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1. Infroduction

1.1. Study Background

1.1.1.  Following successful award of exclusive development rights from Crown Estate, Moray
Offshore Renewables Ltd. (MORL) (a consortfium developer comprising EDP
Renovaveis and Repsol Nuevas Energias UK (formerly SeaEnergy Renewables))
commissioned a series of detailed technical studies to support a consent application
and associated Environmental Statement (ES) for the three proposed wind farm sites,
Telford, Stevenson and MacColl (eastern phase of the Moray Firth Round 3 offshore
wind farm zone).

1.1.2. Information derived from these studies will be used to inform the Environmental
Impact Assessment (EIA), with respect to predicted effects of the construction,
operation and decommissioning of the wind farm and to assist in the development of
mitigation measures where agreed and appropriate. This will aid in the development
of the Environmental Statement (ES) in support of the consent application.

1.1.3. To address these aspects, EMU Limited (EMU) was commissioned to undertake a
benthic ecology sampling survey of the proposed turbine array site. Accordingly this
document presents the survey methods used, the data collected and gives a
characterisation of the subtidal benthic environment within and around the proposed
development in terms of the seabed habitats available and their influence on
associated biological communities. Similar benthic studies relevant to the export
cable route and landfall site have been undertaken and reported separately but will
also be used to underpin EIA.

1.1.4. As a preliminary stage in informing the benthic habitat/species survey, described
here, an important component of the data acquisition process is clarification of the
benthic ecology (comprising habitat, species and communities) of the three wind
farm sites (eastern phase of the zone) and local surrounding areas using pre-existing
research and commercial reports. In relation to this work, a benthic data review was
undertaken (Emu Ltd. 2010) which identified previous studies, data sources and gaps.

1.1.5. Subsequent to the review, site specific sampling within and around the three wind
farm sites (eastern phase of the zone) (Fig. 1.1) was undertaken to ensure adequate
coverage of seabed habitat conditions and communities relevant to the proposed
offshore wind farm development. The findings of comparable sampling studies and
intertidal survey along the export cable route and landfall site have been reported
separately and will form part of the Offshore Transmission Infrastructure EIA. The results
of the export cable studies will also be taken into account within the cumulative
impact assessment of the Offshore Generation Station (i.e. wind farm) EIA.

J
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1.2. Aims of the study

1.2.1. Study aims included;

42 A

e Characterisation of benthic ecological conditions specific to the site and the
predicted impacts of the three proposed Moray offshore wind farm sites
(eastern phase) to inform the EIA.

1.3. Study Overview

1.3.1. The Moray wind farm zone is located approximately 22km from the coast on the
Smith Bank in the outer Moray Firth. It covers an area of just over 522 km?2 (Figure 1.1).
Water depths are relatively shallow, and sediments are described as largely
homogenous sandy material. Waters in the region may be vertically mixed (non-
stratified) resulting in little differential between surface and bottom thermal regime,
thus seabed fauna may be exposed to comparatively wide ranging surface water
temperatures. Associated fauna are within a distinct central and northern North Sea
benthic assemblage.

1.3.2. The northwest boundary of the proposed development abuts the proposed Beatrice
Scottish Territorial Waters (STW) proposed offshore wind farm (Figure 1.1). Response
from Marine Scotland (MS) was given under the Electricity Works (Environmental
Impact Assessment) (Scotland) (EIA) Regulations 2000. In this MS gave general
guidance on format and documentation to be referred to for the Environmental
Statement (ES). In addition, collaborative working with other developers in the region
was encouraged to ensure cumulative issues within the immediate and wider region
are considered.

Helmsdale -
o
//’4
>
P
//"
= ~
3 Y / © Crown Copyright andior database rights.
e gy Reproduced by permission of the Controller
= 4 of Her Majesty’s Stationery Office and the
/’ UK Hydrographic Office (www.ukho.gov.uk).
> NOT TO BE USED FOR NAVIGATION
ary R [ Moray Firth Boundary
4 A — -2 P -
o AT ) Lossiemouth T rewenn 1 Eastern Area Development Boundary
01 107 . T R . .
0 = /1,0/ 20 e ~ v Beatrice STW Offshore Wind Farm
~ 1+ lkm z =D
Map Document. (V-J1031730_WMorayFirth_OFW_201013_Plots\2_DraftBenthic_ReportQ1730_Fig_01_Location_Plot mxd)
GEIbAZOT < 152215
o . . .
Figure 1.1: Location of the Moray Firth offshore wind farm zone.
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1.3.3. Further to the above, specific comment on benthic ecological aspects was made.
This was largely concerned with the use of rock armour/stabilisation material as a
defence for wind turbines and considered that this will need to be taken info
account in terms of a change to the natural habitat. An early analysis opinion was
recommended to facilitate any decisions on further survey work and/or change in
survey design. If possible, it has also been requested that the final wind farm layout be
overlain on fo recorded benthic biotopes demonstrating that “benthic interests”
have been considered.

1.4. Regional Physical Environment

1.4.1. Physical information on the Moray Firth is largely summarised from Adams & Martin
(1986). Water depth is recorded at less than 80 m with the shallowest occurring af
Smith Bank coincident with the Round 3 wind farm zone; circulation patterns are
clockwise with weaker summer flows due to reduced wind forcing. Tidal currents
across the Round 3 zone reach a maximum of 2 knots during mid flood and mid ebb
occasions with the principal currents aligned along a north-east / south west axis.

1.4.2. The shallow profile is reflected in the generally well mixed water profile with winter
and summer surface and bottom temperatures fluctuating between roughly 70C and
120C; note that summer surface temperatures may be 1 — 1.5°C higher. Surface and
bottom salinity levels are relatively consistent throughout the year fluctuating in the
outer Firth between 34.8 and 35.0 parts per thousand.

1.4.3. The Moray Firth is described as an “open system” being an integral part of the wider
North Sea thus having common environmental factors. Moray Firth benthic
sediments, considered as moderately to well sorted, fine to medium grained, with
some shell, are described as “relatively homogeneous” with a general minimum phi
grain size of 3.23 and a maximum of 5.56 (Pinn and Robertson, 2001). Suggestions are
that sediments are not of fluvial origin, but rather are derived from offshore marine
transport, with some reworking of fluvioglacial material by marine erosion (Reid and
McManus, 1987).

1.4.4. The predicted distributions of principal seabed habitats have been modelled from
existing data and mapped by the Mapping European Seabed Habitat (MESH)
project and are shown in Figure 1.2. These distributions are taken as the current view
but classifications and boundaries will be subject to change and future refinements
through the addition of more survey observations outside of the current EIA process.

1.4.5. Detail of the predicted MESH habitat map covering the development area is
presented showing a number of principal sediment habitat types within and around
the Moray Firth zone (Fig. 1.2).
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Helmsdale
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Figure 1.2: Predicted MESH habitats in the Moray Firth study area (Source:
www.searchmesh.net)

1.4.6. Glémarec (1973) describes the sediments of Smith Bank as comprising coarse and
medium sands which support a typical fauna including the pea urchin Echinocyamus
pusillus, the bivalve Tellina pygmaea, and the polychaetes Travisia forbesii and
Ophelia borealis. At the base of the bank Glémarec (1973) also describes a small
channel in waters >60 m depth supporting the mud community of sea pen Virgularia
mirabilis tfogether with the polychaetes Anobothrus gracilis and the bivalve Nucula
tenuis. A later review (DTi, 2004) broadly supported the previous work on Smith Bank
and described the shallow (40 m) seabed and substrate of relatively coarse sand /
shelly gravel and occasional rock outcrops.

1.4.7. In the region a strong correlation between sediment distribution and depth was
demonstrated (Hartley & Bishop, 1986). Coarser sediments were associated with
shallower areas to the east of the Beatrice Qil field survey grid whilst finer grained
sediments occurred in deeper water to the west. Levels of silt/clay in shallow water
areas (up to 40 m) were found to be consistently low across survey area (<2.5%)
although these increased to 5% in depths of between 40 and 50 m. Sediment in
deeper water areas >50 m contained silt/clay levels of between 5 - 15%. Organic
matter content of the sediments was related to the silt/clay content and ranged
between 0.07% and 2.54%.

1.4.8. Gravel levels were locally variable, possibly attributed to patchy shell/gravel deposits
and Hartley & Bishop (1986) commented that given the uniform distribution of live
molluscs across the site, that the dead shell accumulations may represent periglacial

J
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relicts.

1.4.9. Historic acoustic surveys at the Demonstrator site (Talisman, 2006) revealed fine
grained sediments to the north-west and south-east of the site whilst coarser sediment
predominated to the north-east. It was noted that the seabed sediment types
exhibited little variation over the site with no anomalies or interest features identified.
Seabed video showed a clean fine sand substrate with broken shell material
consistent with Hartley & Bishop's (1986) earlier description.

1.4.10. More recently, acoustic survey data have been collected for the current wind farm
zone as part of the series of technical characterisation studies to support the ES. This
showed distinct sediment acoustic regions the distributions of which are presented in
(Figure 1.3).

