
  

Hornsea Project Three  
Offshore Wind Farm 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hornsea Project Three  

Offshore Wind Farm 
 

Environmental Statement: 
Volume 5, Annex 3.1 - Fish and Shellfish Ecology Technical Report 

 

PINS Document Reference: A6.5.3.1 
APFP Regulation 5(2)(a) 

 

 

Date: May 2018  



 
 Annex 3.1 - Fish and Shellfish Ecology Technical Report 

Environmental Statement 
May 2018 

 

 i  

 

 

Environmental Impact Assessment  

Environmental Statement 

 

Volume 5 

Annex 3.1 ð Fish and Shellfsh Ecology Technical Report 

 

 

Report Number: A6.5.3.1 

Version: Final 

Date: May 2018 

 

 

This report is also downloadable from the Hornsea Project Three offshore wind farm website at:  

www.hornseaproject3.co.uk  

 

 

 

Ørsted  

5 Howick Place,  

London, SW1P 1WG  

© Orsted Power (UK) Ltd., 2018. All rights reserved 

Front cover picture: Kite surfer near a UK offshore wind farm © Orsted Hornsea Project Three (UK) Ltd., 2018.

 

 

Liability 

 

This report has been prepared by RPS, with all reasonable skill, care and diligence within the terms of their 

contracts with Orsted Power (UK) Ltd. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by: RPS 

Checked by: Jennifer Brack 

Accepted by: Sophie Banham 

Approved by: Sophie Banham   

http://www.hornseaproject3.co.uk/


 
 Annex 3.1 - Fish and Shellfish Ecology Technical Report 

Environmental Statement 
May 2018 

 

 ii  

Table of Contents 

1. Introduction .......................................................................................................................................................... 1 

1.1 Project background ...................................................................................................................................... 1 

1.2 Aims and objectives ..................................................................................................................................... 1 

2. Methodology ........................................................................................................................................................ 3 

2.1 Fish and shellfish study area ....................................................................................................................... 3 

2.2 Evidence Plan .............................................................................................................................................. 3 

2.3 Desktop review ............................................................................................................................................ 6 

2.4 Field surveys ............................................................................................................................................... 6 

2.5 Statistical analyses ...................................................................................................................................... 8 

2.6 Data limitations ............................................................................................................................................ 9 

3. Results ............................................................................................................................................................... 10 

3.1 Fish populations in the southern North Sea study area ............................................................................. 10 

3.2 Fish populations in the Hornsea Three fish and shellfish study area ......................................................... 12 

3.3 Species of conservation importance .......................................................................................................... 59 

3.4 Shellfish populations in the fish and shellfish study area ........................................................................... 62 

4. Discussion ......................................................................................................................................................... 68 

4.1 Overview .................................................................................................................................................... 68 

4.2 Definition of Valued Ecological Receptors ................................................................................................. 68 

4.3 Fish ecology .............................................................................................................................................. 69 

4.4 Shellfish ecology ........................................................................................................................................ 69 

5. References ........................................................................................................................................................ 71 

Appendix A Otter Trawl Method Statement ........................................................................................................... 75 

Appendix B Otter Trawl Logs and Data ................................................................................................................. 79 

Appendix C Data Analysis ................................................................................................................................... 111 

 

List of Tables 

Table 3.1: Mean (± standard deviation) univariate diversity indices for SIMPROF groups identified in the otter 
trawl dataset. Where individual samples form a SIMPROF group, no standard deviation is reported as 
these are single values. ...................................................................................................................... 18 

Table 3.2:  Mean (± standard deviation) univariate diversity indices for SIMPROF groups identified in the 
epibenthic beam trawl dataset. Where individual samples form a SIMPROF group, no standard 
deviation is reported as these are single values. ................................................................................ 21 

Table 3.3:  Sandeel habitat sediment classifications. ........................................................................................... 37 
Table 3.4: Summary of fish spawning and nursery habitats within the Hornsea Three fish and shellfish study 

area from data presented in Coull et al. (1998), Ellis et al. (2010), Rogers et al. (1998), ERM (2012) 
and historic surveys across the former Hornsea Zone. Note: Distances presented should be 
interpreted with caution as boundaries drawn by Coull et al. (1998) and Ellis et al. (2010) should be 
considered guidelines rather than definitive boundaries. .................................................................... 47 

Table 3.5: Summary of spawning timings in the southern North Sea for fish species known to have spawning 
habitats in the Hornsea Three fish and shellfish study area. Light purple indicates spawning period, 
dark purple indicates peak spawning period. ...................................................................................... 49 

Table 3.6: Herring potential spawning habitat sediment classifications. .............................................................. 56 
Table 3.7: Species of conservation importance recorded during historic surveys across the former Hornsea 

Zone or likely to occur within the Hornsea Three fish and shellfish study area. .................................. 60 
Table 4.1: Criteria used to inform the valuation of ecological receptors in the Hornsea Three fish and shellfish 

study area. .......................................................................................................................................... 68 
Table 4.2:  Summary of Fish and Shellfish Valued Ecological Receptors (VERs) and their value/importance 

within the Hornsea Three fish and shellfish study area. ..................................................................... 70 
 

List of Figures 

Figure 1.1: Location of Hornsea Three and the former Hornsea Zone, nature conservation designations with fish 
and shellfish features and other offshore wind farm sites in the southern North Sea fish and shellfish 
study area (i.e. the southern North Sea Marine Natural Area). ............................................................. 2 

Figure 2.1: Historic otter trawl and epibenthic beam trawl sampling locations from across the former Hornsea 
Zone and Hornsea Three site specific epibenthic beam trawl sampling locations, used to inform the 
characterisation of fish and shellfish ecology within the Hornsea Three fish and shellfish study area. . 5 

Figure 2.2: Otter trawl sampling: F.V Emulator, otter trawl and typical catch. ......................................................... 7 

Figure 2.3: Developmental stages of herring used for GSI assessment (Bucholtz et al., 2008). ............................ 7 

Figure 3.1: Frequency of occurrence of fish (and shellfish) species in otter and epibenthic beam trawls sampled 
within the Hornsea Three fish and shellfish study area. Note: Only species recorded in >2% of trawls 
are presented. .................................................................................................................................... 13 

Figure 3.2:  Average abundance (individuals per 500 m trawled) of fish (and shellfish) species recorded in 
seasonal otter trawls sampled within the Hornsea Three fish and shellfish study area. ..................... 14 

Figure 3.3:  Average abundance (individuals per 500 m trawled) of fish species recorded in epibenthic beam 
trawls sampled within the Hornsea Three fish and shellfish study area. ............................................. 14 



 
 Annex 3.1 - Fish and Shellfish Ecology Technical Report 

Environmental Statement 
May 2018 

 

 iii  

Figure 3.4:  Dendogram using complete linking on Bray Curtis species similarities from standardised, square root 
transformed abundance data for otter trawl sampling locations. Significantly distinct groups/sampling 
locations (tested by SIMPROF) are separated by black lines. ............................................................ 15 

Figure 3.5: Otter trawl locations with SIMPROF groups and seabed interpretation from geophysical survey data 
from Hornsea Three and Hornsea Project One and Hornsea Project Two. ........................................ 17 

Figure 3.6:  Dendogram using complete linking on Bray Curtis species similarities from standardised, square root 
transformed abundance data for epibenthic beam trawl sampling locations. Significantly distinct 
groups (tested by SIMPROF) are separated by black lines. ............................................................... 19 

Figure 3.7:  Epibenthic beam trawl locations with SIMPROF groups and seabed interpretation from geophysical 
survey data from Hornsea Three, and Hornsea Project One and Hornsea Project Two. .................... 20 

Figure 3.8: Whiting abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish 
study area. .......................................................................................................................................... 23 

Figure 3.9: Cod abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish 
study area. .......................................................................................................................................... 24 

Figure 3.10: Dab abundances within the Hornsea Three fish and shellfish study area........................................... 25 
Figure 3.11: Plaice abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish 

study area. .......................................................................................................................................... 27 
Figure 3.12: Lemon sole abundances and spawning and nursery habitats within the Hornsea Three fish and 

shellfish study area. ............................................................................................................................ 28 
Figure 3.13: Solenette abundances within the Hornsea Three fish and shellfish study area. ................................. 29 
Figure 3.14: Grey gurnard abundances within the Hornsea Three fish and shellfish study area. ........................... 30 
Figure 3.15: Mackerel abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish 

study area. .......................................................................................................................................... 31 
Figure 3.16: Sprat abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish 

study area. .......................................................................................................................................... 33 
Figure 3.17: Herring abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish 

study area. .......................................................................................................................................... 34 
Figure 3.18: Thornback ray abundances and nursery habitats within the Hornsea Three fish and shellfish study 

area. ................................................................................................................................................... 35 
Figure 3.19: Spotted ray abundances within the Hornsea Three fish and shellfish study area. .............................. 36 
Figure 3.20: Lesser sandeel abundances and spawning and nursery habitats within the Hornsea fish and shellfish 

study area. .......................................................................................................................................... 39 
Figure 3.21: Greater sandeel abundances and spawning and nursery habitats within the Hornsea Three fish and 

shellfish study area. ............................................................................................................................ 40 
Figure 3.22: Sandeel habitats in the southern North Sea fish and shellfish study area (as mapped by Jensen et al., 

2010, using commercial fisheries data). ............................................................................................. 41 
Figure 3.23: Potential sandeel habitat sediment classifications within the Hornsea Three and southern North Sea 

fish and shellfish study areas following methods in Latto et al. (2013). All other sediment types not 
plotted here (i.e. appear as pale blue) were considered to be unsuitable habitat for sandeels. Note: 
These data should not be considered in isolation but interpreted in the context of other datasets 
presented (see paragraphs 3.2.4.24 et seq.). ..................................................................................... 42 

Figure 3.24: Fish length analysis for whiting (left) and cod (right) from otter and epibenthic beam trawl sampling 
within the Hornsea Three fish and shellfish study area (juvenile size classes in light grey). ............... 43 

Figure 3.25: Fish length analysis for dab (left) and plaice (right) from otter and epibenthic beam trawl sampling 
within the Hornsea Three fish and shellfish study area (juvenile size classes in light grey). ............... 44 

Figure 3.26: Fish length analysis for lemon sole (left) and solenette (right) from otter and epibenthic beam trawl 
sampling within the Hornsea Three fish and shellfish study area (juvenile size classes in light grey; 
unknown for lemon sole). ................................................................................................................... 44 

Figure 3.27:  Fish length analysis for grey gurnard (left) and mackerel (right) from otter and epibenthic beam trawl 
sampling within the Hornsea Three fish and shellfish study area (juvenile size classes in light grey).45 

Figure 3.28: Fish length analysis for sprat (left) and herring (right) from otter and epibenthic beam trawl sampling 
within the Hornsea Three fish and shellfish study area (juvenile size classes in light grey)................ 45 

Figure 3.29: Fish length analysis for thornback ray (left) and spotted ray (right) from otter and epibenthic beam 
trawl sampling within the Hornsea Three fish and shellfish study area. .............................................. 46 

Figure 3.30: Fish length analysis for lesser sandeel (left) and greater sandeel (right) from otter and epibenthic 

beam trawl sampling within the Hornsea Three fish and shellfish study area (juvenile size classes in 
light grey). ........................................................................................................................................... 46 

Figure 3.31: Nursery and spawning habitats for anglerfish, common sole, spurdog and tope in the vicinity of the 
Hornsea Three fish and shellfish study area. ..................................................................................... 50 

