reli-

ant on close proximity to the coast)
• Methods to be explored and developed further: multi-sensor arrays mounted on turbine jackets to 

monitor collision risk.

A summary of the main indicators for birds and bats, the monitoring methods used to monitor them, and ex-
amples of relevant protocols, are presented in Table 4D.

Table 4D. Minimum monitoring requirements for marine birds around offshore wind energy sites and associ-
ated grid infrastructure. One method or a combination of methods may be needed for each indicator. Moni-
toring frequency is presented as guidance but will need to be based on each survey design. While some data 
may need to be collected monthly in some sites, in others it may prove more effective and efficient to conduct 
more intense and more widespread surveys less often. Note that these are recommended minimum require-
ments for every site; each site will also need to monitor additional indicators based on the profile of the site 
and prevailing legal requirements. Phases of development are: 1. Planning; 2. Construction; 3. Operation; 4. 
Decommissioning.
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Type of 
indicator 
and phase of 
development

Method and 
frequency

Examples of monitoring protocol opti ons

Minimum

Occurrence/area 
of occupancy 
(distribution) 
(1-4)

and 

Species diversity 
(1-4)

and

Absolute or rela-
tive abundance 
(1-4)

and

Flight height 
(1-4)

Digital aerial surveys 

(8-10 p.a.)

Aerial surveys of seabirds (Buckland et al., 2012).

Remote sensing image data and automated analysis to describe 
marine bird distributions and abundances (Groom et al., 2013).

High Definition Imagery for Surveying Seabirds and Marine 
Mammals: A Review of Recent Trials and Development of Proto-
cols (Thaxter & Burton 2009).

StUK4 protocols (BSH, 2013): carried out with suitable methods 
in co-ordination with the BSH (linked to Groom et al. 2013, and 
Buckland et al. 2012).

Vessel-based surveys 
(monthly)

ESAS Seabirds at Sea Survey Methods (Camphuysen & Garthe, 
2004; Lewis & Dunn 2020).

Towards standardised seabirds at sea census techniques (Cam-
phuysen et al, 2004) with adaptations made by MacLean et al. 
(2009).

Counting seabirds at sea from ships (Tasker et al 1984).

StUK4 methods (BSH, 2013), including Garthe et al. (2002) 
instructions for the detection of seabirds at sea of ships. Guid-
ance on survey and monitoring in relation to marine renewables 
deployments in Scotland. Volume 4. Birds (Jackson & Whitfield, 
2011).

When necessary (e.g., in proximity to Natura 2000 sites or when high collision risks expected)

Connectivity 
between breed-
ing colonies or 
migration routes 
and site (1-3)

Telemetry Methods used for PTTs and other sensors (e.g., Phillips et al., 
2007; Griffin et al., 2011).

Collision risk 
(2,3)

Multiple sensors (in-
cluding cameras and 
radar) or multi-sensor 
arrays (constant)

Best practice guidance for the use of remote techniques for a) 
ornithological monitoring (Walls et al. 2009) b) behaviour (Desh-
olm et al., 2004).

Guidance on bird and bat collision risk monitoring using multiple 
sensors (Lagerveld et al., 2020).

SOSS Band model for calculating collision risk (Band, 2012).

Breeding colony 
counts (1-3)

Digital aerial (as 
needed)

For aerial use see above.

For application of drones see Wich & Koh (2018) and Raoult et 
al. (2020)

Observer colony  
counts (in breeding 
season)

Breeding bird monitoring methods (Gilbert et al., 1998) 

Seabird monitoring handbook (Walsh et al., 1995)

Waterbird counts (Wetlands International, 2010)
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Guidance across taxa and across methods that includes protocols for marine bird monitoring in Europe is also 
provided by the German Federal Maritime and Hydrographic Agency (BSH, 2013), the Scottish government 
(Jackson & Whitfield, 2011), the government of Ireland’s Department of Communications, Climate Action and 
Environment (2018a,b), and in other publications (e.g., Komdeur et al., 1992; Johansen et al., 2012; Kemper 
et al., 2016). There are also some examples available from North America (e.g., Moulton & MacTavish, 2004). 
Various methodology tests and reviews provide further insights into choosing appropriate protocols (e.g.  
Mellor & Maher, 2008; Maclean et al., 2009; Williams et al., 2015). Many existing protocols have been devel-
oped using consultative processes (e.g., Thaxter & Burton 2009) but international, regional-level consultation 
seem to remain weak.

4.5 Research Needed to Improve Monitoring of Marine Birds and Bats

As with other taxa, most of the methods and protocols most widely for monitoring birds and bats used were 
developed more than 15 years ago. There is inadequate testing of standard protocols for newer tools.

Research needed includes:

• Further testing and harmonisation of approaches to monitor birds and bats with other technolo-
gies, such as radar, sonar and infrared imaging (that may work in poor weather or at night).

• Testing combinations of methods to optimise monitoring of multiple taxa using complementary 
tools.

• Better understanding of migration corridors and how they vary over time, and a better understand-
ing of the relevant buffer zone around OWFs and related submarine power cables that should be 
monitored.

• Collison risk studies, looking into, for example, flight heights and micro-scale behaviours inside 
OWE sites, especially for migrating seaducks and especially telemetry studies.

• Better understanding of barrier effects, and the use and effectiveness of corridors created within 
and between OWFs.

• Understanding how prey distribution and density affects bird use of OWFs.
• Understanding the impacts of OWF decommissioning on birds and bats to identify any additional 

indicators that need to be monitored during this phase.
• BirdLife International lists the following bird species as a priority focus for future research into 

OWE impacts (Piggott et al., 2021): 
○ Long-tailed duck (Clangula hyemalis)
○ Common goldeneye (Bucephala clangula)
○ Greater scaup (Aythya marila)
○ Velvet scoter (Melanitta fusca)
○ Common eider (Somateria mollissima)
○ Caspian tern (Hydroprogne caspia)
○ Roseate tern (Sterna dougallii)
○ Sandwich tern (Thalasseus sandvicensis)
○ Arctic jaeger (Stercorarius parasiticus)
○ Storm petrel species (Hydrobatidae spp.)
○ Shearwater species (Procellariidae spp.)
○ Grebe species (Podicipedidae spp.).
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5. Monitoring Marine Mammals

Marine mammals occur in probably every OWE site worldwide (Nehls et al., 2019). Taxa of concern in the Bal-
tic Sea and North Sea are cetaceans (whales and, in particular, dolphins and porpoises) and pinnipeds (seals). 

5.1 Priority Pressures and Impacts

The largest impact of OWE on marine mammals is likely caused by the strong impulsive noise generated by 
pile driving during the construction phase, with harbour porpoises especially sensitive (Russell et al., 2016; 
Nehls et al., 2019; Starmore et al., 2020). Some marine mammals can be displaced several kilometres. For 
example, harbour porpoises may have a displacement distance of more than 20 km during OWE construction 
(Scheidat & Porter, 2019). Non-impulsive noise from vessel engines and construction may also affect some 
species. For example, some cetaceans may be sensitive to the underwater noise generated by vessels tens of 
kilometres away (Halliday et al., 2017). Other pressures on marine mammals include collisions with vessels 
involved in survey, construction, maintenance and decommissioning (Sparling et al., 2011). Entanglement with 
the mooring cables of floating turbines may pose a threat to some larger species, such as baleen whales (Ben-
jamins et al., 2014). Pollution from vessels and the release of anti-fouling chemicals is also potentially harmful 
(Dolman & Simmonds, 2010). Creation of refuges through the reserve effect and the resultant increase in fish 
abundance may cause some species to frequent offshore wind farms.

5.2 Priority Species

Regional priority marine mammal species are shown in Table 5A. 

Table 5A. Species listed as conservation priorities in the Baltic Sea (HELCOM, 2021b) and Greater North Sea 
(OSPAR Commission, 2008b), and their global conservation status as defined by the IUCN Red List of Threat-
ened Species (IUCN, 2021a). The harbour porpoise is also identified by the Common Environmental Assess-
ment Framework (SEANSE, 2019) as a species to monitor in the North Sea to assess the cumulative impact by 
the underwater sound generated by pile driving. Note that ASCOBANS prioritises all small cetaceans. 

Common 
name

Scienti fi c name IUCN 
Red List

Balti c Sea North Sea Proposed for 
monitoring by

Blue whale Balaenoptera musculus EN - Yes -

Northern right 
whalel

Eubalaena glacialis CR - Yes -

Harbour por-
poise

Phocoena phocenin LC CR/VU Yes HELCOM

OSPAR Commission

SEANSE

Eastern Atlantic 
harbour seal

Phoca vitulina vituline LC VU/LC No HELCOM

Baltic (ringed) 
seal

Pusa (Phoca) hispida 
botnica

LC VU - HELCOM

Grey seal Halichoerus grypus LC LC No HELCOM

OSPAR Commission
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All three of the pinnipeds found in the region are considered priorities. While only three species of cetacean 
are singled out for special attention, 36 species have been recorded in the Greater North Sea region alone 
(see below) and all cetaceans found in and around an OWE site should be surveyed. The harbour porpoise, 
however, is the most commonly encountered species and may be especially susceptible to construction noise. 
The large baleen whales (Mysticeti), such as the blue and northern right, are less common and less likely to be 
regular visitors to an OWF, so will probably not need regular monitoring. However, the harbour porpoise and 
any other toothed whales and porpoises (Odonticeti) found around a site will need to be monitored closely. 
The Agreement on the Conservation of Small Cetaceans in the Baltic, North-East Atlantic, Irish and North 
Seas (ASCOBANS, 2021) promotes international cooperation to achieve and maintain a favourable conserva-
tion status for small cetaceans throughout the region. It defines "small cetaceans" as any species, subspecies 
or population of toothed whales (Odontoceti), except the sperm whale (Physeter macrocephalus). It names the 
20 most commonly recorded species but notes that the convention covers all small cetaceans.  

5.3 Current Monitoring Programmes

The regional seas action plans have a small set of indicators focused on marine mammal abundance and seal 
health and breeding success (Table 5B) that monitor:

• abundance or relative abundance;
• distribution;
• reproduction (pup production in seals);
• health status (reproductive and dietary status in Baltic seals; causes of death).

Table 5B. Regional marine mammal Indicators adopted by HELCOM and the OSPAR Commission.

Indicator Regional indicator Notes
Cetacean abun-
dance

OSPAR M4 cetacean abundance and distri-
bution

Currently not used for birds at sea 

Distribution of 
impulsive noise

OSPAR Distribution of reported impulsive 
sounds

Data are available for a limited number of 
countries and sound sources. E.g., Data 
for 2015 were provided by Belgium, Den-
mark, Germany, the Netherlands, Sweden 
and the UK for four sound sources (seis-
mic surveys, pile driving, explosions, and 
sonar and acoustic deterrents). (OSPAR 
Commission, 2021).  

Seal distribution OSPAR M3 seal abundance and distribution

HELCOM distribution of Baltic seals

Seal abundance OSPAR M3 seal abundance and distribution

HELCOM population trends and abundance 
of seals

Grey seal pup 
production

OSPAR M5 grey seal pup production Under development; would be hard to link 
change with OWE

Seal population 
health

HELCOM
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As apex predators, marine mammal abundance and distribution are key indicators of broader environmental 
status, including ecosystem function and food web integrity. The OSPAR Commission also has an indicator for 
the distribution of impulsive noise, which has relevance to marine mammals. However, data are available for 
only a limited number of countries and sound sources. For example, data for 2015 were provided by Belgium, 
Denmark, Germany, the Netherlands, Sweden and the UK for four sound sources (seismic surveys, pile driving, 
explosions, and sonar and acoustic deterrents) (OSPAR Commission, 2021).  

The EU Habitats Directive requires member states to monitor and maintain at favourable conservation status 
those species identified to be in need of protection, including all cetaceans.  The Directive (EC, 1992) defines 
favourable conservation status as when 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 the natural range 
of the species is neither being reduced nor is likely to be reduced for the foreseeable future, and there is, 
and will probably continue to be, a sufficiently large habitat to maintain its population on a long-term basis. 
This suggests member states need to monitor not only population levels, but broader population dynamics 
as well as habitats. However, there are no regionally-coordinated marine mammal monitoring programmes in 
the Baltic Sea or North Sea; indeed, HELCOM does not yet even have a functional cetacean indicator. Data 
against regional indicators are collated from national survey programmes, examples of which include the Joint 
Cetacean Protocol in the UK (Paxton et al., 2016).

One regional cetacean monitoring effort - the SAMBAH project (Static acoustic monitoring of the Baltic har-
bour porpoise; Kolmårdens Djurpark AB, 2017) - produced information on harbour porpoise distribution and 
abundance in the Baltic using static PAM through an extensive network of C-PODs. The results are planned 
for use in designing coordinated harbour porpoise monitoring programmes. HELCOM thematic assessments 
(e.g., HELCOM, 2018b) have, however, collated national data to provide some level of overview on marine 
mammal abundance, especially for seals.  

Thirty-six species of cetacean have been recorded in recent history within the Greater North Sea, Celtic Seas, 
and Bay of Biscay and Iberian coast (OSPAR Commission, 2021). Aerial and vessel-based cetacean surveys 
(named SCANS I, II and III and CODA) have been conducted in Atlantic waters by Denmark, Germany, Portu-
gal, Spain, Sweden and the UK (Hammond et al., 2013, 2017; Paxton et al., 2016). The OSPAR Commission 
has an indicator for cetacean abundance and distribution, and the cetacean status report in the intermediary 
assessment of 2017 (OSPAR Commission, 2021) used data collected from national programmes to provide 
an update on trends. The report concluded that cetaceans are widely distributed and abundant in the OSPAR 
Maritime Area but they are challenging to monitor. There was no evidence of changes in abundance for white-
beaked dolphin, minke whale and harbour porpoise since 1994 but insufficient evidence to determine trends 
for other species. The distribution of harbour porpoise and minke whale has shifted southward in the Greater 
North Sea. While larger cetaceans should be monitored where necessary around the North Sea, in general 
monitoring for OWE will need to focus on the smaller, toothed cetaceans (dolphins and porpoises) since these 
are likely to be the most common and the ones most likely to be impacted. 

For pinnipeds, OSPAR monitors both species present in its North Sea waters, the harbour seal and the grey 
seal, even though the grey seal is not on its list of threatened and declining species (OSPAR Commission, 
2008b). HELCOM monitors all three seal species present in its waters and listed on its Red List (HELCOM, 
2021b), the harbour seal, grey seal and Baltic ringed seal. Seal species have also been flagged as important 
taxa to monitor around offshore renewable installations (e.g., Sparling et al., 2011; Bennun et al., 2021), due 
to the risk of impacts, especially from noise. 



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector 30

5.3.1 Pros and cons of the main methods used for monitoring marine 
mammals 

There are a range of well-established methods for surveying marine mammals (e.g., Garner et al., 1999; Evans 
& Hammond, 2004; Diederichs et al. 2008; Boyd et al., 2010; TCE, 2010; Macleod et al., 2011; Paxton et al., 
2016).

The main methods for measuring marine mammal populations around OWE installations are line transect sur-
veys, acoustic surveys and telemetry (Scheidat & Porter, 2019). Tools used include vessel-based surveys, aer-
ial surveys, digital aerial surveys, satellite imagery surveys, passive acoustic monitoring surveys using towed 
arrays or static devices, telemetry, and haul-out counts (for seals that are breeding or moulting). 

Vessel and aerial surveys use onboard observers to count animals following a distance sampling approach. 
Technological solutions continue to evolve and estimates of relative density of harbour porpoises from digi-
tal and acoustic surveys have been demonstrated to be strongly correlated to estimates from visual surveys 
(Williamson et al., 2016), suggesting remote sensing methods offer viable and cost-effective options. They 
are now the favoured method in some countries (e.g., BSH, 2013). In some cases, cameras are deployed with 
drones or UAVs, especially for haul-out counts of pinnipeds (Wich & Koh, 2018; Raoult et al., 2020), although 
the sensitivity of species to drone noise, especially during the breeding season, needs to be taken into ac-
count (Palomino-González et al., 2021).

Static acoustic devices, such as C-PODs and their predecessors, T-PODs (which operate passively at sea to 
detect click trains), are widely used static PAM devices for recording the presence and activity of cetaceans 
around OWFs (Haelters 2009; Macleod et al., 2011; Scheidat et al., 2011; Williamson et al., 2016). Acoustic 
monitoring glider systems have also been tested (e.g., Kowarski et al., 2020) and offer an alternative as a 
towed array. 

Vantage point surveys are an additional option in some locations (Sparling et al., 2011), although the expend-
ing size of OWFs and their distance offshore means it can only be used in a small proportion of cases. Some 
cetacean populations are monitored using photographic identification of individuals to allow mark-recapture 
population estimates (Urian et al., 2015). This can also be used to answer questions pertaining to population 
size and the presence of individuals from a Natura 2000 population within or near to the development site 
(Macleod et al., 2011). 