E————————————
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Figure 1.3: Seabed sediment interpretation from acoustic survey

1.5. Regional Biological Context

1.5.1. In the Moray Firth region KUnitzer et al. (1992) identified discrete, predominately deep
water coarse sediment infaunal assemblages including polychaetes (Ophelia
borealis, Exogone hebes, Spiophanes bombyx, Polycirrus spp., Minuspio spp. and
Aricidea spp.), bivalves (Thyasira spp.) and brittlestars (Amphiura filiformis). These
assemblages have also been noted in the northern and central North Sea.

1.5.2.  Whilst the above considers broad scale infaunal communities, it was also noted that
a characteristic mobile deep water epibenthic North Sea community overlays the

d
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infaunal assemblage (Dyer et al., 1983; Jennings et al., 1999; Rees et al., 1999 and
Callaway et al., 2002). Typical species include the common starfish Asterias rubens,
burrowing starfish Asfropecten irregularis and sea urchins Echinus spp., crustaceans
(e.g. Crangon allmanni, Pagurus bernhardus, Anapagurus laevis and Hyas
coarctatus), the gastropod Neptunea antiqua and sessile colonial species (e.g.
Alcyonium digitatum, Suberites domuncula, Hormathia digitata, Epizoanthus
incrustatus, Clytia hemisphaerica).

1.5.3.  With regard to mobile demersal fish species, the area was also characterised by an
assemblage recorded from scientific and commercial tfrawls (Calloway et al., 2002;
Reiss et al., 2010). For this the Moray Firth is typified by a wider regional assemblage
comprising of whiting (Merlangius merlangus), dab (Limanda limanda), haddock
(Melanogrammus aeglefinus), lemon sole (Microstomus kitt), plaice (Pleuronectes
platessa), grey gurnard (Eutrigla gurnardus), herring (Clupea harengus) and
American plaice or long rough dab (Hippoglossoides platessoides).

1.5.4. The data support the notion of arich and diverse local macrofauna. Hartley & Bishop
(1986) remarked that faunal densities at sample stations at the Beatrice Field were
two times higher than those at offshore areas in the North Sea and aftributed overall
high species numbers to the variety of different sediment types sampled. They further
suggested that given the rich and diverse fauna present, major seabed disturbance is
infrequent.

1.5.5. The United Kingdom Offshore Operators Association (UKOOA) datasets show that 543
species were recorded at the Beatrice oil field between 1980 and 1992. Mean
species numbers per station were between 50 and 86 (Figure 1.4) and peaked at the
Captain Field, west of the current study area. These values broadly compare with
those recently recorded at the Beatrice wind turbine demonstrator project site (98 —
106 species per sample station) (Talisman, 2006).

1980 1981 1983 1985 1987 1992 1993
Beatrice Beatrice Beatrice Beatrice Beatrice Beatrice Captain

140 -

Mean no. species / sample
= =
H [en} [os] o N
o o o o o
1 1 1 1

N
o
1

o

Figure 1.4: Mean species numbers per sample recorded between 1980 and 1993
at the Beatrice and Captain oilfields (source: UKOOA database v3.1)
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1.5.6. Summarising the Beatrice baseline datasets, Hartley and Bishop (1986) calculated
that Annelida (segmented worms) were the dominant phylum (numbers and species)
at Smith Bank. These typically comprised 40% of total species variety in samples whilst
molluscs comprised 30%, crustaceans 20%, miscellaneous taxa 10% and echinoderms
5%.

42 A

1.5.7. Multivariate grouping of the available UKOOA data (mean abundance data) (Figure
1.5) shows the presence of a discrete faunal community at the Beatrice site, distinct
from the Captain site. Typical species of the Beatrice community include the
polychaetes Spiophanes bombyx, Pholoe baltica, cirratulids, Scoloplos armiger,
Nephtys spp. Spio filicornis, Lumbrineris spp. Diplocirrus glaucus and Goniada
maculata, bivalves Cochlodesma praetenue, Tellina (Fabulina) fabula, Abra
prismatica, Crenella decussata, Gari fervensis and amphipods Bathyporeia spp. and
Urothoe elegans.

APPENDIX

1.5.8. The proximity of the annual groupings tfo each other (see Figure 1.5) suggests that
macrofaunal communities at Smith Bank are temporally stable with little variation in
composition between years. The limited variation that is apparent was related to
variations in the abundance of characteristic taxa including Chaetozone spp., S.
bombyx, Thyasira spp. Thracia spp. Ophiura spp. A. prismatfica, and the reduced
abundance of Capitella capitata, T. fabula, C. praetenue, Ophryotrocha spp.,
Lumbrineris gracilis and Virgularia mirabilis.

2D stress: 0.15 || Field Year
PY A Captain1993
v Beatrice1980
Beatrice1981
R=0.77 ¢ Beatrice1983
/ © Beatrice1985
/ + Beatrice1987
/ + X Beatrice1992
L
)/ + + +
L +, + + °
b
x v oot ° o
9 N, % pe .
G B - SR
I/ x
. X ¥ .
\ 4
v
v
Figure 1.5: Multiple dimensional scaling (MDS) ordination of macrofaunal sample

data (mean abundance) (sq rt fransformed) collected over several years at the
Beatirice and Captain oil fields, outer Moray Firth.

1.5.9. The Beatrice wind farm demonstrator project recorded a rich and diverse sediment
fauna numerically dominated by polychaetes with crustaceans and molluscs
(Talisman, 2006). Conspicuous infaunal species included the polychaetes

e ————————————
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Chaetozone setosa, L. gracilis and Exogone hebes together with the amphipods U.
elegans, Ampelisca tenuicornis and Bathyporeia spp.. the bivalve T. fabula and the
pea urchin Echinocyamus pusillus. Epibenthic communities were characterised by
sponges, the erect bryozoan Flustra foliacea, the anemone Bolocera tuediae and
the crab H. coarctatus.

1.5.10. Other epibenthic organisms have been described by Picken (1986) during
investigations into the fouling organisms on arfificial structures in the Moray Firth
including those within the Beatrice Field. Structures were inifially colonised by
barnacles Balanus balanus, B. balanoides and B. crenatus and tubeworms Hydroides
norvegica and Pomatoceros triqueter within the first year of placement. Over the
following two - three years, these became overgrown with blue mussels Myftilus edulis
together with growths of seaweeds in the uppermost 5 m of water. These growths
were succeeded after four years by hydroids Obelia spp., Tubularia spp. and
Nemertesia ramosa which dominated surfaces below the seaweeds together with
the soft coral Alcyonium digitatum and the ascidian Ascidiella aspersa and Ciona
intestinalis. These species can be seen as migrants into the area that were not typical
of the benthic assemblages recorded pre-development.

J
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2.1. Survey Design

2.1.1. Survey specifications, sample analyses and data analyses were agreed with Marine
Scotfland prior to mobilisation to ensure statutory requirements were addressed.
Methods were also aligned with those undertaken during concurrent benthic survey
at the Beatrice Scottish Territorial Waters (STW) offshore wind farm which abuts the
current development site to the north west (see Figure 1.1). Compatibility in data
acquisition and analyses tfechniques between the two surveys was encouraged by
Marine Scotland to benefit assessment of the wider ecological context and permit
robust assessment of potential cumulative effects on the benthic ecology in this area
of the Moray Firth.

2.1.2. EMU undertook the subtidal sampling of the benthos including grab and frawl
sampling and seabed video. Sampling methods followed standard guidelines (Boyd,
2002 (now updated see Ware & Kenny, 2011) and Cefas, 2004). The macro-
invertebrate and sediment contaminants analyses were undertaken at accredited
sub-contfracted laboratories under EMU management. Quality checks on
macrofaunal taxonomical analyses were performed by EMU. The sediment particle
distribution analysis was undertaken at EMU’s UKAS accredited sediment laboratory.
All methods employed by EMU conformed with in-house operating procedures
and/or ISO9001 conftrol procedures where appropriate and are described below.

2.1.3. Table 2.1 summarises sampling effort. The array comprised 88 sample stations for
collection of grab samples and seabed video data. A single grab sample was
collected at each station; data on substrate and community heterogeneity were
derived from the seabed video. At 10 of these stations an additional small 0.1 m2 Day
grab sample was collected for analysis for sediment contaminants. Further to this, 21
2 m beam ftrawl samples were also collected to assess larger, more mobile
assemblages such as crab, prawns and fish.

Table 2.1: Summary of sample stations.
Seabed digital video and o Collection of seabed images to inform habitat and
stills photography epifaunal community assessment.

88 Collection of quantitative sediment samples for
0.1 m” Hamon grab faunal and sediment analysis, for habitat and

(single replicates)

community assessment.

Collection of qualitative samples for assessment of
2 m beam trawl 21 . .
assemblages of mobile epibenthos.

d
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2 . Collection of seabed sediment samples for
0.1 m" Day sampling 11 . .
contaminants analysis.

2.1.4. Figure 2.1 presents the benthic sample survey array. Grab sampling stations were
selected on a stratified random basis with consideration to previously acquired
geophysical (acoustic) data and predicted impact types. This ensured adequate
coverage of both the sediment habitats present and any associated direct and
indirect impacts on benthos anticipated.

