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Glossary

Term

Definition

Benthic ecology

Benthic ecology encompasses the study of the organisms living in and on the sea flg
interactions between them and impacts on the surroundingtenvironmen

Acommon cavity at the end of the digestive tract for the release of both excretory an

Cloaca products in vertebrates (except most mammals) and certain invertebrates

Crustacea Arthropod of the large, mainly aquatic group CrustaceacrlzHasster, shrimp, or barna

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

Epibenthic Organisms living on the surface of the seabed.

Epifauna Animals living on tleface 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

shells, and octopi.

Multivariatgtatistical analysis

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

Nursery habitat

Habitats where high numbers of juveniles of a species occur, having a greater level (
pe unit area than other juvenile habitats.

Oviduct Tube through which an ovum or egg passes from an ovary.
. Any part of the water column (i.e. the sea from surface to bottom sediments) that is 1
Pelagic i . ; i ]
seabed. Pelagic spawning speciasadheir eggs into the upper layers of the sea.
Pleopod Faked swimming limb of a crustacean, five pairs of which are typically attached to th
Polychaete A class of segmented worms often known as bristleworms.
Spawning The release or depogitif eggs and sperm, usually into water, by aquatic animals.
Spermatophore Protein capSl_JIe contalnlng a mass of spermatozoa, transferred during matingirdarth
other fauna, including insectseptthlopod molluscs
Subtidal Area extendingrin below low tide to the edge of the continental shelf.

Univariate statistical analys

A statistical analysis carried out with only one variable.

May 2018
Acronyms
Acronym Description
3D Three Dimensional
2D TwoDimensional
ANOSIM Analysis of Similarity
BIOENV BiotaEnvironment Analysis
Cefas Centre for Environment, Fisheries and Aquaculture Science
CL Carapace Length
CPA Coast Protection AS49
Ccw Carapacé&\Mdth
DCO Development Consent Order
DECC Departmemwf Energy and Climate Change
EBP Eary Benthic Phase
EIA Environmental Impact Assessment
EIFCA Eastern Inshore Fisheries and Conservation Authority
EMF BectreMagneti¢ields
ESFJC Eastern Sea Fisheries Joint Committee
EWG Expert Working Group
FEPA Food and Environment Protection Act
GSI Gonadal Somatic Index
HRA Habitats &yulations 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 LaBawey
JNCC Joint Nature Conservation Committee
LAT Lowest Astronomical Tide
MAREA Marine Aggregates Regional Environmental Assessment
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Acronym Description Units
MCz Marine Conservation Zone Unit Description
MDS Multidimensiorgdaling cm centimetre
MHWS Mean High Water Springs m mete
MLS Minimuntandindsize mm millimetre
MNA Marine Natural Area MW megawatt
MMO Marine Management Organisation NM nautical mile
NERC Natural Environment and Rural Communities km kilometre
NIMF Nationally Important Marine Features
NNFLAG North Norfolk Fisheries Local Action Group
NPS National Policy Statement
OESEA Offshore Ener§yrategic Environmental Assessment
OSPAR Oslo Paris Cmn_tion (also known as Convention for the Protection of the Marine Envirg
NorthHEast Atlantic)
PEIR Preliminary Environmental Information Report
PINS Planning Inspectorate
PRIMER Plynouth Routine in Multivariate Ecological Research
PSA Particle Size Analysis
rMCZ Recommendadarine Conservation Zone
SAC Special Area of Conservation
SCI Site of Community Importance
SEA Strategic Environmental Assessment
SIMPER Similarity Percagie Analysis
SIMPROF Similarity Profile Analysis
UK BAP United Kgdom Biodiversity Action Plan
VER Valued Ecologicadeptor

V Orsted
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1.2.1.2
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1.2.1.3 Information that fed into this characterisation included identification of:

1 The fish and shellfisseanblages that characterise the southern North Sea fish and shellfish study
area, describing ecological patterns such as seasonality, habitat associations, and size distribut
within the population;

1 The ommercial and conservation interest of kkltisth within the southern North Sea;

The ptential ecological interest within the southern North Sea fish and shellfish study area (i

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

species); and

The characteristics of spawning and nursery activity for individual species.

OrstedHornsea Project Thigi) Ltd.on behalf aDrstedPower (UK) Ltds promotinghe q
development of the Hornsea Project Three Offshore Wind Farm (hereafter referred to as Hornsea Three).
Hornsea Threeagproposedffshore wd farm project within the former Hornseandaneludes

theassociated offshore cable corridor and onshore infrastructure. Hornsea Three is located in the centrﬁl
region of the North Sea, approxiti&iy to the northeast Tringham, Nb4fditk) to the east of

the East Riding of Yorkshire coast and apprdXrhkielywest of the median line between UK and.2.1.4 Guidance on the issues associated with offshore renewable energy developments in general have
Netherlands watdrgyrel.1). obtainethrough reference to the Overarching National Policy Statemémteitdgly S:DECC,

. , i ) 2011a) and tiNPSfor Renewable Energy Infrastructue CEECC, 2011b) (for fishtior2.6.74).
RPS was commissioned to undertake a fish and shellfish ecology ctettayeisatoromsea Further advice in relation to Hornsea Three specifically has been sought through consultation witt

Three site and surrounding area. This included a detailed desktop study of the fish and shellfish eCOlogYatutory consultees throusfEvidence Plamcessfrom th&copingdpinion received with respect

of a d.efmeq §tudy area (umtior?.) surrounding Hc?rnsga Thathsite speic beam traw to Hornsea Three (PINS, 28iéYyesponses received on the Preliminary Environmental Information
sampling within Hornsea Three offshore cable cotrigtariartdawl survey data from across the report (PEIR)

former Hornsea Zpmeluding the Hornsea Three arrayseddo supplement the desktop
1.2.1.5 Guidance on the EIA probhassbesnsought from the following ressur

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

The aim of this study waprovide an up to date characterisation of fish and shellfish ecological Coastal, Second Edition (Chartered Institute of Ecology and Environmental Management (CIE
resources within a defined study area, which incorpuffabtesdtmmponentsdafnsea Three and 2016); and
the zone of potential impus approach veageed with the statutoryudteeselevant to fish and 1 Guidance note for EIA in Respect of Food anch&mvirmstection ABBYFEPA) and Coast

shellfish ecolodgiye. Marine Management Organisation (MMO), Natural England, the Joint Nature Protection At949CPA) Requiremer@iefaset al, 2004).

Conservation Committee (JNCC) and the Centre for Environment, Fisheries and Aquacultulre2 ?céencie ddit he EIA will foll he legislative f K asefidi qc ide A
(Cefay) through the Evidence Piangss (sesectior.2. 2.1 n addition, the will follow the legislative framework ast ity and Countryside Act

1981 (as amended) and the Marine and CoassalAL; 2009, with consideratiCainservation

Based on thasdusing both existing dataluding historic trawl data from across the former Hornsea of Habitats and Species Regulations 2017 (consolidates and updates the Conservation of Habitats
Zonepnd the sispecific survey datdnere necessaryje objective was to give a gerscaipdion Species Regulations 2010) and the Conservation of Offshore Marine Habitats and Species Regula
of fish and shellfish assemblages within the southern North Sea fish and she(Fighrstuidy area 2017 (consolidates and updates the Offshore Marine Conservation (Natural Habitats, &c.) Regulat
These were then compared with the fish and shellfish populatighsifoonedliate vicinity of 2007)although these relate to the Habitats Regulations Assessment (HRA) and not specifically to E
Hornsea Tée (i.e. within the Hornsea Thsbeand shellfish study ;aseaFigue 2.1) in order to

provide the basis for eval uat i n §aluedikcelogicampor t ance of species, or groups of species, as O

Re ¢ e p(VERsfer&onsiderati in the&environmentahpactAssessmenElA) The relationship
between these two study asekscussed in sectibfh

1 Orst e 'ﬁfﬁii/f‘
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2.2.1.2

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

T

2211 The

The Hornsea Three fish and shellfish studthereaas defined as the area encomphssing

Hansea Three array areapffshoreablecorridor and temporary working anebthe area in 2213

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

included much of the former Hornseanchraing aldn béfer to the north and south of the
boundary (i.e. the zoniafbience for masipac on fish and shellfiginis study area was the

area in which survey data were collected, iHoludieg Three site specific survelstorit

trawl surveys umtdken across the former Hornsea Zone (see p2uadr&pidFigue 2.1),

and thereforeithin this study area, therehighadegree of confidence ifisihnendhellfish

ecology baseline characterisdtem.offshore cable corridor reroutes were applied to Hornsea 4

o]
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As part of the Evidence Plan processarthe Rrocesses, Benthic Ecology and Fish and Shellfish
Ecology Expert Working Group (EWG) was established with representatives from the key regule
bodies and their advisordstatutory nature conservation bodies, including tBefidWatural

Erglandand JNC(Betweedune2016 and publication ofEhigronmental Statemamumber of

EWG meetings waeese beeheld to discuss key issues with regard to the fish and shellfish elements
of Hornsea Three, including characterisation of the dmag@@imment and the impacts to be
considered within the impact assessment.