The use of radar, active sonar and thermal infrared have also been tested but are not yet widely used, though 
they should be explored further (Verfuss et al., 2018). For example, there is potential for using a vessel-
mounted infrared imaging system to detect marine mammals in real-time (Smith et al., 2020). Increasing 
evidence suggests environmental DNA (eDNA) may be a useful tool to detect mammal species when large 
enough volumes of water can be analysed (e.g., Foote et al., 2012). Satellite-based remote sensing can be an 
option for monitoring whales (Pettorelli et al., 2014).

Cumulative impacts also need to be assessed, and two models have been applied in the North Sea (Nehls et 
al., 2019): the interim Population Consequences of Disturbance framework (King et al., 2015; Booth et al., 
2017, 2020); and the DEPONS model (Nabe-Nielsen et al 2018; DHI, 2019) (see also Nabe-Nielsen & Har-
wood, 2016). 

The main pressure that is monitored in relation to mammals is underwater noise, which can be recorded using 
hydrophones (e.g., Bailey et al., 2010; Dekeling et al. 2014). Systems deploying static PAM devices, as used, 
for example, by NOAA in US waters (Haver et al., 2018), could also help monitor both anthropogenic and bio-
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logical noise over time. Marine mammal observers are also used to determine the presence of animals close 
to installations during pile driving, or to avoid collisions with vessels.

Marine mammals pose specific challenges for monitoring. They spend all, or large periods, of their time at 
sea, covering large areas, often submerged, making sightings and species identification difficult. As with all 
taxa, the long timelines involved in monitoring pose challenges to identifying and keeping on research team 
members and the relevant equipment and vessels. Monitoring teams also need to be flexible to account for 
unexpected delays (e.g., equipment faults can lead to pauses of weeks in phases such as pile driving). 

Annex 3 describes the pros and cons of the main methods used for monitoring marine mammals. As with the 
methods used for other taxa (sections 4 and 6), it was often hard to compare cost-effectiveness directly be-
tween methods, given the difficulty in comparing other indirect costs. 

Ultimately, it is most important that surveys for particular species are designed around methods that can 
answer the key monitoring questions and measure priority indicators for priority species and threats, adapted 
as necessary to local conditions. All methods have their valid uses in certain prevailing conditions, and some 
continue to be favoured by some national level monitoring programmes than others (e.g., aerial digital surveys 
are becoming more standard across Germany and the UK; vessel-based surveys remain dominant in places like 
Belgium and the Netherlands). 

5.4 Priority Indicators, Methods and Protocols for Monitoring Marine 
Mammals

Based on the priority species identified, and the pressures they face from OWE, the key questions that marine 
mammal monitoring needs to answer include:

• Which marine mammals are present in the area? Is there a seal colony nearby that might be forag-
ing at the site? Are there any Special Areas of Conservation close to the site?

• What is the distribution and abundance of species that are present?
• Does distribution and abundance change as a result of wind farm construction and operations (and 

later decommissioning)?
• Is the noise of construction, operations and decommissioning within acoustic thresholds?
• Do mitigation measures affect the animals? 

Priority indicators for each stage (1. Planning; 2. Construction; 3. Operation; 4. Decommissioning) are:

• presence of cetaceans and pinnipeds to determine the extent of occurrence or distribution of each 
species and overall species diversity (1-4);

• presence and size of seal breeding colonies within an appropriate radius3 of the OWE site (1-4);
• absolute or relative abundance of cetaceans and pinnipeds (1-4);
• habitat use by cetaceans and pinnipeds (1-4);
• anthropogenic noise levels (2-4).

3 The radius needs to be determined based on the known ecology and range of the target species. For example, 
studies suggest grey seals travel up to 40 km from a haul-out site to forage (McConnell et al., 1999).
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Weighing up the various pros and cons and optimising efficiency and comparability across sites, it would seem 
that:

• Methods to be favoured should include: digital aerial surveys; static PAM.
• Methods to be used for more targeted studies when needed: telemetry; aerial-based and vessel-

based observation surveys; towed PAM.
• Methods that are generally of less use across OWE sites: vantage point surveys (which are too reli-

ant on close proximity to the coast).
• Methods to be explored and developed further: eDNA, satellite-based remote sensing (for larger 

cetaceans and potentially seal colonies at haul-out sites). 

A summary of the main indicators for marine mammals, the monitoring methods used to monitor them, and 
examples of relevant protocols, are presented in Table 5C. Guidance across taxa and across methods that 
includes protocols for marine mammal monitoring in Europe is also provided by the German Federal Maritime 
and Hydrographic Agency (BSH, 2013), the Scottish government (Macleod et al., 2011), the government of 
Ireland’s Department of Communications, Climate Action and Environment (2018a,b), and in various other 
publications (e.g., Johansen et al., 2012; Kemper et al., 2016). There are also some examples available from 
North America (e.g., Moulton & MacTavish, 2004). 

Table 5C. Minimum monitoring requirements for marine mammals (cetaceans and pinnipeds) around offshore 
wind energy sites and associated grid infrastructure. One method or a combination of methods may be need-
ed for each indicator. Monitoring frequency is presented as guidance but will need to be based on each 
survey design. While some data may need to be collected monthly in some sites, in others it may prove more 
effective and efficient to conduct more intense and more widespread surveys less often. Note that these are 
recommended minimum requirements for every site; each site will also need to monitor additional indicators 
based on the profile of the site and prevailing legal requirements. Phases of development are: 1. Planning; 2. 
Construction; 3. Operation; 4. Decommissioning. 
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Type of indicator and 
phase of development

Method and 
frequency

Examples of monitoring protocol 
opti ons

Notes

Minimum

Presence (extent of 
occurrence/distribution) 
(1-4)

and 

species diversity (1-4)

and 

relative or absolute 
abundance (1-4)

Digital aerial sur-
veys (ideally every 
1-2 months); 

if necessary, sur-
veys of seal haul-
out sites in breed-
ing and moulting 
seasons)

German protocols (BSH, 2013).

High-definition imagery for surveying 
seabirds and marine mammals: a review 
of recent trials and development of pro-
tocols (Thaxter & Burton 2009).

Monitoring seabirds and marine mam-
mals by georeferenced aerial photogra-
phy (Kemper et al., 2016).

Methods for monitoring marine mam-
mals at marine renewable energy devel-
opment (Thompson et al., 2014).

See birds (Table 
4D).

Static PAM using 
C-PODs

Continuous

Methods for monitoring marine mam-
mals at marine renewable energy devel-
opment (Thompson et al., 2014).

For porpoise monitoring in the Nether-
lands (van Polanen Petel et al., 2012).

Vessel surveys with 
towed PAM arrays 

As needed (every 
1-2 months if digi-
tal aerial surveys 
not feasible)

Double-platform

line transect methodology used in the 
SCANS (Small Cetacean Abundance in 
the North Sea) surveys (Borchers et al., 
1998; Hammond et al., 2002, 2017; 
Laake & Borchers, 2004).

Scottish PAM protocols (Sparling et al., 
2011).

Also, methods 
for monitor-
ing marine 
mammals at 
marine renew-
able energy 
development 
(Thompson et 
al., 2014).

Habitat use (1-4) (and/or 
connectivity to breeding 
colonies)

Telemetry Scottish protocols (Sparling et al., 2011). C-PODs can 
add data for 
this indicator.

Noise levels - (2-4) Hydrophones Hydrophones, as per Bailey et al. (2010) 
and BSH guidelines (2011) and EU moni-
toring guidance for underwater noise 
(Dekeling et al. 2014).

When necessary (e.g., in proximity to Natura 2000 sites)

Seal breeding colony 
counts

Digital aerial sur-
vey

(breeding season)

See above for aerial Drones may 
also be useful: 
see Wich & 
Koh (1998) and 
Raoult et al. 
(2020).
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As part of the review, an analysis was conducted into guidelines on cetacean monitoring provided by three 
governments: Ireland, Germany and the UK (Annex 4). Although Ireland is not in the Baltic Sea or North Sea, 
the government provided similar levels of guidance in relation to OWE as the other two case studies chosen. 
The analysis demonstrates several trends found across the review in relation to the wide variability in meth-
ods proposed and the level of detail provided. These trends in marine mammal monitoring include:

• Most schemes use a wide variety of methods even for one taxon.
• The degree of specificity on how methods should be applied varies greatly, as does the amount of 

cross-referencing of source references for those methods.
• There are some similarities in approach and survey design (such as ways of conducting vessel-

based surveys) but also many differences (such as whether or not to encourage a before-after 
control-impact design or a Before-After-Gradient design or assessing impacts; see section 9.3.5). 

• Monthly surveys are recommended 2-3 years before construction and 3-5 years after operations 
begin.

• No agreement exists on the precise geographic scope of surveys, and how wide the buffer zone 
should be.

5.5 Research Needed to Improve Monitoring of Marine Mammals

In spite of a wide body of research on the impacts of OWE on marine mammals, further research is needed to 
better understand pressures and impacts and define monitoring needs and tools. 

Research needed includes:

• Further testing and harmonisation of approaches to monitor marine mammals, especially radar, 
sonar and infrared imaging.

• Testing combinations of methods to optimise monitoring of multiple taxa using complementary 
tools.

• A better understanding of the impact of the noise and pollution generated by vessels, and the noise 
and hear from submarine power cables, on marine mammals and their prey, and how this needs to 
influence the choice of buffer zone around OWFs that should be monitored.

• Understanding how prey distribution and density affects marine mammal use of OWE sites, and 
the potential benefits of OWE sites to marine mammals due to reef and reserve effects.

• Testing and validating assessment tools that can be used to predict OWE impacts on the  conserva-
tion status of marine mammals.

• Understanding the impacts of OWE decommissioning on marine mammals to identify any addi-
tional indicators that need to be monitored during this phase.

6. Monitoring Fish and Seabed Communities 

Other than air-breathing organisms such as mammals and birds, the marine biodiversity that is potentially im-
pacted by the development of OWE and associated grid infrastructure includes the organisms in the sediment 
(infauna) and on the sediment or submarine structures (epifauna, algae and seagrasses), the habitats they 
form, and the demersal (bottom-dwelling) and pelagic (open water) fish. Most of this underwater biodiversity 
is subject to similar pressures and are monitored from vessels using similar methods, so are treated here to-
gether. Organisms living in the water column such as plankton may also be affected, especially by pollution, 
though are not generally considered at risk from OWE and are not dealt with here.
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6.1 Priority Pressures and Impacts 

The main threat to underwater biodiversity is during the construction of the OWE towers and turbines and 
the placement of submarine power cables, when benthic species can be killed or displaced and habitats lost 
under the infrastructure (Boehlert & Gill, 2010; Perrow, 2019a; Bennun et al., 2021; Taormina et al., 2018). 
The type of turbine will affect the area impacted, with floating turbines expected to cause less disturbance to 
the seabed than bottom-fixed turbines. The area lost is usually relatively small and, if the project is properly 
planned, sensitive or threatened habitats can be avoided. However, other pressures are also associated with 
construction and operation. These include increased turbidity or suspended sediments caused by vessels, 
construction activity, or the wake from turbine towers which can cause the smothering of habitats, harming 
species such as corals and seagrasses. Sediment plumes can travel tens of kilometres (Taormina et al.., 2018). 
Hydrodynamic effects can also alter the demersal habitat or change water column conditions. Pollution or oil 
spills from construction activities or vessels can also threaten species and habitats (Saunders et al., 2011), as 
can invasive alien species brought into the area by vessels.

Underwater noise (especially from pile driving and other construction activity) is primarily a concern for ma-
rine mammals but may also put pressure on fish and benthic communities. For fish, noise can especially affect 
benthic species and those species that are hearing specialists, such as herring or cod (Bennun et al., 2021). 
The seismic pressure from sound waves can reduce survival of some species (Dahlgren et al., 2019). The EMF 
from submarine cables can also affect fish species with electroreceptors (sharks, rays, sturgeons and lam-
preys) and those that migrate (such as salmon and eels), although the effect may not be significant (Dahlgren 
et al., 2019; Taormina et al., 2018). Overall, there may be no large-scale effects of OWE and associated grid 
infrastructure on the diversity and abundance of demersal fish communities, although smaller scale changes 
in densities may occur (Bergstrom et al., 2013; Stenberg et al., 2015). Data are far scarcer on the potential im-
pacts on benthic invertebrates (Taormina et al., 2018). Heat generated by submarine power cables is another 
potential pressure but has been studied very little.

Underwater structures and submarine power cables are usually colonised by hard-substrate benthic species 
including epifauna (e.g., bivalve molluscs, corals) and mobile macrofauna (e.g., worms, crustaceans). In turn, 
this reef effect can attract megafauna, such as decapod crustaceans and fishes (Reubens et al., 2014) and 
some studies suggest that, in general, fish abundance is elevated inside of offshore  wind farms (Methratta & 
Dardick, 2019). The reef effect can be further enhanced by the reserve effect, where limited access to fish-
ing and marine traffic in the OWF or around submarine power cables protects species and further increases 
numbers. 

6.2 Priority Species and Habitats

Priority species can be considered to be those that are threatened, those sensitive to being impacted  by 
OWE, or those that provide ecosystem services.

HELCOM (2021) identifies 55 species of invertebrates from a diverse array of taxa (from crustaceans to 
molluscs to starfish) that are priorities in the Baltic Sea. The OSPAR Commission (2008b) names only three 
invertebrate priorities for the North Sea: ocean quahog (Arctica islandica), dog whelk (Nucella lapillus) and 
flat oyster (Ostrea edulis).

Fish species that are considered regional priorities are listed in Table 6A. While it is difficult to mitigate im-
pacts on specific fish species, any monitoring data collected on these species should be a priority for analysis 
and sharing. 



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector 36

Table 6A. Fish species listed as conservation priorities in the Baltic Sea (HELCOM, 2021b) and Greater North 
Sea (OSPAR Commission, 2008b), and their global conservation status as defined by the IUCN Red List of 
Threatened Species (IUCN, 2021a). 

Common name Scienti fi c name IUCN Red 
List 

HELCOM OSPAR 
Commission

Common skate Dipturus batis CR Yes Yes

Gulf sturgeon Acipenser oxyrinchus NT Yes -

Spiny dogfish Squalus acanthias VU Yes Yes

Grayling Thymallus thymallus LC Yes -

European eel Anguilla anguilla CR Yes Yes

Porbeagle Lamna nasus VU Yes Yes

Ling Molva molva LC Yes -

Atlantic wolffish Anarhichas lupus DD Yes -

Maraene Coregonus maraena VU Yes -

Sea lamprey Petromyzon marinus LC Yes Yes

Thornback skate Raja clavate NT Yes Yes

Atlantic salmon Salmo salar LC Yes Yes

Atlantic cod Gadus morhua VU Yes Yes

Tope Galeorhinus galeus CR Yes -

Whiting Merlangius merlangus LC Yes -

Atlantic sturgeon Acipenser sturio CR - Yes

Allis shad Alosa studio LC - Yes

Portuguese dogfish Centroscymnus coelolepis NT - Yes

Leafscale gulper shark Centrophorus squamosus EN - Yes

Basking shark Cetorhinus maximus EN - Yes

Spotted Ray Raja montagui LC - Yes

Long-snouted seahorse Hippocampus guttulatus DD - Yes

Short-snouted seahorse Hippocampus guttulate DD - Yes

White skate Rostroraja alba EN - Yes

Angelshark Squatina squatina CR - Yes

A recent consultation of deep-sea scientists suggested ecosystem monitoring should prioritise large organ-
isms (macro- and megafauna) living in deep waters and in benthic habitats (Danovaro et al., 2020). Species 
important for fisheries, such as cod, are often a priority for monitoring and research (e.g., Reubens et al., 
2014). In the Baltic Sea (HELCOM, 2018b), typical species monitored are perch (Perca fluviatilis), flounder 
(Platichthys flesus) and cod (Gadus morhua), depending on the sub-basin. Perch is generally the key species 



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector 37

in coastal fish communities in the less saline eastern and northern Baltic Sea (Sweden, Finland, Estonia, and 
Latvia), and in more sheltered coastal areas in Lithuania, Poland and Germany. In the more exposed coastal 
parts of the central Baltic Sea and in its western parts the abundance of perch is generally lower and flounder 
is used as the key indicator species. Cod is the representative species in the western and more saline parts of 
the region. Basking sharks are also often highlighted as priorities, and they can be monitored using methods 
employed for marine mammals (Macleod et al., 2011; Department of Communications, Climate Action & En-
vironment, 2018). 

Many of the habitats created by underwater species communities that are of greatest concern are those that 
provide ecosystem services, especially fisheries or coastal protection. These habitats include coral reefs, sea-
grasses, sand banks, salt marshes, oyster beds (or other bivalve mollusc beds), and wetlands (Bennun et al., 
2021). 