E————————————
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Figure 2.1. Benthic ecology sample array

2.1.5. Seventy four grab and drop down video sample stations and sixteen 2 m beam trawls
were positioned within the boundaries of the three proposed wind farm sites (Eastern
Development Area). These sample locations were infended to acquire habitat and
species data from areas predicted to be subject to primary or direct impacts of

E————————————
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development. Primary impacts may include loss of habitat as a result of the
placement of furbines and substation platforms on the seabed as well as direct
physical seabed disturbances from laying of the infer-turbine cables and contact
with the seabed from the feet of jack-up rigs.

2.1.6. A further eleven grab and drop down video sample stations were positioned around
the periphery of the licence area to collect habitat and species data from areas
potentially subject to secondary or indirect effects of the development. Secondary
effects may occur as a result of tidally driven transport of fine sediments disturbed by
construction activities and their re-settlement on the seabed beyond the boundaries
of the fturbine site. Effects may include smothering of sessile epifauna and/or
damage to sensitive feeding or respiratory apparatus.

2.1.7. Three grab and drop down video sample stations were selected outside the
predicted primary and secondary effects of the development. These samples were
infended to act as reference locations during subsequent monitoring campaigns to
record the natural change in benthic conditions against which any change within
the primary and secondary areas could be assessed.

2.2. Sampling Survey

2.2.1. The benthic ecology survey was conducted over seven days (11/10/10 — 17/10/10).
All survey work was undertaken on board EMU's survey vessel MV Shannon. Grab and
seabed video sampling coordinates and field observations are provided in
Appendix|. Sample positioning including grabs, trawls and seabed video was
achieved using EMU’s Hemisphere Crescent V100 DGPS which has a stated horizontal
accuracy of <0.6 m (95% confidence). Navigation and position recording was
achieved using Trimble’s HYDROPro software version 2.30.844.

Subsea video

2.2.2. Prior to deployment of the grab, the seabed at each sample location was initially
surveyed using a digital video and stills camera mounted within a drop-down frame.
A minimum of five minutes seabed video footage was collected at each station
together with a minimum of five photographic sfills. Representative seabed
photographs for each sample station are presented in Appendix Il.

2.2.3. Observer records were collated throughout each five minute video deployment
including substrate type and conspicuous epifauna together with any observations of
burrows and tubes, (i.e. Nephrops burrows, see Pinn and Robertson, 2001).

2.2.4. No Annex | features, which may have precluded the subsequent intrusive grab
sampling, were identified from the video. Data for a limited number of sample
stations comprising harder coarse seabed were collated and compared against
Annex | reef criteria (Irving, 2009) and submitted to Marine Scotland / JNCC for
statutory opinion as to nature conservation status. It was subsequently confirmed by
JNCC that “the seabed habitat recently sampled at the proposed Moray Firth Round
3 Zone 1 offshore wind farm does not constitute Annex 1 stony reef” (Paine, pers.
comm., 2011). Criteria applied for the determination of resemblance to Annex | stony
reef followed guidelines provided in Irving (2009).

J
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Grab sampling

2.2.5. Following recovery of the seabed video, a quantitative seabed sample was
collected using a 0.1 m2 mini-Hamon grab. Grab samples were successfully collected
at all stations with the exception of station 20 where the very coarse and hard natfure
of the seabed was not amenable to grab techniques. A further five samples stations
(stations 18, 21, 22, 50, 66) only returned low volumes and contained insufficient
material to permit sub-sampling for particle size distribution (PSD) analysis. The total
number of grab samples collected was therefore 87 samples for macrofaunal analysis
and 82 samples for PSD analysis.

42 A

2.2.6. The position of each sample was fixed at the time when the winch wire went slack
indicating that the grab was on the seabed. Upon retrieval of the grab sample on
board the vessel, excess water was drained from the sample through a 1Tmm sieve
and the sample checked to ensure adequate quality. Samples of five litres and
above were considered acceptable. Samples with a volume less than this were
generally rejected and the station re-sampled up to a maximum of three fimes.
Where samples of <5 litfres were continually achieved then best judgement was used
to accept samples of lesser quality.

2.2.7. Once a sample had been accepted it was emptied into a hopper and
photographed (Appendix Ill). The sediment was also described and any conspicuous
fauna were recorded (Appendix |).

2.2.8. A sub-sample was taken from the grab sample and placed in a plastic bag for
subsequent particle size analysis. The volume taken for partficle size analysis
depended upon the nature of the sediment (as described in BS1377; part two; 1990)
but was generally between 500 g and 1500 g.

2.2.9. The remaining sediment was then gently washed over a 1 mm sieve with the material
retained on the sieve transferred info a pre-labelled bucket with lid and preserved
with 4% buffered formaldehyde/seawater solution. Buckets were clearly labelled
outside plus an extra water proof label with details of date, project number, sample
ID and a unique lab reference was added to the preserved sample. These were then
stored for return to EMU benthic laboratories for taxonomic analysis.

Contaminants Grab Sampling

2.2.10. Additional seabed sediment samples were collected at 11 of the grab stations for
determination of contaminants. Sampling effort focussed on stations closest to the ail
and gas activities at Beatrice and on comparatively stable finer grained sediments,
which can bind to contfaminants. The sediment contfaminants targeted included;

. Metals - Arsenic (As) , Cadmium (Cd), Chromium (Cr), Copper (Cu),
Mercury (Hg), Nickel (Ni), Lead (Pb), Tin (Sn), Barium (Ba), Aluminium (Al)

. PAHs — (16 US EPA Priority Pollutants)

. Total PAH

. Total petroleum hydrocarbons

. Total organic carbon

J
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2.2.11. Sampling of undisturbed sediments was achieved using a 0.1 m2 Day Grab with
stainless steel bucket. Prior to deployment at each station the metal sample bucket
of the grab was cleaned with Pentane to ensure that there would be no cross
contamination.

2.2.12. Upon retrieval of each sample on board the vessel the sediment was sub-sampled
and carefully placed with pre-freated labelled sample jars depending upon the
chemical analysis and stored frozen prior to the laboratory testing. In addition a
sample of 200 ml was taken for PSD analysis to correspond with the results of the
contaminants analysis.

Epibenthic trawling

2.2.13. Twenty-one sites in total were sampled with the 2 m scientific beam frawl fitted with a
5 mm aperture mesh liner (see Figure 2). Each trawl tow was approximately 500 m
distance at a speed of 2-3 knots. Start and end of tow lines were fixed within the
HydroPro navigation software and appropriate layback applied based on length of
warp deployed and water depth. Tows were generally conducted into or across the
current. The 2 m beam trawl logs are presented in Appendix IV. A photo log of the
trawl samples is presented in Appendix V.

2.2.14. Upon retfrieval on board the vessel, the catch was emptied to a large sorting tray and
photographed. The catch was then described in terms of its sample volume and
conspicuous species. Catches ranged from 6 to 36.5 litres in volume.

2.2.15. Species retained within the caftch were identified and enumerated on site with
representatives refurned to the laboratory to confirm the field nomenclature. Al
commercial fish species including shellfish were then measured to lowest 2 cm and
recorded. Non-commercial species were enumerated or logged as present as
appropriate (i.e. sessile colonial epifauna such as bryozoans, hydroids and sponges).
Foliose and erect bryozoans and soft corals were weighed on site. Any species which
were identified on site were returned to the sea.

23. Laboratory methods
Particle Size Distribution (PSD)

2.3.1. PSD analysis was undertaken at EMU’s sediment laboratory using in house methods
based on BS1377: Parts 1 — 3: 1990 (dry sieving), and BS13320: 2009 (laser diffraction).
The latter method was used when the fine fraction of sediment (<63 um) comprised
>5% of the total sample by weight.

2.3.2. Representative sub-samples of each sediment sample were oven dried to constant
weight at 105 £5°C before routinely wet sieving to remove silt and clay-sized particles
of <63 um (unless there was no sample cohesion after drying, where dry sieve analysis
only is undertaken). The remaining coarser material was again oven dried to constant
weight at 105 +5°C followed by dry sieving through a series of mesh apertures

J
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corresponding to units as described by the Wentworth scale. The weight of the
sediment fraction retained on each mesh was subsequently measured and recorded
and merged with the laser diffraction data where appropriate.

42 A

Total organic content

2.3.3. Total organic content analysis was undertaken at EMU’s sediment laboratory using in-
house methods based on BS1377: 1990 Part 3. Representative sub-samples of each
sediment sample were oven dried at 50 +5°C and weighed to constant mass. The
sample was subsequently subjected to ignition in a muffle furnace at 440 +25°C for
four hours. The organic matter content was then calculated from the subsequent loss
in Mass.

Contaminants analyses

2.3.4. Samples for contaminants analyses were sub-contracted to an experienced UKAS
accredited chemistry laboratory. Results were compared to standard Cefas and
Canadian guideline values to aid assessment of the possible ecological significance
of the levels of contaminants found.

2.3.5. Cefas guidelines are represented by a set of non-regulatory Action levels which form
part of a wider body of evidence for assessment of disposal of dredged materials to
sea. In general, concentrations of contaminants below Cefas Action Level 1 are of
litfle concern with respect to possible effects on the marine environment.
Concentrations above Action level 2 however suggest that the material is unsuitable
for disposal at sea. Values between Levels 1 and 2 may prompt further investigatory
work prior to disposal of the material to sea.