The approach proposedHbynsea Thrder the purposes of characterising the fish and shellfish
communities within tilvestudy areadefined in paragr&ph.1.1lwas an evidence based approach

to the EIA, whigivolves utilising existing data and information from sufficiently similar or analogou
studies to inform baseline understanding and/or impact assddsmsats Torek this way, the

evidence based approach does not necessarily require new data to be collected, or new modelling st
to be undertaken, in order to characterise the potential impact withidaffmeeior coafpurposes

of EIA (selume Ichapter SEnvironméal Impact Assessment Methodlology

The scope of the issues for assessniishtdod shellfish ecolegyery similar (although not identical)

Three after publication of the PEIR, one at the northern end of the Hornsea Three offshore cablgy that previously considered for Hornsea Project One and Hornseginjta Fivolarity of the

corridor and one in the nearshore section, arauast $side of the Cromer Shoal Chalk Beds

prosed project infrastructline range of issues assessed within volume 23.chghteand

MCZ (see volume 1, chapter 3: Project Description). Both the original and reroute sections areshellfistEcology, arbrieflysummarised beloweTspatial extenttbé impacts assessed will vary

included imé¢ Hornsea Thriegh and shellfishology study areand
The southern North Sea fish and shellfisaretiidhis is the regional fish and shellfish study

depending on the impact, although the extexpeectetb be similar to those identified for Hornsea
Project One ahtbrnse&roject Two. Impacts consiadgtleih volume 2, chapt&ish an&hellfish

area and was defined as the southern North Sea region which coincides with the southern North Segcology includbut are not limited to)

Marine Natural Area (MNA; &reé<2004Figurdl.l). Ths study area also included areas within

territorial waters of Netherlands, Germany and Denmark, broadly following the 50 m depth contoult
which separates the southern North Sea fish and shellfish communities from those of the central and

northern North S@aal, 2011; ssectior8.]). This study area provided a wider context for the
survey data from within the Honrsea Three fish and shellfisrastidyEaesxpected to

affect more extensive afeagunderwater noise effects).fdmsed the area covered by the
desktop review.

purpose ttie Hornsea Thrdevidence Plgirocesgsee Eidence Plard¢cument reference

number A5.))1s to agree tlemvironmeniaformatioHornsea Téeneeds 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 complianceBA#arttidR Arequirements

Construction related activities leading to short ternsedcchaades (i.e. primarily within the
Hornsea Three arrasea, offshoreablecorridor and temporary working areas) in seabed
sediments used by fish and shellfish assemblages for feeding, spawning or nursery habite
including temporary habitat fagsaises in suspended sediments and subsequent;deposition
1 Construction related noise, including piling operations, affecting fish and shellfish recept:
(including spawning and nursery habitats) over a wider spatial tvetesoisbitrim North Sea
fish and shellfish study;area
1 Operation phase impacts related to the presence of offshore infrastructusdatigatying to
localised effectsfish and shellfish ecology (i.e. primarily within the Hornsea Three array offshore
andcablecorridor antémporary working areas) and the habitats on which these species are reliant
for feeding, spawning and as nursery habitat. These include presence of subsea infrastruct
leading to long term habitat loss and localised changes in fish populationsareffbetsa
associatedith noise from operational wind turbtnasuction of new subsea structures which
could provide novel habitats for fish and @hellfisbf effects)d electrmagnetic fields (EMF)
associated with electrical cahhdg
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2216
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1 Decommissioning phase impacts, with similar impacts to the construction phase (e.g. localised anfi
temporary changes in seabed sediments used by fish and shellfish species), removal of subsea
structures therefore reversal of any reef effects aedtdessaf fish and shellfish habitats in
areas where some subsea infrastructure (e.g. cable protection) is left in place following
decommissioning.

As detailed abotlee scale of these impacts are expected to be similar for Hornsea Threa as for Hornse
Project One and Hornsea Projed¢t.@wargely within the project boundaries) and will affect the same
receptors as Hornsea Project Ohtoamse&roject Twaue to the consistency in the fish and shellfish
assemblages in this part of the southrthinSidaTherefore 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 Ttwree compared
Hornsea Project One and Hornsea Project Two, incholingethd hredfshorecablecorridar

Where these differenceseaident, further information has been sought, inclsjéifisisgurveys

in these areas, to ensure a robust charawtesfdie fish and shellfish ecology of these parts of the
Hornsea Three fish and shellfish ecology study area, as agreddringhPiweesses, Benthic

Ecology and Fish and Shellfish EEM&@y

Hornsea Three is located within the former Horasdar Zchich extensive data and knowledge
regardingsh and shellfish ecolsgiready available. This data’knowledge has been acquired through
zonal studies and from the surveys and characterisations undertaken for Hornsea Project One and
Hornsea Pegjt TwéseeFigue2.1). It was therefore proposed that the Hornsea Three fish and shellfish
characterisation be completed) a combination of dpsikada and information sourcesuanely

data collected as part ofcti@acterisations of tHernsea Project One Bimdnsedroject Two

offshore wind faramsl the former Horngeae. Ovedheseries of Marine Processes, Benthic Ecology

and Fish and Shellfish Ecdidymeetings conducted between June 20fi6béodtionf dhis

Environmental Stateménivas 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.

As agreed with tlarine P cesses, Benthic Ecology and Fish and ShellfisB\E&Gxogdditional
site specific survey datsbeen collected for fish and shellfish ecology., Hataeokected as part
of the benthic ecology surveys of the Hbmeseariay area anddffehore cable corritiais been
incorporatenhto the baseline characterisation assessmeseciise.4.1andFigue 2.1). Site
specific dateaveincludd:

1 Grabsample data to characterise the suitability of sediments as sandeel Ammodytes sp. and herring
Clupea harengus spawning hadxtaiss the Hornsea Three offshore cable cornadur(see
5,annex 2.1: Benthic Ecology Technical Report for fulhdetails); a

,
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Epibenthic beam trawl data within the Hornsea Three offshore cable corridor to provide further
specific data on fish communities, to supplement desk based infaaetito®.4skd he
epibenthiceam trawl methodolggidentical to that used in historic surveys across the former
Hornsea Zongesectior?.4.1landFigue 2.1 for proposed locatijpns
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Shellfish data, which ve@particularelevancm the inshore areas ofHtbmsea Threéshoreable
corridgrwere obtained through a number of sources, including landings data and charts of fishing act

A detailed literature search was carried out to establish the baseline of information available on fish a§@mpiled by thadEern Inshore Fisheries and Conservation AuthoritD(kgFGatp sources used

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

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

2.1.1.) Information was sought on fish and shellfish ecology in general and also on spawning and nurse@nd other research into local shellfish populations, padieinarighore waters within which the

activity.

Data from the offshoiteand gas industry and technical reports for Strategic Environmental Assessment

(SEA) Areas 2 and 3 (Ce2891; Rogers and Stocks,)288d thaJK Offshore EnelggA3
(OESEAS3; DECC, 2016a and 2016b) provide useful overviews of fish andgyhedfsiaredo
details of the literature available for the southern North Sea fish and shellfish study area.

24.1
2411

Hornsea Thredéfshoreablecorridoalignge.g.Jessot al, 2007NNFLAG, 20)5)

Otter andeamtrawls

As detailed in paragraghl.6seasonal otter trawl survesre undertaken across the former Hornsea

Further information was obtained from broad scale studies of fisheries resources which provideone(i.e. to inforaonal studies and from the surveys and characterisations undertaken for Hornse

information on fish ecology from trawl datad dbjeateange of organisations inclefagand
Natural England) within the southern North Sea (e.g. Teal, 2041 200deallawatal, 2002;
Roger=t al. 1998). Data were also collated from online sources including those ioh#le Internat
Council of the Exploration of the Sea (e.g-FiSid¥&p; hitp://www.ices.dk/marine
data/maps/Pages/IcEShMap.asjaxd International Bottom Trawl SUB/E$201Y. Gra (1995)

24.1.2

Project One and Hornsea Projeaddivg spring and autumn 2011. The spring survey was undertaken
between 15nd 23 April 2011 and the autumn survey was undertaken between 29 September ar
2 October 2011.