Figure 3.32: Nursery habitats for blue whiting, haddock, European hake and ling in the vicinity of the Hornsea 
Three fish and shellfish study area. .................................................................................................... 51 

Figure 3.33: Herring spawning habitats in the southern North Sea based on data from the International Herring 
Larvae Survey (IHLS; 2001 to 2015), Coull et al. (1998) and Schmidt et al. (2009). .......................... 54 

Figure 3.34: Evidence of herring spawning within the Hornsea Three fish and shellfish study area during the 
autumn otter trawl survey. .................................................................................................................. 55 

Figure 3.35: Herring spawning habitat sediment classifications within the Hornsea Three and southern North Sea 
fish and shellfish study areas following the methodologies in Reach et al. (2013). All other sediment 
types not plotted here (i.e. appear as pale blue) were considered to be unsuitable for herring 
spawning. Note: These data should not be considered in isolation but interpreted in the context of 
other datasets presented (see paragraphs 3.2.6.11 et seq.). ............................................................. 58 

Figure 3.36: Nature conservation designations within the southern North Sea fish and shellfish study area with 
Annex II fish species listed as qualifying features. .............................................................................. 61 

Figure 3.37: Brown crab and Nephrops abundances and nursery and spawning habitats within the Hornsea Three 
fish and shellfish study area. .............................................................................................................. 66 

Figure 3.38: European common squid, brown shrimp and pink shrimp abundances within the Hornsea Three fish 
and shellfish study area. ..................................................................................................................... 67 

 

 

  



 
 Annex 3.1 - Fish and Shellfish Ecology Technical Report 

Environmental Statement 
May 2018 

 

 iv  

Glossary 

Term Definition 

Benthic ecology 
Benthic ecology encompasses the study of the organisms living in and on the sea floor, the 
interactions between them and impacts on the surrounding environment. 

Cloaca 
A common cavity at the end of the digestive tract for the release of both excretory and genital 
products in vertebrates (except most mammals) and certain invertebrates. 

Crustacea Arthropod of the large, mainly aquatic group Crustacea, such as a crab, lobster, shrimp, or barnacle. 

Demersal 
Relating to the seabed and area close to it. Demersal spawning species are those which deposit 
eggs onto the seabed. 

Epibenthic Organisms living on the surface of the seabed. 

Epifauna Animals living on the surface of the seabed. 

Intertidal An area of a seashore that is covered at high tide and uncovered at low tide. 

Mollusc 
Invertebrate animal belonging to the phylum mollusca that includes the snails, clams, chitons, tooth 
shells, and octopi. 

Multivariate statistical analysis 
Statistical analysis that includes the simultaneous observation and analysis of more than one 
statistical variable. 

Nursery habitat 
Habitats where high numbers of juveniles of a species occur, having a greater level of productivity 
per unit area than other juvenile habitats.  

Oviduct Tube through which an ovum or egg passes from an ovary. 

Pelagic 
Any part of the water column (i.e. the sea from surface to bottom sediments) that is not close to the 
seabed. Pelagic spawning species release their eggs into the upper layers of the sea. 

Pleopod Forked swimming limb of a crustacean, five pairs of which are typically attached to the abdomen. 

Polychaete A class of segmented worms often known as bristleworms. 

Spawning The release or deposition of eggs and sperm, usually into water, by aquatic animals. 

Spermatophore 
Protein capsule containing a mass of spermatozoa, transferred during mating in arthropods (and 
other fauna, including insects and cephalopod molluscs). 

Subtidal Area extending from below low tide to the edge of the continental shelf. 

Univariate statistical analysis A statistical analysis carried out with only one variable. 

 

Acronyms 

Acronym Description 

3-D Three Dimensional 

2-D Two Dimensional 

ANOSIM Analysis of Similarity 

BIOENV Biota-Environment Analysis 

Cefas Centre for Environment, Fisheries and Aquaculture Science 

CL Carapace Length  

CPA Coast Protection Act 1949 

CW Carapace Width 

DCO Development Consent Order 

DECC Department of Energy and Climate Change 

EBP Early Benthic Phase 

EIA Environmental Impact Assessment 

EIFCA  Eastern Inshore Fisheries and Conservation Authority 

EMF Electro-Magnetic Fields 

ESFJC Eastern Sea Fisheries Joint Committee 

EWG Expert Working Group 

FEPA Food and Environment Protection Act 

GSI Gonadal Somatic Index 

HRA Habitats Regulations Assessment 

IUCN  International Union for the Conservation of Nature 

IBTS International Bottom Trawl Surveys 

ICES International Council of the Exploration of the Sea 

IHLS International Herring Larvae Survey 

JNCC Joint Nature Conservation Committee 

LAT Lowest Astronomical Tide 

MAREA Marine Aggregates Regional Environmental Assessment   
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Acronym Description 

MCZ Marine Conservation Zone 

MDS Multidimensional Scaling 

MHWS Mean High Water Springs 

MLS Minimum Landing Size 

MNA Marine Natural Area 

MMO Marine Management Organisation 

NERC Natural Environment and Rural Communities 

NIMF Nationally Important Marine Features 

NNFLAG North Norfolk Fisheries Local Action Group 

NPS National Policy Statement 

OESEA Offshore Energy Strategic Environmental Assessment 

OSPAR  
Oslo Paris Convention (also known as Convention for the Protection of the Marine Environment of the 
North-East Atlantic) 

PEIR Preliminary Environmental Information Report 

PINS Planning Inspectorate 

PRIMER Plymouth Routine in Multivariate Ecological Research 

PSA Particle Size Analysis 

rMCZ Recommended Marine Conservation Zone 

SAC  Special Area of Conservation 

SCI  Site of Community Importance 

SEA Strategic Environmental Assessment 

SIMPER Similarity Percentage Analysis 

SIMPROF Similarity Profile Analysis 

UK BAP  United Kingdom Biodiversity Action Plan 

VER Valued Ecological Receptor  

 

Units 

Unit Description 

cm centimetre 

m metre 

mm millimetre 

MW megawatt 

NM nautical mile 

km kilometre 
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1. Introduction 

1.1 Project background 

1.1.1.1 Orsted Hornsea Project Three (UK) Ltd., on behalf of Orsted Power (UK) Ltd., is promoting the 

development of the Hornsea Project Three Offshore Wind Farm (hereafter referred to as Hornsea Three). 

Hornsea Three is a proposed offshore wind farm project within the former Hornsea Zone, and includes 

the associated offshore cable corridor and onshore infrastructure. Hornsea Three is located in the central 

region of the North Sea, approximately 121 km to the northeast Tringham, Norfolk, 140 km to the east of 

the East Riding of Yorkshire coast and approximately 10.1 km west of the median line between UK and 

Netherlands waters (Figure 1.1). 

1.1.1.2 RPS was commissioned to undertake a fish and shellfish ecology characterisation study of the Hornsea 

Three site and surrounding area. This included a detailed desktop study of the fish and shellfish ecology 

of a defined study area (see section 2.1) surrounding Hornsea Three, with site specific beam trawl 

sampling within Hornsea Three offshore cable corridor and historic trawl survey data from across the 

former Hornsea Zone, including the Hornsea Three array area, used to supplement the desktop.  

1.2 Aims and objectives 

1.2.1.1 The aim of this study was to provide an up to date characterisation of fish and shellfish ecological 

resources within a defined study area, which incorporates the offshore components of Hornsea Three and 

the zone of potential impact. This approach was agreed with the statutory consultees relevant to fish and 

shellfish ecology (i.e. Marine Management Organisation (MMO), Natural England, the Joint Nature 

Conservation Committee (JNCC) and the Centre for Environment, Fisheries and Aquaculture Science 

(Cefas)) through the Evidence Plan process (see section 2.2). 

1.2.1.2 Based on this and using both existing data (including historic trawl data from across the former Hornsea 

Zone) and the site-specific survey data (where necessary), the objective was to give a general description 

of fish and shellfish assemblages within the southern North Sea fish and shellfish study area (Figure 1.1). 

These were then compared with the fish and shellfish populations found in the immediate vicinity of 

Hornsea Three (i.e. within the Hornsea Three fish and shellfish study area; see Figure 2.1) in order to 

provide the basis for evaluating the importance of species, or groups of species, as óValued Ecological 

Receptorsô (VERs) for consideration in the Environmental Impact Assessment (EIA). The relationship 

between these two study areas is discussed in section 2.1.  

1.2.1.3 Information that fed into this characterisation included identification of:  

¶ The fish and shellfish assemblages that characterise the southern North Sea fish and shellfish study 

area, describing ecological patterns such as seasonality, habitat associations, and size distributions 

within the population;  

¶ The commercial and conservation interest of fish and shellfish within the southern North Sea;  

¶ The potential ecological interest within the southern North Sea fish and shellfish study area (i.e. 

spawning grounds, nursery grounds, migratory routes and important prey species for other marine 

species); and  

¶ The characteristics of spawning and nursery activity for individual species. 

1.2.1.4 Guidance on the issues associated with offshore renewable energy developments in general have been 

obtained through reference to the Overarching National Policy Statement (NPS) for Energy (EN-1; DECC, 

2011a) and the NPS for Renewable Energy Infrastructure (EN-3, DECC, 2011b) (for fish: section 2.6.74). 

Further advice in relation to Hornsea Three specifically has been sought through consultation with the 

statutory consultees through the Evidence Plan process, from the Scoping Opinion received with respect 

to Hornsea Three (PINS, 2016) and responses received on the Preliminary Environmental Information 

report (PEIR). 

1.2.1.5 Guidance on the EIA process have been sought from the following resources: 

¶ Guidelines for Ecological Impact Assessment in the UK and Ireland. Terrestrial, Freshwater and 

Coastal, Second Edition (Chartered Institute of Ecology and Environmental Management (CIEEM) 

2016); and 

¶ Guidance note for EIA in Respect of Food and Environment Protection Act 1985 (FEPA) and Coast 

Protection Act 1949 (CPA) Requirements (Cefas et al., 2004). 

1.2.1.6 In addition, the EIA will follow the legislative framework as defined by the Wildlife and Countryside Act 

1981 (as amended) and the Marine and Coastal Access Act, 2009, with consideration of the Conservation 

of Habitats and Species Regulations 2017 (consolidates and updates the Conservation of Habitats and 

Species Regulations 2010) and the Conservation of Offshore Marine Habitats and Species Regulations 

2017 (consolidates and updates the Offshore Marine Conservation (Natural Habitats, &c.) Regulations 

2007), although these relate to the Habitats Regulations Assessment (HRA) and not specifically to EIA. 
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Figure 1.1: Location of Hornsea Three and the former Hornsea Zone, nature conservation designations with fish and shellfish features and other offshore wind farm sites in the southern North Sea fish and shellfish study area (i.e. the southern North Sea Marine 
Natural Area). 
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2. Methodology 

2.1 Fish and shellfish study area 

2.1.1.1 For the purposes of the fish and shellfish ecology characterisation, two study areas were defined: 

¶ The Hornsea Three fish and shellfish study area ï this was defined as the area encompassing the 

Hornsea Three array area, the offshore cable corridor and temporary working areas, and the area in 

the immediate vicinity of the landfall site. The Hornsea Three fish and shellfish study area also 

included much of the former Hornsea Zone, including a 4 km buffer to the north and south of the 

boundary (i.e. the zone of influence for most impacts on fish and shellfish). This study area was the 

area in which survey data were collected, including Hornsea Three site specific surveys and historic 

trawl surveys undertaken across the former Hornsea Zone (see paragraph 2.2.1.6 and Figure 2.1), 

and therefore within this study area, there is a high degree of confidence in the fish and shellfish 

ecology baseline characterisation. Two offshore cable corridor reroutes were applied to Hornsea 

Three after publication of the PEIR, one at the northern end of the Hornsea Three offshore cable 

corridor and one in the nearshore section, around the west side of the Cromer Shoal Chalk Beds 

MCZ (see volume 1, chapter 3: Project Description). Both the original and reroute sections are 

included in the Hornsea Three fish and shellfish ecology study area; and 

¶ The southern North Sea fish and shellfish study area ï this is the regional fish and shellfish study 

area and was defined as the southern North Sea region which coincides with the southern North Sea 

Marine Natural Area (MNA; Jones et al., 2004; Figure 1.1). This study area also included areas within 

territorial waters of Netherlands, Germany and Denmark, broadly following the 50 m depth contour 

which separates the southern North Sea fish and shellfish communities from those of the central and 

northern North Sea (Teal, 2011; see section 3.1). This study area provided a wider context for the 

survey data from within the Honrsea Three fish and shellfish study area and impacts expected to 

affect more extensive areas (e.g. underwater noise effects). This formed the area covered by the 

desktop review. 