The OSPAR Commission (2008b) priority habitats for the North Sea are: 

• coral gardens 
• intertidal Mytilus edulis beds on mixed and sandy sediments
• intertidal mudflats
• littoral chalk communities
• Lophelia pertusa reefs
• maerl beds
• Modiolus modiolus beds
• Ostrea edulis beds
• Sabellaria spinulosa reefs
• sea-pen and burrowing megafauna communities
• Zostera beds.

Priority habitats can also be considered those that represent important areas for biodiversity. These include 
protected areas and community reserves, Natura 2000 sites, World Heritage sites, wetlands of global impor-
tance, Key Biodiversity Areas, priority ecoregions, biodiversity hotspots and critical habitats (areas of high 
biodiversity value with habitats important for threatened species or for endemic or restricted-range species 
or for unique or threatened ecosystems) (Stephenson & Carbone, 2021).

6.3 Current Monitoring Programmes

The regional seas action plans have a small set of indicators focused on fish, marine habitats and invertebrates 
that monitor:

• abundance or relative abundance of target taxa;
• presence (extent of occurrence/distribution) of target taxa;
• species communities/diversity;
• distribution or extent of benthic habitats;
• noise levels;
• pollution levels;
• invasive alien species.
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The main indicators in use or under development regionally are presented in Table 6B. As apex predators, 
marine mammal abundance and distribution are key indicators of broader environmental status, including 
ecosystem function and food web integrity. 

Table 6B. Regional indicators adopted by HELCOM and OSPAR related to fish and benthic faunal and floral 
communities. Note that some are still being tested and several other candidate indicators are in development 
(especially in the North Sea).

Indicator Regional indicator Notes
Fish abundance HELCOM abundance of key 

coastal fish species
The abundance of typical species of fish, such as 
perch and flounder, in coastal areas to assess envi-
ronmental status. Good status is achieved when the 
abundance is above a set site- and species-specific 
threshold value.

HELCOM abundance of coastal 
fish key functional groups

The abundance of selected functional groups of 
coastal fish. As a rule, good status is achieved when 
the abundance of piscivores (i.e., fish that feed on 
other fish) is above a site-specific threshold value, 
and the abundance of cyprinids or mesopredators 
(i.e., mid trophic-level fish) is within an acceptable 
range for the specific site.

OSPAR indicators FC1, FC2,

FC3 and FW3 on fish and food 
webs

In early stages of implementation. The objective of 
the suite of indicators is to characterise fish commu-
nities in terms of their biomass, size

structure and species composition (including de-
mersal and pelagic communities) in order to link to 
pressure and food web functioning. Favours trawl-
ing data which may not be appropriate for OWE 
context. Groundfish and beam trawl survey data are 
loaded into the ICES DATRAS (Database of Trawl 
Surveys).

https://datras.ices.dk/Data_products/Download/
Download_Data_public.aspx

Plankton abun-
dance

HELCOM Zooplankton mean size 
and total stock

Zooplankton community structure to determine 
whether it reflects good environmental status which 
is achieved when large-bodied zooplanktons are 
abundant in the plankton community.

OSPAR changes in phytoplankton 
and zooplankton communities

A pilot OSPAR indicator

Habitat extent HELCOM Distribution or extent of 
the benthic habitats

Not an official indicator but HELCOM has provided 
guidance on its measurement (HELCOM, 2015a).
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Indicator Regional indicator Notes
Habitat condi-
tion

OSPAR Condition of benthic habi-
tat communities

OSPAR is measuring habitat condition in certain 
parts of the North Sea

https://oap.ospar.org/en/ospar-assessments/
intermediate-assessment-2017/introduction/what-
assessed/

Preliminary testing demonstrated that the indicator 
“is conceptually applicable to several habitat types 
and is sensitive to various pressure types” (OSPAR 
Commission, 2018b). The metric is an index of spe-
cies composition and relative abundance combined 
with a measure of specific pressures. It complements 
other planned indicators but does not yet seem to 
be in active and widespread use.

Distribution of 
impulsive noise

OSPAR Distribution of reported 
impulsive sounds

Data are available for a limited number of countries 
and sound sources. 

Presence of 
invasive alien 
species

OSPAR 

Trends in new records of non-
indigenous species introduced by 
humans

Data are collated from records provided by coun-
tries.

The OSPAR Commission also collates data on trends in discharges, spills and emissions from offshore oil and 
gas installations and could presumably expand such an effort to include OWE. Both HELCOM and OSPAR 
aggregate data from the countries in their regions to assess indicators periodically (HELCOM, 2018b; OSPAR 
Commission, 2021). Fish data are probably more extensive than for other taxa. Invertebrate data are not con-
sidered separately, and tend to be dealt with as part of habitat quality or alien invasive species monitoring.

6.3.1 Pros and cons of the main methods used for monitoring fi sh and seabed 
communities 

One of the main challenges to assessing marine biodiversity is the lack of consistent monitoring approaches 
(Przeslawski et al., 2019), and this review found a diverse array of methods that were not all applied in a 
consistent way, especially for fish and seabed communities. An example of the diversity can be demonstrated 
by the guidance for OWE monitoring in Germany. BSH (2013) offers the most extensive range of monitoring 
options for benthic fauna and flora and recommends:

• investigation of the sediment and habitat structure and their dynamics using side scan sonar;
• video survey of epifauna, macrophytes and habitat structure; 
• grab sampling survey of infauna;
• beam trawl survey of epifauna;
• installation-based grab sampling survey of infauna;
• investigation of growth and demersal megafauna on the underwater construction structure;
• investigation of benthos and habitat structures in the context of installation of cable routes for 

connecting offshore wind farms.
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 Fish 

Tools traditionally used to monitor fish presence and diversity include fyke-net fishing, where baited traps are 
set at a randomly selected series of fishing stations (Thoresson, 1996; Bergstrom et al., 2013; Dahlgren et al., 
2019). The nets allow the trapping of live specimens, facilitating capture-mark-recapture studies that can help 
understand population health and dynamics. They tend to target smaller demersal and benthic species. Gill 
nets (e.g., demersal multi-mesh gillnets) can also be used (Stenberg et al., 2015), as can cage or pot fishing. In 
each case, the mesh size and length of net need to be chosen in relation to target species (HELCOM, 2015b).

Direct observation of the seabed fauna including fish can be conducted in some cases, either through scuba 
divers or through drop-down cameras or cameras attached to remotely operated vehicles (ROVs) or autono-
mous underwater vehicles (AUVs) (Saunders et al., 2011; Edgar & Stuart-Smith, 2014; Reef Life Survey, 2019). 
Direct or camera observations are especially useful for mapping habitat cover, including reefs and mussel 
beds, as well as alien invasive species. Fish communities can also be monitored through digital video technol-
ogy, either deployed through scuba divers (Goetze et al., 2019) or through baited remote underwater video 
or BRUV (Langlois et al., 2010; Santana-Garcon et al., 2014; Bouchet et al., 2018). BRUVs have been used 
successfully in some OWF systems (e.g. Griffin et al., 2016) and need to be more widely tested in temperate 
climates. Pelagic fish are also sometimes monitored with hydroacoustic methods, i.e., active acoustic monitor-
ing (Hvidt et al., 2006; Krägefsky, 2014; Berger et al., 2020). Telemetry can be used to monitor the movement 
and behaviour of some fish species (Hussey et al., 2015), and has been used on larger species like cod around 
OWFs (Reubens et al., 2014; Dahlgren et al., 2019). 

 Invertebrates

There are several well-established methods for surveying and monitoring marine invertebrates (New, 1998) 
and broader benthic communities (BSH, 2013; HELCOM, 2015a). However, data on invertebrates is generally 
much less abundant than for vertebrates, especially in the marine environment. Reasons include: basic science 
on invertebrates is scarce and underfunded; most species are undescribed; the distribution and abundance of 
described species is mostly unknown; and species ways of life and sensitivities to habitat change are largely 
unknown (Cardoso et al., 2011).

Monitoring of invertebrates on the seabed around OWE will help increase data on the presence and abun-
dance of poorly known species. Furthermore, studies over the last three decades have demonstrated that 
benthic organisms can be useful indicators of environmental status, as they respond predictably to various 
natural and human-induced disturbances (Thouzeau et al, 1991; Dauer, 1993; Ritter & Montagna, 1999; Mu-
niz et al., 2005). 

Benthic invertebrates can be sampled with a variety of grabs, mechanical devices that scoop up samples of 
the sea bed (Dahlgren et al., 2019; Box 6.1). 
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 Box 6.1: Benthic grab sampling.

Two examples: descriptions of grab sampling techniques provided by Scottish guidelines for the North 
Sea (Saunders et al., 2011) and HELCOM guidelines for the Baltic (HELCOM, 2015a).

USING A GRAB (SAUNDERS ET AL., 2011) 

The primary method of establishing the biological community composition of sedimentary habitats is 
by recovering sediment samples using a grab. Grabs are lowered to the seabed from a stationary ves-
sel and a sample is usually obtained by automatically or manually operating some form of mechanism 
that closes the jaws of the grab. A wide range of grabs have been developed with varying capabilities in 
terms of recovery of different sediment types, penetration depth, volume reproducibility and reliability. 
It is beyond the scope of this document to discuss the relative merits of each grab type and a more 
detailed review can be found in Eleftheriou and McIntyre (2005). The devices most frequently used for 
UK marine survey work are the van Veen grab, the Day grab and the Hamon grab. The van Veen grab is 
acknowledged as a good all-round option and has been adopted as the standard by some organisations, 
notably for benthic surveys in the Baltic Sea. It is simple and quick to deploy and its long lever arms 
provide a substantial jaw closing force, but they also make it cumbersome to manoeuvre on a ship’s deck 
and will sometimes cause it to be pulled onto its side before closing if the vessel is drifting.  

The pattern of grab deployment and survey design will largely depend on the expected extent and dis-
tribution of sediment habitats within the survey area, together with the degree of biological importance 
attributed to them. This information should be initially supplied by the acoustic mapping and supporting 
drop-down video data.

A STANDARD SIMPLIFIED METHOD FOR BENTHIC GRAB SAMPLING AS DESCRIBED IN THE HELCOM 

COMBINE MANUAL (HELCOM, 2015A).

This grab method was first developed for mapping and spatial modelling purposes, when a large number 
of samples distributed over an area are needed. The purpose is to facilitate collection of large datasets 
at a minimum cost as well as to sample areas too shallow for large vessels. In that sense the aim is similar 
to drop-video which is used as a time and cost-effective alternative to diving (where diving is a more 
exact method, which provides higher taxonomic resolution but also is more expensive and time consum-
ing). The method compared well to the standard (large grab) method along the Swedish south coast and 
in the Hanö Bight but not in Øresund and Kattegat. The applicability of this method in different areas 
will depend on species composition and heterogeneity since both sample area and penetration depth 
are smaller than with the larger grab used in the standard method. The applicability of this method in the 
actual monitoring area should be tested before it is used in monitoring of the area. 

Simplified grab method is based on the use of small Van Veen grab (sample area 0.025 m2) instead of 
the standard Van Veen grab (sample area 0.1 m2). This method may be performed from small vessels 
and require a minimum of crew and time. The method has been successfully performed in combination 
with a drop-video survey from a vessel of six m length and a crew of three people (two is the minimum).
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Analyses of samples collected by grab sampling can include comparing the presence or abundance of different 
species and using different indices. For example, the polychaetes/amphipods ratio has been tested for moni-
toring major changes in benthic communities in response to a wide variety of different human pressures (oil 
spills, urban sewage outfalls, enrichment in organic matter, etc.) in estuarine and coastal environments and is 
used in 23 countries mainly in Europe, based on the fact that polychaetes are more tolerant and opportunistic 
species and amphipods are sensitive taxa (Dauvin, 2018). Indices like the Marine Biotic Index (Borja et al. 
2000; Muniz et al., 2005) and the Benthic Quality Index (Rosenberg et al., 2004) could also be used, though it 
is essential to narrow down the indices options to identify the most useful and successful (Borja et al., 2009).

Routine assessments of macrobenthic invertebrates have been carried out using almost exclusively morpholo-
gy-based approaches for species identification. This is a time-consuming and skill-dependent approach, which 
has resulted in low-throughput in processing biomonitoring samples. However, eDNA metabarcoding offers 
possibilities to more rapidly and more thoroughly assess the presence of species (Lobo et al., 2017). There is 
growing evidence that eDNA can be used to assess fish species richness and relative abundance in marine 
environments (e.g., Afzali et al., 2020; Berger et al., 2020; van Bleijswijk et al., 2020), and the diversity and 
distribution of other organisms, including bacteria and invertebrates, as well as marine food webs (Goodwin et 
al., 2017; Taberlet et al., 2018; Leduc et al., 2019; Zhang et al., 2020). However, there is urgent need for more 
standardisation of sampling protocols (Lacoursière-Roussel et al., 2018) and improvements in DNA reference 
databases for aquatic species (Weigand et al., 2019). 

Ecoacoustics, the use of acoustic monitoring to track the marine soundscape, is also an option to explore 
further, especially for fish and crustaceans (e.g., Pieretti et al., 2017). Light traps have also shown promise 
in sampling at least 12 phyla of benthic and planktonic animals, and 13 orders of crustaceans (McLeod & 
Costello, 2017) and should be explored more in future as well. 

 Threats

Invasive alien species are species that are introduced, accidentally or intentionally, outside of their natural 
geographic range and that become problematic. Marine IAS come from a wide variety of taxa, and may include 
bivalve molluscs, algae, sea squirts, tunicates, bryozoans, polychaetes, fish and many more forms of life, espe-
cially sedentary or sessile invertebrates. The monitoring of species that colonise OWE and grid infrastructure 
is therefore essential to evaluate the introduction and spread of IAS.  Species of particular concern in a given 
project site that will need to be searched for and monitored can be identified through relevant regional or 
global databases. Examples include the European Alien Species Information Network (EC, 2021) and the IUCN 
Global Invasive Species Database (IUCN, 2021b). Many IAS will be detected through the monitoring methods 
used for the abundance and diversity of species or the area of habitat. However, some additional methods 
are also useful for certain taxa. Vessels can introduce IAS, and the monitoring of hulls can provide an early 
warning of invasions (Gewing & Shenkar, 2017), with scrape samples and niche area inspections by divers the 
most efficient methods to detect species on hulls (Peters et al., 2019), although ROV-mounted cameras can 
also be used. Settlement plates (made of material such as PVC and suspended in the water) have long been 
used as a means of studying the species diversity and abundance of sessile IAS (Marraffini et al., 2017). Diver 
transect or quadrat surveys of potentially affected habitats will also be needed to identify IAS from multiple 
taxa (Otero et al., 2013), using hand corers to sample benthic infauna as necessary. Environmental DNA tech-
niques can be used to detect the presence of alien invasive species (Mauvisseau et al., 2020; Pearman et al., 
2020) and should be further tested in marine environments. Most existing protocols for IAS surveys are based 
on coastal structures such as harbours and marinas, as applied to some surveys in the North Sea (e.g., Gitten-
berger et al., 2010; Buschbaum et al., 2012; Rohde et al., 2017). However, some of the methods and protocols 
adopted jointly by HELCOM and OSPAR for monitoring IAS brought into ports by ballast water (HELCOM/
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OSPAR, 2013), as well as the HELCOM protocol for the Baltic Sea (HELCOM, 2013b) could be applied to some 
OWE and associated grid infrastructure.

Sound and vibrations from OWE construction and operations and the laying and use of submarine power 
cables may also affect fish and benthic communities and should be monitored for the impacts on these taxa. 
As discussed under mammals, systems deploying static PAM devices could also help monitor anthropogenic 
noise. Oil spills can be monitored by direct observation, or by aerial surveys or satellite-based remote sensing 
(Ferraro et al., 2009; Li et al., 2017).

 Habitat extent and composition

Habitats are usually assessed in the pre-consent planning phase of OWE development during EIAs, but should 
be monitored periodically. HELCOM (2015a) proposes monitoring habitat extent by using benthic grab sam-
pling, complemented with direct observation through the use of scuba divers and drop-down video, as has 
been used in several places including Estonia (Martin et al., 2013). Other methods for habitat monitoring 
include acoustic mapping and cameras deployed on remotely operated vehicles ROVs (Saunders et al., 2011) 
or on autonomous underwater vehicles (Monk et al., 2018). The main indicator used to monitor habitats is 
habitat cover (or extent), often combined with some measure of habitat quality (or condition), which may re-
late to species diversity (see, e.g., Stephenson & Carbone, 2021). The other key aspect of habitat surveys is to 
identify key habitats, or areas important for biodiversity (see section 6.2). These need to be identified so that 
they can be avoided or impacts on them mitigated. 