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

and Pawsoet al (2002) also provide a useful overview of the types of coastal commercial fisheries (Figue2.1). This includéawl locations alongtieense#roject One and Projectdivshoreable
around the UK coastline and the target species within these areas. Information on commercial fishirfgprridor extending into the Humber Estuarys sepehnate and distinct from the Hornsea Three

activity in the area (which includes rethew@®y commercial target species) has also been taken from
volume 5annex6.1: Commercial Fisheries Technical Réy@oi@ommercial Fisheries baseline
characterisation has been infomed by data and information including landing statidd@ts surveillance
and Vessel Monitoring System (VMS) dataramation collected as part Giotmenercial Fisheries

Scouting Survey for the project¢heve Bnnex 6.1: Commercial Fisheries Technical Report). 2413

The main sources of information on fish spadningery grounds within the UK are reports by Coull
et al(1998), Ellet al (2010) and Ekisal (2012) which include maps of the indicative extents of such
areas for a number of species in UK waters.

Additional sources of informatioprisdaseline characterisation studies for other developments,
including offshore wind farms, in the region. Thesstingysethe Triton Knoll offshore wind farm 2.4.1.4
undertaken between 2008 and 2ftdh (Knoll Offshore Wind Farm Ltd., 2011l and 20c)

Sheringham Shoéfishore wind farm undertaken between 2005 aradDfshore Enei2009;

Scira Offshore Energy, 2808)Dudgeon offshore winduadartaken in 20@udgeon Offshore

wind LimiteB009 seeFigurel.1for location of these projects in relation to Horngda abditton,
information presented in the Marine Aggregates Regional EnvironmentdMASRE sdiintret

Humber and the Outer Wash Region provided some regional informasemiaadgesh (&BRkM,

2012).

:

offshoreablecorridarAlthough these trawl locations are not within géaeTHoeesproject area and
therefore not directly applicable to the project, the data from these trawls are presented within
characterisation to provide further background information on the fish and shellfish communities ir
southern North Sea.

Ofthe 41 otter trawl locations, three in spring and five in autumn were not trawled due to the presen
static fishing gear and receipt of advice from the fishing industry to avoid these areas. Each trawl w
30 minutes duration. Once recoveredéckheach catch was sorted and all species from each trawl
were identified using appropriate keys. The entire catch was then enumerated and measured c
speciedyspecies basis. A full description of the survey method is Appaddik A

The surveys were all conducted by EMU Ltd. aboard a commercial fishing vessel (F.V. Emulator) us
highopening B otter trawl with ardi® coebnd designed to catch geagic as well as demersal
speciesHigure2.2). The gear used was comparable to those used in commercial fishing activities with
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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=B 2.4.1.5 During the spg otter trawl survey, high abundances of actively spawning herring were recorded at o
trawl location, at the mouth of the Humber Estuary. Following identification of this spring spaw
population, all mature herring captured during the autumeresanalysed to determine their
spawning condition. The gonads were examined and compared to the established ICES Gonadal So
Index (GSI) criteria and the fish grouped into one of eight developmenkibsita®8sRBad®ltz

et al, 2008). These developmental stages can be grouped into five phases: Juvenile (Stage 1), Matur:
(StagesdV), Spawning (Stagedl)/ Spertegeneration (Stage VII) and Abnormal (Stage VIII). Herring
classified as spawning, spygnation and in the late stages of maturation (Steyesmdll

indicative of current, recent or imminent spawning activist @@&0@shz Although no GSI analysis

was conducted during the spring surveys, the presence of obviously ruvasngdwdads

specified b@efas

1 | L Juvenile
VIil. Abnormal v
" \\
VIl. Spent-regeneration m
lI-IV. Maturation
v
Figure2.2: Otter trawl sampling: F.V Emulator, otter trawl and typical catch V-VL. Spawnlng

Figure2.3: Developmental stages of herring used for GSI assessment (Batchlp2008).

2.4.1.6 Epibenthic beam trawl surveys were undertaken as part of the gnthécamtetcsation surveys
(seevolume 5annex2.1: Benthic Ecolofgchnical Report). The surveys were conducted with a
standard 2 m Cefas O0Jennings6é beam trawl fit
with each location trawletiCfoninutes.

, Orsted
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24.1.7

2418

2419

2.5.1
2511

2512

The beam trawling characterisation surveys were unfleeakdilisations (as part of wider benthic2.5.1.3
surveyseeFigue 2.1):

1 40 trawls withiretformer Hornsea Zpneluding nine trawls within the Hornseaithy area)
undertaken in November and Decemper 2010

1 21 trawls within tHernsea Project Two array area undertaken in;July 2012

41 trawls within tHernsea Project One array area undertaken in;July 2010

1 28 trawls within thdrnsea Project One &fmnsea Project Two offsleat®@ecorridor
undertaken in June and October&td 1

1  Fivetrawls within the Hornsea Three offshore cablemderigden August 2017

2.5.2
2521

=

As detailed in paragraphl.2dthough the trawl locations along the Hornsea Project One and Hornsea
Project Two offshaablecorridors are not within the Hornsea Three project area and therefore not
directly applicable to the project, the data from these trawls are prebentbdradtardation to

provide further background information on the fish and shellfish communities in the southern North Se
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For each sampling location, a number of univariate indices were calculated using all of the otter traw
epibenthic trawl data (i.e. two seasonal otter trawl ddiasefskmrdhiceam trawl datasets). The

i ndices calcul ated were total species (S), t
evenness (JO6), Simpsondés dominance (|l ambda)

Spatial variation in fish assemblages

The smilarity of fish communities across the sampling locations was investigated using multivari
analysis. The raw abundance data (i.e. from two attdfivemplbertticbeantrawl surveys) were

imported into PRIMERRIgnGouth Routine in MultieaEaological ResealClarke and Gorley,

2006). These were standardised by totals and a square root transformation applied to down weigh
influence of numerically dominant species (e.ylevltiggis merlangidei_ imanda limandad

grey gurnd Eutrigla gurnardwshich were recorded at abundances of several hundred per 500 m in
some trawls) over species recorded at lower abundances. A resemblance maduxtiasing Bray
similarity was then produced as the basis of further analyses.

Upon recovery of each trawl to the deck, the catch was sorted and all species from each %rgvgl.%verglustermlysis with a similarity profile (SIMPROF) was performed to look for groupings of samples

identified using appropkiays. The entire catch was then enumerated and measured-by-a species
species basis. A full description of the survey methodology isyphawvidédnnex2.1: Benthic
Ecologyrechnical RepoBeam trawl survey design was agreed with the MkiOaalvisors (i.e.
CefasNatural England and JNCC).

2523

General description of fish assemblages

to test for significant differences between and within groups identified by the cluster analysis. It cou
argued that there is a degree of independenee smtwdes since replicate trawls could not exactly
pinpoint the same location from season to season. However, for the purposes of this analysis the satr
are assumed to be replicates across seasons within the same sampling locations (where repe:
samfing occurred at these locations).

The influence of environmental factors (depth and sediment type) on the grouping was then investi
by producing a series of bubble plots. Environmental variables investigated included depth (metres
Lowest Astromical Tide (LAT)), percentage gravel, sand, and mud (using Particle Size Analysis (PS

The frequency of occurrence of fish species across the Hornsea Three fish and shellfish study area ngta collectddrthe benthic ecology characterisatiame Bnnex 2.1: Bentificologyrechnical

calculated to give an indicatiopatiblsand seasonal extent of each species recorded. This was

Repoit The environmental variables were first investigatadidace since there is only need to

calculated as the proportional representation of each fish species within all of the otter and epibenthﬂ:Se one of any pair of variables which are stigregy. cthe influence of selected environmental

trawls combinddreach sampling location and over each survey event).

variables in shaping the fish community was subsequently determinedmanogaérdtanalysis
(BIOENWest. Finally, to interpret any differences between the fish assemblages within the grou

Todetermine udh species dominated the fish community, the total abundance of each fish species was identified during cluster analysis, a similarity percentage (SIMPER) analysis was performed to look
presented for both the otter trawl and epibenthic trawl separately, with the total abundance per season fmrcentage contributions of the main characteriegim s@ati of the groups.

each speciedso shown for the otter trawl Taganaturaf trawl sampling is such that trawl lengths
can vary due to environmental conditions such as tidendwmedtspeeds and directions. As a

result, although trawls were broadly standardised in the field by duration (i.e. 30 minute otter trawls and
10minute epibenthic trawls), it was necessary to standardise the data by trawl distance in order to ensure

comparability between trawl sampling Idoatsare that trawl data from different sampling location
were comparable, the data were standardlz@adance per 500 m for both otter and epibenthic beam
trawls.