2.3.6. Canadian guidelines are presented in the form of Interim Sediment Quality Guidelines
(ISQGs) and Probable Effect Levels (PEL). Generally, concentrations above ISQGs
may cause some effects in some sensitive species. Concenfrations above the PEL are
likely to cause effects in a wider range of species.

Macrobenthic analyses

2.3.7. Analyses of fauna from grab and beam trawl samples were sub-confracted to a
NMBAQC participating laboratory. Samples were re-sieved over a 1 mm mesh to
remove all remaining fine sediment and fixative. Fauna were sorted from the
sediment by elutriation and subsequent examination upon a white tray, with the
resultant extracted sediment then sorted by hand under a binocular microscope.

2.3.8. Macro-invertebrates collected from the grab samples were identified to species level,
where possible, and enumerated. Colonial, encrusting epifaunal species were
allocated a P (present) value. A faunal reference collection was prepared with one
individual of each species identified retained.

2.3.9. EMU undertook QC checks on a representative number of whole samples, as well as
the entire reference collection in compliance with internal analytical QC criteria.

J
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2.3.10. Faunal biomass analysis was based on a wet-blot method with estimates of ash-free
dry weight made based on conversion factors indicated by Ricciardi & Bourget
(1998). Mollusc biomass included the weight of the flesh plus shell.

24. Data analyses

2.4.1. The macro-invertebrate community structure and sediment distributions were
investigated by employing a number of univariate and mulfivariate statistical
measures drawn from the Plymouth Marine Laboratories PRIMER vé (Plymouth
Routines in Multivariate Ecological Research) suite of programs (Clarke & Gorley,
2006; Clarke & Warwick, 2001).

2.4.2. Faunal data were imported info PRIMER and inifially subjected to a square root
transformation. The transformed data were then subjected to hierarchical clustering
to identify sample groupings based on the Bray-Curtis index of similarity. This process
combines samples into groups starting with the highest mutual similarities and then
gradually lowers the similarity level at which groups are formed. The process ends
with a single cluster containing all sites and is best expressed as a dendrogram
diagram showing the sequential clustering of sites against relative similarity.

2.4.3. The MDS (Multi-dimensional Scaling) procedure uses the same similarity matrix as that
used by the cluster analysis to produce an ordination of sites which is multi-
dimensional.  This aftempts to satisfy all of the between-samples relationships
indicated by the similarity matrix. This multi-dimensional ordination is then reduced to
a 2 dimensional representation that is a more accessible and useable representation.
The representativeness of this 2 dimensional version, in comparison to the multi-
dimensional array, is indicated by a stress level. The closer this stress level is to zero,
the beftter the representation.

2.4.4. Sediment data were also imported info PRIMER and normalised and subjected to
hierarchical clustering using Euclidean distance as the similarity measure. In addition,
Principal Components Analysis (PCA) Ordination analysis was performed on the
sediment data.

2.4.5. SIMPER analysis was then applied to the data to rank species in terms of their
contribution to both the internal group similarity and “between” group dissimilarity
and thereby assist the assessment of the distinctiveness of each community identified
and the identification of the characterising taxa. This information is useful for
matching with the Marine Habitat Classification System in support of biotope
attribution.

2.4.6. Finally, BIOENV was used to assess the abiotic environmental variables which best
match the observed clustering of faunal samples following Bray-Curtis and MDS.

J
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2.5. Biotope Classification

42 A

2.5.1. Biotope code allocations were made using the current UK Marine Classification
System V 4.05 (Connor et al., 2004). Biotopes were allocated to faunal groupings
produced from the SIMPER analyses.

2.5.2. Choice of biotope was made using the biotope decision making tool Bioscribe
(Hooper et al., 2011). The BioScribe tool matches the species list from a sample to the
biological communities wusually recorded with potfential biotope matches.
Confidence indicators and direct links to habitat descriptions from the Marine Habitat
Classification for Britain and Ireland are provided to facilitate the process. The tool
was used by an experienced ecologist practiced in matching UK biotopes to field
survey data with codes applied through expert judgment based on the BioScribe
outputs and knowledge of the current biotope classification system. All survey data
was used to inform the biotope allocation process including the sediment analyses
results and the video ground-truthing data.

J
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3. Results

3.1. Seabed sediments

3.1.1. Full results of the particle size distribution analyses are presented in Appendix VI. Table
3.1 summarises the Folk sediment classifications found (Folk, 1954). Figure 3.1. shows
the distribution of Folk sediment classifications overlaid onto the acoustic seabed
interpretation.

3.1.2. Grab data revealed three Folk sediment classifications within the study area. These
included slightly gravelly sand, gravelly sand and sandy gravel. The six samples not
collected by the grab were classified as gravel based on the seabed video evidence
(see below).

Table 3.1: Summary of the grab sample sediment data

Number of stations (n=88) Representative photograph

Folk classification
Sediment composition of grab sample

46 (52 %)
Sand and slightly
gravelly sand Mean % gravel = 0.58
(Sand (9)S) Mean % sand = 97.3

Mean % silt = 2.12

25 (28 %)

Gravelly sand

Mean % gravel = 7.89
(98)

Mean % sand = 89.95
Mean % silt = 2.16

13 (14 %)

Sandy gravel
Mean % gravel = 34.63

(sG)
Mean % sand = 62.95
Mean % silt = 2.42
6 (7 %)
Gravel
(G)

No psd sample data
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Figure 3.1. Distribution of Folk sediment classifications overlaid onto the acoustic sediment
interpretation (note gravel sediments were classified on the basis of video data)
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3.1.3. Dominant sediment fractions included fine and medium grade sands (particles of
diameter between 125 ym and 500 um). On average, these sediment fractions
accounted for 66 % of the weight of the samples collected. Coarse and very coarse
sand (particles of 500 — 1000 um in diameter) accounted for just 15% of the weight of
the samples on average. Levels of fine (silt / clay) particles (<63 um diameter) were
generally low across the survey array (<3%) but increased (around 4% and 5%) with
increased water depth to the south.

3.1.4. Field notes recorded varying quantities of shell material within recovered grab
samples. Assessment of the shell composition of selected samples showed that in
general, 20 — 30 % of the volume of the sediment samples collected comprised shell
material reaching 80% - 0% at some locations.

3.1.5. The presence of important quantities of shell material can increase structural
complexity of sand substrates, provide settflement and attachment sites for encrusting
species and support shell borers, such as some polychaete worms. This can result in a
distinctive shell fauna and an enhanced species richness and diversity compared to
sediment habitats where shell material is absent or present in lower quantities.

3.1.6. Further investigation of the sediment data, including classification analysis (Euclidean
distance measure of similarity and MDS) (MDS ordinations shown in Figures 3.2 and
3.3) demonstrated a clear distinction between slightly gravelly sand sediments and
coarser sandy gravels. Gravelly sand sediments appeared to be a fransitory
sediment group exhibiting intermediate levels of gravel, sand and silt/clay.

Overlying sample treatments onto the same data ordination (Figure 3.3) confirmed
no separation between direct, indirect and reference areas. This suggested
comparable sediment conditions within and beyond the boundaries of the
development and representative reference sediments

(@s v " e indirect
v gS vy v v direct
sG z reference
y w
Yy A, 4 v
YT S A TR
0 AN W v Yyw?
v v
v vy vV’
v
Figure 3.2: MDS ordination of Figure 3.3:  MDS ordination of
sediment % fractional data based sediment % fractional data
on Euclidean distance and based on Euclidean distance
overlaid by Folk sediment and overlaid by treatment area.

classification.

3.1.7. Principal Components Analysis (PCA) indicated a number of variables linked to the
separation of sediment data (Figure 3.4). Forinstance, PC1 axis accounted for 33.4%
of the variation between samples and was strongly correlated with %gravel
(negatively correlated with sand) and sorfing. The PC2 axis accounted for a further
23.8% of the variation and was correlated with %fines and depth.

J

24 Technical Appendix 4.2 A — Benthic Ecology



Moray Offshore Renewables Limited - Environmental Statement

Telford, Stevenson and MacColl Offshore Wind Farms and Transmission Infrastructure

ﬁ

4 Folk b
A (9)S o~
gS <
sG
2__
0__
% Finesurtysis
N
O
o
2
1og(¥-fsavey
sqr(Sorting)
44
-6—
| | | | |
[ I I I 1
4 -2 0 2 4
PC1
Figure 3.4: Principal components analysis (PCA) ordination of particle size

distribution data collected from grab samples. (Selected variables were transformed
based on examination of draughtsmen plots and data normalised).

3.1.8. Results of the analyses of sediment contaminants are presented in Appendix VIl
Sediment contaminants concentrations were below respective guideline values
(Cefas Action | & I and Canadian Interim Sediment Quality Guidelines). No adverse
environmental effects are therefore considered likely in this regard.

3.1.9. Organic content of the sediment samples collected was below 0.4% and within the
range of levels that have been historically recorded at Smith Bank (Hartley & Bishop,
1986).

3.2, Image data

3.2.1. The video and stafic images supported the findings of the grab sediment data.

J
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Sediments were manually grouped into four categories broadly corresponding fo the
Folk classifications described above including sand and slightly gravelly sand, mixed
sand, gravel and shell and gravel Full results of the image data are presented in
Appendix VIIl. Table 3.2 below presents a summary of the video sediment groups.