Drop-down video or photography is suitable for quickly characterising a large area and the method of choice 
for ground-truthing acoustic mapping data. Specific types of vessel characteristics are ended to use drop-
down video (Holt & Sanderson, 2001). Drop-down video or photography can provide valuable documentation 
on the presence, abundance and distribution of epibenthic species and presence and extent of habitats, while 
also supporting other survey tasks such as identifying how sediment and other substrata are distributed, thus 
contributing to the design and probable effectiveness of, for example, a subsequent grab sampling strategy. 
A remotely operated vehicle can essentially be considered as a technically complex drop-down system, but 
with the added ability to navigate to, and examine, specific targets on the seabed. Autonomous underwater 
vehicles are one step more independent, having no cables attached to the survey vessel.

6.4 Priority Indicators, Methods and Protocols for Monitoring Fish and 
Seabed Communities

The key questions that need to be answered through the monitoring of fish and seabed communities include:

• Which marine species and habitats occur in the area before and after construction?
• How abundant are the fish populations and how diverse in terms of size and community composi-

tion?
• What are the effects of construction activities (and later decommissioning activities) on species 

and habitats?
• What is the level of noise caused by construction and operations (and later decommissioning ac-

tivities)?
• What is the distribution and abundance of invasive alien species?
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Priority indicators for each stage (1. Planning; 2. Construction; 3. Operation; 4. Decommissioning) are:

• abundance or relative abundance of target taxa (1-4);
• presence of target taxa to determine the extent of occurrence or distribution of each species and 

overall species diversity (1-4);
• area (distribution or extent) and quality of benthic habitats (1,2,4);
• noise levels (2-4);
• pollution levels (2-4).

Weighing up the various pros and cons of the main methods used for monitoring fish and seabed communities 
(Annex 5), and optimising efficiency and comparability across sites, it would seem that:

• Methods to be favoured should include: grab sampling and video (drop-down/ROV/AUV) for habi-
tats and benthic species; fyke-net sampling for fish (and possibly BRUVs).

• Methods to be used for more targeted studies when needed: scuba diving for all species as needed; 
telemetry for fish; acoustic mapping of the seabed habitats.

• Methods that are generally of less use across OWE sites: fishing with more destructive methods, 
such as beam trawls.

• Methods to be explored and developed further: eDNA and ecoacoustics (for all taxa), BRUVs (for 
fish and crustaceans), and light traps (benthic invertebrates).

A summary of the main indicators for fish and benthic communities, the monitoring methods used to moni-
tor them, and examples of relevant protocols, are presented in Table 6C. Guidance across taxa and across 
methods that includes protocols for fish and benthic fauna and flora in Europe is also provided by the German 
Federal Maritime and Hydrographic Agency (BSH, 2013), the Scottish government (Saunders et al., 2011), 
the government of Ireland’s Department of Communications, Climate Action and Environment (2018a,b), and 
in various other publications (e.g. Pohle & Thomas, 2001). Use of all types of video methods is reviewed by 
Mallett & Pelletier (2014). Benthic and pelagic marine monitoring methods are also discussed in detail in Aus-
tralian reviews and protocols (e.g., Bouchet et al., 2018; Przeslawski & Foster, 2018). 

Table 6C. Minimum monitoring requirements for fish and benthic fauna and flora around offshore wind energy 
sites and associated grid infrastructure. One method or a combination of methods may be needed for each 
indicator. Monitoring frequency is presented as guidance but will need to be based on each survey design. 
Note that these are recommended minimum requirements for every site; each site will also need to monitor 
additional indicators based on the profile of the site and prevailing legal requirements. Phases of development 
are: 1. Planning; 2. Construction; 3. Operation; 4. Decommissioning.
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Type of indicator 
and phase of 
development

Method and 
frequency

Examples of monitoring protocol 
opti ons

Notes

Minimum

Presence 
(extent of occur-
rence/distribution) 
(1-4)

and 

species diversity 
(1-4)

and

relative or absolute 
abundance (1-4)

Fyke-net fishing 
based on catch 
per unit effort

(Annual?)

Take account of HELCOM (2015b) 
coastal fish monitoring guidance.

BSH (2013) proposes beam trawls to sur-
vey macro-benthos and demersal fish.

Also consider Swedish 
guidance on meth-
ods for monitoring of 
coastal fish communi-
ties (Thoresson, 1996).

Fish surveys us-
ing BRUVs

(Annual?)

Marine sampling field manual for pelagic 
BRUVS (Bouchet et al., 2018a).

Griffin et al. (2016) 
used BRUVs for fish and 
crabs around an OWF.

Grab sampling

(grab to be 
chosen based 
on habitat 
type; Van Veen 
grab generally 
favoured)

(Annually – in 
autumn?)

Scottish protocols (Saunders et al 2011), 

Recommendations and Guidelines for 
Benthic Habitat Monitoring (HELCOM, 
2015a).

Take account of OSPAR 
(2018b) guidance on 
monitoring benthic 
habitat communities; 
BSH (2013) proposes 
baseline for infauna sur-
vey set in the autumn

Video (deployed 
as drop-down or 
by ROV or AUV)

(Annual?)

Field manual for autonomous underwater 
vehicles (Monk et al., 2018).

Scottish protocols for drop down video 
and ROVs (Saunders et al 2011).

Video survey of epi-
fauna, macrophytes and 
habitat structure pro-
posed for every autumn 
by BSH (2013).

AUV methods also in 
Bridge et al. (2011).

Divers 

(When and 
where needed)

Scottish protocols for various diver 
methods (Saunders et al 2011).

Use of stereo video (Goetze et al., 2019)

Reef fish survey protocols (Reef Life 
Survey, 2019)

BSH (2013) proposes 
divers survey macro-
phytes, macrobenthos 
and demersal megafau-
na growing on under-
water OWE structures 
in 3rd and 5th years of 
operation,

Habitat extent and 
quality (1-4)

Grab sampling

(Annually)

Scottish protocols (Saunders et al 2011).

Recommendations and Guidelines for 
Benthic Habitat Monitoring (HELCOM, 
2015a).

Take account of OSPAR 
(2018b) guidance on 
monitoring benthic 
habitat communities; 
BSH (2013) proposes 
baseline for infauna sur-
vey set in the autumn
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Type of indicator 
and phase of 
development

Method and 
frequency

Examples of monitoring protocol 
opti ons

Notes

Habitat extent and 
quality (1-4)

Video (deployed 
as drop-down 
or by ROV or 
AUV); divers can 
also be used as 
above.

(Annually in 
summer months 
- as per Irish 
standard)

Field manual for autonomous underwater 
vehicles (Monk et al., 2018).

Scottish protocols for drop-down video 
and ROVs (Saunders et al 2011).

Also see: Identifying 
biotopes using video 
recordings (Holt & 
Sanderson, 2001) and 
relevant ISO standards 
on marine habitat sam-
pling (ISO, 2007, 2014).

Acoustic map-
ping

(Annually if 
needed)

Hydrographic survey standards (IHO, 
2008).

Invasive alien spe-
cies (1-4)

Underwater 
surveys

(Annually)

Settlement plates (Marraffini et al., 
2017). 

Habitat and species surveys (HELCOM, 
2013b; HELCOM/OSPAR, 2013; Otero 
et al., 2013).

Vessel hull 
surveys

(Several times 
per year?)

Inspections and scrape sampling (Gewing 
& Shenkar, 2017; Peters et al., 2019).

Noise levels (2-4) Hydrophones

(During periods 
of OWF con-
struction and 
operations)

Hydrophone use as per Bailey et al. 
(2010) and BSH guidelines (2011) and 
EU monitoring guidance for underwater 
noise (Dekeling et al. 2014).

Number and/or area 
of oil spills (2-4)

Aerial surveys

(Several times 
per year or at 
periods of peak 
risk i.e., peak 
vessel traffic)

Monitoring of oil spills as per Ferraro et 
al. (2009) in European seas

Could adapt existing 
HELCOM (2018c) oil 
spill indicator.

Satellite-based remote 
sensing (sensu Li et al., 
2017) when spills large 
enough
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6.5 Research Needed to Improve Monitoring of Fish and Seabed 
Communities

The impacts of OWE and grid infrastructure, especially submarine power cables, on fish and seabed faunal 
and floral communities is not as well understood as it is for marine birds and marine mammals. Many of the 
questions being asked 20 years ago about the impacts of OWE on benthic communities (Gill & Taylor, 2001) 
are still relevant today.

Key research topics include:

• Use surveys and monitoring programmes around OWE to help fill shortfalls in invertebrate knowl-
edge. 

• Continue to explore the impacts of electromagnetic fields and noise on fish and benthic inverte-
brates, and gain a better understanding of the impacts of submarine power cables.

• Test the use of more recent monitoring techniques in the context of OWE, especially eDNA and 
ecoacoustics (for all taxa), BRUVs (for fish and crustaceans), and light traps (benthic invertebrates).

• Work to improve DNA reference databases for marine species to facilitate more widespread use of 
eDNA methods for monitoring. 

7. Using Existing Data Sources for Biodiversity Monitoring 

While every OWE operator will need to monitor biodiversity around the site, experience from conservation 
projects (e.g., Stephenson et al., 2015) demonstrates that in situ data can often be complemented by data 
from other sources. This section explores the existing databases with relevant marine biodiversity data, how 
they are used for monitoring or assessments, and how their use could be enhanced. Since there is no clear 
typology distinguishing data sets, databases, data portals and other forms of data, the term data source is 
used (sensu Stephenson & Stengel, 2020).

7.1 National Data Sources of Potential Use

As described in the sections above, HELCOM and OSPSAR nations are already monitoring some biodiversity 
indicators. These data are usually stored in national databases, which may be managed by governments, uni-
versities or NGOs. At the moment, these data sources are diverse and often unconnected. Some countries 
will have multiple data sources for certain taxa depending on who collects the data and how, and where they 
decide to store it. For example, BirdLife International identified 183 data sources for birds in 12 Baltic and 
North Sea countries (Piggott et al., 2021). These data sources covered anything from a single species to all 
seabirds, with data that had a temporal range of one year to over 40 years. Other national databases used for 
regional assessments include MUMM (Management Unit of the Mathematical Model of the North Sea) by the 
Royal Belgian Institute of Natural Science, the JNCC Offshore Wind Strategic Monitoring and Research Forum 
data in the UK, and data used in applying the Symphony marine spatial planning tool in Sweden. In the UK, 
the Crown Estate (2021) has also established a Marine Data Exchange website to provide access to survey 
data and reports collected on offshore renewables. Many national data sources have information on species 
distribution and relative abundance (especially for marine mammals and marine birds) that is of potential use 
to OWE sites, especially during the pre- and post-consent survey and development phases.
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7.2 Regional Data Sources of Potential Use

Several data sources collate biodiversity information from within specific sea basins (e.g., HELCOM and 
OSPAR data management systems) or from across Europe (e.g., EurOBIS, EMODnet). A selection of such 
regional data sources is presented in Table 7A. As with national data sources, many of these regional data 
sources have information on species distribution and relative abundance (especially for marine mammals and 
marine birds) that is of potential use to OWE sites, especially during the pre- and post-consent development 
phases. Several of these regional data sources are linked directly to, and share data with, global data sources. 
For example, data from EurOBIS (European Ocean Biodiversity Information System) feeds into OBIS (Ocean 
Biodiversity Information System) which is itself linked to GBIF (Global Biodiversity Information Facility). How-
ever, there are no defined mechanisms for ensuring data collected during OWE surveys or monitoring are 
integrated into these data sources.

Table 7A. A selection of regional data sources of potential use in monitoring marine biodiversity around OWE 
sites. URLs provided for each data source.

Data source Lead agency Descripti on
EurOBIS - Eu-
ropean Ocean 
Biodiversity 
Information 
System

Flanders Marine Institute 
(VLIZ)

Distribution data on marine species, collected within Euro-
pean marine waters or collected by European researchers 
outside European marine waters. 

Over 1,000 data sets. 

Linked to OBIS and GBIF.

EMODnet Biol-
ogy Data Portal

JNCC ICES Data Centre Ship and aerial at-sea survey data from national parties 
covering seabird and marine mammal distribution in off-
shore areas. 

Over 3 million records of seabirds, cetaceans, pinnipeds, 
and other marine megafauna from NW European and North 
Atlantic waters. 

Largest database of at-sea seabird distributions, with data 
collected and contributed by the 10 European countries 
comprising the ESAS partnership.

HELCOM’s 
Map and Data 
Service

HELCOM Contains all geospatial data relevant for HELCOM work 
from status assessments to shipping density maps. 

Contains various functionalities for viewing datasets.

ICES Data Portal International Council for 
the Exploration of the Sea 
(ICES)

Datasets are organised around specific thematic data por-
tals. 

The biodiversity database hosts seabird and seal abundance 
and distribution records and is linked to ICES working 
groups on seabirds and marine mammals.

SEATrack data-
base

SEAPOP: SEAbird POPula-
tions project

Global location sensor data on the non-breeding distribu-
tion of 10 seabird species breeding in colonies encircling 
the Labrador, Greenland, Barents, Norwegian, North and 
Irish Seas, which includes colonies in Canada, Greenland, 
Russia, Norway (incl. Svalbard and Jan Mayen), Iceland, the 
Faroe Islands, Ireland, and the United Kingdom.
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Data source Lead agency Descripti on
Marine Ecosys-
tems Research 
Programme – 
Top Predator 
Project

Bangor University Cetacean and seabird data were collated from aerial and 
vessel-based surveys in the northeast Atlantic from 2.19 
million km of cetacean transects and 1.36 million km of 
seabird transects. 

Species densities mapped for the 12 most common seabirds 
and the 12 most common cetacean species, at 10 km and 
monthly resolutions over 32 years.

OSPAR’s Data 
& Information 
Management 
System

OSPAR A platform for accessing OSPAR's geospatial maps, data and 
metadata. Includes datasets on habitats, marine ecosystems 
and several pressures, though nothing on species popula-
tions.

7.3 Global Data Sources of Potential Use 

There are over 140 global data sources of potential use in monitoring biodiversity (Stephenson & Stengel, 
2020), of which about 16 are of potential use for assessing or monitoring OWE sites (Table 7B). Many of 
these data sources collate information on the distribution and status of marine habitats and species, or the 
movement of species, and have at least some data of high enough spatial or temporal resolution to assess 
status or trends. However, most are still more useful for coastal and inshore areas, with offshore areas less 
well covered. In addition, the WREN Knowledge Base (Tethys, 2021) shares over 3,600 documents related to 
the environmental effects of land-based and offshore wind energy, many of them geotagged and viewable on 
a map viewer function. Many of the papers in the database include data that may be of use for monitoring. 

Table 7B. A selection of global databases of potential use in monitoring marine biodiversity around OWE sites. 
Adapted from Stephenson & Stengel (2020).

Data source Lead agency Descripti on
Aqua Maps FishBase and SeaLifeBase Generates model-based, large-scale predictions of natural 

occurrences of marine and aquatic species. Derived from 
GBIF, OBIS, FishBase, SeaLifeBase & AlgaeBase.

Birdlife 
Datazone

BirdLife International Distribution and abundance of bird species worldwide, 
mostly presented as content of IUCN Red List. Population 
data only show general trend (as per Red List). Distribution 
maps need to be requested.

Ecologically or 
Biologically Sig-
nificant Marine 
Areas

Secretariat of the Conven-
tion on Biological Diversity

As with KBAs and protected areas, the use of these area in 
monitoring is to identify sites of importance for conserva-
tion.

FishBase FishBase consortium A global biodiversity information system on finfishes: 
taxonomy, biology, trophic ecology, life history & uses, and 
historical data going back 250 years.

Now has a BRUV data portal.
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Data source Lead agency Descripti on
Global Biodiver-
sity Information 
Facility

GBIF Houses over 1.6 billion species occurrence records from 
over 54,600 data sets (as of October 2020).

Global Marine 
Environment 
Datasets – 
GMED

GEOBON Climatic, biological and geophysical environmental layers 
of both present day, past and future environmental condi-
tions. For use with species distribution modelling software 
like Maximum entropy (MaxENT) and for any other marine 
environment visualisation exercise.

International 
Waterbird Cen-
sus Database

Wetlands International Current and historic estimates, trends and 1% thresholds 
for over 800 waterbird species and 2,300 biogeographic 
populations worldwide.

More than half the effort for the annual census is concen-
trated in Europe and includes North Sea and Baltic Sea 
nearshore and inshore areas.

IUCN Red List 
of Threatened 
Species

The Red List Partnership 
– 10 organisations led by 
IUCN

Extinction risk of species with data on range, population 
trends, habitat use, life history traits, use and trade, threats, 
conservation actions currently in place and conservation 
actions needed.

Movebank Max Planck Institute for 
Ornithology

Animal tracking data. Seabird tracking data can be searched 
and relevant data holders contacted to request access.