:
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2.5.3 Seasonal variation in fish assemblages 2.6.1.2 As suchHornsea Three site specific survey détistarid trawl survey data from across the former

2531

254
2541

2542

26.1.1

. ) Hdornsea Zoimave been discussethe context of literature reviewed for the wider southern North Sea
Raw abundance data for each seasonal otter trawl survey were imported into PRIMER v6 and analys?

. , . . iSh and shellfish study area, including commercial fisheries consultation work undertaken as part c
as detailed above (ssetior2.5.2 usingduster with SIMPROF, MDS, and SIMPER. In order to

: L . o commercial fisherlesseline characterisatiaiume 5annex 6.1: Commekétesheries Technical
determine the seasonal variation in fish assemblages, Analysis of Similarity (ANOSIM) was used to teﬁ . . . , .
: : . g . , , epodt which provides a broader picture of the fish assemblages occurring across the area to ensut
whether any differences in community composition across the sampling locations as defined by season L
o . e L . obust characterisation for the purposes of the EIA.
weresignificant. The resulting test statistic (R) indicated the difference between the average of all ranr<
similarities within seasons and the average of all rank similarities between seasons. R uguglly3fallsampling was successful throughout most of the survey area with tfi¢hexicdiotang:
between 0 and 1 (although its ranheois-1)f 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 betwedn Otter trawl sampling was not possible at three locations during the spring survey and five locat

and within seasons will on average be thHeesahe latter result would indicate littiaftuerae during the autumn survey due to the presence of static fishing gears in the area and receipt of ac

of season, while R=1 would indicate a strong influencg of season from the fishing industry talatiese areaBue to the success of all other sampling across the
Hornsea Project Three fish and shellfish study area and the use of desktop information

Size structure of population contextualise survey data, the absence of these data points will not affect the ability to provic

Sizefrequency graphs of selected fish species were produced using otter trawl and epibenthic data from robust baseline characterisation

all sampling locations combined. The spéésd were primarily those of commercial importangg;, 1 4 As discussedsactior?.2 the approach to data collection, including thésterésafrveylata from
though species which were identified as characterising species in the assemblage (i.e. those recorded #t,os¢he former Hornsea Zeneluding Hornsea Project Ond@mndea Project Tweds agreed
high abundances throughout the Hornsea Three fish and shellfish study area) wéed &so investiga  jith theMarine Processes, Benthic Ecology and Fish and ShellfiskEVE8ologgiuding

size structure. representatives from the Md@€sand Natural England.

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 othterings, 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).

Mobile species, such as fish, exhibit vaayimgaspl temporal patternsuAleys from across the

former Hornsea Zd@ne. otter and epibenthic beam trawls) were undertaken to pree@soaaemi

description of the fish and shellfish assemblages within the Hornsea Three fishdndrshellfish st

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 assessbieay 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 exampglagithetsamtiaw!

would not collect pelagic species (e.g. herring Spchtpsaspratiuss efficiently as a pelagic trawl

and the B scientific beam trawl would not be as efficient at collecting sandeel and shellfish species as
other methods useasimmercially in tHernsea Thrdsh and shellfish study area (e.g. sandeel

shrimp trawls asldellfish potting).

5 Orsted
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3.1.1.3 The fish community in the North Sea can be broadly diwagdomps by the 50 m depth contour,
a deeper northern group and a shallower southern grotjnmébeaidréeh and shellfish study
area included within the shallower southern North Sea (Teal, 204tlalC20@2)aallanatyal
(2002)dentified that the community of the shallower southern North Sea was generally characteriset

g L : : . : . . [ tgpicadbf insh ters. Th included plaice, le, dab and whiti d
The total Bigh marine fish fauna is estimated to be 330 species, of which approximately 150 species areSpeCIeS MOIPICAbI INSNOTE WALETS. TNESE INCIUed plaice, common Sole, dab and Whiling and sma

recorded from the North Sea (Maitland and Herdson, 2009). About 10% of the North Sea species are %?ncom.m.ermal spegleach aslesser Wea\./dfchn(.:hthywlpera g'rey gurng rd and solenette
. . . . —_ uglossidium lutedirhis was also reflected in the findings a@tRe{&9D1Q)whicmotedhat the
significant commercial value and as such, the fish fdanakabwifected by fishing pressure. The

. . . . . : .key characterising fish species in the southern North Sea were dab, grey gurnard, wihiting and plaic
remaining species that occur in the North Sea are of little commercial value and so are not directly subj cly g P garey g g P

L . L - . ?he deepeareas to the north (i.e. central and northern North Sea) the fish community was characteri
to fishing pressure. However many of these species are of significant ecological imporgance as prey item

for other marine species (e.g. birds and marine mareaslg).high fish assemblage diversity by haddock, whiting, cod, mackeneiber scombruglantic horse mack@rachurus trachyrus

(referred to as 6hotspotso) have been observedihh PAYING U Se L IAMIE T TR R BT HE u;
from the north (Reé$sal, 2010), highligig the relationship between fish distribution and underlying g y P ' y P

: . . L and southern North Sea (Re¢iak 2010).
environmental and physical factors as well as the importance of immigration into the North Sea from (Reimb )

surrounding regions (Tappin, 2011). 3.1.1.4 Cefasbeam trawl surveys (Parkenphreys, 2005) undentakethe southern North Sea between
1993 and 2001, recorded 66 species of fish, including common Salypieuim¢uscymgge
Agonus cataphractdab, whiting, poor dosopterus minutpéaice, lemon sdfiicrostomustt

_ . commoudragonetallionymus lyrand butoutMyoxocephalus scorpisishe top ten most abundant
nct thermoclin n th r he north an h of Flambor eiDdjon : . . .
distinct thermocline between the waters to the north and south of Flamborougha &Jones species.In the southern North Sea MNAetlahe®)04) important commercial species recorded

Femborough Head showRigurel.1). Volume 5,niex 1.1: Marine Processes Technical Report include cod, haddock, s&thtachius virenghiting, pollaBlllachiugollachiydemon sole, plaice,
provides a detailed discussion and description of the Flamborough Front which occurs within the southern . : : L : .
: . . . L . monkfish/anglerflstphiuspp. lesser spottabbgfistBcyliorhinus canicwab, floundBfatichthys
North Sea fish and shellfisly sitegh. The southern NorthsSassociated with distinct hydrographic A ,
" : : . : flesuscommon sole, turBobphthalmus maxipardiScophthalmus rhombwigclGlyptocephalus
conditions including shallowsmiedtl waters, exposing the bottom fauna to greater extremes of

o . I kates d t.
temperature compared to the deeper, stratified waters of the northern hunith Gehgil@ogger cynoglossiiskalesays and spra

BankFigurel.1). The shallow and wweked nature of the overlying waters creates conditions allog/ing.5 The abiotic factors important to the distribution of fish and shellfish include substrate type, tempere
for the majority of phytoplankton to reach the sea floor for consumption by benthic assemblages. Thesalinity and degfeal, 2011; Callaweagl, 2002)The area of the southern North Sea coinciding with
akundant benthic communities support diverse fish assemblages, consisting mainly of cool temperatgeformeHornsea Zorig characterised by water depths of betweenrB@ith4€ightly shallower
species, making the North Sea ©efag200d)f t he wor | @réas of B1OURd 25 o7 Qr tt shret sfoiuse RiguaRt) oM abt skhhRaBnadlsd sHoHo | e |

south east of the Hornsea Threeaaegyepesents an areacafmparatively deep watsaching

approximately i#8 An area of deeper water known as Outer Silver Pit, corresponding to an area of sh:

trough, exists just north ofdlmeeHornsea Zone and reaches depthsmofRa8ther deep erat

troughs occtw the southwest of the Hornsea ThrearaaatyWell Hole, Sole Pit and Silver Pit

(Figue 2.1). As theHornsed hredish and shellfistudy arebes within the shallower southern North

Sea (i.e. water depbf <5@n), the fish communities presentitmitiild be expected to be similar to

those described for the shallow southern group described i3 Aata®iPahto the location of

Hornsed hreeclose to the bounddrthe two fish community groups (i.e nihdep@h contour; Teal,

2011; Callawayal, 2002) and thedeeper waters to the north, the fish commuinisieseaay

also have elements of the fish community associated with the deeper northern group

The southern North Sea is defined as the area taoftesaditthore frontal system, the Flamborough
Front(discussed in fulivimlume 5Sannex 1.1: Marine Processes Technical, Répchtcreates a