Sediment habitat Characterising No. locations . .
: . : Representative seabed image
type epibenthic species recorded

Asterias rubens

Astropecten irregularis

Chaetopterus variopedatus

Lanice conchilega

Pagurus bernhardus 6
Melanogrammus aeglefinus

Merlangius merlangus
Pleuronectiformes

Triglidae

Sand and rippled
sand with  burrows
and Echinocardium
cordatum (urchin)
fests.

Lanice conchilega
Pagurus bernhardus
Astropecten irregularis
Sand and slightly Echinus esculentus
gravelly sand. Melanogrammus aeglefinus
Merlangius merlangus
Pleuronectiformes
Triglidae

67

Pomatoceros spp.
Bryozoan crusts
Mixed sand, gravel Hydrallmania falcata
and shell Pleuronectiformes
Lanice conchilega
Calliostoma zizyphinum

Echinus esculentus
Asterias rubens
Mixed sand and Hydroid furf
coarse gravel Bryozoan crust
Pomatoceros spp.
Munida rugosa

Table 3.2: Summary of seabed habitat categories identified from video and static image data

E————————————
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3.2.2.

3.2.3.

3.2.4.

The video data (5 - 7 minute transects) revealed a largely homogeneous sand and
slightly gravelly sand sediment habitat across much of the site. The surface of the
sand was mostly smooth but in shallower locations, it was gently rippled suggesting a
small degree of tidal, or wave induced disturbance.

Conspicuous fauna associated with these sandy habitats included tube-dwelling
polychaetes such as Lanice conchilega and Chaetopterus variopedatus, as
evidenced by their distinctive fube endings profruding above the seabed surface.
Also present were common starfish Asterias rubens and burrowing starfish Astropecten
iregularis and hermit crabs Pagurus bernhardus. Haddock (Melanogrammus
aeglefinus), whiting (Merlangius merlangus) and gurnards (Family: Triglidae) were also
commonly observed over these sandy and slightly gravelly sand habitat types.

Deeper water locations (i.e. >55 m) around the periphery of the development were
associated with increased levels of fine material and supported the occasional
seapen Pennatula phosphorea (see example Plate 1). This species is characteristic of
the “seapens and burrowing megafauna in circalittoral fine mud” biotope (described
by Connor et al., 2004) and which is covered under the UK Biodiversity Action Plan
(BAP) and Scottish draft Priority Marine Feature (PMF) habitat. However, the general
low abundance of seapens across the area together with the apparent absence of
associated burrows and mounds and the generally coarser, more mixed nature of the
sediment suggested that this was not representative of the biotope and therefore not
of significant conservation interest.

Plate 1. Seabed photo showing circalittoral fine shelly sand with the seapen
Pennatula phosphorea (arrowed).

E————————————
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3.2.5. The video footage confirmed that shell material was important in terms of its
confribution to the increased complexity of sandy seabed sediments at many
locations. This larger material allowed seftlement and colonisafion by a range of
sessile colonial fauna such as bryozoans, hydroids (e.g. Hydallmania falcata and
Nemertesia antennina), boring sponges (e.g. Cliona spp.) and encrusting worms (e.g.
Pomatoceros spp.). Sparse growths of the soft coral Alcyonium digitatum and the
foliose bryozoan Flustra foliacea were also commonly recorded in mixed sandy/shell
sediment areas from the video.

3.2.6. Very coarse sediments, i.e. those corresponding to the gravel classifications identified
by the grab data above, were characterised by a typical encrusting sessile fauna
(oryozoans, hydroids and encrusting worms) tfogether with the edible sea urchin
Echinus esculentus and the squat lobster Munida rugosa (see example image Plate
2). Previous assessment and liaison with Marine Scotland (EMU, 2011) confirmed that
this habitat did not fulfil the criteria for an Annex | ‘stony reef’ so has no particular
conservation status.

Plate 2. Example of coarse sediment habitat with the edible sea urchin Echinus
esculentus in foreground.

E————————————
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3.3. Macrofaunal grab sample data
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3.3.1. Appendix IX presents species abundance data for each grab sample. No rare or
protected species with respect the EC Habitats Directive and/or the Wildlife &
Countryside Act, 1981 were recorded during the taxonomical analysis of the grab
samples. The Icelandic cyprine or Ocean quahog Arctica islandica, is listed on both
the OSPAR List of Threatened and/or Declining Species and Habitats (Region Il -
Greater North Sea) and the list of Scoftish Marine Priority Features. This bivalve species
was found singly as juveniles at 9 stations within the three wind farm sites (eastern
development area). No adult A. islandica specimens were recorded during the
survey.

3.3.2. A tfotal of 587 taxa were recorded from the grab samples. Following rationalisation
(i.e. removal of algae, meiofauna and pelagic organisms) the total number of taxa
was 531. Numbers of species/taxa per sample ranged between 20 and 130 / 0.1 m2.
Abundances ranged between 31 and 878 individuals / 0.1 m2. The distributfions of
species numbers and abundance are presented in Figures 3.5 and 3.6 respectively.

J
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Figure 3.5 Distribution of total numbers of species/taxa per 0.1 m2
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Figure 3.6. Distribution of number of individuals per 0.1 m2 across the survey area

3.3.3. Table 3.3 shows the distribution of species amongst the principal macro-invertebrate
taxonomic groups (taking info account in the absence of sessile colonial species
which were not included in terms of abundance), the data demonstrates the
dominance of Annelida (segmented worms) in terms of both species variety (37.1%)
and abundance (61.3%). Crustacea (principally amphipods and crabs) were
secondarily important in this regard accounting for 20.9% of the species variety and
7.8% of the abundance. Mollusca (principally bivalves) were also well represented
and accounted for 18.5% and 14.7% of the total numbers of species and total
abundance respectively. Echinoderms accounted for just 5 % and 6 % of the species
variety and abundance respectively.

3.3.4. Among the colonial sessile taxa, bryozoans (sea mats) and cnidarians (sea firs and
anemones) accounted for around 8% and 5% of the fotal species variety

E————————————
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respectively.
Table 3.3: Summary of numbers of species in each principal phyla
|nd|V|duaIs
Annelida 10,007 61.3
Crustacea 111 20.9 1,277 7.82
Mollusca 98 18.46 2,392 14.65
Bryozoa 47 8.85 - -
Cnidaria 29 5.46 - -
Echinodermata 27 5.08 1,127 6.9
Sipunculida 5 0.94 1,003 6.14
Tunicata S 0.94 = =
Others 5 0.94 94 0.58
Chelicerata 3 0.56 19 0.12
Phoronida 2 0.38 140 0.86
Turbellaria 1 0.19 5 0.03
Nemertea 1 0.19 260 1.59
531 100 16324 100

3.3.5. The most conspicuous species found in the grab samples, in terms of abundance and
frequency of occurrence, are presented Table 3.4. These included the polychaete
Chone sp. as the most abundant species followed by other polychaetes, Spiophanes
bombyx, Pomatoceros triqueter, Serpulidae, Polydora caeca, Notomastus spp.,
Hydroides norvegicus and Lumbrineris gracilis. The urchin Echinocyamus pusillus and
the bivalve Cochlodesma praetenue were also comparatively abundant within the
current dataset.

3.3.6. Although comparatively abundant, the frequency of occurrence of P. friqueter,
Serpulidae and H. norvegicus and the maijority of sessile colonial epifauna was low
(present in 21 to 33 % of the samples collected). This is likely to be a consequence of
the comparatively reduced availability of coarser sandy gravel and gravel sediments
within the study area upon which these species attach. These types of species were,
therefore locally abundant but restricted in their distribution to areas of coarser
seabed habitats. In confrast, sediment dwellers (infauna), such as S. bombyx, E.
pusillus, C. praetenue, Notomastus and L. gracilis, occurred more frequently as would
be expected within a predominately sedimentary habitat.

E————————————
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Table 3.4: Top 10 abundant and frequently recorded species recorded in grab samples

Abundance | No. samples Most frequenﬂy occurring | No. samples

APPENDIX [

Chone sp. 1188 33 (37%) Eucratea loricata 58 (67%)
Spiophanes bombyx 866 61 (70%) Escharella immersa 30 (34%)
Echinocyamus pusillus 646 77 (89%) Schizomavella auriculata 29 (33%)
Pomatoceros triqueter 577 21 (24%) Scrupocellaria scruposa 28 (32%)
Cochlodesma praetenue 556 60 (69%) Tubulipora 25 (29%)
Serpulidae 508 28 (32%) Hydrallmania falcata 22 (25%)
Polydora caeca 487 35 (40%) Campanulariidae 22 (25%)
Notomastus 485 55 (63%) Entalophoroecia deflexa 22 (25%)
Hydroides norvegica 423 29 (33%) ASCIDIACEA (juv) 22 (25%)
Lumbrineris gracilis 411 57 (66%) Disporella hispida 21 (24%)

3.3.7. The results of the biomass analysis are presented in Appendix X. The distribution of
phylum level biomass is presented in Figure 3.7. Levels were generally low across the
study area with 71 of the 87 stations sampled for fauna returning values of <1 g ash
free dry weight (AFDW)/0.1m2. Among the remaining 16 stafions, biomass levels
ranged from 1.14 g to 11.61 g AFDW/0.1m?2 (station 60).