Ocean Biodiver-
sity  Information 
System – OBIS

Intergovernmental Oceano-
graphic Commission of 
UNESCO

Huge global database on marine species linked to GBIF. 
Over 164 million records of over 137,000 species from 
more than 3,300 datasets (as of October 2020).

OBIS-SEAMAP Duke University Spatially referenced database aggregating marine mammal, 
seabird, sea turtle and ray & shark observation data.

Ocean Data 
Viewer

UNEP-WCMC Includes data on global patterns and predictors of marine 
biodiversity across taxa and several species richness and 
cetacean distribution maps.

Ocean+ Library UNEP-WCMC An overview of global marine and coastal datasets of biodi-
versity importance.

Ocean Tracking 
Network Data 
Portal

Dalhousie University, 
Canada

Data from the tracking of aquatic animals
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Data source Lead agency Descripti on
Seabird Informa-
tion Network

Seabirds.net A list of databases on sea birds.

Seabird Tracking 
Database 

BirdLife International Sea-
bird Tracking Database

Serves as a central store for seabird tracking data from 
around the world and holds the largest collection of seabird 
tracking data (breeding, non-breeding, and foraging ranges; 
distribution data)

7.4 Summary of Challenges and Opportunities for Using and Sharing 
Biodiversity Data from Offshore Wind Energy

There are a number of national, regional and global data sources of potential use in assessing or monitoring 
biodiversity at OWE sites. Data are more abundant for the distribution and density of marine birds and marine 
mammals than for other taxa. Such data can help support not only site-based planning but also seascape-level 
marine spatial planning, as well as enhance the study of cumulative impacts. There are large differences in 
the way data are presented, the level of data access, and the indicators the data can measure. The spatial and 
temporal scale also varies, so that the level of resolution is often not adequate to make any informed decisions 
in relation to a given site. Even around the Baltic Sea and North Sea, countries do not have a consistent data 
collection format and the means of sharing data on all aspects of biodiversity related to regional plans. While 
some data sources are probably already consulted by agencies in the planning phase of OWE sites, there is no 
mechanism to ensure data generated by EIAs, SEAs and ongoing OWE monitoring is fed into national, regional 
or global data sources. In general, most data generated by the OWE sector seems to remain in reports and is 
difficult to find.

These findings reflect broader trends in biodiversity monitoring schemes and databases which often have 
taxonomic and geographic biases and data access limitations (Amano et al., 2016; McRae et al., 2017; Troudet 
et al., 2017; Stephenson & Stengel, 2020; Moussy et al., 2021). A recent review of European biodiversity data 
sets found only about one third of data providers offers unrestricted data access (Wetzel et al., 2018). Failure 
to follow data management best practices is also a common blockage to data sharing (Wilkinson et al., 2016; 
Stephenson & Stengel, 2020). Another prerequisite for data sharing and aggregation is the use of common 
scalable indicators (Stephenson, 2019; Stephenson & Carbone, 2021). 

Nonetheless, opportunities exist that can be built on to enhance data sharing. Factors that provide a suitable 
enabling environment include the existing regional efforts to set common indicators and collate data through 
HELCOM and OSPAR. There are also efforts to standardise data collection formats for Europe through Eu-
rOBIS and EMODnet. If common data standards are applied more widely, data could then be aggregated or 
disaggregated at multiple levels, and also linked across databases in the way EurOBIS links to OBIS and GBIF. 
A similar level of effort to use common data collection protocols and share data needs to be applied to the 
OWE sector, as advocated by several authors (e.g., Fox et al., 2006; Bennun et al., 2021), but this will require 
some form of coordination and leadership to make it happen. Some examples exist of biodiversity data from 
OWE developments being shared in countries such as Australia, Belgium and Canada (see Bennun et al., 
2021), and these efforts should be built on to create a culture within the OWE sector for data sharing. Fur-
thermore, opportunities should be examined for increasing the scope and use of other existing information 
sharing platforms, such as the WREN Knowledge Base (Tethys, 2021) and the Marine Data Exchange (Crown 
Estate, 2021).
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8. Summary of Key Findings and Conclusions

8.1 Pressures and Priority Species

The pressures placed by OWE and associated grid infrastructure on biodiversity are commonly agreed but 
differ between taxa. The level of understanding of the scale and severity of impact also varies. There is still 
inadequate understanding of many key pressures and impacts such as, for example, bat collision risks, the 
effects of EMF, and the cumulative impacts placed on species by multiple wind farms and multiple anthro-
pogenic pressures. The impacts of submarine power cables are less well understood than the impacts of the 
turbines and towers.

Existing monitoring efforts focus primarily on marine mammals and marine birds, and to some extent on ben-
thic fauna and flora, which is appropriate given the known impacts. Some taxa that do not seem significantly 
affected in a negative way in both the Baltic Sea and North Sea (e.g., marine turtles and whales, which are not 
common) may be less important for regular monitoring. 

Monitoring needs to be adapted depending on the phase of OWE development to take account of the differ-
ent impacts on different taxa. For example, surveys at the planning stage rely more on data on the presence of 
threatened or sensitive species and habitats; the construction phase has bigger impact on habitats, mammals 
and fish; operating wind farms have bigger impacts on birds; and the decommissioning phase is still relatively 
new and less well understood. 

Conclusions include:

• Although national regulations will dictate precisely what taxa and pressures are monitored, overall, 
there should be a more concerted approach to focus on those species most impacted by OWE, 
namely marine birds, seals, small cetaceans and the benthic fauna and flora (infauna and epifauna). 
Bats may also need to be added to this list if more evidence emerges of negative impacts. Other 
taxa such as marine turtles and whales should probably be the focus of research, surveys or tar-
geted monitoring only to meet an identified need. 

• Therefore, monitoring across all stages of development should focus on the measuring regularly 
the abundance, distribution and behaviour of marine birds and marine mammals. The benthic and 
demersal habitats and species should be more of a focus in planning and then measured every few 
years. Pre-consent surveys will need to factor in relevant national legislation and expectations for 
EIAs, but should include an assessment of fish and benthic invertebrates, and the proximity to, and 
extent of, priority habitats and Natura 2000 sites. 

• More detailed research and surveys are also often needed to address site-specific or species-
specific questions.

8.2 Indicators and Monitoring Methods

Relevant regional indicators are in place for the Baltic Sea (through HELCOM) and the North Sea (through the 
OSPAR Commission), but they are different. Indicators at OWE sites are not always clearly defined and not 
always the same, hampering comparisons and data aggregation. Even for regional sea basin indicators, data 
collection takes place at the national level, with little regional co-ordination. As a result, regional assessments 
have many data gaps.
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The main indicators relevant to all OWE sites are: species abundance and distribution, some key species 
behaviours (e.g., bird and bat flight height) and some key pressures (especially impulsive noise). There are 
numerous methods available to monitor marine biodiversity around OWE, mostly based on terrestrial, vessel-
based and aerial surveys, direct sampling (with nets and grabs), and use of relevant technology, including digi-
tal video cameras, various types of passive acoustic monitoring devices, and cameras and sensors deployed 
through ROVs or AUVs. 

Guidance on each method, and details of protocols for applying each one to the OWE context, is inconsistent 
and not always very easy to find (many of the more useful protocols lie buried in EIAs, project reports and 
consultancy reports). Each method has a suite of pros and cons, and most are biased towards certain taxa, 
but there is little clear guidance on how to prioritise their use or which ones to favour for a given monitor-
ing need. Indeed, some national protocols tacitly or explicitly encourage the use of a wide range of diverse 
methods. Different methods applied differently will make data hard to compare or aggregate across sites and 
across regions. 

The level of detail available for each methodology varies, but tends to lay out options by taxon, focusing on 
mammals and bird separately, fish and benthos separately. In turn, the monitoring programmes are imple-
mented by taxonomic focus and the data aggregated by taxon. As one expert put it: “Mitigation and monitor-
ing is by receptor; it is not joined up” (Dr Paul Thompson, personal communication). This can add to confusion 
and inefficiencies, as well as some logistical problems (multiple surveys at one OWE site, competition for 
aircraft or vessel rental, etc).

Most of the more detailed sector-specific monitoring protocols pre-date recent advances in technology mean-
ing they do not include much or any guidance on using tools such as digital aerial surveys, radar, infrared, and 
multi-sensor arrays. Many existing monitoring protocols have been developed using consultative processes 
(e.g., Thaxter & Burton 2009) but international, regional-level consultation and method harmonisation remain 
weak.

Threat monitoring regionally and at OWE sites focuses almost entirely on the impulsive noise generated by 
pile driving during construction, and bird collisions with turbines during operations. Pollution such as oil spills, 
and vessel, turbine and submarine power cable noise (and in some cases heat) are largely neglected.

The German StUK standard (BSH, 2013) is probably the most comprehensive guidance available on monitor-
ing the phases of an OWE development, but it may not be applicable in all contexts, especially where con-
senting systems differ (such as in the UK). Many people have advocated that the use of the same methods for 
marine monitoring, especially in the context of OWE, is not ideal. Methods need to be flexible to take account 
of local needs and target species, and rapidly evolving technological tools. However, the methods themselves 
are not standardised, with different protocols used in different countries. For example, birds on one side of 
the North Sea may be counted differently to those on another side.

There have been calls to establish marine monitoring systems with consistent and standardised methods that 
facilitate data aggregation and data sharing across regions (e.g., EU, 2008), but systems are not yet in place 
regionally or in the OWE sector. 

Conclusions include:

• A small set of common core state and pressure indicators should be adopted that are measured in 
all OWE sites to allow comparisons and aggregation. These should focus on species distribution 
and abundance and key pressures.

• The current approach – addressing the needs to taxa separately using a wide variety of unhar-
monised and unstandardised methods – needs to be changed. A more focused, harmonised and 
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integrated approach needs to be taken to monitor multiple priority taxa in a holistic way using a 
small set of the most effective methods and protocols.

• Wider scale collaboration is needed across borders to develop harmonised approaches.
• Monitoring methods that are potentially of most use to standardise across the sector include digi-

tal aerial surveys, static passive acoustic monitoring (C-PODs and devices fitted to rotor jackets, 
perhaps as part of multi-sensor arrays), different forms of underwater video (drop-down/ROV/
AUV/BRUV), grabs and fyke-net fishing, complemented by targeted project-specific or species-
specific vessel-based surveys, scuba diver surveys, towed PAM, and telemetry.

• Threat monitoring needs to be more consistent and longer term, especially noise and pollution 
levels. 

• Common principles should be adopted in the design and implementation of biodiversity monitoring 
schemes for OWE; draft ideas are presented in section 9.  

8.3 Data Sharing

While several national, regional and global data sources are of use in some OWE site assessments or moni-
toring schemes, data sharing is not systematic for marine biodiversity in general and for the OWE sector in 
particular. Many data collected around OWE sites are kept in reports, many of which are not shared or are 
difficult to find or access. While systems exist for standardising data collection so as to facilitate data shar-
ing, these are not yet used widely. Lack of data sharing inhibits the information that can be accessed by EIAs 
or monitoring teams in the same or similar areas, and also reduces more in-depth research into cumulative 
impacts.

Conclusions include:

• Reports from EIAs and SEAs that assess OWE sites, and reports generated by ongoing biodiversity 
monitoring systems around planned and operational sites, should be published and posted online 
to disseminate lessons and trends; a common report-sharing platform should be agreed by key 
stakeholders. This should learn from and build on existing knowledge-sharing platforms such as 
the Tethys WREN Knowledge Base and the Crown Estate’s Marine Data Exchange.

• Data standards need to be adopted to facilitate the sharing of data with national, regional and 
global data sources, and through platforms such as EurOBIS and EMODnet. This will allow wider 
contributions to EIAs in other sites as well as cumulative impact studies. Links to global databases 
such as OBIS and GBIF will further add value and usefulness to the data collected. 

9. Recommendations: Towards an Integrated Approach to 
Biodiversity Monitoring Around Offshore Wind Energy 
Installations and Grids

A more integrated approach to biodiversity monitoring needs to be developed for the OWE sector, using 
multiple, harmonised systems and tools to monitor multiple species and pressures concurrently. While precise 
survey and monitoring needs at a site, and the methods used, will depend on environmental conditions and 
legal frameworks, the use of a more standardised approach across the sector, with at least some common 
indicators and common monitoring methods used at each site, will greatly help to compare sites, aggregate 
data, and study cumulative impacts, as well facilitating results-based decision-making.
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The findings and conclusions of the review led to the identification of five key recommendations for biodiver-
sity monitoring in the OWE sector:

1) Adopt common core indicators. 
2) Use harmonised monitoring methods and standardised protocols in integrated systems.
3) Adopt a set of key monitoring principles and approaches, focused on:

○ best practice for indicator development;
○ choosing methods based on indicators and monitoring questions;
○ defining the appropriate scope and spatial and temporal scale;
○ engaging key actors;
○ designing fit-for-purpose monitoring programmes;
○ and collating data in standard formats to facilitate data sharing. 

4) Conduct research to improve monitoring focus and effectiveness.
5) Enhance regional and sectoral collaboration on standardising monitoring protocols and data col-

lection formats to facilitate data sharing and results-based decision-making. 

9.1 Adopt Common Core Indicators

It is standard best practice in biodiversity monitoring to use common core indicators across sites to facilitate 
comparisons and data aggregation (Sparks et al., 2011; Secretariat of the Convention on Biological Diversity, 
2014; Stephenson, 2019; Stephenson & Carbone, 2021). Key state indicators for OWE revolve around spe-
cies and habitat area of occurrence (i.e., distribution), species diversity, abundance or relative abundance, 
and proximity to, and use of, the OWE area. Key pressure indicators focus on noise, pollution and invasive 
alien species. Response indicators (sensu Stephenson & Carbone, 2021) will also be needed to answer ques-
tions such as what tools have been applied to mitigate impacts. Common indicators need to be agreed and 
standardised so that, whatever the methods used to collect the data, the same unit of measurement is used 
in each site. Some of these indicators have already been aggregated and compared between sites, such as the 
study of abundance trends in fish (Methratta & Dardick, 2018). 

9.2 Use Harmonised Monitoring Methods and Standardised Protocols in 
Integrated Systems

One of the main challenges in assessing marine biodiversity is the lack of standardised approaches for moni-
toring (Duffy et al., 2013; Teixeira et al., 2016; Przeslawski et al., 2019). “There is a large variation in ap-
proaches to data collection and assessment methodologies between sites” (MMO, 2014). However, no single 
method can answer all monitoring questions for all taxa for all phases of OWE development (Verfuss et al., 
2018: Piggott et al., 2021) and “the optimal survey approach will vary based on location, species, and study 
goals” (Williams et al., 2015). Some stakeholders also feel that having fixed monitoring guidelines may make 
survey designs less flexible, especially with the fast pace of current technological developments (Piggott et al., 
2021). Przeslawski et al. (2019) noted that “a top-down, one-size-fits-all approach to monitoring is unlikely to 
be effective in systems with large environmental variability”. However, the same authors note that standardi-
sation of sampling designs is necessary because, “if variability between sampling techniques is sufficiently 
high, real changes that would trigger appropriate management responses may not be detected, incorrect ad-
vice might be provided to decision-makers and the influence and opportunities for marine science, especially 
monitoring is reduced” (Przeslawski et al., 2019).

Therefore, rather than prescribe specific methods for marine biodiversity monitoring, it is better to explore 
options for agreeing protocols and developing best practices (sensu Hörstmann et al., 2020) for marine moni-
toring in the OWE context. In this way, different schemes in different countries may measure the same com-
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mon core indicators with different methods, but when they use the same method they will use it the same 
way, and whichever methods they use they will use the same unit of measurement. Furthermore, if at least a 
small selection of methods can be used more regularly for measuring common indicators across sites, this set 
of “minimum requirements” will help facilitate protocol harmonisation and data aggregation.

Based on the finding of this review, the following represent the minimum requirements for biodiversity moni-
toring and the main methods to use (to be complemented by additional monitoring where necessary depend-
ing on the phase and type of operation, and site-specific or species-specific needs and legal requirements).

 Monitoring marine birds and bats

At a minimum, all OWE developments and associated grid infrastructure should measure the pres-
ence, diversity and abundance of birds and bats, as well as habitat use, during all four operational 
stages (planning, construction, operation decommissioning). Threats such as collisions with turbines 
also need to be monitored. Favoured methods are digital aerial surveys, static PAM and targeted te-
lemetry, complemented by vessel-based surveys (especially for behaviour data or where other options 
are not feasible).

 Monitoring marine mammals

At a minimum, all OWE developments and associated grid infrastructure should measure the pres-
ence, diversity and abundance of seals and toothed cetaceans at all four operational stages, as well as 
habitat use and anthropogenic noise levels. Favoured methods are digital aerial surveys, static PAM 
and targeted telemetry, complemented when necessary  by vessel-based surveys.