10 Orst e 'ﬁfﬁii/f‘
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3.1.1.6 The waters of the southern North Sea are slow moving with a southefiiskima)CE®y 3.1.2.5 Fish surveys undertakieand arourgheringham Shddletheadjacent Dudgeon offshor farm,
occasionally stratify and have considerable freshwater input from the River Humber. The sedimentashowedishcommunitigbat were reflective of those of the southern North Sea. The fish assemblage

environment is variable consisting of mud, grawel. axatseding to the Folk classification, the area was characterised by species including whiting, dab, plaice, along with other commercially impo
is dominated by slightly gravelly sand but has muddieris¢ugnmenth and east of Hoensea species at lower abundances such aacdédfish including lemon sole and commdpPesadgc
Thredish and shellfish study aeevplume Snnex 2.1Benthi&cologyechnical Report). species recorded included sprat and herring, with lower abundances of mackerel and horse macl

occurring seasondilg. in autumn; Scira Offshore Energy H€i6)y were recorded at relatively

3.1.2  Fishpopulations at other offshore wind farm sites high abundances in the spring trawl surveys, but were either absent, or present at very low abunda

3.1.2.1 Sheringham Shoal and Dudgeon offshore wind farms are located in close Hooxiseity Thrte during subsequent survéigh length dathowed thétefishpopulation was dominated by immature
offshoreablecorridgmith the arrays of these two windbfeimgsapproximatekn?and 1&m from fish,suggestinthat the area may represent nunstegding habitat for many of these species. Other
theHornsea Three offshcablecorridoat the nearest point, andHbmsea Three offshcable small demersal speceorded during surveys inckmlachonlragonet, lesser weever (particularly
corridocrossinghe export cables of both these offshore wind faimshioreitea Eigurel.1). The abundant during the summegater sandeldyperoplus lanceolaunsishort spinesea scorpion
Triton Knoll offshoredwfarnis located approximal€lgkm to the southwest ofttbensea Three Tauulus bubal(Scira Offshore Energy, 2006).

array aregdakm to the west of thernsea Three offshuablecorridgiFigurel.1). 3.1.2.6 Elasmobranch species recorded during trawl surveys included lesser spotted dogfish, starry sm

3.1.2.2 The fish communities recorded within and around the Duimbgeowirdf farm were generally hound, smootiound, spotted ray and thornback ray, although these were generally present at loy
reflective of tish and shellfisbmmunities of the southern NordeSeibed aboveor@munities abundances. Slfish were recorded during all surveys, with velvet swimming crab abundant across tt
recorded in otter trawtrecharacterised by relatively low species diversity enthivated by survey area during all surveys. Lobster and edible crab were also recorded during trawl surveys, altr
species such as tivig, dab and grey gurnard, with lower abundances of plaice, lemon sole, herring and this type of surveynist specifically designed to targetsipesies. Pink shrimp were found to be
gadoids including cod podting Small, demersal species were also recorded during beam trawl ~ Present at low abundances in spring, with abundances increasing in summer and this species hi
surveys including goBlematoschistagp, commodragonebutterfisRholis gunnellysogge and abundant in some trawls in autumn. This is in line with the finding at Dudgeon offshore wind farm
lesser weaver. Abundances were considerably lower in both otter and beam trawl samples during spriRgragrapB.1.2.3 Shellfish populations in the Homsea Three fish and shellfish study area are discusse
surveys compared to autfDudgeon Offshore Wind Lin@@a9)Site specific surveys at Dudgeon in further detailsiectior8.4

offshore wind farm also datbelasmobranch species including thornBagk cwatnd spotted
rayRaja montagustarry smootlioundVustelus asteriand smoothoundMustelus mustelaisd
lesser spotted dogfish

3.1.2.7 Herring trawl surveys were also undertaken within and arountidhe Steairaffshore wind farm
during the pwonstruction phaskifa Offshore Energ909) due to the herring spawning habitat
mappedn the vicinity thfisoffshore wind farm (Cewdl, 1998)Data from these survases fully

3.1.2.3 Due to the location of the Dudgeon offshore wind fammityrtgpeoherring spawning habitaefCoull discussed in the eodtof other data on herring spawsegfion.2.5.15In briefthpelagic trawls
al, 1998), site specific herring trawl surveys were also undertaken during the herring spawning periodom these surveyere dominated by sprat and immature herring, with limited evidence of herring
(Dudgeon Offshore Wind Lin26&9). These surveys recorded only small numbers of herring, with the ~ SPawning in the a(8aira Offshore Ener2909).
magrity of the catch characterised by sprae¢tee3.2.5.15or further discussion of herring
spawning).

3.1.2.4 Site specific surveatsand around Dudgeon offshore wind farm also recorded crustacean species
including brown crhliyster, velvet swimming Nedora puband pink shrindandalus montagui
which were recorded in high numbers in the autumn tr@wbgeweyffshore Wind Lin2ig€xd).
All of these species are commercially exploited in this part of N tboGd&®hellfish populations
in the Hornsea Three fish and shellfish study area are discussed in fagtigordetail in

11 Orst e 'ﬁfﬁii/f‘



Hornsea 3 Annex 3.41Fish and Shellfish Ecology Technical Report
Offshore Wind Farm Environmental Statement

3.1.2.8

3.1.2.9

3.1.2.10
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The baseline characterisation armbns®uction survegs the Sheringham Shoal and Dudgeon

offshore wind farpr®vide useful information on the fish and shellfish communities present within the

nearshorpart of the Honrsea Three fisBhatifish study ar&hile theis likely to be small natural 3.2.1  Generatlescription ofish assemblagesecordedduringhistoric tawl surveys
variabilityn fish and shellfish populations ovantrapatiallit is likely that the broad patterns in fish across the former Hornsea Zone

populations discussed above are still valid for the purposes of thehreriseszline

characterisation. It is not likely that significant changes in the fish and shellfish communities %@did-hafk total of 84 species were recorded during otter and epibenthic beam trawls. Several species v
occurred since construction of these projects. Any project relégegl icopsttsction or operation) recorded frequently acrosbkltnasea Thréish and shellfish study area, with dab occurring in almost

were predicted in thievant Environmental Statements, as being localised, temporary and reversible, 2l otteand epibenthic trawi&28). Plaice, whiting and grey gurnard were recorded at particularly high

with any fish and shellfish which may have been displaced or disturbed in the area, expected to return f§auencies in otter trawis while solenette and Acatiflebsus laterware recorded at high
the wind farm sites over a relatively short periodotibwiing ostructianAny effects of the frequencies in epibenthic beam trawl samples (tbaggHrajuencies in otter trawls due to their

operational wind farm (e.g. EMF effects or artificial reef effects related to presence of infrastructure woigral! size). Common dragonet and lesser weever were also recorded in high frequencies in the epib
be expected to be highly limited in extent, i.e. in the immediate vicinity of the relevant infrastructure, afid Otter trawls, respectivegiure3.1 presents the percentage occurrenseeicies across the

woud not have an effect on the overall fish and shellfish communityDocgesitiddshore Wind Hornsea Thrésh and shellfish study area for all sampling location and seasons combined (Note: or

Limited, 2009; Scira Offshore Energy, 2006) species recorded in >2% of trawls are presented). This figure is for illustrative purposes only, to gi\
indication of which @pe occur throughoutlHoensea Thrdsh and shellfish study area, as this

The Triton Knoll offshore wind farm fish ecology charagigiesakool( Offshore Wind Farm Ltd. combines presence/absence data from two different trawl survey methodologies which are not dir

20138) showed that the fish assemblage in the wigswipdfarm had relatively low species diversity. comparable (i.e. otter and epibenthic beam trawls). Due to the diftserstesay methods, for

The dominant species (by abundance) included dab and a number of small demersal fish species suéll other analyses, these datasets are analysed separately.

as buitout, pogge, common dragonet, sed_paaitspp. and gobies. _ o _ _ _ o
3.2.1.2 Pelagic species including herring, sprat and squid (e.g. European obioieoathssjsidulatad

The fish communities were generally similar across the Triton Knoll survey area, which was characterisEdropean squidligo vulgayisere also frequently recordathdbe otter and epibenthic beam trawl
by coarse, gravelly sediments, with subtle seasonal and spatial differences between the fish communitissrveys although these species may have bemtardist as these sampling techniques were not
at different sites lire tsurvey area. Shallow, sandy areas (i.e. sandbanks to the south of Triton Knoll) specifically designed to sample pelagic species.