2.2 Evidence Plan 

2.2.1.1 The purpose of the Hornsea Three Evidence Plan process (see Evidence Plan (document reference 

number A5.1.1)) is to agree the environmental information Hornsea Three needs to supply to the Planning 

Inspectorate (PINS), as part of a Development Consent Order (DCO) application for Hornsea Three. The 

Evidence Plan seeks to ensure compliance with the EIA and HRA requirements.  

2.2.1.2 As part of the Evidence Plan process, the Marine Processes, Benthic Ecology and Fish and Shellfish 

Ecology Expert Working Group (EWG) was established with representatives from the key regulatory 

bodies and their advisors and statutory nature conservation bodies, including the MMO, Cefas, Natural 

England and JNCC. Between June 2016 and publication of this Environmental Statement, a number of 

EWG meetings were have been held to discuss key issues with regard to the fish and shellfish elements 

of Hornsea Three, including characterisation of the baseline environment and the impacts to be 

considered within the impact assessment.  

2.2.1.3 The approach proposed by Hornsea Three for the purposes of characterising the fish and shellfish 

communities within the two study areas defined in paragraph 2.1.1.1, was an evidence based approach 

to the EIA, which involves utilising existing data and information from sufficiently similar or analogous 

studies to inform baseline understanding and/or impact assessments for Hornsea Three. In this way, the 

evidence based approach does not necessarily require new data to be collected, or new modelling studies 

to be undertaken, in order to characterise the potential impact with sufficient confidence for the purposes 

of EIA (see volume 1, chapter 5: Environmental Impact Assessment Methodology). 

2.2.1.4 The scope of the issues for assessment for fish and shellfish ecology is very similar (although not identical) 

to that previously considered for Hornsea Project One and Hornsea Project Two given the similarity of the 

proposed project infrastructure. The range of issues assessed within volume 2, chapter 3: Fish and 

Shellfish Ecology, are briefly summarised below. The spatial extent of the impacts assessed will vary 

depending on the impact, although the extents are expected to be similar to those identified for Hornsea 

Project One and Hornsea Project Two. Impacts considered within volume 2, chapter 3: Fish and Shellfish 

Ecology include (but are not limited to):  

¶ Construction related activities leading to short term and localised changes (i.e. primarily within the 

Hornsea Three array area, offshore cable corridor and temporary working areas) in seabed 

sediments used by fish and shellfish assemblages for feeding, spawning or nursery habitats, 

including temporary habitat loss, increases in suspended sediments and subsequent deposition;  

¶ Construction related noise, including piling operations, affecting fish and shellfish receptors 

(including spawning and nursery habitats) over a wider spatial extent within the southern North Sea 

fish and shellfish study area;  

¶ Operation phase impacts related to the presence of offshore infrastructure, leading to relatively 

localised effects on fish and shellfish ecology (i.e. primarily within the Hornsea Three array offshore 

and cable corridor and temporary working areas) and the habitats on which these species are reliant 

for feeding, spawning and as nursery habitat. These include presence of subsea infrastructure 

leading to long term habitat loss and localised changes in fish populations and behavioural effects 

associated with noise from operational wind turbines, introduction of new subsea structures which 

could provide novel habitats for fish and shellfish (e.g. reef effects) and electro-magnetic fields (EMF) 

associated with electrical cabling; and  



 
 Annex 3.1 - Fish and Shellfish Ecology Technical Report 

Environmental Statement 
May 2018 

 

 4  

¶ Decommissioning phase impacts, with similar impacts to the construction phase (e.g. localised and 

temporary changes in seabed sediments used by fish and shellfish species), removal of subsea 

structures therefore reversal of any reef effects and permanent loss of fish and shellfish habitats in 

areas where some subsea infrastructure (e.g. cable protection) is left in place following 

decommissioning.   

2.2.1.5 As detailed above, the scale of these impacts are expected to be similar for Hornsea Three as for Hornsea 

Project One and Hornsea Project Two (i.e. largely within the project boundaries) and will affect the same 

receptors as Hornsea Project One and Hornsea Project Two due to the consistency in the fish and shellfish 

assemblages in this part of the southern North Sea. Therefore the background information, data and 

statistical analyses used to inform these projects is highly relevant to the Hornsea Three baseline 

characterisation. It is important to note that there are key differences in Hornsea Three compared to 

Hornsea Project One and Hornsea Project Two, including the Hornsea Three offshore cable corridor. 

Where these differences are evident, further information has been sought, including site-specific surveys 

in these areas, to ensure a robust characterisation of the fish and shellfish ecology of these parts of the 

Hornsea Three fish and shellfish ecology study area, as agreed with the Marine Processes, Benthic 

Ecology and Fish and Shellfish Ecology EWG.   

2.2.1.6 Hornsea Three is located within the former Hornsea Zone, for which extensive data and knowledge 

regarding fish and shellfish ecology is already available. This data/knowledge has been acquired through 

zonal studies and from the surveys and characterisations undertaken for Hornsea Project One and 

Hornsea Project Two (see Figure 2.1). It was therefore proposed that the Hornsea Three fish and shellfish 

characterisation be completed using a combination of desktop data and information sources, and survey 

data collected as part of the characterisations of the Hornsea Project One and Hornsea Project Two 

offshore wind farms and the former Hornsea Zone. Over the series of Marine Processes, Benthic Ecology 

and Fish and Shellfish Ecology EWG meetings conducted between June 2016 and publication of this 

Environmental Statement, it was agreed that this approach (fully detailed in the sections below) was 

appropriate and sufficient for the purposes of characterising the fish and shellfish ecology of the Hornsea 

Three area.  

2.2.1.7 As agreed with the Marine Processes, Benthic Ecology and Fish and Shellfish Ecology EWG, no additional 

site specific survey data has been collected for fish and shellfish ecology. However, data collected as part 

of the benthic ecology surveys of the Hornsea Three array area and the offshore cable corridor, has been 

incorporated into the baseline characterisation assessment (see section 2.4.1 and Figure 2.1). Site 

specific data have included:  

¶ Grab sample data to characterise the suitability of sediments as sandeel Ammodytes sp. and herring 

Clupea harengus spawning habitats across the Hornsea Three offshore cable corridor (see volume 

5, annex 2.1: Benthic Ecology Technical Report for full details); and 

¶ Epibenthic beam trawl data within the Hornsea Three offshore cable corridor to provide further site 

specific data on fish communities, to supplement desk based information (see section 2.4.1). The 

epibenthic beam trawl methodology was identical to that used in historic surveys across the former 

Hornsea Zone (see section 2.4.1 and Figure 2.1 for proposed locations). 
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Figure 2.1: Historic otter trawl and epibenthic beam trawl sampling locations from across the former Hornsea Zone and Hornsea Three site specific epibenthic beam trawl sampling locations, used to inform the characterisation of fish and shellfish ecology within the 
Hornsea Three fish and shellfish study area.   



 
 Annex 3.1 - Fish and Shellfish Ecology Technical Report 

Environmental Statement 
May 2018 

 

 6  

2.3 Desktop review 

2.3.1.1 A detailed literature search was carried out to establish the baseline of information available on fish and 

shellfish populations in the southern North Sea fish and shellfish study area (as defined in paragraph 

2.1.1.1). Information was sought on fish and shellfish ecology in general and also on spawning and nursery 

activity. 

2.3.1.2 Data from the offshore oil and gas industry and technical reports for Strategic Environmental Assessment 

(SEA) Areas 2 and 3 (Cefas, 2001; Rogers and Stocks, 2001) and the UK Offshore Energy SEA 3 

(OESEA3; DECC, 2016a and 2016b) provide useful overviews of fish and shellfish ecology data and 

details of the literature available for the southern North Sea fish and shellfish study area.  

2.3.1.3 Further information was obtained from broad scale studies of fisheries resources which provide 

information on fish ecology from trawl data collected (by a range of organisations including Cefas and 

Natural England) within the southern North Sea (e.g. Teal, 2011; Jones et al., 2004; Callaway et al., 2002; 

Rogers et al., 1998). Data were also collated from online sources including those of the International 

Council of the Exploration of the Sea (e.g. ICES-FishMap; http://www.ices.dk/marine-

data/maps/Pages/ICES-FishMap.aspx and International Bottom Trawl Surveys; IBTS, 2017). Gray (1995) 

and Pawson et al. (2002) also provide a useful overview of the types of coastal commercial fisheries 

around the UK coastline and the target species within these areas. Information on commercial fishing 

activity in the area (which includes review of the key commercial target species) has also been taken from 

volume 5, annex 6.1: Commercial Fisheries Technical Report. The Commercial Fisheries baseline 

characterisation has been infomed by data and information including landing statistics, surveillance data 

and Vessel Monitoring System (VMS) data and information collected as part of the Commercial Fisheries 

Scouting Survey for the project (see volume 5, annex 6.1: Commercial Fisheries Technical Report).  

2.3.1.4 The main sources of information on fish spawning and nursery grounds within the UK are reports by Coull 

et al. (1998), Ellis et al. (2010) and Ellis et al. (2012) which include maps of the indicative extents of such 

areas for a number of species in UK waters.  

2.3.1.5 Additional sources of information comprise baseline characterisation studies for other developments, 

including offshore wind farms, in the region. These included surveys at the Triton Knoll offshore wind farm 

undertaken between 2008 and 2010 (Triton Knoll Offshore Wind Farm Ltd., 2011a, 2011b and 2011c), 

Sheringham Shoal offshore wind farm undertaken between 2005 and 2009 (Scira Offshore Energy, 2009; 

Scira Offshore Energy, 2006) and Dudgeon offshore wind farm undertaken in 2008 (Dudgeon Offshore 

Wind Limited, 2009; see Figure 1.1 for location of these projects in relation to Hornsea Three). In addition, 

information presented in the Marine Aggregates Regional Environmental Assessment (MAREA) of the 

Humber and the Outer Wash Region provided some regional information on fish assemblages (ERM, 

2012). 

2.3.1.6 Shellfish data, which were of particular relevance in the inshore areas of the Hornsea Three offshore cable 

corridor, were obtained through a number of sources, including landings data and charts of fishing activity 

compiled by the Eastern Inshore Fisheries and Conservation Authority (EIFCA). Other data sources used 

to inform the shellfish characterisation included stock assessments undertaken by Cefas and the EIFCA 

and other research into local shellfish populations, particularly those in inshore waters within which the 

Hornsea Three offshore cable corridor aligns (e.g. Jessop et al., 2007; NNFLAG, 2015)).  