 Monitoring fish and seabed communities

At a minimum, all OWE developments and associated grid infrastructure should measure the pres-
ence, diversity and relative abundance of fish species and benthic invertebrates and plants, the extent 
and quality of natural habitats, and key threats such as noise, pollution and invasive alien species. 
Favoured monitoring methods are grab sampling and video (drop-down/ROV/AUV) for habitats and 
benthic species and fyke-net sampling for fish, complemented when necessary by scuba diving for all 
species telemetry and BRUVs for fish, and acoustic mapping of the seabed habitats

The methods most likely to be used across sites therefore include digital aerial surveys, passive acoustic 
monitoring, underwater video surveys and grab sampling. Digital camera footage from aerial or underwater 
surveys and acoustic recordings has the advantage of providing a permanent and verifiable record of detec-
tions, which is especially useful given the long timeframe of OWE site monitoring (Thompson et al., 2014; 
Williamson et al., 2016). Whilst these methods are recommended based on this review, and a number of op-
tions for protocols are presented, the final choice of methods and protocols to standardise and roll out across 
the sector will need to be discussed and agreed by key stakeholders.

While there are some methodological differences for monitoring different taxa, many rely on similar vehicles 
or sensors. If deployed at the same time, it would maximise cost efficiencies (e.g., in boat or aircraft hire; 
observer salaries). Therefore, more effort needs to be made to explore options to integrate surveys to moni-
tor multiple taxa concurrently. It is already happening for marine mammals and birds which can be monitored 
with the same digital aerial survey and the same vessel transect by different observers, as has happened with 
European Seabirds at Sea surveys (Macleod et al., 2011). However, if different methods are used on the same 
platform, “it is important that surveys for birds and marine mammals are conducted by specific staff trained 
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for that purpose and that the two surveys are conducted simultaneously but separately with no interference 
between them (Macleod et al., 2011).

Therefore, an integrated approach should be adopted to biodiversity monitoring around OWE sites, using 
harmonised methods to address the key indicators across multiple taxa. This is in line with other recommen-
dations that encourage the complementary use of multiple methods and tools in an integrated approach (e.g., 
Kunz et al., 2007; Walls et al., 2009; BSH, 2013; Molis et al., 2019). Detection performance has also been 
shown to improve with multiple concurrent methods (e.g., Smith et al., 2020). 

9.3 Adopt a Set of Key Monitoring Principles and Approaches

Many existing protocols underline the importance of following best practices to ensure suitable monitoring 
programme design and implementation. Based on the material reviewed, five principles seem to be key to 
ensuring successful monitoring. 

9.3.1 Follow best practice for indicator development 

The development of indicators needs to follow best practices (Stephenson & Carbone, 2021) to ensure they 
are:

• scientifically credible (e.g., using methods that have been peer-reviewed in the scientific literature);
• feasible and cost-effective to apply (i.e., data can be collected either directly or through others 

using identified methods);
• measurable (in quantitative or qualitative terms);
• precise (defined the same way by everyone who uses them);
• consistent (always measuring the same thing);
• understandable (everyone who is concerned by the results can interpret what they mean);
• relevant to a specific owe impact on a specific species group or habitat type;
• sensitive to changes in the pressure, state, response or benefit being measured.

Pressures need to be monitored as well as biodiversity state and the mitigation responses.

9.3.2 Choose methods based on indicators and questions asked 

Methods should be chosen primarily due to their relevance to the indicator being measured and the monitor-
ing questions being answered. In some cases, of course, they will also be influenced by company policies or 
legal requirements imposed by national governments. 

Stephenson & Carbone (2021) note that monitoring methods should be:

• accurate (with minimal error);
• reliable (consistently repeatable with minimal variation in results);
• cost-effective;
• feasible to use;
• appropriate (in this case, ensuring they answer specific questions and are statistically meaningful);
• precise enough to measure the change monitored and to signal any relevant thresholds identified.
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Wherever possible, methods used should follow established, standardised protocols, to ensure harmonised 
approaches and to follow best practices for ensuring robust sampling design, statistical power (see below) and 
consistent replication of methods. Some flexibility is needed and in choosing the most appropriate method 
and protocol for a given case, a range of factors have to be taken into account including the relevant taxa 
impacted and the remoteness of the site.

9.3.3 Defi ne appropriate scope and scale of monitoring 

Monitoring needs to be planned at the appropriate temporal and spatial scales. These scales will vary de-
pending on local needs but most protocols suggest monitoring biodiversity through all the phases of OWE 
development: planning (scoping, pre- and post- consent), construction, operation and decommissioning. The 
spatial scope tends to be the OWE site and a suitable buffer (Box 9.1), though guidance needs to be devel-
oped for a more standard interpretation of buffer zone. Principles used in International Finance Corporation 
Performance Standard 6 (IFC, 2012) should be considered as, for the marine environment, they include Proj-
ect Area of Influence, seascape, Ecologically Appropriate Area of Analysis, and processes and functions for 
wide-ranging species (Cousins & Pittman, 2021), all of which are pertinent for OWE. Note, too, that Habitats 
Regulation Assessments and European Protected Species Licensing processes also require data beyond the 
development site boundaries, meaning that any data from the site-specific surveys must be supplemented 
with additional information (Thompson et al., 2014).

The proposed frequency of data collection varies but is regular (often monthly) until at least 3 years after op-
erations begin, then phased down and restarted prior to decommissioning. This review of existing protocols 
suggests that, ideally, monitoring should involve monthly surveys continuous across contiguous seasons for at 
least 2 years before consent and up to 5 years after. However, it may not always be practical or cost-effective 
to conduct surveys on a monthly basis, especially for more remote offshore sites. It many sites it will likely 
prove more effective to conduct surveys at key periods with maximum power so as to detect longer-term 
trends and address key questions.  

Since the location of many species changes throughout the year (birds, for example, may have different breed-
ing, passage and wintering areas), monitoring must consider temporal change (RSPB, 2012). Hemery (2020) 
noted that some authors recommend that monitoring studies last more than 3 years to enable accurate 
measurement of extreme and subtle changes (Wilding et al., 2017), if not six to 8 years to cover the recovery 
timeframe of some cable sites (Kraus & Carter, 2018; Sheehan et al., 2018; Taormina et al., 2018).

Cumulative impacts also need to be assessed to find out how multiple OWF can impact broader species popu-
lations and how OWFs adds to other anthropogenic pressures. Although such assessments remain challenging 

 Box 9.1: Example of spatial scope of monitoring

The BSH (2013) StUK4 standard provides guidance for the spatial scope of faunal monitoring around 
OWE as follows:

• Aerial surveys of birds and mammals: The area must cover at least 2,000 km². The wind farm 
shall be at the centre of the assessment area. The distance between the sides of the wind 
farm and the margins of the assessment area shall principally be at least 20 km.

• Ship based surveys of birds and mammals: The assessment area must cover at least 200 km². 
The distance between the sides of the wind farm and the margins of the assessment area 
shall principally be at least 4 km.

• Benthos/fish: The size of the assessment area corresponds to the current size and location 
of the wind farm.
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(e.g., Lindeboom et al., 2015; Scheidat & Porter, 2019), cumulative impact assessment frameworks (e.g., van 
Oostveen et al., 2018) need to be developed further. They will be better facilitated if data are shared between 
OWE developers and between the broader European marine community (see below).

9.3.4 Engage key stakeholders in the development and implementation of 
monitoring plans 

Involving key stakeholders is a key factor in the development, implementation and monitoring of biodiversity 
strategies across sectors (IFC, 2012; Stephenson & Carbone, 2021). The stakeholders involved in the develop-
ment of a given OWE site (government departments, companies, contractors, NGOs, scientists) should work 
together from the outset on designing and implementing a biodiversity monitoring plan. Such collaboration 
is widely encouraged in the OWE sector (e.g., Thaxter & Burton, 2009; Macleod et al., 2010), and does often 
happen. For example, in the UK, expert input on site-specific survey and monitoring design is typically carried 
out during an early consultation process between industry and government bodies (Statutory Nature Conser-
vation Bodies and regulatory bodies) to sign off on the survey methods and study design to be used (Piggott 
et al., 2021). 

Consultation needs to be more extensive from the beginning of the planning phase and include all key stake-
holders, including the universities and consultants who will carry out the work. Advantages of early collabo-
ration include having scientists work with the design and development team from the outset to plan for the 
mounting of monitoring sensors on wind turbine jackets, so they can be factored into weight loading calcula-
tions and construction plans. There is also a need to co-ordinate activities of different stakeholders active in 
the OWE site, especially to ensure monitoring vessels or C-PODs do not obstruct construction vessels and 
vice versa, and to adapt programmes based on unexpected delays. It might also be worthwhile exploring op-
portunities for collaborating on biodiversity monitoring with other users of the seas around offshore wind 
farms, such as fisheries and shipping companies. 

9.3.5 Design monitoring programmes that are fi t for purpose 

If a monitoring programme is to work, it needs to be designed to ensure the data can be used to measure 
change. Several factors need to be taken into account.

Proper sampling methods need to be used. For example, analyses of transect surveys need to use distance 
sampling (Buckland et al., 2001) and DISTANCE software (Thomas et al., 2010). Power analyses should be 
used to determine how much data is sufficient to answer the monitoring question (see Scheidat & Porter, 
2019). This helps avoid being data rich but information poor. Several protocols highlight the minimum num-
ber of observations needed to detect change. For example, Buckland et al. (2001) recommend that at least 
60-80 sightings are required for distance sampling analysis. All surveys should correct for observer bias and 
availability bias by verifying detection probability using standard methods (Macleod et al., 2011; Sheidat & 
Porter, 2019). Furthermore, survey design needs to ensure that all portions of the study area have an equal 
probability of being surveyed; for mammals, this might mean placing at least 10-20 replicate transect lines in 
a systematic but randomised manner “to provide a basis for an adequate variance of the encounter rate and 
a reasonable number of degrees of freedom for constructing confidence intervals” (Sheidat & Porter, 2019). 
Other aspects of the monitoring protocols will need to be adapted as necessary for local conditions. For ex-
ample, during digital aerial bird surveys, flight height (usually about 450 m) can be lowered if no disturbance 
is caused to species and increased resolution is required for species identification (Thaxter & Burton, 2009).
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Wherever possible, all biodiversity-related surveys should be conducted using a before-after control-impact 
(BACI) design or a Before-After-Gradient (BAG design) to demonstrate or infer cause and effect (Box 9.2). 
While both methods can be effective, BAG is preferred over BACI in the design of OWE biodiversity monitor-
ing (as per Methratta, 2020).

In order to demonstrate or infer cause and effect from survey results, monitoring schemes are often con-
ducted using a before-after control-impact (BACI) design or a Before-After-Gradient (BAG design) (Box 9.2). 

9.3.6 Collate data in standard formats to facilitate data sharing 

This review underlines the need for improved co-ordination and collaboration at national, regional and global 
levels on not only implementing more harmonised biodiversity monitoring programmes but also improving 
data sharing. If data on common indicators can be collated in standard formats, using standard typologies and 
definitions, it will be easier to aggregate and share, thereby enhancing our ability to conduct meta-analyses, 
to contribute to new EIAs, and to improve our understanding of cumulative effects. Furthermore, “increased 
reporting of survey and monitoring results in the peer-review literature and other accessible venues would 
greatly advance the scientific community’s understanding of wind farm effects” (Methratta & Darcik, 2018).

 Box 9.2: BACI and BAG

The before-after-control impact (BACI) approach (sensu Smith et al., 1993; Wauchope at al., 2021) 
ensures data collection during a time period before (B) and after (A) the impact in a control (C) and the 
impact area (I). Some challenges exist with using the BACI approach in the OWE context (Trendall et 
al., 2011; Webb & Nehls, 2019). For example, finding multiple control sites that are similar (in depth, 
seabed condition, tidal flow pattern, prey density, distance to a colony, etc.) to the impact area is often 
very difficult. Surveys of both control and impact sites during the same day or time is also challenging. 

For certain indicators, such as fish or bird distribution and abundance and impact variables such as noise 
from pile driving, a before-after gradient or BAG design may be more effective at detecting meaningful 
change (Vanermen & Stienen, 2019 Scheidat & Porter, 2019; Methratta, 2020). In a BAG analysis, the 
offshore wind farm is placed in the centre of a large survey area and its effects are assumed to be a func-
tion of distance from the OWF. A significant before-after change that declines with distance from the 
OWF provides evidence that the wind farm is the cause of the change. The same approach can be used 
for submarine power cables. This has advantages over the BACI approach in that it does not have the 
challenges of finding suitable, independent control sites and the results are easier to interpret. A gradi-
ent design will be more sensitive to change when a contaminant or sound disperses with distance from 
a point source, and can also be used to assess the spatial scale of any impacts, thus informing future 
spatial planning decisions (Bailey et al., 2014).
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9.4 Conduct Research to Improve Monitoring Effectiveness

Further research and development is required to improve our knowledge of key pressures and impacts that 
may need to be monitored and to integrate new technologies into more holistic monitoring systems. Priority 
research topics include:

• the levels of collision experienced by bats, and the adverse effects of OWE on marine turtles;
• the impacts on marine biodiversity of electromagnetic fields (especially from submarine power 

cables) and pollution such as oil spills from vessels involved in construction, maintenance and 
decommissioning; 

• the most nature-positive way of decommissioning OWE infrastructure, and if, and how best, to 
restore sites;

• the potential for new techniques to be integrated into OWE monitoring systems, especially envi-
ronmental DNA techniques for assessing species diversity and relative abundance, baited remote 
underwater video for fish and possibly crustaceans, light traps for benthic invertebrates, acoustic 
soundscapes for fish and crustaceans, and the systematic monitoring of ship hulls for invasive alien 
species. 

9.5 Enhance Regional and Sectoral Collaboration on Standardising 
Monitoring Protocols and Data Collection Formats to Facilitate Data 
Sharing and Results-Based Decision-Making

The effort to develop a more integrated biodiversity monitoring approach for OWE recommended in this 
report will require a greater level of sectoral and regional collaboration, cooperation and open data sharing 
than currently exists. All key stakeholder groups (see above) will need to work together more closely across 
projects and countries. 

Existing initiatives, such as the Offshore Coalition for Energy and Nature, would be a good starting point, 
building on collaborative reviews of monitoring already conducted for birds (Piggott et al., 2021) to consider 
how to enhance and harmonise monitoring of other taxa and of habitats. Other collaborative initiatives in the 
Baltic Sea and North Sea should also be engaged and opportunities sought for their input into OWE monitor-
ing. Examples include the Joint OSPAR/HELCOM/ICES Working Group on Seabirds (JWGBIRD; https://www.
ices.dk/community/groups/Pages/ jwgbird.aspx), whose applied science work includes the development of 
common bird indicators under the EU’s Marine Strategy Framework Directive. Similarly, the ICES Working 
Group on Marine Mammal Ecology (WGMME; https://www.ices.dk/ community/groups/Pages/WGMME.
aspx) reviews information on, for example, population sizes, distribution, and management frameworks for 
marine mammals in the North Atlantic and impacts on marine mammals from marine industries. These bod-
ies could be engaged in helping agree and apply common OWE indicators. Efforts to enhance co-ordination 
in the OWE sector should also learn lessons from other Europe-wide monitoring schemes, such as those in 
place for monitoring contaminants, radioactivity and sea temperature (Bean et al., 2017). Lessons should 
also be learned from outside Europe. Canada and the USA have active national marine monitoring schemes 
and an expanding OWE sector. Australia is a world leader in marine science and is at the forefront of many 
of the newer monitoring methods that should be tested, like BRUVs and multi-beamer echosounder sonar 
(Przeslawski et al., 2019).
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9.6 Take Appropriate Next Steps to Improve Biodiversity Monitoring

As a first step towards sectoral and regional collaboration, the finding of this review should be widely dis-
seminated and discussed with key stakeholders, including OWE companies, TSOs, governments, NGOs and 
the science community.  

An abundance of effort and resources is already invested in researching and monitoring marine biodiversity 
around OWE and, to a lesser extent, the submarine power cables that make up the offshore grid. If stakehold-
ers could just enhance the level of collaboration and coordination across borders and sites to identify common 
indicators and standardise methods and data collection formats, then the availability and use of data for de-
cision-making in the OWE sector in the Baltic Sea and North Sea would be greatly enhanced, and cumulative 
impacts better understood. Such collaboration and adoption of more standardised approaches would improve 
results-based management and decision-making and ultimately reduce the impacts of OWE and associated 
power grids on biodiversity, enhancing the sustainability of energy production.
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Annex 2. Pros and Cons of the Main Methods Used for Monitoring Marine Birds Near OWE

Adapted from various sources, including Jackson & Whitfield (2011), Clough et al. (2012), Williams et al. 
(2015), Webb & Nehls (2019), Molis et al. (2019), Largey et al. (2021) and Piggott et al. (2021). Key strengths 
and weaknesses identified in the review are marked with an asterisk (*).