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 importaieisvere recorded at the Triton Knol3-2:1-3  Shellfish species, namely browrNeralrops=uropean commonaauid brow(@rangon crangon

offshore wind farm site including, thornback ray, bRajadrashyyreod (which were all present and pink shrimp were also caught in the otter and epiberfiigoriiylsiese data are presented
at low very abundances), whiting, plaice, common sole and Teitoonksué Offshore Wind Farm Insectior8.4

Ltd, 201a). The most important shellfish species recorded eyp@nifisigurveys in the vicinity of

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

whelkBuccinum undatafso recorded at high abundqdessissed in further detaidtior8.4

Triton Knoll Offshore Wind Farn2Qtd)
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Figure3.1: 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

Otter trawl sgples were dominated by a small number of highly abundant species, with whiting, dab &
sprat recorded at highest abundances (i.e. means of 141, 62 and 53 individuakppeti8g;

Figure3.2) andherring recorded &rhabundances in spring. Of the flatfish species recorded in otter
trawls only dab and plaioeaf 016 individuals per 500were recorded at modé¢iateplaicad

high abundancgs. dabip samples, with other species including brill,lsolerasdle recorded at

much lower abundances (i.e. means of <1 individuais) p&t€0species recorded in otter trawls
included two species of no commercial importance: greyegurc@fligdividuals per H80and

lesser weeveméan ofl4 ndividuals per 580). Overall abundances across seasons were similar
(means 0397 and 342 individuals penbd0spring and autumn, respechiglye3.2), with the

slightly higher abundance in spring likely due ecetheedifh clupeid abundances discussed above.
Other species recorded in otter trawls included European conmeam sf%ichdividualper

500m) This specigegether with other shellfish caught in otter and epibenthic trawls are discussed i
secn3.4
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Figure3.3: Averag abundance (individuals per 500 m trawled) of fish species recorded in epibenthic beam trawls sampled
within theHornsea Threfish and shellfish study area.

14

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

recorded, though at low abundémess of3 individuals per 509 compared to those recorded

flatfish species recorded in epibenthic beam trawls included scaldfish, dab, plaice and lemon sole.
during o#t trawl samples.

study area were dominated bylsydadd demersal fish species, with the flatfish solenette dominating
the abundance of epibé trawls (mean abundance &&ndividuals per 500Rgured.3). Other
Dragonet@ncluding. lyrg C. reticulatimndCallionymidagjobiesGobiida@ndPomatoschistus

RPS

3.2.1.6 Full species lists and abundance data recorded during otter trawl surveys akppeagentd in
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3.2.2

3.221

3.2.2.2

3.2.2.3

Spatial variation in fish assemblages

Otter trawls 40 —

Spatial variation in the fish commurdtedeckin otter trawl sampling are illustrated by the clu
analysis undertaken for this dakageteB.4), which shows that the communities (spring and autu
data combined) were broadly grouped into three statistitghgugist with four of the trawl location
statistically distinct from one another and the main groups. Although three groups were identit
statistically different from one another (using the SIMPROF statistical test), there wa$ a hig
similarity between these groups (i.e. >60%) and the species responsible for characterising tf 60+
were similar. Whiting, dab, sprat, grey gurnard and European common squid were found to dg
trawls, with herring and plaice also clisiractee assemblage, though to a lesser extent. Differer
between these groups were largely as a result of differences in the relative abundances o
species as opposed to presence/absence of certain species. Spatially there araradsovgbme p
many of the trawl locations within greagmimediately to the southetentral part of the former
Hornsea Zoneigure.5 shows the spatial distribution of these SIMPROF groups relative to the H
Three aayareaand the wider former Hornsea Zone, with seabed sediments represented by
interpretation from geophysical surveys for Hornseawélfedslornse&®roject One aktbrnsea
ProjecTwo (further discussedalume SannexX2.1: Benthic HogyTechnical Report). As can be
seen ifFigure8.5, many of the trawl locations within gveenglecated in the northeast asuheey
area, particularly in the deeper waters to the¢hsbtthiedea Threerayand withiMarkham's Hple

Similarity

80+

I

Four locations (trawl 32, 6, 41 and B8yse21) were distinct from each other and all other sampl| 100 -
locations in tiornsea Thréish and shellfish study &epife8.4; gey symbols). Whilst these four
sampling locations showed some similarities with the other locaiiomsea fhierdesh and

9@

i

2

Standardise Samples by Total
Transform: Square root
Resemblance: S17 Bray Curtis similarity

SIMPROF
® a
+ b
¢c
X d
A e
f
vy

33 p

+
3

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

differences, usualnwmcterised by differences in abundance of a small number of key speciegjgpng’irﬂ: Dendogram using complete linking on Bray Curtis species similarities from standardised, square root transformed

abundances of cod (mean of 18 individuals mpgraB@0relatively high numbers of lemon sole
compared to other areas (meaniridividuals per 500 characterised tr@@jin the east of the
Hornsea Three areaga within Markham's Trianglaw! Gr{ the west of the former Hornsea Zone
seeFigue 2.1) was found to have high numbers of lessermean®29 individuals per HO

spring and a low total number of species (14 specieg)ldnavd@9 were located in the nearshore
areas of the survey area (i.¢ddhese®roject OnendHornsea Proj@gtooffshoreablecorridor;
seeFigue2.1) and therefoere not directly relevant to the Hornsea Three characterisation. Much of the
distinctivenesstioése two trawl locations was due to higher abundances of crustacea (e.g. lobster, velvet
swimming crab, shrinifzn@eidgeand brown shrimp. Relativelylhugldances 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.

The full results of the SIMPER analysis are preApptaalin.C

abundance data for otter trawl sampling locations. Sigtlifidéstinct groups/sampling locations (tested by SIMPROF) are

separated by black lines.

.
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3.2.2.5

3.2.2.6

3.2.2.7

Three environmental variables werefoestadelations with the fish assemblage #ataseel, %

mud and depth, with % sand excluded as it was founadgtybeeghtively correlated with % gravel.

The BIOENYV 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). Shaliver waters were generally recordeel nearshore areas (i.e-timase#&roject One

andHornsea Projebivooffshoreablecorridgr with deeper watetghin Markham's Hole and to the

north of the Hornsea Three aremand at trawl 39, within Siteer Pit featurgeéFigure3.5).

Although the overall proportion of mud across mbkstro$eaeThréish and shellfish study area

was small (se®lume Sgnnex 2.1: Benthic Ecology Technical) Repatively high pootions of

mud were recorded in the deeper wikeénsMarkham's Hole and to the north of the Hornsea Three
arrayarea(Figures.s).

Table3.1 presents the mean univariate diversity measuresfithe&MPROF 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) ahhigh total abundances (N=667.5 to 1005 individuaie)pdhb68 groups also had
similar diversity indices, though the Simpsonoés
(Lambda=0.52) than all other groups, due to the very hsgbf mehiting in these trawls.

As discussed abdgectior8.2.2.2 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 wibimslkea Thrdéish and shellfish study area (N=326).

The twamearshorgérawl locations (trawlsaétl 39, or groups b and a, respectively) were both
characterised by low abundances (N=104 and 129 )eut@0atively 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.

Full results of the univariate diversity@esdas@ach otter trawl location are presApiaehidix.C

:
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Table3l:  Mean (+ standard deviation) univariate diversity indices for SIMPROF groups identified in the otter trawl datasgt2.2.9  Those groups to thedaft righaf the plot (i.e. groups a to e and Figomgs.6) were distinguished
Where individualksnples form a SIMPROF group, no standard deviation is reported as these are single values. from the other groups largely due to the lower abundances of solenette at these trawl locations

species as absent from trawls in groups ladatdd in the nearshore areas to the southwest of the
SIMPROF Groug S N D J' H'(loge) Lambda ) . . .
former Hornsea ZpRigure3.7). Thesegroupswhich largely comprised trawls in the nearsaore
A 25 104 5.16 0.79 2.53 0.12 (i.e. thedornse®roject One ahbrnsea Projetwooffshoreablecorridoand therefore not directly
B 23 129 453 0.45 1.42 0.40 relevant to the Hornsea Three characterisation), were charatterissechddy demersal species
c - 326 4.49 0.62 203 0.21 |nclud|.ng:ommprdra.gonet, bubut, short spined sea scorplon,. pogge and lesseiSamev | '
sampling locations in the nearshore area were also characterised by low abundances of fish speci
N 14 o81 2.04 0.42 110 0.43 relatively high abundance of jusgengehigh abundances of juydait®mwvere recorded in the most
E 215+3.3 | 1005+572.1] 3.03+0.39| 0.38+0.05| 1.16+0.16 0.52 +0.07 inshore trawl location within the Histhay
F 18.8+4.8 | 667.5+472.4 2.81+0.74| 054+0.11| 154+0.16 0.29 + 0.07 3.2.2.10 The full results of the SIMPER analysis are prepptain C
G 19.7+3 | 675.4+202.8 2.89+0.47| 058+0.06| 1.72+0.18 0.24 +0.06
< e of S e 00 ] Dot 3.2.2.11 TheI influence of environmental variables was also invegtLgated for the epibenthic beam trawl datase
= Number of Species, N = Abendapce r 5 m, = Margal ef 6s Di-WeirersDivergity Jo6 = Pi Q Y e. . Q & = 0
Cndex . Lambda - 8 iEplmstchdm e mi nance | ndex. the 'BPOERY te5tu8dHS ifvestigat@ubec? 8194 sand, Fo'nfull B8d Beate! (%) was strongly