2.4 Field surveys 

2.4.1 Otter and beam trawls  

2.4.1.1 As detailed in paragraph 2.2.1.6, seasonal otter trawl surveys were undertaken across the former Hornsea 

Zone (i.e. to inform zonal studies and from the surveys and characterisations undertaken for Hornsea 

Project One and Hornsea Project Two) during spring and autumn 2011. The spring survey was undertaken 

between 15 and 23 April 2011 and the autumn survey was undertaken between 29 September and 

2 October 2011. 

2.4.1.2 In total, the survey array consisted of 41 tow lines across the Hornsea Three fish and shellfish study area 

(Figure 2.1). This included trawl locations along the Hornsea Project One and Project Two offshore cable 

corridor extending into the Humber Estuary, which is separate and distinct from the Hornsea Three 

offshore cable corridor. Although these trawl locations are not within the Hornsea Three project area and 

therefore not directly applicable to the project, the data from these trawls are presented within the 

characterisation to provide further background information on the fish and shellfish communities in the 

southern North Sea.   

2.4.1.3 Of the 41 otter trawl locations, three in spring and five in autumn were not trawled due to the presence of 

static fishing gear and receipt of advice from the fishing industry to avoid these areas. Each trawl was of 

30 minutes duration. Once recovered to the deck, each catch was sorted and all species from each trawl 

were identified using appropriate keys. The entire catch was then enumerated and measured on a 

species-by-species basis. A full description of the survey method is provided in Appendix A. 

2.4.1.4 The surveys were all conducted by EMU Ltd. aboard a commercial fishing vessel (F.V. Emulator) using a 

high-opening 5 m otter trawl with a 40 mm cod-end designed to catch semi-pelagic as well as demersal 

species (Figure 2.2). The gear used was comparable to those used in commercial fishing activities within 

the area. 

 

http://www.ices.dk/marine-data/maps/Pages/ICES-FishMap.aspx
http://www.ices.dk/marine-data/maps/Pages/ICES-FishMap.aspx
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Figure 2.2: Otter trawl sampling: F.V Emulator, otter trawl and typical catch. 

 

2.4.1.5 During the spring otter trawl survey, high abundances of actively spawning herring were recorded at one 

trawl location, at the mouth of the Humber Estuary. Following identification of this spring spawning 

population, all mature herring captured during the autumn survey were analysed to determine their 

spawning condition. The gonads were examined and compared to the established ICES Gonadal Somatic 

Index (GSI) criteria and the fish grouped into one of eight developmental stages (see Figure 2.3; Bucholtz 

et al., 2008). These developmental stages can be grouped into five phases: Juvenile (Stage I), Maturation 

(Stages II-IV), Spawning (Stages V-VI), Spent-regeneration (Stage VII) and Abnormal (Stage VIII). Herring 

classified as spawning, spent-regeneration and in the late stages of maturation (Stages III-IV) are 

indicative of current, recent or imminent spawning activity (Bucholtz et al., 2008). Although no GSI analysis 

was conducted during the spring surveys, the presence of obviously running herring was recorded, as 

specified by Cefas. 

 

 

Figure 2.3: Developmental stages of herring used for GSI assessment (Bucholtz et al., 2008). 

 

2.4.1.6 Epibenthic beam trawl surveys were undertaken as part of the benthic ecology characterisation surveys 

(see volume 5, annex 2.1: Benthic Ecology Technical Report). The surveys were conducted with a 

standard 2 m Cefas óJenningsô beam trawl fitted with a 5 mm cod end and were standardised by duration, 

with each location trawled for 10 minutes. 
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2.4.1.7 The beam trawling characterisation surveys were undertaken in five mobilisations (as part of wider benthic 

survey; see Figure 2.1): 

¶ 40 trawls within the former Hornsea Zone (including nine trawls within the Hornsea Three array area) 

undertaken in November and December 2010; 

¶ 21 trawls within the Hornsea Project Two array area undertaken in July 2012; 

¶ 41 trawls within the Hornsea Project One array area undertaken in July 2010; 

¶ 28 trawls within the Hornsea Project One and Hornsea Project Two offshore cable corridor 

undertaken in June and October 2011; and  

¶ Five trawls within the Hornsea Three offshore cable corridor undertaken in August 2017.  

2.4.1.8 As detailed in paragraph 2.4.1.2, although the trawl locations along the Hornsea Project One and Hornsea 

Project Two offshore cable corridors are not within the Hornsea Three project area and therefore not 

directly applicable to the project, the data from these trawls are presented within the characterisation to 

provide further background information on the fish and shellfish communities in the southern North Sea.   

2.4.1.9 Upon recovery of each trawl to the deck, the catch was sorted and all species from each trawl were 

identified using appropriate keys. The entire catch was then enumerated and measured on a species-by-

species basis. A full description of the survey methodology is provided in volume 5, annex 2.1: Benthic 

Ecology Technical Report. Beam trawl survey design was agreed with the MMO and their advisors (i.e. 

Cefas, Natural England and JNCC). 

2.5 Statistical analyses 

2.5.1 General description of fish assemblages 

2.5.1.1 The frequency of occurrence of fish species across the Hornsea Three fish and shellfish study area was 

calculated to give an indication of spatial and seasonal extent of each species recorded. This was 

calculated as the proportional representation of each fish species within all of the otter and epibenthic 

trawls combined (for each sampling location and over each survey event). 

2.5.1.2 To determine which species dominated the fish community, the total abundance of each fish species was 

presented for both the otter trawl and epibenthic trawl separately, with the total abundance per season for 

each species also shown for the otter trawl data. The nature of trawl sampling is such that trawl lengths 

can vary due to environmental conditions such as tide, current, and wind speeds and directions. As a 

result, although trawls were broadly standardised in the field by duration (i.e. 30 minute otter trawls and 

10 minute epibenthic trawls), it was necessary to standardise the data by trawl distance in order to ensure 

comparability between trawl sampling location. To ensure that trawl data from different sampling locations 

were comparable, the data were standardised to abundance per 500 m for both otter and epibenthic beam 

trawls. 

2.5.1.3 For each sampling location, a number of univariate indices were calculated using all of the otter trawl and 

epibenthic trawl data (i.e. two seasonal otter trawl datasets and five epibenthic beam trawl datasets). The 

indices calculated were total species (S), total number of individuals (N), species richness (d), Pielouôs 

evenness (Jô), Simpsonôs dominance (lambda) and Shannon diversity (Hô(loge)).  

2.5.2 Spatial variation in fish assemblages 

2.5.2.1 The similarity of fish communities across the sampling locations was investigated using multivariate 

analysis. The raw abundance data (i.e. from two otter trawl and five epibenthic beam trawl surveys) were 

imported into PRIMER v6 (Plymouth Routine in Multivariate Ecological Research; Clarke and Gorley, 

2006). These were standardised by totals and a square root transformation applied to down weight the 

influence of numerically dominant species (e.g. whiting Merlangius merlangus, dab Limanda limanda and 

grey gurnard Eutrigla gurnardus, which were recorded at abundances of several hundred per 500 m in 

some trawls) over species recorded at lower abundances. A resemblance matrix using Bray-Curtis 

similarity was then produced as the basis of further analyses. 

2.5.2.2 Cluster analysis with a similarity profile (SIMPROF) was performed to look for groupings of samples and 

to test for significant differences between and within groups identified by the cluster analysis. It could be 

argued that there is a degree of independence between samples since replicate trawls could not exactly 

pinpoint the same location from season to season. However, for the purposes of this analysis the samples 

are assumed to be replicates across seasons within the same sampling locations (where repeated 

sampling occurred at these locations). 

2.5.2.3 The influence of environmental factors (depth and sediment type) on the grouping was then investigated 

by producing a series of bubble plots. Environmental variables investigated included depth (metres below 

Lowest Astronomical Tide (LAT)), percentage gravel, sand, and mud (using Particle Size Analysis (PSA) 

data collected for the benthic ecology characterisation; volume 5, annex 2.1: Benthic Ecology Technical 

Report). The environmental variables were first investigated for co-variance since there is only need to 

use one of any pair of variables which are strongly co-linear. The influence of selected environmental 

variables in shaping the fish community was subsequently determined using a biota-environment analysis 

(BIOENV) test. Finally, to interpret any differences between the fish assemblages within the groups 

identified during cluster analysis, a similarity percentage (SIMPER) analysis was performed to look at the 

percentage contributions of the main characterising species in each of the groups.  
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2.5.3 Seasonal variation in fish assemblages 

2.5.3.1 Raw abundance data for each seasonal otter trawl survey were imported into PRIMER v6 and analysed 

as detailed above (see section 2.5.2) using cluster with SIMPROF, MDS, and SIMPER. In order to 

determine the seasonal variation in fish assemblages, Analysis of Similarity (ANOSIM) was used to test 

whether any differences in community composition across the sampling locations as defined by season 

were significant. The resulting test statistic (R) indicated the difference between the average of all rank 

similarities within seasons and the average of all rank similarities between seasons. R usually falls 

between 0 and 1 (although its range is ï1 to +1); if R=1 all samples within seasons are more similar to 

each other than any samples from different seasons, if R is approximately zero then similarities between 

and within seasons will on average be the same (i.e. the latter result would indicate little or no influence 

of season, while R=1 would indicate a strong influence of season). 

2.5.4 Size structure of population 

2.5.4.1 Size-frequency graphs of selected fish species were produced using otter trawl and epibenthic data from 

all sampling locations combined. The species selected were primarily those of commercial importance, 

though species which were identified as characterising species in the assemblage (i.e. those recorded at 

high abundances throughout the Hornsea Three fish and shellfish study area) were also investigated for 

size structure.  

2.5.4.2 These data give a baseline indication of the size distribution for a given species for future comparison. In 

addition, the analysis helps to identify the life stage (year class) of populations and therefore determine, 

amongst other things, whether the Hornsea Three fish and shellfish study area is being used as a nursery 

area (i.e. dominated by juveniles) or as a key feeding/spawning ground (dominated by adult fish).  

2.6 Data limitations 

2.6.1.1 Mobile species, such as fish, exhibit varying spatial and temporal patterns. All surveys from across the 

former Hornsea Zone (i.e. otter and epibenthic beam trawls) were undertaken to provide a semi-seasonal 

description of the fish and shellfish assemblages within the Hornsea Three fish and shellfish study area. 

It should be noted, however, that the data collected during these surveys represent snapshots of the fish 

and shellfish assemblage within the Hornsea Three fish and shellfish study area at the time of sampling 

and the fish and shellfish assemblages may vary considerably both seasonally and annually. Furthermore, 

the efficiency of the survey methods employed at collecting particular species will vary depending on the 

nature of the survey methods used and the species recorded. For example, the semi-pelagic otter trawl 

would not collect pelagic species (e.g. herring and sprat Sprattus sprattus) as efficiently as a pelagic trawl 

and the 2 m scientific beam trawl would not be as efficient at collecting sandeel and shellfish species as 

other methods used commercially in the Hornsea Three fish and shellfish study area (e.g. sandeel or 

shrimp trawls and shellfish potting).  