Method Pros Cons
Vessel-based line 
transect surveys

*Data allow for estimation of absolute 
or relative density & abundance using 
distance sampling;

Can collect data on age, sex, behaviour 
(such as foraging sites) and flight height;

Well established and robust methods 
for assumption violations, especially for 
large vessels;

High detection and accuracy of species 
identification compared to visual aerial 
surveys (taxa identified to species more 
often from the boat than in the video 
aerial data); 

Additional environmental data can be 
collected (e.g., water temperature, salin-
ity, depth);

*Other taxa can be monitored at the 
same time, especially marine mammals; 
e.g., PAM with towed arrays can be used 
at the same time;

Surveys can cover distant offshore 
waters;

Data can be used in species distribution 
models and sensitivity mapping;

Increased survey time gives higher 
chance of surveying pursuit-diving birds 
and reduces availability bias compared 
with faster aerial survey methods;

*Large amount of historical data avail-
able.

Can be expensive (depending on spatial 
and temporal scale required);

Restricted by weather conditions and to 
daylight hours;

*Can cause responsive movement of 
animals (avoiding vessel or attracted to 
vessel);

*Surveying speed does not allow cover-
age of large areas in single trip and causes 
temporal mismatch in different parts of 
survey area;

Constraints on surveying nearshore in 
shallow water or near reefs/sandbanks;

Lower detection of divers, grebes and 
seaducks compared to aerial surveys and 
poor detection of migrant species or other 
groups;

Observers require training period and must 
have good species identification skills.
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Method Pros Cons
Aerial line tran-
sects

(using fixed wing 
aircraft, helicop-
ters, microlights, 
and blimps)

Data allow for estimation of absolute 
or relative density & abundance using 
distance sampling;

Data can be used in species distribution 
models and sensitivity mapping;

*Can cover large areas quickly and the 
entire range of a population in a rela-
tively short time;

Can monitor species sensitive to vessels;

Can take advantage more readily of 
good weather windows than slower boat 
surveys;

Can also be used to collect mammal 
data.

*Identification of birds is considerably 
harder than land or ship surveys; some 
species groups can be identified up to the 
genus level only (auks, terns, divers, and 
gulls).

Higher speeds than vessels reduce time 
for species detection and reduces scope 
for species identification (and less time to 
detect, identify, count, and record birds 
compared to vessel-based and digital aerial 
surveys);

Not suitable for small, inconspicuous spe-
cies such as grebes or auks.

Difficult to determine age classes and sex 
for certain species.

Responsive movement may be a problem 
for some aircraft types or some species;

Larger flocks tend to get underestimated;

Detection rates decrease rapidly with 
increasing distance from the plane, espe-
cially for smaller species;

Can be expensive (depending on spatial 
and temporal scale required and type of 
vehicle used);

*Specialised aircraft needed for optimal 
transects (high-winged with bubble win-
dows);

Restricted by weather conditions and sea 
conditions and to daylight hours;

Logistical limitations including height limit 
around OWFs and time limits due to fuel 
capacity;

Subject to observer bias;

Field experts need additional training on 
species recognition, bird detection and 
estimation of flock size;

Cannot collect simultaneous environmen-
tal data.
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Method Pros Cons
Digital aerial 
surveys

(manned and 
unmanned aerial 
vehicles)

Can estimate relative abundance of 
some species using distance sampling 
and flight height; 

Data can be used in species distribution 
models and sensitivity mapping;

*Can cover large areas in a relatively 
short time;

*No observers required (just pilots), re-
ducing costs and some health and safety 
risks;

*No observer bias;

Still or moving imagery can be collected; 

*Sightings can be replayed and reviewed, 
minimising bias and providing long-term 
record of survey;

*Can also be used for marine mammals;

*Advances in technology have improved 
ability to identify birds to a species level; 
species identification can be as high as 
95% and as good as human observers on 
vessel surveys;

AI software can increasingly assist in 
species identification;

*Surveys flown at higher altitudes 
reduce the risk of disturbance to birds 
and operate above wind farm rotor blade 
height;

Camera equipment and resolution of 
footage continues to improve with ad-
vancing technology;

Recommended by statutory nature con-
servation bodies in Germany and the UK.

Can be expensive (depending on spatial 
and temporal scale required and type of 
vehicle used);

Requires specialist equipment and experts;

Restricted by weather conditions and to 
daylight hours

UAVs currently have operational limita-
tions (range, weather sensitivity);

*Large volumes of data make take time and 
money to store, process and analyse; 

Species identification not always possible;

Some drones can disturb some species, 
especially in certain seasons;

Diving birds are easily missed when forag-
ing underwater; more comparison studies 
need to determine detectability of differ-
ent species in different habitats;

Difficult to determine age classes and sex 
for certain species;

Cannot collect simultaneous environmen-
tal data;

Accuracy for flight height estimation has 
been questioned.
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Method Pros Cons
Vantage point 
surveys

Inexpensive (compared to vessel-based 
or aerial methods);

High detection and accuracy of species 
identification;

Observers not influencing behaviour of 
animals;

Can provide spatial and temporal data on 
usage and distribution;

*Can collect detailed information such as 
behaviour, age, and sex;

Established analysis frameworks exist.

Can be extended to assess long-term 
trends and impact monitoring;

*Good method for small, inshore sites;

Can measure flight height if using a laser 
rangefinder;

Colour ringing can help;

Can be automated with certain receivers 
(PIT, MODUS);

Can collect data for marine mammals at 
the same time.

*Need to find a suitable elevated site close 
to the sea overlooking the survey area 
which is often difficult or impossible;

*Only monitors coastal areas up to 1 km 
from shore;

*Difficult to use distance sampling meth-
ods;

Generally not possible to estimate abun-
dance unless additional methods are 
employed;

Experienced observers are required;

Weather restricted;

May need more than 1 vantage point per 
survey;

Low detection rate of small birds at in-
creasing distance.
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Method Pros Cons
Telemetry Large amount of high-resolution tempo-

ral and spatial data on animal location 
and movements can provide useful infor-
mation on species-specific distribution 
and behaviour;

*Data can be collected on habitat use, 
connectivity between breeding colonies 
and development sites, and interactions 
with installed devices to inform collision 
risk modelling;

*Behaviour data (foraging, flying, flight 
altitude, resting, dive profiles) can be 
collected;

Usage maps can be produced;

*Some sensors allow collection of ad-
ditional data (depth, sea temperature, 
noise, etc);

Some sensors transmit data avoiding 
need to retrieve tag;

Observers not influencing behaviour of 
animals;

*Not weather or daytime restricted;

Established analysis frameworks;

Has been used in context of OWE since 
2006;

*Telemetry estimates of time spent by 
species underwater can also be used to 
correct vessel or air counts by factoring 
in the probability of detection and avoid-
ing underestimates.

Expensive;

*Only a small (potentially unrepresenta-
tive) proportion of population tagged (hard 
to adjust for individual behavioural differ-
ences);

Foraging and migration patterns can vary 
between seasons and years, requiring 
longer-term surveys;

Limited life of tags;

*Catching of animals for tagging can be 
difficult and stressful for the animal;

Permits required for catching and tagging;

Very experienced team required;

*Not possible to estimate abundance;

*Tagged animals may not enter area of 
interest;

*Location data resolution may not allow 
small-scale movement of animals in prox-
imity to installations to be determined;

Data analysis and interpretation highly 
specialised;

Some often-unknown degree of impact on 
tagged animal behaviour, movement and 
survivorship;

Most data are restricted to the breeding 
season and with short temporal cover.

Radar, LiDAR and 
other sensors 
such as infrared

Sensors can be attached to turbines and 
collect data remotely;

Can be used to for automated detection, 
identification and tracking of birds as

they enter the OWF;

*Radar probably most useful technique 
for use in triggering turbine shut-downs 
to prevent collisions;

*Technologies evolving rapidly and offer 
potential for real-time monitoring of bird 
and bat presence at a site.

*Still in development phase;

May be expensive to attach devices to 
adequate number of turbines;

Spatial resolution not adequate to detect 
of collisions occurred or not;

*Few ready to use sensors are easily avail-
able yet.
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Annex 3. Pros and Cons of the Main Methods Used for Monitoring Marine Mammals Near 
OWE

Adapted from various sources, including Sparling et al. (2011), Macleod et al. (2011), Thompson et al. (2014), 
and Scheidat & Porter (2019). Key strengths and weaknesses identified in the review are marked with an 
asterisk (*).

Method Pros Cons
Aerial surveys (seal 
haul-outs)

*Provides absolute population numbers 
for a breeding/moulting colony;

Can collect data from a large area 
relatively quickly to provide large-scale 
spatial and temporal trends;

Cost effective for large areas (compared 
to boat- or land-based methods);

Observers not influencing behaviour of 
animals;

Established analysis frameworks;

If complemented by telemetry, can pro-
vide insights into connectivity.

*Restricted window of opportunity 
for surveys each year (usually moult-
ing or weaning);

Data on grey and harbour seal pup-
ping collected in different seasons;

Requires different approaches for 
different habitats or different species;

Well trained and experienced survey-
ors and pilots required;

Specialised imaging cameras may be 
required;

Desk-based processing of images to 
extract data may be time consuming;

Weather restricted;

*Difficult to relate changes in local 
seal population to wind farm devel-
opment
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Method Pros Cons
Vessel-based line tran-
sect surveys

*Data allow for estimation of absolute 
or relative density & abundance using 
distance sampling;

Still the only way besides aerial tran-
sects to estimate absolute abundance of 
cetaceans;

Can cover entire range of a population;

Can collect data on age, sex, behaviour 
(such as foraging sites) and flight height;

Well established and robust methods 
for assumption violations, especially for 
large vessels;

High detection and accuracy of species 
identification compared to visual aerial 
surveys (taxa identified to species more 
often from the boat than in the video 
aerial data); 

Additional environmental data can be 
collected (e.g., water temperature, salin-
ity, depth);

*Other taxa can be monitored at the 
same time, especially marine birds

*PAM towed arrays can be used at the 
same time;

Surveys can cover distant offshore 
waters;

Data can be used in species distribution 
models and sensitivity mapping;

*Large amount of historical data avail-
able.

*Currently very limited use for seals;

Can be expensive (depending on spa-
tial and temporal scale required);

Restricted by weather conditions and 
to daylight hours;

*Can cause responsive movement of 
animals (avoiding vessel or attracted 
to vessel);

*Surveying speed does not allow cov-
erage of large areas in single trip and 
causes temporal mismatch in differ-
ent parts of survey area;

Constraints on surveying nearshore 
in shallow water or near reefs/sand-
banks;

Observers require training period and 
must have good species identification 
skills.
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Method Pros Cons
Aerial line transects 
(using fixed wing air-
craft, helicopters, mi-
crolights, and blimps)

Data allow for estimation of absolute 
or relative density & abundance using 
distance sampling;

*Can cover large areas and the entire 
range of a population;

Fewer issues with responsive movement;

Can take advantage more readily of 
good weather windows than slower boat 
surveys;

May already be taking place to carry out 
bird surveys;

*Still the only way besides digital aerial 
or vessel transects to estimate absolute 
abundance of cetaceans.

Can be expensive (depending on spa-
tial and temporal scale required and 
type of vehicle used);

*Requires highly skilled observers 
who can detect, identify and posi-
tion cetaceans at high survey speeds 
(observers with these skills are rare 
within Europe);

*Specialised aircraft needed for 
optimal transects (high-winged with 
bubble windows)

Restricted by weather conditions 
(especially for small cetaceans) and to 
daylight hours;

Logistical limitations including height 
limitations around wind farms (mak-
ing it harder for low-level flights 
needed for small cetaceans) and time 
limitations due to fuel capacity; 

Higher speeds than vessels reduce 
time for species detection and reduce 
scope for species identification;

Responsive movement may be a 
problem for some aircraft types or 
some species;

Currently has limited use for seals.
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Method Pros Cons
Digital aerial surveys

(manned and un-
manned aerial vehicles)

Can estimate relative abundance of 
some species (e.g., harbour porpoise)

*Can cover large areas in a relatively 
short time;

*No observers required (just pilots), re-
ducing costs and some health and safety 
risks;

*No observer bias;

Still or moving imagery can be collected; 

*Sightings can be replayed and reviewed, 
minimising bias and providing long-term 
record of survey;

*Can also be used for marine birds;

*Advances in technology have improved 
ability to identify birds to a species level; 
species identification can be as high as 
95% and as good as human observers on 
vessel surveys;

AI software can increasingly assist in 
species identification;

*Surveys flown at higher altitudes 
reduce the risk of disturbance to birds 
and operate above wind farm rotor blade 
height;

Camera equipment and resolution of 
footage continues to improve with ad-
vancing technology;

Recommended by statutory nature con-
servation bodies in Germany and the UK.

Can be expensive (depending on spa-
tial and temporal scale required and 
type of vehicle used);

Requires specialist equipment and 
experts;

Restricted by weather conditions and 
to daylight hours

UAVs currently have operational limi-
tations (range, weather sensitivity);

*Large volumes of data make take 
time and money to store, process and 
analyse; 

Species identification not always 
possible (but this is true of most 
methods);

Some drones can disturb some spe-
cies, especially in certain seasons;

Cannot collect simultaneous environ-
mental data.

Satellite imagery sur-
veys

Has been used to count some large 
whales and some pinnipeds;

*Large areas of remote habitat can be 
surveyed;

Behaviour not affected.

*Image resolution not yet high 
enough to be of use for small ceta-
ceans;

Analytical protocols still under devel-
opment;

Not yet a very practical option.
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Method Pros Cons
Vantage point surveys Inexpensive (compared to vessel-based 

or aerial methods);

High detection and accuracy of species 
identification;

Observers not influencing behaviour of 
animals;

Can provide spatial and temporal data on 
usage and distribution;

*Can collect detailed information such as 
behaviour, age, and sex;

Established analysis frameworks exist;

Can be extended to assess long-term 
trends and impact monitoring;

*Good method for small, inshore sites;

Can collect data for marine birds at the 
same time.

*Need to find a suitable elevated 
site close to the sea overlooking the 
survey area which is often difficult or 
impossible;

*Only monitors coastal areas up to 1 
km from shore;

*Difficult to use distance sampling 
methods;

Generally not possible to estimate 
abundance unless additional methods 
are employed;

Experienced observers are required;

Weather restricted;

May need more than 1 vantage point 
per survey;

Low detection rate of small birds at 
increasing distance.

Passive acoustic moni-
toring - towed arrays

Can estimate relative abundance using 
distance sampling;

Some species vocalisations (e.g., sperm 
whale) can allow estimates of absolute 
abundance;

*Data are independent of daylight and 
most weather conditions;

Can be implemented along with line 
transect observations;

Can provide high resolution spatial infor-
mation on abundance and distribution;

Some behavioural information can also 
be inferred.

*Methods to estimate abundance 
are only developed for some ceta-
ceans (e.g., harbour porpoises, sperm 
whales); for others it is only possible 
to estimate indices of abundance;

Species identification is difficult for 
some species;

Performance is dependent on the 
noise level of the vessel;

High frequency vocalisations have 
a limited detection range (approxi-
mately 200 m);

*Large volumes of data make take 
time and money to analyse.
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Method Pros Cons
Passive acoustic moni-
toring - static devices

*The most powerful and cost-effective 
method for monitoring cetacean density; 
devices such as the C-POD and Deep 
C-POD have proven effective, especially 
for small cetaceans, with software aiding 
data analysis;

Data can be used to monitor relative 
abundance as well as habitat use and 
behavioural patterns;

Estimation of population density is 
evolving rapidly

Stationary click detectors provide high 
temporal resolution;

*Data collection can be relatively inex-
pensive;

Long-term data sets can be collected;

Can have higher detection rate than vi-
sual surveys for some species (especially 
deep-diving toothed whales);

*Less likely to disturb animals than using 
vessels

*Some new systems such as Costal 
Acoustic Buoys can broadcast data, al-
lowing almost real-time monitoring;

*Can also be used to record construc-
tion noise (especially high-impulse piling 
sounds).