3.3.8. Despite only accounting for 18.5% of the species variety and 14.7% of the total
abundance, molluscs dominated the biomass contributing to over 64% of the total
biomass sampled (note that mollusc biomass included flesh plus shell). Polychaetes
and echinoderms were also important in this respect contributing fo 16.8 % and 12.2
% of the overall biomass respectively. Crustaceans only contributed to 2.9% of the
total biomass recorded indicating the generally small size of crustacean specimens
caught in the gralbs.
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Figure 3.7. Distribution of infaunal biomass g / 0.1 m2

3.4. Multivariate analysis

3.4.1. Multivariate sample sorting of the faunal grab data (Bray-Curtis clustering and MDS)
revealed 7 groups (Groups a, b, c, d, e, f and g) (Figure 3.8 and 3.9). The faunal
distinctiveness of each of these seven groups was investigated using SIMPER analysis
the results of which are given in Table 3.6 together with other group physical
attributes.

3.4.2. Note that although the Bray-Curtis clustering (Figure 3.8) incorporated an initial
SIMPROF analysis, the results of this were discounted as the resultant number of
groupings (total 14) was considered too high for practical assessment purposes.
Instead, examination of the group average sorting dendrogram and MDS ordination
showed that the samples may be sorted info 7 groups at 30.6 % similarity level. This
created a more manageable number of groups for assessment whilst still giving a

E————————————

34 Technical Appendix 4.2 A — Benthic Ecology



Moray Offshore Renewables Limited - Environmental Statement

Telford, Stevenson and MacColl Offshore Wind Farms and Transmission Infrastructure

reliable picture of biological community structure. Furthermore, comparison with the
Habitat Classification System (Connor et al., 2004) and BioScribe (Hooper et al., 2011)
showed that each of the 7 groups could be accurately matched with discrete
biotopes (see Table 3.6) and so further division of the Bray Curtis groupings was
therefore unnecessary with regard to the current study.
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Figure 3.8 Bray Curtis group average similarity dendrogram and associated MDS
ordination plot of grab sample data (square root tfransformed).
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Figure 3.9: Grab sample array overlaid with classified groupings from multivariate

analysis and illustrative seabed images.
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3.4.3. Table 3.5 presents a summary of the biological and physical attributes of each of the
faunal sample groupings. This includes allocation of a biotope code following
matching of data with the Marine Habitat Classification System (Connor et al, 2004)
and with the biotope allocation database tool (BioScribe) (Hooper et al., 2011).

Table 3.5: Summary biological and physical attributes of sample groups derived from multivariate
sample sorting of the faunal grab data.

Characteristic species top Mean % sand,

Group Mean no. Mean no. Av. depth Biotope ]
(no. samples) $0% of internal similarity species’ individuals? (m) Classification gravel & silf and
(SIMPER) sediment type(s).
Glycera lapidum
a Nofomasfus %Gravel = 35.15
(2 samples) Crenel gecuesata 57 170 49.0 SS.SMxOMx.PoVen g/ o nd = 63.79
v Syllis parapari %Silt = 1.06

Aricidea cerrutii
Pomatoceros triqueter
Polydora caeca
Serpulidae
Pisidia longicornis
b Galathea intermedia
(4 samples) Leptochiton asellus 94 483 41.7
* Hydroides norvegica
Anomiidae (juv)
Hinia incrassata
Gibbula tumida
Hiatella arctica
Chone sp.
Notomastus
NEMERTEA
Echinocyamus pusillus
Glycera lapidum (agg)
C Nephasoma minutum $S.8CS.CCS. %Gravel =18.22
(22 samples) Jasminetia caudata 86 367 472 MedLumVen %Sand = 79.33
olycirrus o) Qs
Lumbrineris gracilis %Silt = 2.45
Leptochiton asellus
Hydroides norvegica
Atylus vedlomenisis
A. paucibranchiata
Pholoe baltica
Glycera lapidum
d Pistella lornensis %Gravel =22.58
(2 samples) NEMERTEA 30 53 45.1 SS.SCS.ICS.Glap %Sand = 75.09
+ Aglaophamus rubella %Silt = 2.32
Aponuphis bilineata
Lumbrineris gracilis
ENTEROPNEUSTA

Peresiella clymenoides $S.5Sa.0Sa.OfusAfil

e NEM;RTEA %Gravel =2.58
Amphiuridae

0, -
(11 samples) Phoronic 46 96 53.8 or /oOSar.1d =93.97
® Owenia fusiformis %Silt = 3.45
Echinocyamus pusillus SS.SSa.IMuSa.Ffab
Magelona alleni Mag
Diplocirrus glaucus
Clymenura

£ Moerella pygmaea %Gravel =18.22

Orbinia sertulata

(1 sample) . ) 26 30 45.5 SS.SCS.ICS.MoeVen %Sand = 79.33
% Pistella lornensis

0, il =
Thracia %Silt = 2.45
Phascolion strombus

SS.SCS.CCS No psd data
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Group Chc'md?'is“c SP?Ci_es _'°p Mean no. Mean no. Av. depth Biotope L CCIIZSEe)
(no. samples) Stosl L species! individuals? (m) Classification gravel & silt and
. (SIMPER) sediment type(s).

Spiophanes bombyx
C. praetenue

Echinocyamus pusillus 0 —

g ) %Gravel =18.22
Ophelia borealis SS.SSa.CFiSa.EpusO o _

{42isamples} Poecilochaetus serpens 43 106 479 borApri (SIS SR

A %Silt = 2.45

Owenia fusiformis
NEMERTEA
Crenella decussata

3.4.4. The largest grouping was Group g. This incorporated 42 of the faunal grab samples
collected and was associated with predominately sand sediments with some gravel
component in moderately deep water. Characteristic species included the
polychaetes Spiophanes bombyx, Ophelia borealis, Poecilochaetus serpens and
Owenia fusiformis, the molluscs Cochlodesma praetenue and Crenella decussata
and the wurchin Echinocyamus pusillus.  These attributes matched with the
$8.8Sa.CFiSa.EpusOborApri biotope classification describing Echinocyamus pusillus,
Ophelia borealis and Abra prismatica in circalittoral fine sand.

3.4.5. The next largest group was Group ¢ (22 samples). This group comprised similar sand
sediments as Group g but was characterised by a comparatively richer and more
diverse fauna typified by the polychaetes Chone sp., Notfomastus sp., Lumbrineris
gracilis, Aonides paucibranchiata and Glycera lapidum, the pea urchin E. pusillus, the
amphipod Atylus vedlomensis and ribbon worms Nemertea. These characteristics
corresponded with the S$S.SCS.CCS.MedLumVen biotope classification describing
Mediomastus fragilis, Lumbrineris spp. and venerid bivalves in circalittoral coarse sand
or gravel. This biotope is similar fo the EpusOborApri classification described above
but occurs in slightly coarser sediments.

3.4.6. Group e comprised 11 predominantly sand sediments collected from relatively deep
water locations. Levels of fine (silt/clay) sediments were generally higher compared
to other samples. Typical species included L. gracilis, acorn worms Enteropneustra,
ribbon worms, infaunal brittlestars Amphiuridae and the polychaetes O. fusiformis and
Magelona alleni. Matching physical and biological group aftributes with Bioscribe
showed that the suite of species present corresponded with two biotope alternatives
including 8$S8.88a. OSa.OfusAfil, describing Owenia fusiformis and Amphiura filiformis in
offshore circalittoral sand or muddy, and $S.8Sa.lMuSa.FabMag, describing Fabulina
fabula and Magelona mirabilis with venerid bivalves and amphipods in infralittoral
compacted fine muddy sand. Both biotope types describe stable sandy and muddy
sand seabed conditions. Given the depth range over which this biotope(s) occurred
it is likely that the OfusAfil classification would be the most appropriate, the FabMag
biotope being typically restricted to comparatively shallower water areas.

3.4.7. Coarse gravel sediments (Group b) were classified to biotope complex level only and
did not readily match any higher resolution classifications. The $S.SCS.CCS code used
to classify this group describes circalittoral coarse sediments however the presence of
Pomatoceros sp. as a characterising species and the high mean numbers of species
and numbers of individuals associated with this group suggested that these samples
could represent a diverse variant of the $S.SCS.CCS.PomB classification.

J
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3.4.8. The remaining coarser sediments (>20% gravel) were grouped into two smaller
groupings (Groups a and d). These samples were characterised by a typical suite of
coarse sand and gravelly sand fauna such as the polychaete Glycera lapidum, and
the bivalve Crenella decussata. Accordingly, these sample groups matched the
$S.SMx.OMx.PoVen classification, describing a polychaete-rich deep Venus
community in offshore mixed sediments, and S$S.SCS.ICS.Glap which may occur in
relatively shallow water areas and describing Glycera lapidum in impoverished
infralittoral mobile gravel and sand. One additional sample remained unclassified
following the Bray-Curtis sample sorting and was matched with a $S.SCS.ICS.MoeVen
(Moerella spp. with venerid bivalves in infralittoral gravelly sand) classification. This
sample was found at the reference area located to the north east.