2.6.1.2 As such, Hornsea Three site specific survey data and historic trawl survey data from across the former 

Hornsea Zone have been discussed in the context of literature reviewed for the wider southern North Sea 

fish and shellfish study area, including commercial fisheries consultation work undertaken as part of the 

commercial fisheries baseline characterisation (volume 5, annex 6.1: Commercial Fisheries Technical 

Report), which provides a broader picture of the fish assemblages occurring across the area to ensure a 

robust characterisation for the purposes of the EIA. 

2.6.1.3 Sampling was successful throughout most of the survey area with the exception of the following:  

¶ Otter trawl sampling was not possible at three locations during the spring survey and five locations 

during the autumn survey due to the presence of static fishing gears in the area and receipt of advice 

from the fishing industry to avoid these areas. Due to the success of all other sampling across the 

Hornsea Project Three fish and shellfish study area and the use of desktop information to 

contextualise survey data, the absence of these data points will not affect the ability to provide a 

robust baseline characterisation. 

2.6.1.4 As discussed in section 2.2, the approach to data collection, including the use of historic survey data from 

across the former Hornsea Zone (including Hornsea Project One and Hornsea Project Two), was agreed 

with the Marine Processes, Benthic Ecology and Fish and Shellfish Ecology EWG, including 

representatives from the MMO, Cefas and Natural England. 
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3. Results 

3.1 Fish populations in the southern North Sea study area 

3.1.1.1 The total British marine fish fauna is estimated to be 330 species, of which approximately 150 species are 

recorded from the North Sea (Maitland and Herdson, 2009). About 10% of the North Sea species are of 

significant commercial value and as such, the fish faunal abundance is affected by fishing pressure. The 

remaining species that occur in the North Sea are of little commercial value and so are not directly subject 

to fishing pressure. However many of these species are of significant ecological importance as prey items 

for other marine species (e.g. birds and marine mammals). Areas of high fish assemblage diversity 

(referred to as óhotspotsô) have been observed in the North Sea, in areas with high influx of Atlantic waters 

from the north (Reiss et al., 2010), highlighting the relationship between fish distribution and underlying 

environmental and physical factors as well as the importance of immigration into the North Sea from 

surrounding regions (Tappin, 2011). 

3.1.1.2 The southern North Sea is defined as the area to the south of the offshore frontal system, the Flamborough 

Front (discussed in full in volume 5, annex 1.1: Marine Processes Technical Report), which creates a 

distinct thermocline between the waters to the north and south of Flamborough Head (Jones et al., 2004; 

Flamborough Head shown in Figure 1.1). Volume 5, annex 1.1: Marine Processes Technical Report 

provides a detailed discussion and description of the Flamborough Front which occurs within the southern 

North Sea fish and shellfish study area. The southern North Sea is associated with distinct hydrographic 

conditions including shallow, well-mixed waters, exposing the bottom fauna to greater extremes of 

temperature compared to the deeper, stratified waters of the northern North Sea (i.e. north of the Dogger 

Bank; Figure 1.1). The shallow and well-mixed nature of the overlying waters creates conditions allowing 

for the majority of phytoplankton to reach the sea floor for consumption by benthic assemblages. These 

abundant benthic communities support diverse fish assemblages, consisting mainly of cool temperate 

species, making the North Sea one of the worldôs most important fishing grounds (Cefas, 2001).  

3.1.1.3 The fish community in the North Sea can be broadly divided into two groups by the 50 m depth contour, 

a deeper northern group and a shallower southern group; with the Hornsea Three fish and shellfish study 

area included within the shallower southern North Sea (Teal, 2011; Callaway et al., 2002). Callaway et al. 

(2002) identified that the community of the shallower southern North Sea was generally characterised by 

species more typical of inshore waters. These included plaice, common sole, dab and whiting and small 

non-commercial species such as lesser weaver Echiichthys vipera, grey gurnard and solenette 

Buglossidium luteum. This was also reflected in the findings of Reiss et al. (2010), which noted that the 

key characterising fish species in the southern North Sea were dab, grey gurnard, whiting and plaice. In 

the deeper areas to the north (i.e. central and northern North Sea) the fish community was characterised 

by haddock, whiting, cod, mackerel Scomber scombrus, Atlantic horse mackerel Trachurus trachurus, 

herring, dab and plaice (Teal, 2011; Callaway et al., 2002). The central North Sea area has been found 

to contain a high diversity of fish species, likely due to an overlap in fish assemblages of both the northern 

and southern North Sea (Reiss et al., 2010). 

3.1.1.4 Cefas beam trawl surveys (Parker-Humphreys, 2005) undertaken in the southern North Sea between 

1993 and 2001, recorded 66 species of fish, including common sole, pouting Trisopterus luscus, pogge 

Agonus cataphractus, dab, whiting, poor cod Trisopterus minutus, plaice, lemon sole Microstomus kitt, 

common dragonet Callionymus lyra, and bull-rout Myoxocephalus scorpius as the top ten most abundant 

species.In the southern North Sea MNA (Jones et al., 2004) important commercial species recorded 

include cod, haddock, saithe Pollachius virens, whiting, pollack Pollachius pollachius, lemon sole, plaice, 

monkfish/anglerfish Lophius spp., lesser spotted dogfish Scyliorhinus canicula, dab, flounder Platichthys 

flesus, common sole, turbot Scophthalmus maximus, brill Scophthalmus rhombus, witch Glyptocephalus 

cynoglossus, skates/rays and sprat. 

3.1.1.5 The abiotic factors important to the distribution of fish and shellfish include substrate type, temperature, 

salinity and depth (Teal, 2011; Callaway et al., 2002). The area of the southern North Sea coinciding with 

the former Hornsea Zone is characterised by water depths of between 30 to 40 m with slightly shallower 

areas of around 25 to 27 m to the south of Markhamôs Hole (Figure 2.1). Markhamôs Hole, located in the 

south east of the Hornsea Three array area, represents an area of comparatively deep water, reaching 

approximately 73 m. An area of deeper water known as Outer Silver Pit, corresponding to an area of shelf 

trough, exists just north of the former Hornsea Zone and reaches depths of 89 m. Further deep water 

troughs occur to the southwest of the Hornsea Three array area at Well Hole, Sole Pit and Silver Pit 

(Figure 2.1). As the Hornsea Three fish and shellfish study area lies within the shallower southern North 

Sea (i.e. water depths of <50 m), the fish communities present within it would be expected to be similar to 

those described for the shallow southern group described in paragraph 3.1.1.3. Due to the location of 

Hornsea Three close to the boundary of the two fish community groups (i.e. the 50 m depth contour; Teal, 

2011; Callaway et al., 2002) and to the deeper waters to the north, the fish communities in this area may 

also have elements of the fish community associated with the deeper northern group.  
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3.1.1.6 The waters of the southern North Sea are slow moving with a southerly drift (ICES-Fishmap); they 

occasionally stratify and have considerable freshwater input from the River Humber. The sedimentary 

environment is variable consisting of mud, gravel and sand. According to the Folk classification, the area 

is dominated by slightly gravelly sand but has muddier sediments in the north and east of the Hornsea 

Three fish and shellfish study area (see volume 5, annex 2.1: Benthic Ecology Technical Report).  

3.1.2 Fish populations at other offshore wind farm sites 

3.1.2.1 Sheringham Shoal and Dudgeon offshore wind farms are located in close proximity to the Hornsea Three 

offshore cable corridor, with the arrays of these two wind farms being approximately 7 km and 11 km from 

the Hornsea Three offshore cable corridor at the nearest point, and the Hornsea Three offshore cable 

corridor crossing the export cables of both these offshore wind farms in the inshore area (Figure 1.1). The 

Triton Knoll offshore wind farm is located approximately 100 km to the southwest of the Hornsea Three 

array area (44 km to the west of the Hornsea Three offshore cable corridor; Figure 1.1).  

3.1.2.2 The fish communities recorded within and around the Dudgeon offshore wind farm were generally 

reflective of the fish and shellfish communities of the southern North Sea described above. Communities 

recorded in otter trawls were characterised by relatively low species diversity and were dominated by 

species such as whiting, dab and grey gurnard, with lower abundances of plaice, lemon sole, herring and 

gadoids including cod and pouting. Small, demersal species were also recorded during beam trawl 

surveys including gobies Pomatoschistus spp., common dragonet, butterfish Pholis gunnellus, pogge and 

lesser weaver. Abundances were considerably lower in both otter and beam trawl samples during spring 

surveys compared to autumn (Dudgeon Offshore Wind Limited, 2009). Site specific surveys at Dudgeon 

offshore wind farm also recorded elasmobranch species including thornback ray Raja clavata and spotted 

ray Raja montagui, starry smooth hound Mustelus asterias and smooth hound Mustelus mustelus and 

lesser spotted dogfish.   

3.1.2.3 Due to the location of the Dudgeon offshore wind farm in proximity to a herring spawning habitat (Coull et 

al., 1998), site specific herring trawl surveys were also undertaken during the herring spawning period 

(Dudgeon Offshore Wind Limited, 2009). These surveys recorded only small numbers of herring, with the 

majority of the catch characterised by sprat (see section 3.2.5.15 for further discussion of herring 

spawning).  

3.1.2.4 Site specific surveys at and around Dudgeon offshore wind farm also recorded crustacean species 

including brown crab, lobster, velvet swimming crab Necora puber and pink shrimp Pandalus montagui 

which were recorded in high numbers in the autumn trawl survey (Dudgeon Offshore Wind Limited, 2009). 

All of these species are commercially exploited in this part of the southern North Sea. Shellfish populations 

in the Hornsea Three fish and shellfish study area are discussed in further detail in section 3.4. 

3.1.2.5 Fish surveys undertaken at and around Sheringham Shoal, like the adjacent Dudgeon offshore wind farm, 

showed fish communities that were reflective of those of the southern North Sea. The fish assemblage 

was characterised by species including whiting, dab, plaice, along with other commercially important 

species at lower abundances such as cod and flatfish including lemon sole and common sole. Pelagic 

species recorded included sprat and herring, with lower abundances of mackerel and horse mackerel 

occurring seasonally (i.e. in autumn; Scira Offshore Energy, 2006). Herring were recorded at relatively 

high abundances in the spring trawl surveys, but were either absent, or present at very low abundances 

during subsequent surveys. Fish length data showed that the fish population was dominated by immature 

fish, suggesting that the area may represent nursery or feeding habitat for many of these species. Other 

small demersal species recorded during surveys included common dragonet, lesser weever (particularly 

abundant during the summer), greater sandeel Hyperoplus lanceolatus and short spined sea scorpion 

Taurulus bubalis (Scira Offshore Energy, 2006).  

3.1.2.6 Elasmobranch species recorded during trawl surveys included lesser spotted dogfish, starry smooth 

hound, smooth hound, spotted ray and thornback ray, although these were generally present at low 

abundances. Shellfish were recorded during all surveys, with velvet swimming crab abundant across the 

survey area during all surveys. Lobster and edible crab were also recorded during trawl surveys, although 

this type of survey is not specifically designed to target these species. Pink shrimp were found to be 

present at low abundances in spring, with abundances increasing in summer and this species highly 

abundant in some trawls in autumn. This is in line with the finding at Dudgeon offshore wind farm (see 

paragraph 3.1.2.3). Shellfish populations in the Hornsea Three fish and shellfish study area are discussed 

in further detail in section 3.4.  