negatively correlated with sand and was therefore excluded from th6.8iBlyde (st showed

that individually, % sand and depth were weakly correlated with fish assembta@SGRIIENV
r=0343respectively) and when these two variables were combined, this correlation was somewil
_ / e _ . : stronger, though still representing a relatively weak correlation (B8)ENi¢, me@rshore trawl

locations which were statistically different from all othefFigeaB@ns-(gure.5shows the spatial locations were characterised by shatrw and were statistically distinct (e.g. groups b, ¢ and d) from

distribution of thgse SIMPROF groups relative to the Hornsegélfmeaeldim wider former. most of the other trawl locations, located in deeper, offshore areas, particularly those trawls within a
Hornsea Zone, with seabed sediments represented by seabed interpretation from geophysical surveys fRE north of the Hornsea Three array area (i.e. groups Fanue. gee

Hornsea Three as wellamse®roject One ahtibrnsea Projélowvo (further discussedbinme 5,
annex2.1: Benthic Ecoldggthnical Reporf)s with the otter trawl data, many of theigringps

centre of the plak. groups f to |) were simaampprox50% similarity) and were characterised by
many of the same species, with the differences between the grexaiterddly differences in

the relative abundances of these species. As previously discussed B2phiagoigiette
dominated most of the epibenthic trawl samples (maximum abundance of 354 individuals per 500 m at
theformer Hornseang survey trawl locatiom 32e north east of the Hornsea Threaresrage

Figue 2.1), with dab, scaldfish eashmoragonet accounting for most of the rest of the similarities
within these groufardees Ammodytespp.)werealso identified as being characterising species
within grosh,jand di.eto the west of the Hornsea Threasrgesed-igure.7), with abundances

of between two and 30 individuals peresfiided.

3.2.2.8 Cluster analysis undertaken using the epibenthic beam trawl data showed thregsaumpglingth
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3.2.2.12 Table3.2 presents the mean univariate diversity measures for the SIMPROF groups identifiéebigd.2he Mean (+ standard deviation) univariate diversity indices for SIMPROF groups identiéipibémthie beartrawl
cluster analysis for the epibenthic trawl dataseshovhesany of the same patterns discussed above.

3.2.2.13

3.2.3
3.23.1

3.2.3.2

3.2.3.3
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datasetWhere individual samples form a SIMPROF group, no standard deviation is reported asitigéseates.

Groupg, h, i, j andcharacterised most ofHioensea Thrdish and shellfish study area and were
found to be similar in terms of fish assemblage in the epibenthic Beamergwkhése were

found to have a moderate number of speRié® (0-3 and moderate to high abundances (N=56.

to 253.9ndividuals per 500 m). As detailed above, the trawls within these groups were fol

dominated by solenette andwvtssparticularly evident in groups i and k which were found to
relatively | ow evenness scores

(J6=0.5 alnd

(Lambda=0.5 and 0.64, respectively) due to extremely high abundances of tbmnspsties. B

groups j, | and o had relatively high evenness scores and low dominance scores as solenette

in these trawls, though not at particularly high abundances.

As detailed abotege nearshore travgso(ps a and, vere found to haveipaldrly low diversities,

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

500m).

Seasonal variation in fisesmblages

Mulitvariai@nalyses were also undertaken to investigate the influence dedissoanohshellfish
assemblage recorded in otter trawls, with analyses undertaken to doogtenestawel the two
survey events (i.e. spring and augtatrgical analysesing the ANOSIM statistical test revealed th
there were significdifferences between the autumn and spring otter trawl datasets (ANOSIM, R
p<0.001), though theRovalue also indicated a high degree of overlap between the datasets.

SIMPER analysis was also undertaken to identify which species accdiffeeshtastiserved

in the MDS plot and ANOSIM test. As with the spatial variability in fish and shellfish assemb

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

most common species imthesea Thrdish and shellfish study area (e.g. whiting, dab and Europgan= Number
common squid). Greater differences in abundance were detected for the two clupeid species, sgratXand L ambd a

herring, with sprat recorded at a mean abundance approximately fivie sprasghilg@mautumn

and herring recorded at a mean abundance approximately seven times highen ausjmng than
(Figure8.2). This also contributed to the differences in the seasons, with sprat accountirey for 14.49% a

herring accounting for 8.16% of the dissimilarities between seasons.

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

presented lppendix.C

21

Si mpsonods

Domi nance

|l ndex.

SIMPROF Groug S N d J H'(loge) Lambda
1a 1.0 1.7 0 0 0 1.0
{'Bd to be 30+0 20.1+£37 | 0.67+0.04| 0.74+0.32| 0.81+0.35 0.53 £ 0.25
.nf:a:/e 04 r7éos hecfr)si3 Ve \,'])'49 a .d0'8.Z el at J:"7ve! y PQ? g-h
7 6.8+1.3 31.3+15 1.73+£0.13 | 0.82+0.05| 1.56+0.16 0.27 +£0.05
veas present 5.0 22 1.29 0.85 1.36 0.3
f 13.3+3.9 | 153.4+348| 248+084 | 055+006| 1.41+0.19 0.42 +0.06
g 87+1.8 | 110.6+29.5| 1.64+0.37 | 061+0.11| 1.31+0.28 0.41+0.12
viduals per 102+1.9 | 1549+53.2| 1.84+0.36| 0.7+0.06 1.61+0.19 0.28 + 0.07
i 88+1.3 | 253.9+117.9 1.46+0.28| 05+0.12 1.1+0.28 0.5+0.13
j 98+21 | 675+251| 212+051| 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
| 88+13 | 56.1+19.8| 1.99+0.42| 0.86+0.06 1.86 0.2 0.19 £ 0.04
f‘Fnﬂ L 11.7+1.2 56.3+ 15.7 2.68+0.42 082+0.1 201+0.3 0.19+0.09
At 83+2.9 56.9+ 37.6 19+ 071 072+ 0.1 147+ 023 032+ 0.6
o 9.4+ 16 38.0+12.5 2.34 043 0.8+ 004 1.9+0.5 0.9+ 0.03
P 99+32 | 66.3%28 215+0.8 | 0.78+0.1 1.75+0.31 0.24 +0.08
::ﬁé;; of(;he 6.4+ 1.5 33.9+15.2 1.550.34 | 0.62+0.17 112+ 034 047+ 0.5
of Species, N = Abundance per