3.5. Biotope Mapping

3.5.1. Figure 3.10 presents the distribution of the classified biotopes overlaid onto the
acoustic sediment inferpretation in an attempt to show relationships between
biotope classification and principal habitat types. Figure 3.11 shows similar data
overlaid onto acquired bathymetry to assist assessment of relafionships between
biotopes and depth.

3.5.2. This process identified apparent close associations between sublittoral sand ($S.8Sa)
biotopes and interpreted sand sediments.  Furthermore, relationship between
sublittoral coarse sediment ($S.SCS) biotopes and sand and gravel were noted.
Likewise, some biotopes appeared to be associated with certain bathymetry, for
example $8.8Sa.0sa.OfusAfil occurred in deeper waters whilst $S.SCS.CCS appeared
to be restricted to comparatively shallower water areas. Having established these
relationships, it was then possible to use sediment and bathymetric boundaries to
interpolate and map the biotopes as presented in Figure 3.12.

J
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Figure 3.12. Biotope map for the eastern phase of the Moray Firth R3 offshore wind farm zone
(Station 20 which was not sampled for macrofauna was allocated a $S.SCS.CCS classification
based on the image data).
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3.5.3. Comparison of the biotope map with MESH data (Figure 1.2) showed a degree of
agreement in terms of the distributions of seabed habitats. In particular the presence
of coarse gravel substrates to the north and east within the Stevenson site are
consistent with MESH predicted habitats whilst the distribution of circalittoral fine sand
and coarse sand are in broad agreement. The general accord between datasets
suggests that MESH datfa could be used to establish the wider context and to
indicate the potential extent of similar habitats across the wider Moray Firth region
and beyond the boundaries of the development, recognising its broad-scale and
predictive nature. The ability to relate and match seabed habitat conditions with
those that occur across the wider region provides a regional confext within which the
potential effects of the wind farm development can be placed.

42 A

3.5.4. Reference samples (samples 84, 85 & 86) were noted to be peripheral to the MDS
ordination (Figure 3.9) and were classified as minority biotopes. This suggested that
the reference samples may not be representative of the principal biotopes present
across the current study area. The suitability of reference stations will need to be a
key consideration during baseline and monitoring surveys should consent for
development be granted and may need to be re-positioned to reflect conditions
that are more representative of those within the three wind farm sites.

3.5.5. BIOENV analysis was used to assess the abiotic variables that best matched the
observed distribution of macrofauna from the multivariate sample sorting, the results
of which are presented in Table 3.6. Input variables were normalised prior to the
analysis and included the sediment fractions, sorting, mean particle diameter and
depth. The results showed that depth was the single abiotfic variable that best
matched the observed macrofaunal distribution.  The correlation was slightly
improved with the addition of % sand, gravel and silt variables.

Table 3.6: Summary results of the BIOENV analysis

Abiotic Factor(s) Correlation Coefficient (r)

Best single abiotic factor

0.561
Depth
Best combination of factors
%sand, %gravel, %silt/clay 0.566
%sand, %gravel, %silt/clay, mean diameter 0.564
%sand, %gravel, %silt/clay, mean diameter, median '
; 0.563
diameter
3.6. 2m Beam Trawl Data
3.6.1. Information regarding assemblages of larger, more mobile epibenthos together with

communities of colonial sessile fauna was collected using a series of twenty one 2 m
beam frawls. Appendix XI presents a species list for the tfrawl samples.

J
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3.6.2. These trawls identified a total of 203 taxa including 42 species of Cnidaria (anemones
and hydroids), 9 species of funicates (sea squirts) and 33 species of bryozoan (sea
mats) attached to stones and shell material, together with free living taxa including 6
species of polychaetes, 39 species of crustacean, 18 species of molluscs, 21 species
of echinoderms and 33 species of fish.

3.6.3. Table 3.7 presents the most abundant and frequently occurring free living and sessile
species found within the 2 m beam trawl samples.

Table 3.7: Frequent and abundant species recorded from the 2 m beam trawl samples
No. trawls
Species found abuTr:;:Ince Species No. tr(c:\v:lzslf)ound
(n=21)
Aequipecten opercularis 21 385 Flustra foliacea 21
Asterias rubens 20 977 Hydrallmania falcata 21
Macropodia tenuirostris 20 120 Abietinaria abietina 19
Agonus cataphractus 19 101 Alcyonidium parasiticum 16
Liocarcinus depurator 19 555 Nemertesia sp. 15
Pagurus bernhardus 19 72 Alcyonium dipitatum 13
Callionymus lyra 18 83 Eucratea loricata 13
Macropodia parva/rostrata 18 81 Nemertesia ramosa 13
Microchirus variegatus 18 82 Halecium sp. 12
Limanda limanda 17 336 Sertularella polyzonias 12
Adamsia carciniopados* 15 169 Chartella barleei 11
Hyas coarctatus 15 32 Sertularia sp. 11
Pagarus prideaux 15 182 Suberites (=ficus spp.) 11
Buccinum undatum 14 17 Halecium muricatum 8
Pleuronectes platessa 14 74 Alcyonidium diaphanum 7
Echinus esculentus 13 157 Kirchenpaueria pinnata 7
Microstomus kitt 13 29 Obelia spp. 7
Psammechinus miliaris 13 37 Nemertesia antennina 6
Liocarcinus holsatus 12 37 Rhizocaulus verticillatus 6
Ophiura ophiura 12 29 Sertularella tenella 6

*Anemone which aftaches to the shell of the hermit crab Pagurus prideaux

3.6.4. Queen scallops (Aequipecten opercularis) were recorded ubiquitously across the
area. A total of 385 individuals were collected. Greatest numbers (+50 individuals)
were found at frawl stations 10, 13 and 17 (slightly gravelly sand and gravelly sand

J
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sediments) although confident assessment on distributions is not possible given that
the beam trawl is not specifically designed to collect these species. Nonetheless a
sufficient number of queen scallops were collected to attempt an inifial assessment
of population structure. Figure 3.13 shows the length frequency distribution for the
gueen scallops collected across the study area and suggests the presence of 2 or 3
different cohorts. Queen scallops grow up to about 9 cm in length (Carter, 2009) and
so clearly, a number of the Moray Firth population are surviving to achieve this size.
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Figure 3.13. Length frequency distribution of queen scallop Aequipecten opercularis.

3.6.5. Common starfish, Asterias rubens, spider crabs Macropodia spp., pogge Agonus
cataphractus, harbour crab Liocarcinus depurator, hermit crabs Pagurus spp.
dragonet Callionymus lyra and dab Limanda limanda also occurred commonly
within the beam trawl samples highlighting their broad distribution across the study
area. Other frequently occurring species included plaice Pleuronectes platessa, thick
back sole Microchirus variegatus and lemon sole Microstomus kitf, urchins
Psammechinus miliaris and Echinus esculentus and common whelk Buccinum
undatum.

3.6.6. As well as occurring frequently within the trawls, dab, plaice and thick back sole were
also present in relatively large numbers (336, 74 and 82 individuals respectively).
Length frequency assessment of dab and plaice (Figure 3.14) suggested one size
class present within the current study area at the time of survey (October).

3.6.7. The most numerous species found in the trawls however, was the prawn Pandalina
brevirostris (not represented in Table 3.8). A total of 528 individuals of this species
were found at the trawl station T13 corresponding to station 56 towards the south and
west of the survey array. This species was generally not recorded elsewhere within
the study area (6 specimens were recorded in Trawl T15 and single specimens were
found in four disparate grab samples). A high number of pink shrimp Pandalus
montagui (191 individuals) were also sampled at this location. (A further 80 individuals
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were also sampled at T15). Additionally, the squat lobster Munida rugosa was also
caught in relatively large numbers at T13 (108 individuals). The reason for the
presence of particularly high abundances of these mobile crustacean species at this
location is presently unclear. They may be exhibiting a particular habitat preference
or responding opportunistically to a temporary increase in benthic feeding resource.
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Figure 3.14. Length frequency distributions of a) plaice Pleuronectes platessa and b) dab
Limanda limanda in 2 m beam trawls. (Note that fish were sub-sampled prior to length
measures so not all individuals are represented).

3.6.8. Sandeels (predominantly Ammodytes sp.) were generally absent or present in low
numbers within the trawl samples although some contained greater abundances as
shown in Figure 3.15. Greatest numbers (45 total) were found in Trawl 14 which
corresponded to the slightly gravelly sand sediments at grab station 5. Three species
of sandeel were found here including Hyperoplus lanceolatus (14 individuals),
Ammodytes sp. (28 individuals) and Gymnammodytes semisquamatus (3 individuals).
Despite the grab data showing slightly gravelly sand, the video data (see Appendix II)
suggested a patchy seabed comprising fine sand interspersed with areas of coarser
shelly gravel substrate.

3.6.9. A further 39 individuals of Ammodytes sp. together with one specimen of H.
lanceolatus were found within Trawl 19 corresponding to the coarser sand sediments
at grab station 86 and located within the reference area to the north east.
Elsewhere, sandeels were present in relatively low numbers ranging between 1 and 7
individuals per trawl.