3.1.2.7 Herring trawl surveys were also undertaken within and around the Sheringham Shoal offshore wind farm 

during the pre-construction phase (Scira Offshore Energy, 2009) due to the herring spawning habitat 

mapped in the vicinity of this offshore wind farm (Coull et al., 1998). Data from these surveys are fully 

discussed in the context of other data on herring spawning in section 3.2.5.15. In briefthe pelagic trawls 

from these surveys were dominated by sprat and immature herring, with limited evidence of herring 

spawning in the area (Scira Offshore Energy, 2009).   
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3.1.2.8 The baseline characterisation and pre-construction surveys for the Sheringham Shoal and Dudgeon 

offshore wind farms provide useful information on the fish and shellfish communities present within the 

nearshore part of the Honrsea Three fish and shellfish study area. While there is likely to be small natural 

variability in fish and shellfish populations over time and spatially, it is likely that the broad patterns in fish 

populations discussed above are still valid for the purposes of the Hornsea Three baseline 

characterisation. It is not likely that significant changes in the fish and shellfish communities would have 

occurred since construction of these projects. Any project related impacts (e.g. construction or operation) 

were predicted in the relevant Environmental Statements, as being localised, temporary and reversible, 

with any fish and shellfish which may have been displaced or disturbed in the area, expected to return to 

the wind farm sites over a relatively short period of time following construction. Any effects of the 

operational wind farm (e.g. EMF effects or artificial reef effects related to presence of infrastructure would 

be expected to be highly limited in extent, i.e. in the immediate vicinity of the relevant infrastructure, and 

would not have an effect on the overall fish and shellfish community composition (Dudgeon Offshore Wind 

Limited, 2009; Scira Offshore Energy, 2006).  

3.1.2.9 The Triton Knoll offshore wind farm fish ecology characterisation (Triton Knoll Offshore Wind Farm Ltd., 

2011a) showed that the fish assemblage in the vicinity of this wind farm had relatively low species diversity. 

The dominant species (by abundance) included dab and a number of small demersal fish species such 

as bull-rout, pogge, common dragonet, sea snails Liparis spp. and gobies. 

3.1.2.10 The fish communities were generally similar across the Triton Knoll survey area, which was characterised 

by coarse, gravelly sediments, with subtle seasonal and spatial differences between the fish communities 

at different sites in the survey area. Shallow, sandy areas (i.e. sandbanks to the south of Triton Knoll) 

were found to be significantly different from other areas in the survey area, with a nursery habitat for plaice 

identified in this area. Seven commercially important fish species were recorded at the Triton Knoll 

offshore wind farm site including, thornback ray, blonde ray Raja brachyura, cod (which were all present 

at low very abundances), whiting, plaice, common sole and lemon sole (Triton Knoll Offshore Wind Farm 

Ltd., 2011a). The most important shellfish species recorded during site-specific surveys in the vicinity of 

the Triton Knoll offshore wind farm were lobster and brown crab, with velvet swimming crab and common 

whelk Buccinum undatum also recorded at high abundances (discussed in further detail in section 3.4; 

Triton Knoll Offshore Wind Farm Ltd., 2011b). 

3.2 Fish populations in the Hornsea Three fish and shellfish study area  

3.2.1 General description of fish assemblages recorded during historic trawl surveys 

across the former Hornsea Zone 

3.2.1.1 A total of 84 species were recorded during otter and epibenthic beam trawls. Several species were 

recorded frequently across the Hornsea Three fish and shellfish study area, with dab occurring in almost 

all otter and epibenthic trawls (93.2%). Plaice, whiting and grey gurnard were recorded at particularly high 

frequencies in otter trawls while solenette and scaldfish Arnoglossus laterna were recorded at high 

frequencies in epibenthic beam trawl samples (though at lower frequencies in otter trawls due to their 

small size). Common dragonet and lesser weever were also recorded in high frequencies in the epibenthic 

and otter trawls, respectively. Figure 3.1 presents the percentage occurrence for species across the 

Hornsea Three fish and shellfish study area for all sampling location and seasons combined (Note: only 

species recorded in >2% of trawls are presented). This figure is for illustrative purposes only, to give an 

indication of which species occur throughout the Hornsea Three fish and shellfish study area, as this 

combines presence/absence data from two different trawl survey methodologies which are not directly 

comparable (i.e. otter and epibenthic beam trawls). Due to the differences in these survey methods, for 

all other analyses, these datasets are analysed separately.  

3.2.1.2 Pelagic species including herring, sprat and squid (e.g. European common squid Alloteuthis subulata and 

European squid Loligo vulgaris) were also frequently recorded during the otter and epibenthic beam trawl 

surveys although these species may have been under-recorded as these sampling techniques were not 

specifically designed to sample pelagic species. 

3.2.1.3 Shellfish species, namely brown crab, Nephrops, European common squid and brown (Crangon crangon) 

and pink shrimp were also caught in the otter and epibenthic trawls (Figure 3.1); these data are presented 

in section 3.4. 
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Figure 3.1: Frequency of occurrence of fish (and shellfish) species in otter and epibenthic beam trawls sampled within the 
Hornsea Three fish and shellfish study area. Note: Only species recorded in >2% of trawls are presented. 

 

 Abundance 

3.2.1.4 Otter trawl samples were dominated by a small number of highly abundant species, with whiting, dab and 

sprat recorded at highest abundances (i.e. means of 141, 62 and 53 individuals per 500 m, respectively; 

Figure 3.2) and herring recorded at high abundances in spring. Of the flatfish species recorded in otter 

trawls only dab and plaice (mean of 16 individuals per 500 m) were recorded at moderate (i.e. plaice) to 

high abundances (i.e. dab) in samples, with other species including brill, sole and lemon sole recorded at 

much lower abundances (i.e. means of <1 individuals per 500 m). Other species recorded in otter trawls 

included two species of no commercial importance: grey gurnard (mean of 20 individuals per 500 m) and 

lesser weever (mean of 14 individuals per 500 m). Overall abundances across seasons were similar 

(means of 397 and 342 individuals per 500 m in spring and autumn, respectively; Figure 3.2), with the 

slightly higher abundance in spring likely due to the differences in clupeid abundances discussed above. 

Other species recorded in otter trawls included European common squid (mean of 25 individuals per 

500 m). This species together with other shellfish caught in otter and epibenthic trawls are discussed in 

section 3.4. 
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Figure 3.2:  Average abundance (individuals per 500 m trawled) of fish (and shellfish) species recorded in seasonal otter trawls 
sampled within the Hornsea Three fish and shellfish study area. 

 

3.2.1.5 The fish communities recorded during epibenthic beam trawls within the Hornsea Three fish and shellfish 

study area were dominated by small-bodied demersal fish species, with the flatfish solenette dominating 

the abundance of epibenthic trawls (mean abundance of over 58 individuals per 500 m; Figure 3.3). Other 

flatfish species recorded in epibenthic beam trawls included scaldfish, dab, plaice and lemon sole. 

Dragonets (including C. lyra, C. reticulatus and Callionymidae), gobies (Gobiidae and Pomatoschistus 

spp.), lesser weever, pogge and sandeels were also recorded in beam trawl samples. Whiting were 

recorded, though at low abundances (mean of <3 individuals per 500 m) compared to those recorded 

during otter trawl samples.  

3.2.1.6 Full species lists and abundance data recorded during otter trawl surveys are presented in Appendix B. 
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Figure 3.3:  Average abundance (individuals per 500 m trawled) of fish species recorded in epibenthic beam trawls sampled 
within the Hornsea Three fish and shellfish study area.  
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3.2.2 Spatial variation in fish assemblages  

 Otter trawls 

3.2.2.1 Spatial variation in the fish communities recorded in otter trawl sampling are illustrated by the cluster 

analysis undertaken for this dataset (Figure 3.4), which shows that the communities (spring and autumn 

data combined) were broadly grouped into three statistically distinct groups, with four of the trawl locations 

statistically distinct from one another and the main groups. Although three groups were identified as being 

statistically different from one another (using the SIMPROF statistical test), there was a high degree of 

similarity between these groups (i.e. >60%) and the species responsible for characterising these groups 

were similar. Whiting, dab, sprat, grey gurnard and European common squid were found to dominate most 

trawls, with herring and plaice also characterising the assemblage, though to a lesser extent. Differences 

between these groups were largely as a result of differences in the relative abundances of these key 

species as opposed to presence/absence of certain species. Spatially there are also some patterns, with 

many of the trawl locations within group f sited immediately to the south of the central part of the former 

Hornsea Zone. Figure 3.5 shows the spatial distribution of these SIMPROF groups relative to the Hornsea 

Three array area and the wider former Hornsea Zone, with seabed sediments represented by seabed 

interpretation from geophysical surveys for Hornsea Three, as well as Hornsea Project One and Hornsea 

Project Two (further discussed in volume 5, annex 2.1: Benthic Ecology Technical Report). As can be 

seen in Figure 3.5, many of the trawl locations within group e were located in the northeast of the survey 

area, particularly in the deeper waters to the north of the Hornsea Three array and within Markham's Hole). 

3.2.2.2 Four locations (trawl 32, 6, 41 and 39; see Figure 2.1) were distinct from each other and all other sampling 

locations in the Hornsea Three fish and shellfish study area (Figure 3.4; grey symbols). Whilst these four 

sampling locations showed some similarities with the other locations in the Hornsea Three fish and 

shellfish study area (i.e. prevalence of whiting, dab, sprat and grey gurnard), they also showed subtle 

differences, usually characterised by differences in abundance of a small number of key species. High 

abundances of cod (mean of 18 individuals per 500 m) and relatively high numbers of lemon sole 

compared to other areas (mean of four individuals per 500 m) characterised trawl 32, in the east of the 

Hornsea Three array area, within Markham's Triangle. Trawl 6 (in the west of the former Hornsea Zone; 

see Figure 2.1) was found to have high numbers of lesser weever (mean 329 individuals per 500 m in 

spring) and a low total number of species (14 species). Trawls 41 and 39 were located in the nearshore 

areas of the survey area (i.e. the Hornsea Project One and Hornsea ProjectTwo offshore cable corridor; 

see Figure 2.1) and therefore are not directly relevant to the Hornsea Three characterisation. Much of the 

distinctiveness of these two trawl locations was due to higher abundances of crustacea (e.g. lobster, velvet 

swimming crab, shrimps (Panaeidae) and brown shrimp. Relatively high abundances of herring (in spring 

at trawl 41) and poor cod (at trawl location 39) also explained the significant differences between these 

trawls and the rest of the survey area.  

3.2.2.3 The full results of the SIMPER analysis are presented in Appendix C. 

 

Figure 3.4:  Dendogram using complete linking on Bray Curtis species similarities from standardised, square root transformed 
abundance data for otter trawl sampling locations. Significantly distinct groups/sampling locations (tested by SIMPROF) are 

separated by black lines. 
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3.2.2.4 Three environmental variables were tested for correlations with the fish assemblage dataset: % gravel, % 

mud and depth, with % sand excluded as it was found to be strongly negatively correlated with % gravel. 

The BIOENV analysis used to test the influence of these variables on the fish assemblage data found a 

weak correlation between the fish assemblage and the combination of % mud and depth (BIOENV, r = 

0.409). Shallower waters were generally recorded in the nearshore areas (i.e. the Hornsea Project One 

and Hornsea Project Two offshore cable corridor), with deeper waters within Markham's Hole and to the 

north of the Hornsea Three array area and at trawl 39, within the Silver Pit feature (see Figure 3.5). 

Although the overall proportion of mud across most of the Hornsea Three fish and shellfish study area 

was small (see volume 5, annex 2.1: Benthic Ecology Technical Report), relatively high proportions of 

mud were recorded in the deeper waters within Markham's Hole and to the north of the Hornsea Three 

array area (Figure 3.5).  