d o mi

5 0 0 -Weiner Ddversity Ma r g a |
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3.2.4  Species by species distribution and abundance 3.2.4.5 The spawning and nursery habitats for this(Bjgee®s8) mirror these patterns in abundance, with
. . . . . . low intensity spawning and high intemséyy habitats coinciding withditmsea Three areaga
3.2.4.1 Figure3.8 to Figure3.21show abundances of the key fish species recordédrimséiacT hréish and formelornsea Zonevhere the highest abundances were reandiéaly intensity nursery
and shelfih study area during the otter and epibenthic beam trawl surveys. Spawning and nursery habitats coinciding wittmbgority of thornsea Thredtshoreablecorridor
habitats for these species are also shown where information Goalleilahl@498Elliset al,
2010; Ellist al, 2012). Whilst this information isdisefigsed here in context dfiseric survey Cod
z:taf:‘;(t)]rr; a;?;; ct)r(]:ilj(r)r:nme: ﬂgﬂrgsseea Thrifihdztriljle:hreell\f/ilser\:v Sc;sza;/\r/;}:?Sanrc;::sr;ei%:abltati21‘4_6 Cod was oerded at considerably lower abundances than whiting and was not found to be one of t
3 2y5 15 P 9 y P main characterising species of the assemblage, though the presence of this species in certain t
R samples contributed to some of the differences observed (de@. pa&@dgrmured.9 shows that
Whiting this species was recoaddw abundandasoughout thtornsea Thréish and shellfish study.area
. : . , The highest abundances of this species were consistiertlinretter travdt two locatiqms the
3.2.4.2 WhitingRigure3.8) was the most abundant species recorded atlmsstdaeThréish and shellfish east of the Homsea Three aremand to thaorth of thisrmer Hormnsea Zone in the deeper water of
study area and was founzd toF_be Zgz 0:] the Iif]ytchir.?ctensmg ftl)Sh gpettdntimgeogeiuicﬁb“wl Outer Silver PHiistoric trawl survey data from across the former Horsteav&dreonsistent
surveys (see paragrapR2.1 Figure8 shows that whiting was abundan _roug_ 9 € patternsvith those observed in the IBTS, with highest abundances occurring in the central and north
Hornsea Zone ahdrnsea Three araga though abundances recorded duringhepibeam North Sea, around Dogger Bank and in the Southern Bight (ICESta2B08bPudgeon and
trawls were lowilean those in otter trawl sanipiree3.8also illustratésatwhitingvas not recorded Sheringhar’n Shoal offshore wind farms (in proximity to theseetimalooé theormnsea Three
in beam trawls in the nearshore area (although as indicated by desktop information, this does not mean. . eablecorrid gralso reflected this trend wittinctitbse shallower watecorded at low
they aabsenhere) abundances,atall (seesectior8.1.2. No cod were recorded during site specific besamipées
3.2.4.3 Data from the IBTS show that whiting are widely distributed throughout the North Sea, with consistenfyongd the Hornsea Three offshore cable corridor.
high ab”u nldancEsS rezc;)oorge.dlgErgostO?Dreqs, with the e?<cept|.:)n of Doggtgr I?a?k V\t/)herg a?un%ﬁfﬁe? A FheHomsea Thréish and shellfish study area coincides with low intensity spawning and low intensi
generaly .OWC ’ & 3 urlr.19 summer, juventes are p.ar cularly abundant In the _nursery habitats for this spéeigsre3.9), and is thereforetiparticularly important for this species,
German Bight and off the Dutch coast. High abundances of adult whiting occur south of Shetland dum\}\%ich mav partly explain the relatively low abundances recorded
winter, while during the summer, the entire southern North Sea and the area ofashés Scottish co ¥ party exp y '
densely populated by adult whiting (ICES}, PBid5was reflected in recent IBTS data (reported as Dab
individuals recorded per hour trawl), which showed highest abundances along the east coas %E%glale)dab was the most frequently recorded species in all trawl tesairttie main characterising
(including tHermeHornsea Zone) and Somthwith thousands of individuals recorded per hour trawling species of the fish assemblageseddartioth otter and epibenthl i beam trawl datasets. As can be
in 2011 to 20(&ES, 20A. High abundances of whiting (i.e. over 1,000 individuals per hour) were also seen iFigure3.1Q dab was consistently recorded at high abundances thrdtg Riree
reported during IBTS data at locations further offshore in the southern Neatt 8ad,rortheast fish and sheIIfi.sh study arezhiaithst abundances in offsheas acompared with lebendances
of theformelHorn.sea Z.one. These abuqdances were .comparable Wlth those redordeet for the in the nearshore trawlsluding the Hornsea Three offshore cableNorinflamation on spawning
Hornsea Zone, includingHbensea Thrdesh and shellfish study area (i.e. tens to thousands of or nurserv habitats is available for this species in this heitierth Sea
individuals recorded per 30 minuteséaydpendix)B y P '
3.2.4.4 IBTS data also indicate lower abundances di.ehiéing of individuals per hour tranvimgf)ore

areas off the north Norfolk ¢oasihe nearshore section éfdhesea Thredéfshoreablecaridoy,

although the raw data indicate that these abundances are variabighaowerad§0 individuals per

hour trawling recorded in spring 2015. Data from the Dudgeon and Sheringham Shoal offshore wind farms
also indicate that whiting is a kegctdasing species within the nearshore sectioHsristee
Threeoffshoreablecorrido¢seesectiorB.1.2. A fully quantitative comparison betweesea Three

data and IBTS data was not possible due to diffstalieésrdising détay. differences in sampling

methods, timing of surveys etc

29 Orst e 'ﬁfﬁii/f‘
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Solenette

Plaice was alsoe of the mdsequently recordéatfish species, though this species was present &f-4-13 Solenette was the main characterising species recorded during epibenthic beam trawl samp

lower abundances throughoutddhesea Thréish and shellfish study area than dab. This was also

(paragrapB.2.1.bandFigure3.13shows that this species was rec¢aoftiEd at high abundances

The epibenthic beam tdatd(Figure8.11) shovedrelatively low abundancgdaite throughout the
Hornsea Thrdish and shellfish study aséth, the exception of the inshore sections of the offshore

Hornsea Zonis species was absent in inshore iackagding the nearshoremectf the Hornsea
Three offshore cable corridos species was also recorded in otter trawls though at considerably lower

cable route cornigdzhere they wenet recorde®@imilarly, data from the Dudgeon and Sheringham abundances due to the small size of this species (otter trawl mesh size at codvhdrodD mm
Shoal offshore wind farms indicated that although plaice were present in the inshore waters off the NogflI€nette measuing less fihmm length; see paragdaph.y. No information on spawning or
Norfolk coast, this species was not one of the most abundart sec@ftea only present at low nursery habitats is available for this species in this peuttutritierth Sea.

abundances (see secddn?. The IBTS dathowed that plaice were abundantly recorded throughout

the southern North Sea (see also paragragh with higheabundances recorded in the Southern

and German Bights and along the east coast of Britain (ICES, 2005c). 3.2.4.14

Grey gurnard

Grey gurnard was one of the key characterising $pedish essemblage recorded in otter trawls

(see paragra@h2.2.}1 Figure3.14shows that this species was ubiquitous ackmsisea Three

fish and shellfish study area, being recorded onellotter trawl sample (in adtutine northeast

of the Hornsea Three aaray, with highest abundances generally recorded in the west and northwest
of theHornsea Thrésh and shellfish study area. Abundances of grey gurnard were niech lower in t
epibenthic beam trawls. Grey gurnard distribution and abundances in the North Sea have been rep
to vary considerably throughout the year, with winter populations occurring in the central North Se
depths of 5000 m. Distributions then chargstastially 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
disappearing until the following winter (ICES, 2005d). No information on spawning orsnursery habit
available for this species in this parsofitheriNorth Sea.

TheHornsea Thréish and shellfish study area coincides with a high intensity spawning ground for this
species with a low intensity nurseryt mabiiearshore half of tHernsea Three offshcable
corridofFigure3.11). Thislargely mirrors the abundance patterns for thiaspecesled the

historic trawlrvey dat®om across the former HornseaaAdimghedesktop data for tHernsea
Threeoffshoreablecorridar

Lemon sole

Lemon sole was recorded at low abundances throtigroseth@ hréish and shellfish study area
(Figures.12), withrelativelhigh abundancespgaared to the overall low density population, recorded

in otter trawls in #mst of the Hornsea Three aremand to the north of the former Hornsea Zone,

within the deeper waters of Outer SilvEtePHornsea Three amegais outsidehe mapped

spawning and nursery habitats for this fpigcieS8.12), which is located in more inshore,waters3.2.4.15
although much of Hhernsea Three offsheabklecoincides with this area

Mackerel

Mackerelvasrecorded throughout toensea Thrdish and shellfish study area during the autumn
otter trawl survey, with only very low abundances recorded derqngeSdrihgAs with sprat and

herring, this is a pelagic species and as a result this species was not recorded in epibenthic beam tr
Spatial distributions of mackerel are known to vary seasonally in the North Sea, with increa:
abundances occurring in summer in the Southern Bight (from the Channel) and the northern North
(around Scotland; ICES, 208&gkerel spawning habitat coincides with the Hornsea &teae array

and the offshore section ofdbkcorrido(Figured.15, and lovintensity mackerel nursery habitats

occur across thernsea Thréish and shellfish study areduding théornsea Thredéfshoreable

corridarThe seasonal variation in abundances is not thoughtlyorbltlickto spawning behaviour
(thespawning period for this species is Marchseelsiytidh2.5.15Coulét al, 1998).

Commorsole

Common sole was also recorded Eweatyundances throughotddnesea Thréish and shellfish

study area with highest abundances (i.e. <4 individuals per 500 m) reastdedtie tHernsea

Three arragreaand in thaorthwegif the former Hornsea ftmese are not showragiot due to

the consistently low abundanths)low abundances of common sole during surveys supported the
conclusion that this part addbéeheriNorth Sea does not represent particularly important spawning or
nursery habitat for this speciee(fditicussed in paragra2h6.R
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Figure3.12 Lemon sol@bundances and spawning and ngrdebitats within the Hornsea THislke and shellfiskstudy area
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