Devices require deployment and re-
trieval to obtain data, adding logisti-
cal challenges and effort;

Anchoring the devices can be chal-
lenging;

Can be at risk of damage from con-
struction vessels and fishing boats;

High frequency vocalisations have 
a limited detection range (approxi-
mately 200 m);

No background noise compensation;

Limited ability for most designs to 
provide detection range;

*Limited spatial coverage compared 
with towed devices;

May attract some inquisitive species;

*Large volumes of data make take 
time and money to analyse;

Some species more easily detected 
than others (e.g., harbour porpoises 
more easily detected than bottlenose 
dolphins).
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Method Pros Cons
Telemetry Large amount of high-resolution tempo-

ral and spatial data on animal location 
and movements can provide useful infor-
mation on species-specific distribution 
and behaviour;

*Data can be collected on habitat use, 
connectivity between breeding colonies 
and development sites, and interactions 
with installed devices to inform collision 
risk modelling;

Dive profiles (and behaviour) data can be 
collected;

Data can help correct haul out counts to 
account for proportion of animals at sea;

Usage maps can be produced;

*Some sensors allow collection of ad-
ditional data (depth, sea temperature, 
noise, etc);

Some sensors transmit data avoiding 
need to retrieve tag;

Observers not influencing behaviour of 
animals;

*Not weather or daytime restricted;

Established analysis frameworks;

*Telemetry estimates of time spent by 
species underwater can also be used to 
correct vessel or air counts by factoring 
in the probability of detection and avoid-
ing underestimates.

Expensive;

*Only a small (potentially unrepre-
sentative) proportion of population 
tagged (hard to adjust for individual 
behavioural differences);

Foraging and migration patterns can 
vary between seasons and years, 
requiring longer-term surveys;

Limited life of tags;

*Catching of animals for tagging 
can be difficult and stressful for the 
animal;

Permits required for catching and 
tagging;

Very experienced team required;

*Not possible to estimate abundance;

*Tagged animals may not enter area 
of interest;

*Location data resolution may not al-
low small-scale movement of animals 
in proximity to installations to be 
determined;

Data analysis and interpretation 
highly specialised;

Some often-unknown degree of 
impact on tagged animal behaviour, 
movement and survivorship;

Most data are restricted to the breed-
ing season and with short temporal 
cover.
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Annex 4: Mammal Case Study - Comparison of Cetacean Monitoring Methods and Protocols

A comparison of methods and protocols for monitoring cetacean distribution, abundance, behaviour and 
threats around wind farms. Sources: Germany (BSH, 2013), Ireland (Department of Communications, Climate 
Action & Environment, 2018a,b), Scotland (Macleod et al., 2011) OSPAR (OSPAR Commission, 2019). 

Specifi cati ons Guidance or protocols
Germany (BSH, 
2013)

Ireland (DCCAE, 
2018a,b),

Scotland 
(Macleod et al., 
2011)

Other sources

Methods Digital aerial sur-
veys;

Vessel-based 
surveys (as a 
complement to bird 
surveys);  Static 
PAM (CPODs)

Recording under-
water noise (using 
BSH protocols)

Visual aerial sur-
veys;

Digital aerial sur-
veys;

Vessel-based sur-
veys;  

Static PAM 
(CPODs)

Active PAM 
(towed)

Vantage point 
surveys

Stranding schemes 
(for mortality and 
injury)

Reporting of en-
tanglements and 
collisions

Visual aerial sur-
veys;

Digital aerial sur-
veys (to test)

Vessel-based sur-
veys;  

Static PAM 
(CPODs)

Active PAM 
(towed)

Vantage point 
surveys 

Telemetry

Photo-ID

Stranding schemes 
(for mortality and 
injury)

Reporting of en-
tanglements and 
collisions

OSPAR for regional 
surveys:

Visual aerial sur-
veys (using SCANs 
methods); 

Vessel-based sur-
veys using SCANs

Static PAM

Mark-recapture 
Photo-ID using 
Urian et al. (2015) 
methods; 
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Specifi cati ons Guidance or protocols
Germany (BSH, 
2013)

Ireland (DCCAE, 
2018a,b),

Scotland 
(Macleod et al., 
2011)

Other sources

Timing/frequency At least 2 years 
pre-construction 
data (consecutive 
complete seasonal 
cycles)

Vessel-based 
surveys once per 
month; digital 
aerial surveys 8-10 
times per year; 
year-round acous-
tic deployment 
after construction

Continue all sur-
veys for 3-5 years 
after commission-
ing.

Noise levels needs 
to be measured 
throughout con-
struction and for 
first year of opera-
tion

3 years pre-
construction data 
preferred (2 at 
minimum)

Vessel-based sur-
veys quarterly in 
all seasons (ideally 
monthly) for pre-
construction moni-
toring; lower levels 
post-construction;

Ideally, surveys 
should be designed 
to be carried out 
in a single day or 
a maximum of two 
consecutive days if 
weather is suitable.

Monthly surveys 
recommended; the 
exact frequency of 
sampling depends 
on the location 
of the site, the 
amount of data 
collected at each 
sampling period, 
the metric being 
measured (in par-
ticular it’s variabil-
ity) and the survey 
method used.

OSPAR: regional 
surveys are 
supposed to be 
implemented every 
6 years as per 
the EU Habitats 
Directive and the 
Marine Strategy 
Framework Direc-
tive, though in 
reality they are less 
frequent.



A Review of Biodiversity Data Needs and Monitoring Protocols for the Off shore Wind Energy Sector 93

Specifi cati ons Guidance or protocols
Germany (BSH, 
2013)

Ireland (DCCAE, 
2018a,b),

Scotland 
(Macleod et al., 
2011)

Other sources

Spatial scale Transects should 
cover at least 10 % 
of the assessment 
area; for aerial sur-
veys, the area must 
cover at least 2,000 
km², with the wind 
farm at the centre 
of the assessment 
area; the distance 
between the sides 
of the wind farm 
and the margins 
of the assessment 
area shall princi-
pally be at least 
20 km; for vessel-
based surveys, 
the assessment 
area must cover at 
least 200 km². The 
distance between 
the sides of the 
wind farm and the 
margins of the as-
sessment area shall 
principally be at 
least 4 km.

Impact area and 
a buffer zone of a 
minimum of 10 km

The use of buf-
fers beyond the 
boundaries of a 
development site is 
often incorporated 
in a Before After 
Gradient design for 
impact monitoring. 
Study design for 

should extend be-
yond the develop-
ment site and the 
exact extent of this 
should be informed 
by the likely impact 
footprint and the 
sensitivity of the 
population.

Impact assessment BACI design pro-
posed

BACI or BAG pro-
posed

BAG favoured
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Specifi cati ons Guidance or protocols
Germany (BSH, 
2013)

Ireland (DCCAE, 
2018a,b),

Scotland 
(Macleod et al., 
2011)

Other sources

Monitoring design Surveys need to 
focus on measur-
ing abundance and 
distribution, habitat 
use and noise emis-
sion

Detailed protocol 
for vessels surveys 
though they are 
bird focused (e.g., 
transect spacing is 
3-4 km; transect 
width is 300 m 
to either side of 
the vessel, each 
side covered by 2 
observers); 

Vessel cruising 
speed 7-16 knots, 
with 10 knots 
optimal

Digital aerial sur-
veys need to cover 
at least 10% of the 
assessment area 

Static PAM with 
4-5 PODs during 
construction (in-
stalled in suitable 
distances to the 
wind turbines; 2 
PODs 750 m and 
1,500 m distance 
during pile driv-
ing) and at least 
3 PODs during 
operation;

Visual surveys 
should be carried 
out in sea-state ≤2 
inshore if harbour 
porpoise is present 
or ≤3 for offshore 
sites.

For static PAM, 
restricted stratified 
random sampling in 
defined grids with 
enough units to 
ensure statistical 
robustness

Data to be present-
ed per unit effort 
(e.g., PAM records 
as % of detection 
positive minutes); 

Power analysis 
using pre-construc-
tion data can iden-
tify resolution at 
which change can 
be determined.

Visual surveys 
should be dis-
continued when 
sea state is above 
Beaufort 4 for 
ships and Beaufort 
3 for aircraft 

As per Buckland et 
al. (2001), at least 
60-80 sightings 
are required for 
distance sampling 
analysis; 

Vessel cruising 
speed of 10 knots 
is optimal

Aerial surveys best 
at 183 m altitude 
(higher than the 
80m for birds);  

Collect POD data 
periodically (e.g., 
every 3 months)

At least 10-20 
replicate transect 
lines should be 
placed in a system-
atic, randomised 
manner to provide 
adequate variance 
in encounter rate 
and reasonable 
confidence limits; 
minimum sample 
size of 60-80 sight-
ings (or 50-100 
aerial race tracks) 
needed to estimate 
a reliable detection 
function (Scheidat 
& Porter, 2019:

Vessel cruising 
speeds should be 
twice the swim 
speed of species 
being monitored 
(Ibid); 

Optimal height for 
aerial surveys 150-
180 m (Hammond 
et al., 2017)

C-PODs should 
extend tens of 
kilometres from 
wind far as harbour 
porpoise displace-
ment can exceed 
20 km (Scheidat & 
Porter, 2019) 
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Annex 5. Pros and Cons of the Main Methods Used for Monitoring Fish and Seabed Faunal and 
Floral Communities near OWE

Based on various sources, including Spencer et al. (2005), Portt et al. (2006), Saunders et al. (2011), and HEL-
COM (2015a).  The effectiveness of most methods is taxa specific. Key strengths and weaknesses identified 
in the review are marked with an asterisk (*).

Method Pros Cons
Benthic grab sampling *Grab sampling collects a snapshot of 

an entire infauna community which can 
be analysed in detail in a laboratory; 
provides a level of biological detail, and 
taxonomic resolution, beyond what can 
be achieved for other methods or for 
epibenthic habitats; 

A full account of infauna community 
composition is possible, with fully quan-
titative species abundance data that 
can subsequently be used to calculate 
diversity metrics;

*Higher taxonomic resolution possible 
when compared with scuba divers or 
video;

*Surveys combining drop-down video 
and grab from the same vessel have 
several advantages, one of the most 
obvious being cost- and time effective-
ness. Whenever a sandy or soft sediment 
substrate without vegetation is encoun-
tered with drop-video, the grab can be 
used for sampling of infauna. Some grab 
samplers may also be used for sampling 
of vegetation when needed which may 
improve the quality of drop-video inter-
pretations.

*Grabs are heavy and bulky pieces 
of equipment and require vessels 
equipped with adequate lifting gear 
and of a suitable size from which they 
can be safely deployed;

Grab sampling requires a large ves-
sel including a crew.; this cost item 
is by far the most expensive for the 
method;

*Grabs are very difficult to deploy 
successfully in moderate current 
speeds or large swell and generally 
require relatively calm seas and slack 
tides as the optimal conditions for 
obtaining good samples;  

A considerable amount of effort is 
required to process each sample, ren-
dering the task both time-consuming 
(weeks or months) and expensive 
(The retained organisms have to 
be painstakingly removed from the 
remaining benthic debris before be-
ing identified and enumerated by an 
expert taxonomist);
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Method Pros Cons
Direct observationdiv-
ers

*Can provide high level of taxonomic 
detail; have consistently proved to be 
the best means of obtaining quantitative 
epifaunal data and good quality video or 
photographic documentation;

Observations on species, habitat, bio-
tope and substratum presence, abun-
dance and distribution can be completed 
with a greater degree of confidence than 
with the use of remote systems, particu-
larly where there is a high occurrence 
of cryptic biota which usually requires 
manual manipulation to reveal obscured 
individuals; similarly, some reef or bed-
forming species are not immediately 
obvious and require a divers viewpoint, 
intuition and ability to physically handle 
the substrata and associated biota 
before confirmation of presence can be 
made;

*Where the recovery of epifaunal 
specimens for taxonomic identification 
is required, diver collection is by far the 
most efficient method of doing so; 

Divers can obtain quantitative soft 
sediment samples by means of hand-
deployed cores, which can be accurately 
replicated and provide a reliable basis for 
statistical analyses; 

Individual epibenthic species density 
counts using replicated quadrats can 
be achieved in situ, or, where time 
constraints are an issue, quadrats can 
be carefully recorded using video or 
photography and quantitatively analysed 
later;

Does not harm fish, which can be es-
pecially important when working with 
endangered populations.

*Largely restricted to depths shal-
lower than 30 m; 

Difficult in turbulent or fast flowing 
sea conditions;

*Intrinsic logistical restrictions, with 
safety considerations and time limita-
tions dictated by air supply and diver 
deployment time restrictions for 
physiological reasons

*Only suitable for investigations of 
discrete locations or very small areas 
that can be adequately surveyed 
within a short time;

High species identification skills 
required;

Efficiency decreases if fish abundance 
is high and accurate counts may not 
be possible;

Efficiency varies with visibility and 
cover, and with fish size, coloration 
and behaviour;

The presence of divers affects some 
species behaviour.
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Method Pros Cons
Direct observation – 
drop-down video

Drop-down video (or drop video) is a 
visual survey method for benthic vegeta-
tion and epifauna as well as benthic 
substrate.

*Time- and cost efficient compared to 
methods such as diving since limited 
number of staff needed for operation, 
the drop-camera can be operated from 
a small vessel (without need for other 
crew than the drop-video staff), and 
only a few minutes are needed at each 
station; 

*Recent advances in digital video tech-
nology and reductions in costs make 
this a particularly cost-effective survey 
method for all substrate types;

Supports planning and use of other 
methods such as grabs.

*Can survey a wider area more quickly 
than grabs and divers; HELCOM (2015) 
estimates that drop-down video can 
survey 30 sites per day compared to 3-9 
sites a day by divers;

Surveys combining drop-down video and 
grab from the same vessel have several 
advantages, one of the most obvious 
being cost- and time effectiveness (see 
above).

Restricted by weather conditions and 
to daylight hours;

The quality of visual data reduces 
substantially with increasing current 
speed and high swell; this may lead to 
under-reporting of habitats present 
in very exposed locations or in areas 
where there is little or no slack water

May be challenges with steeply-slop-
ing or vertical rock faces;

Images can be too blurry to identify 
some species;

*Lower taxonomic resolution than 
methods such as diving and grab 
sampling and it may be difficult or 
impossible to distinguish between 
some species (e.g., several species of 
filamentous algae); 

Performed in several different ways 
(e.g., there is no standard for this 
method in the Baltic Sea yet);
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Method Pros Cons
Digital survey through 
remotely operated 
vehicles (connected 
to the vessel) and au-
tonomous underwater 
vehicles (independent 
of vessel)

*Can survey habitats and some species 
seen and assess diversity or relative 
abundance;

Useful where steep or vertical substrates 
need to be examined, or where periods 
of positional stability are required to 
identify the presence and possibly the 
broad abundance of particular species;

When suitably equipped, ROVs can also 
perform some limited remotely-operated 
manipulative functions, such as collect-
ing voucher specimens;

*Surveys can be replayed and reviewed;

No observers required (just pilots), re-
ducing costs and some health and safety 
risks;

Still or moving imagery can be collected.

*All ROVs are mechanically complex 
and require considerable mainte-
nance, operational attention and 
adherence to set-up routines; 

Substantial time can be lost to tech-
nical failure, while the vehicles them-
selves are expensive to buy or hire. 

Turnaround times between deploy-
ment, recovery and relocation is 
longer than that of drop-down video 
systems, potentially resulting in a 
significant reduction in the number of 
survey stations achieved;

Can be expensive (depending on spa-
tial and temporal scale required and 
type of vehicle used);

Restricted by weather conditions and 
to daylight hours;

ROVs have operational limitations 
(range, weather sensitivity);

Some AUVs can disturb some species.

Fishing – gill nets *Effective and relatively simple to use; 

Can be used in most habitats where 
there is ample unobstructed depth to 
allow the mesh to be extended

between the float and lead lines; Quanti-
fication of fishing effort usually consid-
ers the length of gear and the time set.

*Fish mortality varies among species 
and with habitat conditions, but is 
typically high;

Cannot be used in strong currents;

Highly selective in species caught;

The nets are susceptible to damage, 
and modern nylon mesh must be 
replaced rather than mended;

The lead and float lines are expen-
sive; Normalising catches from differ-
ent mesh sizes and soak times can be 
complex.

Fishing – fyke nets *Allows live capture for mark-recapture 
or tagging studies;

The sizes normally used for research 
purposes can be set and lifted by two

people; 

Fyke nets tend to be easier and faster to 
set and to lift than trap nets; 

Well suited to targeted studies such as 
intercepting fish moving along known 
migration routes.

Difficult to use where currents are 
strong and/or carry a lot of debris;

These nets are passive gear, and only 
catch fish that are moving; 

They are size and species selective 
and catches are often highly variable.
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Method Pros Cons
Fishing – beam trawl *Provides description of epifauna (mac-

robenthos, demersal fish);

Samples can be collected relatively 
quickly;

Recommended by some national govern-
ments (e.g., BSH, 2013).

It is less effective at detecting some 
benthic fish and crabs than divers or 
cameras;

*Destructive technique: ground gear 
crushes and dislodges animals on the 
seabed, and non-target animals can 
be caught and killed in the trawl.

Acoustic mapping *Useful to measure seabed topography 
and identify some habitat types;

IHO standards exist for its use; 

Can help plan use of other methods.

*Only provides low resolution assess-
ment of habitat and topography.
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