3.2.2.5 Table 3.1 presents the mean univariate diversity measures for each of the SIMPROF groups identified in 

the cluster analysis previously discussed. These confirm many of the patterns described above, with most 

sampling locations (i.e. SIMPROF groups e, f and g) characterised by similar numbers of species (S=18.8 

to 22.5) and high total abundances (N=667.5 to 1005 individuals per 500 m). These groups also had 

similar diversity indices, though the Simpsonôs dominance (lambda) value for group e was generally higher 

(Lambda=0.52) than all other groups, due to the very high numbers of whiting in these trawls. 

3.2.2.6 As discussed above (section 3.2.2.2), trawl 6 (group d) was characterised by low numbers of species 

(S=14) and relatively high abundances (N=581; largely explained by high lesser weever abundance). 

Trawl 32 (group c) had the highest number of species (N=27) of all trawl samples, but had a relatively low 

abundance compared to other locations within the Hornsea Three fish and shellfish study area (N=326). 

The two nearshore trawl locations (trawls 41 and 39, or groups b and a, respectively) were both 

characterised by low abundances (N=104 and 129 per 500 m) but relatively high numbers of species (S 

=23 and 25, respectively). Diversity, evenness and dominance indices were generally found to be higher 

for the four statistically distinct trawl locations and this may be explained by the dominance of species 

such as dab and whiting in most of the other trawl samples, which would result in lower diversity scores. 

3.2.2.7 Full results of the univariate diversity measures for each otter trawl location are presented in Appendix C. 
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Figure 3.5: Otter trawl locations with SIMPROF groups and seabed interpretation from geophysical survey data from Hornsea Three and Hornsea Project One and Hornsea Project Two. 
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Table 3.1: Mean (± standard deviation) univariate diversity indices for SIMPROF groups identified in the otter trawl dataset. 
Where individual samples form a SIMPROF group, no standard deviation is reported as these are single values.  

SIMPROF Group S N D J' H'(loge) Lambda 

A 25 104 5.16 0.79 2.53 0.12 

B 23 129 4.53 0.45 1.42 0.40 

C 27 326 4.49 0.62 2.03 0.21 

D 14 581 2.04 0.42 1.10 0.43 

E 21.5 ± 3.3 1005 ± 572.1 3.03 ± 0.39 0.38 ± 0.05 1.16 ± 0.16 0.52 ± 0.07 

F 18.8 ± 4.8 667.5 ± 472.8 2.81 ± 0.74 0.54 ± 0.11 1.54 ± 0.16 0.29 ± 0.07 

G 19.7 ± 3 675.4 ± 202.8 2.89 ± 0.47 0.58 ± 0.06 1.72 ± 0.18 0.24 ± 0.06 

S = Number of Species, N = Abundance per 500 m, d = Margalefôs Diversity, Jô = Pielouôs Evenness, Hô(loge) = Shannon-Weiner Diversity 

Index, Lambda = Simpsonôs Dominance Index. Epibenthic beam trawls.  

 

3.2.2.8 Cluster analysis undertaken using the epibenthic beam trawl data showed 17 groups, with three sampling 

locations which were statistically different from all other locations (Figure 3.6). Figure 3.5 shows the spatial 

distribution of these SIMPROF groups relative to the Hornsea Three array area and the wider former 

Hornsea Zone, with seabed sediments represented by seabed interpretation from geophysical surveys for 

Hornsea Three as well as Hornsea Project One and Hornsea Project Two (further discussed in volume 5, 

annex 2.1: Benthic Ecology Technical Report). As with the otter trawl data, many of the groups in the 

centre of the plot (i.e. groups f to l) were similar (i.e. approx. >50% similarity) and were characterised by 

many of the same species, with the differences between the groups largely explained by differences in 

the relative abundances of these species. As previously discussed in paragraph 3.2.1.1, solenette 

dominated most of the epibenthic trawl samples (maximum abundance of 354 individuals per 500 m at 

the former Hornsea Zone survey trawl location 32 in the north east of the Hornsea Three array area; see 

Figure 2.1), with dab, scaldfish and common dragonet accounting for most of the rest of the similarities 

within these groups. Sandeels (Ammodytes spp.) were also identified as being characterising species 

within groups h, j and o (i.e. to the west of the Hornsea Three array area; see Figure 3.7), with abundances 

of between two and 30 individuals per 500 m recorded. 

3.2.2.9 Those groups to the left and right of the plot (i.e. groups a to e and m to q; Figure 3.6) were distinguished 

from the other groups largely due to the lower abundances of solenette at these trawl locations (this 

species was absent from trawls in groups a to d located in the nearshore areas to the southwest of the 

former Hornsea Zone; Figure 3.7). These groups, which largely comprised trawls in the nearshore area 

(i.e. the Hornsea Project One and Hornsea Project Two offshore cable corridor and therefore not directly 

relevant to the Hornsea Three characterisation), were characterised by other small demersal species 

including common dragonet, bull-rout, short spined sea scorpion, pogge and lesser weever. Some 

sampling locations in the nearshore area were also characterised by low abundances of fish species or 

relatively high abundance of juveniles (e.g. high abundances of juvenile plaice were recorded in the most 

inshore trawl location within the Humber Estuary). 

3.2.2.10 The full results of the SIMPER analysis are presented in Appendix C. 

3.2.2.11 The influence of environmental variables was also investigated for the epibenthic beam trawl dataset, with 

the BIOENV test used to investigate the influence of % sand, % mud and depth. Gravel (%) was strongly 

negatively correlated with sand and was therefore excluded from the analysis; (r=-0.973). The test showed 

that individually, % sand and depth were weakly correlated with fish assemblage (BIOENV, r=0.386 and 

r=0.343 respectively) and when these two variables were combined, this correlation was somewhat 

stronger, though still representing a relatively weak correlation (BIOENV, r=0.481). The nearshore trawl 

locations were characterised by shallow waters and were statistically distinct (e.g. groups b, c and d) from 

most of the other trawl locations, located in deeper, offshore areas, particularly those trawls within and to 

the north of the Hornsea Three array area (i.e. groups i and l; see Figure 3.7). 
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Figure 3.6:  Dendogram using complete linking on Bray Curtis species similarities from standardised, square root transformed abundance data for epibenthic beam trawl sampling locations. Significantly distinct groups (tested by SIMPROF) are separated by black 
lines. 
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Figure 3.7:  Epibenthic beam trawl locations with SIMPROF groups and seabed interpretation from geophysical survey data from Hornsea Three, and Hornsea Project One and Hornsea Project Two. 
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3.2.2.12 Table 3.2 presents the mean univariate diversity measures for the SIMPROF groups identified in the 

cluster analysis for the epibenthic trawl dataset. These show many of the same patterns discussed above. 

Groups g, h, i, j and l characterised most of the Hornsea Three fish and shellfish study area and were 

found to be similar in terms of fish assemblage in the epibenthic beam trawls (Figure 3.7). These were 

found to have a moderate number of species (N=8.7 to 10.2) and moderate to high abundances (N=56.1 

to 253.9 individuals per 500 m). As detailed above, the trawls within these groups were found to be 

dominated by solenette and this was particularly evident in groups i and k which were found to have 

relatively low evenness scores (Jô=0.5 and 0.4, respectively) and relatively high dominance scores 

(Lambda=0.5 and 0.64, respectively) due to extremely high abundances of this species. By contrast, 

groups j, l and o had relatively high evenness scores and low dominance scores as solenette was present 

in these trawls, though not at particularly high abundances. 

3.2.2.13 As detailed above, the nearshore trawls (groups a and b), were found to have particularly low diversities, 

with low numbers of species (S=1 to 3) recorded and low abundances (N=1.7 to 20.1 individuals per 

500 m). 

3.2.3 Seasonal variation in fish assemblages 

3.2.3.1 Mulitvariate analyses were also undertaken to investigate the influence of season on the fish and shellfish 

assemblage recorded in otter trawls, with analyses undertaken to compare trawl locations over the two 

survey events (i.e. spring and autumn). Statisical analyses using the ANOSIM statistical test revealed that 

there were significant differences between the autumn and spring otter trawl datasets (ANOSIM, R=0.269, 

p<0.001), though the low R value also indicated a high degree of overlap between the datasets. 

3.2.3.2 SIMPER analysis was also undertaken to identify which species accounted for the differences observed 

in the MDS plot and ANOSIM test. As with the spatial variability in fish and shellfish assemblages, many 

of the seasonal differences in the communities were explained by differences in the abundances of the 

most common species in the Hornsea Three fish and shellfish study area (e.g. whiting, dab and European 

common squid). Greater differences in abundance were detected for the two clupeid species, sprat and 

herring, with sprat recorded at a mean abundance approximately five times higher in spring than in autumn 

and herring recorded at a mean abundance approximately seven times higher in spring than in autumn 

(Figure 3.2). This also contributed to the differences in the seasons, with sprat accounting for 14.49% and 

herring accounting for 8.16% of the dissimilarities between seasons.  

3.2.3.3 A full list of species contributing to within season similarities and between season dissimilarities is 

presented in Appendix C. 

 

 

 

Table 3.2:  Mean (± standard deviation) univariate diversity indices for SIMPROF groups identified in the epibenthic beam trawl 
dataset. Where individual samples form a SIMPROF group, no standard deviation is reported as these are single values. 

SIMPROF Group S N d J' H'(loge) Lambda 

a 1.0 1.7 0 0 0 1.0 

b 3.0 ± 0 20.1 ± 3.7 0.67 ± 0.04 0.74 ± 0.32 0.81 ± 0.35 0.53 ± 0.25 

c 7.0 55.3 1.49 0.87 1.7 0.2 

d 6.8 ± 1.3 31.3 ± 15 1.73 ± 0.13 0.82 ± 0.05 1.56 ± 0.16 0.27 ± 0.05 

e 5.0 22 1.29 0.85 1.36 0.3 

f 13.3 ± 3.9 153.4 ± 34.8 2.48 ± 0.84 0.55 ± 0.06 1.41 ± 0.19 0.42 ± 0.06 

g 8.7 ± 1.8 110.6 ± 29.5 1.64 ± 0.37 0.61 ± 0.11 1.31 ± 0.28 0.41 ± 0.12 

h 10.2 ± 1.9 154.9 ± 53.2 1.84 ± 0.36 0.7 ± 0.06 1.61 ± 0.19 0.28 ± 0.07 

i 8.8 ± 1.3 253.9 ± 117.9 1.46 ± 0.28 0.5 ± 0.12 1.1 ± 0.28 0.5 ± 0.13 

j 9.8 ± 2.1 67.5 ± 25.1 2.12 ± 0.51 0.8 ± 0.07 1.81 ± 0.26 0.22 ± 0.07 

k 7 ± 4.2 119.6 ± 33.6 1.29 ± 0.97 0.4 ± 0.26 0.82 ± 0.74 0.64 ± 0.33 

l 8.8 ± 1.3 56.1 ± 19.8 1.99 ± 0.42 0.86 ± 0.06 1.86 ± 0.2 0.19 ± 0.04 

m 11.7 ± 1.2 56.3 ± 15.7 2.68 ± 0.42 0.82 ± 0.1 2.01 ± 0.3 0.19 ± 0.09 

n 8.3 ± 2.9 56.9 ± 37.6 1.9 ± 0.71 0.72 ± 0.11 1.47 ± 0.23 0.32 ± 0.06 

o 9.4 ± 1.6 38.0 ± 12.5 2.34± 0.43 0.85 ± 0.04 1.90 ± 0.16 0.19 ± 0.03 

p 9.9 ± 3.2 66.3 ± 22.6 2.15 ± 0.8 0.78 ± 0.1 1.75 ± 0.31 0.24 ± 0.08 

q 6.4 ± 1.5 33.9 ± 15.2 1.55 ± 0.34 0.62 ± 0.17 1.12 ± 0.34 0.47 ± 0.16 

S = Number of Species, N = Abundance per 500 m, d = Margalefôs Diversity, Jô = Pielouôs Evenness, Hô(loge) = Shannon-Weiner Diversity 

Index, Lambda = Simpsonôs Dominance Index. 
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3.2.4 Species by species distribution and abundance  

3.2.4.1 Figure 3.8 to Figure 3.21 show abundances of the key fish species recorded in the Hornsea Three fish 

and shellfish study area during the otter and epibenthic beam trawl surveys. Spawning and nursery 

habitats for these species are also shown where information is available (Coull et al., 1998; Ellis et al., 

2010; Ellis et al., 2012). Whilst this information is briefly discussed here in context of the historic survey 

data from across the former Hornsea Zone, a more detailed review of spawning and nursery habitats of 

key fish species occurring in the Hornsea Three fish and shellfish study area is presented in section 

3.2.5.15. 

 Whiting 

3.2.4.2 Whiting (Figure 3.8) was the most abundant species recorded across the Hornsea Three fish and shellfish 

study area and was found to be one of the key characterising fish species recorded during otter trawl 

surveys (see paragraph 3.2.2.1). Figure 3.8 shows that whiting was abundant throughout the former 

Hornsea Zone and Hornsea Three array area, though abundances recorded during epibenthic beam 

trawls were lower than those in otter trawl samples. Figure 3.8also illustrates that whiting was not recorded 

in beam trawls in the nearshore area (although as indicated by desktop information, this does not mean 

they are absent here).  

3.2.4.3 Data from the IBTS show that whiting are widely distributed throughout the North Sea, with consistently 

high abundances recorded in most areas, with the exception of Dogger Bank where abundances are 

generally low (ICES, 2005a; ICES, 2017). During summer, juveniles are particularly abundant in the 

German Bight and off the Dutch coast. High abundances of adult whiting occur south of Shetland during 

winter, while during the summer, the entire southern North Sea and the area off the Scottish coast is 

densely populated by adult whiting (ICES, 2005a). This was reflected in recent IBTS data (reported as 

individuals recorded per hour trawl), which showed highest abundances along the east coast of England 

(including the former Hornsea Zone) and Scotland with thousands of individuals recorded per hour trawling 

in 2011 to 2013 (ICES, 2017). High abundances of whiting (i.e. over 1,000 individuals per hour) were also 

reported during IBTS data at locations further offshore in the southern North Sea, to the east and northeast 

of the former Hornsea Zone. These abundances were comparable with those recorded for the former 

Hornsea Zone, including the Hornsea Three fish and shellfish study area (i.e. tens to thousands of 

individuals recorded per 30 minute trawl; see Appendix B).  

3.2.4.4 IBTS data also indicate lower abundances of whiting (i.e. tens of individuals per hour trawling) in inshore 

areas off the north Norfolk coast (i.e. the nearshore section of the Hornsea Three offshore cable corridor), 

although the raw data indicate that these abundances are variable annually, with over 900 individuals per 

hour trawling recorded in spring 2015. Data from the Dudgeon and Sheringham Shoal offshore wind farms 

also indicate that whiting is a key characterising species within the nearshore sections of the Hornsea 

Three offshore cable corridor (see section 3.1.2). A fully quantitative comparison between Hornsea Three 

data and IBTS data was not possible due to difficulties in standardising data (e.g. differences in sampling 

methods, timing of surveys etc). 

3.2.4.5 The spawning and nursery habitats for this species (Figure 3.8) mirror these patterns in abundance, with 

low intensity spawning and high intensity nursery habitats coinciding with the Hornsea Three array area 

and former Hornsea Zone, where the highest abundances were recorded, and low intensity nursery 

habitats coinciding with the majority of the Hornsea Three offshore cable corridor. 

 Cod 

3.2.4.6 Cod was recorded at considerably lower abundances than whiting and was not found to be one of the 

main characterising species of the assemblage, though the presence of this species in certain trawl 

samples contributed to some of the differences observed (see paragraph 3.2.2.2). Figure 3.9 shows that 

this species was recorded at low abundances throughout the Hornsea Three fish and shellfish study area. 

The highest abundances of this species were consistently recorded in otter trawls at two locations; in the 

east of the Hornsea Three array area and to the north of the former Hornsea Zone in the deeper water of 

Outer Silver Pit. Historic trawl survey data from across the former Hornsea Zone showed consistent 

patterns with those observed in the IBTS, with highest abundances occurring in the central and northern 

North Sea, around Dogger Bank and in the Southern Bight (ICES, 2005b). Data from Dudgeon and 

Sheringham Shoal offshore wind farms (in proximity to the nearshore sections of the Hornsea Three 

offshore cable corridor) also reflected this trend with cod in these shallower waters recorded at low 

abundances, if at all (see section 3.1.2). No cod were recorded during site specific beam trawl samples 

along the Hornsea Three offshore cable corridor.  

3.2.4.7 The Hornsea Three fish and shellfish study area coincides with low intensity spawning and low intensity 

nursery habitats for this species (Figure 3.9), and is therefore not particularly important for this species, 

which may partly explain the relatively low abundances recorded. 

 Dab 

3.2.4.8 Dab was the most frequently recorded species in all trawl samples and was one of the main characterising 

species of the fish assemblages recorded in both otter and epibenthic beam trawl datasets. As can be 

seen in Figure 3.10, dab was consistently recorded at high abundances throughout the Hornsea Three 

fish and shellfish study area, with highest abundances in offshore areas, compared with lower abundances 

in the nearshore trawls, including the Hornsea Three offshore cable corridor. No information on spawning 

or nursery habitats is available for this species in this part of the southern North Sea. 
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Figure 3.8: Whiting abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish study area. 
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Figure 3.9: Cod abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish study area. 
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Figure 3.10: Dab abundances within the Hornsea Three fish and shellfish study area.   
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 Plaice 

3.2.4.9 Plaice was also one of the most frequently recorded flatfish species, though this species was present at 

lower abundances throughout the Hornsea Three fish and shellfish study area than dab. This was also 

one of the characterising species recorded in otter trawls, though to a lesser extent than dab and whiting. 

The epibenthic beam trawl data (Figure 3.11) showed relatively low abundances of plaice throughout the 

Hornsea Three fish and shellfish study area, with the exception of the inshore sections of the offshore 

cable route corridor where they were not recorded. Similarly, data from the Dudgeon and Sheringham 

Shoal offshore wind farms indicated that although plaice were present in the inshore waters off the North 

Norfolk coast, this species was not one of the most abundant species and was often only present at low 

abundances (see section 3.1.2). The IBTS data showed that plaice were abundantly recorded throughout 

the southern North Sea (see also paragraph 3.1.1.3), with highest abundances recorded in the Southern 

and German Bights and along the east coast of Britain (ICES, 2005c).  

3.2.4.10 The Hornsea Three fish and shellfish study area coincides with a high intensity spawning ground for this 

species with a low intensity nursery habitat in the nearshore half of the Hornsea Three offshore cable 

corridor (Figure 3.11). This largely mirrors the abundance patterns for this species as recorded in the 

historic trawl survey data from across the former Hornsea Zone and in the desktop data for the Hornsea 

Three offshore cable corridor. 

 Lemon sole 

3.2.4.11 Lemon sole was recorded at low abundances throughout the Hornsea Three fish and shellfish study area 

(Figure 3.12), with relatively high abundances, compared to the overall low density population, recorded 

in otter trawls in the east of the Hornsea Three array area and to the north of the former Hornsea Zone, 

within the deeper waters of Outer Silver Pit. The Hornsea Three array area is outside the mapped 

spawning and nursery habitats for this species (Figure 3.12), which is located in more inshore waters, 

although much of the Hornsea Three offshore cable coincides with this area.  

 Common sole 

3.2.4.12 Common sole was also recorded at very low abundances throughout the Hornsea Three fish and shellfish 

study area with highest abundances (i.e. <4 individuals per 500 m) recorded in the east of the Hornsea 

Three array area and in the northwest of the former Hornsea Zone (these are not shown on a plot due to 

the consistently low abundances). The low abundances of common sole during surveys supported the 

conclusion that this part of the southern North Sea does not represent particularly important spawning or 

nursery habitat for this species (further discussed in paragraph 3.2.6.3). 

 Solenette 

3.2.4.13 Solenette was the main characterising species recorded during epibenthic beam trawl sampling 

(paragraph 3.2.1.5) and Figure 3.13 shows that this species was recorded, often at high abundances, 

across the Hornsea Three fish and shellfish study area, particularly in the offshore areas of the former 

Hornsea Zone.This species was absent in inshore areas, including the nearshore sections of the Hornsea 

Three offshore cable corridor. This species was also recorded in otter trawls though at considerably lower 

abundances due to the small size of this species (otter trawl mesh size at cod end = 40 mm, with most 

solenette measuing less than 100 mm length; see paragraph 3.2.5.7). No information on spawning or 

nursery habitats is available for this species in this part of the southern North Sea. 

 Grey gurnard 

3.2.4.14 Grey gurnard was one of the key characterising species in the fish assemblage recorded in otter trawls 

(see paragraph 3.2.2.1). Figure 3.14 shows that this species was ubiquitous across the Hornsea Three 

fish and shellfish study area, being recorded in all but one otter trawl sample (in autumn to the northeast 

of the Hornsea Three array area), with highest abundances generally recorded in the west and northwest 

of the Hornsea Three fish and shellfish study area. Abundances of grey gurnard were much lower in the 

epibenthic beam trawls. Grey gurnard distribution and abundances in the North Sea have been reported 

to vary considerably throughout the year, with winter populations occurring in the central North Sea at 

depths of 50-100 m. Distributions then change substantially in spring, with dense populations in the 

southern North Sea (i.e. south of 56°N) and the previously high abundances in the central North Sea 

disappearing until the following winter (ICES, 2005d). No information on spawning or nursery habitats is 

available for this species in this part of the southern North Sea. 

 Mackerel 

3.2.4.15 Mackerel was recorded throughout the Hornsea Three fish and shellfish study area during the autumn 

otter trawl survey, with only very low abundances recorded during spring (Figure 3.15). As with sprat and 

herring, this is a pelagic species and as a result this species was not recorded in epibenthic beam trawls. 

Spatial distributions of mackerel are known to vary seasonally in the North Sea, with increased 

abundances occurring in summer in the Southern Bight (from the Channel) and the northern North Sea 

(around Scotland; ICES, 2005g). Mackerel spawning habitat coincides with the Hornsea Three array area 

and the offshore section of the cable corridor (Figure 3.15), and low intensity mackerel nursery habitats 

occur across the Hornsea Three fish and shellfish study area, including the Hornsea Three offshore cable 

corridor. The seasonal variation in abundances is not thought to be directly related to spawning behaviour 

(the spawning period for this species is March to July; see section 3.2.5.15; Coull et al., 1998).  
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Figure 3.11: Plaice abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish study area. 
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Figure 3.12: Lemon sole abundances and spawning and nursery habitats within the Hornsea Three fish and shellfish study area. 








































































































































