3.6.10. The specimens found within the trawls were identified to Ammodytes in the field with
further taxonomic discrimination in the laboratory to A. tobianus provided by the
occasional specimen found in just é of the grab samples.
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3.6.11. With regard to the trawl data, sandeels appeared to favour coarser sand to the south
of the study area (i.e they were not found within the fine sand biotope $S.8Sa.CFiSa)
although the non specific nature of the beam trawl caveats firm conclusions in this
regard. Grab data were, however, non conclusive as only single specimens were
generally found in a few locations (see Figure 3.15).
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Figure 3.15. Distribution of the numbers of sandeels found in 2 m beam trawl samples.

3.6.12. As well as the free living species discussed above, the trawl samples also contained
incidental shell material, stones and cobbles upon which various sessile encrusting
species were found. Among these the most commonly occurring was the foliose

J

46 Technical Appendix 4.2 A — Benthic Ecology



Moray Offshore Renewables Limited - Environmental Statement

Telford, Stevenson and MacColl Offshore Wind Farms and Transmission Infrastructure

3.6.13.

bryozoan F. foliacea and the hydroid H. falcata. Other frequently occurring sessile
species in the frawls included the hydroids Abietinaria abietina and Nemertesia spp.,
the encrusting bryozoan Eucratea loricata, the erect bryozoan Alcyonidium
parasiticum and the soft coral Alcyonium digitatum.

A

Multivariate sample sorting and MDS of the enumerated trawl sample data (Figures
3.16 and 3.17 respectively) identified four groupings. A subsequent SIMPER analysis
identified species characteristic of each group as summarised in Table 3.8.
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Figure 3.16.  Group average similarity dendrogram (Bray — Curtis) of 2 m beam trawl
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Figure 3.17.  MDS ordination of 2 m beam trawl data (sq rt fransformed)
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Table 3.8: Summary of SIMPER analysis of the 2 m beam frawl samples.
Group a Group b Group c 4~ Group d
5 samples 2 samples 7 samples 7 samples
Average similarity: Average similarity: Average similarity: Average similarity:
48.81 60.08 56.37 50.70

Asterias rubens Asterias rubens Asterias rubens Liocarcinus depurator
Liocarcinus depurator Limanda limanda Pagarus prideaux Aequipecten opercularis
Aequipecten opercularis Adamsia carciniopados Callionymus lyra
Echinus esculentus Aequipecten opercularis Macropodia tenuirostris
Limanda limanda Macropodia parva/rostrata  Agonus cataphractus
Pandalus montagui Limanda limanda

Munida rugosa

3.6.14. Overlay of the multivariate sample groupings (Figure 3.17) onto the sample array
suggested a degree of geographical distinction between epibenthic assemblages.
South and west of the development area, for example, the epibenthos comprising
Group a was characterised by common starfish, harbour crab, scallop, urchins
Echninus esculentus, pink shrimp Pandalus montagui and squat lobster Munida
rugosa. SIMPER analysis showed that this group was differentiated from the other
groupings because of the greater abundance of common starfish, pink shrimp and
urchin compared to other locations within the study area. Group ¢ on the other hand
encompassed an assemblage with a more northern distribution. This group was also
characterised by common starfish, hermit crab, scallop, spider crab and dab but was
differentiated from other groups in the study on the basis of the greater abundance
of starfish and hermit crab but reduced numbers of dab and harbour crab. Group b
incorporated samples containing more common starfish and dab but less hermit
crab, harbour crab and urchins compared to those within other sample groupings.

3.6.15. Deeper water areas to the south (Group d) were characterised by harbour crab,
scallop, dragonet Callionymus lyra, spider crab and pogge Agonus cataphractus
together with plaice and thickback sole. As such, this assemblage appeared to be
differentiated on the basis of a distinct community type rather than varying
abundance of common taxa.

3.6.16. Other key observations form the trawl samples included cat shark egg cases within
Trawls 13 and 14 and squid eggs at T5. Whelk egg masses were observed within Trawl
samples T1 and T4.

d
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Figure 3.17. Mullivariate groups of 2 m beam trawl samples overlaid
on to the sample array

4. Discussion

4.1. Physical / biological relationships

4.1.1. Relationships between sediment macrobenthic communities and physical
environmental factors in the North Sea have been well studied (i.e. Glémarec, 1973;
Eleftfheriou & Basford, 1989; Dyer et al., 1983;, Kunitzer et al., 1992; Heip &
Craeymeersch, 1995; Rees et al., 1999 and Reiss et al., 2010) with depth and

associated changes in sediment type and thermal stability at the seabed emerging
as key factors influencing benthic faunal distributions.
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4.1.2. Glémarec (1973) places the current study area within the “étage cotier" (coastal
étage) which relates to a broad sea area lying between the northern boundary of
the Dogger Bank and the deeper waters of the Fladen Grounds and including near
shore waters of eastern Scotland and Shetland. It represents a set of distinct broad-
scale North Sea communities and parallel sediment and temperature conditions
encompassing deep water (+40 m) fine to coarse sand sediment habitats subject to
varying temperatures. Areas corresponding to this étage are generally situated
between coastal waters and the waters of the open sea and can be subject to
constant mixing or may present a thermocline with both conditions subject to large
annual temperatfure variations of up to 7 or 8°C.

4.1.3. Within Glémerec’s “coastal étage”, both the ICES Benthic Working Group (KUnitzer et
al.,1992) and Reiss et al. (2010) identified discrete, predominately deep water coarse
sediment infaunal groups. Conspicuous species of these groups included the
polychaetes Ophelia borealis, Exogone hebes, Spiophanes bombyx, Polycirrus sp.,
Minuspio sp. and Aricidea sp as well as the bivalve Thyasira sp. and the brittlestar
Amphiura filiformis. As well as encompassing the outer Moray Firth study area these
infaunal groups also incorporated deep water sites across the northern North Sea; the
Reiss et al groups also extending over areas within the central North Sea.

4.1.4. Overlaying these broad-scale sediment assemblages are distinct mobile epibenthic
communities, as explained in Chapter 1. The current study area corresponds to a
characteristic mobile deep water epibenthic North Sea community characterised by
common starfish Asterias rubens, sea urchins Echinus spp., brown shrimp, Crangon
allmanni, and hermit crab (Dyer et al., 1983; Jennings et al., 1999; Rees et al., 1999
and Callaway et al., 2002) and a typical assemblage of demersal fish species
comprising whiting Merlangius merlangus, dab Limanda Ilimanda, haddock
Melanogrammus aeglefinus, lemon sole Microstomus kitt, plaice Pleuronectes
platessa, grey gurnard Eutrigla gurnardus, herring Clupea harengus and American
plaice or long rough dab Hippoglossoides platessoides (Callaway et al., 2002; Reiss et
al., 2010).

4.1.5. Together with the MESH data presented in Figure 1.2, these high level studies set the
broad regional context within which the present site specific conditions may be set.
Current data support the presence of stable, predominately sand habitats with
varying proportions of gravel possibly relating to differing quantities of shell material
between samples. A degree of sediment stability is inferred from the apparent lack of
significant seabed bedforms, such as ripples, as evidenced by the image dataq,
suggesting limited sediment mobility and little associated natural disturbance effects
on benthos. Newell et al. (1998) discuss the idea of ecological succession in relation
to seabed disturbances (in this instance due to marine aggregate extraction) and
supports the presence of stable “equilibrium” communities at Smith Bank. Analysis of
historic UKOOA data (Figure 1.5) also provides evidence of “equilibrium™ communities
which have varied little in terms of species composition over fime. Additionally
Hartley & Bishop (1986) remark that the generally rich and diverse nature of the
sediment communities at Smith Bank suggest that frequent disturbance events are
unlikely.

J

50 Technical Appendix 4.2 A — Benthic Ecology



Moray Offshore Renewables Limited - Environmental Statement

Telford, Stevenson and MacColl Offshore Wind Farms and Transmission Infrastructure

ﬂ

4.1.6. In general, the study area was characterised by a rich and diverse sediment fauna
dominated by infaunal polychaetes such as S. bombyx, Notomastus spp. and L.
gracilis, as well as the burrowing urchin E. pusillus, the sabellid worm Chone sp. and
the bivalve, C. praetenue. Other abundant species included Pomatoceros triqueter,
Serpulidae, Polydora caeca, and Hydroides norvegicus although occurrence was
subject to the presence of larger gravel, stones or shell fragments onto which they
may attach or burrow into. Similarly, colonial epifaunal species were generally
confined to mixed sediment areas where suitable larger stones and larger shell
particles were present for attachment.

42 A

4.1.7. Trawl and video data identified a number of characteristic epibenthic species
including scallops Aequipecten opercularis, common starfish, Asterias rubens, pogge
Agonus cataphractus, harbour crab Liocarcinus depurator, hermit crabs Pagurus spp.
dragonet Callionymus lyra, whiting Merlangius merlangus and dab Limanda limanda
as well as plaice Pleuronectes platessa, thick back sole Microchirus variegatus and
lemon sole Microstomus kitt. There was generally little distinction between the mobile
epibenthic assemblages idenftified by multivariate techniques, these being separated
largely by differences in the relative abundances of the characterising species,
including dab and common starfish. The exception to this was the more distinctive
deeper water assemblage characterised by pogge, dragonet and harbour crab.

4.1.8. Dab were regarded as particularly numerous on this occasion. A total of 336
individuals were caught in the beam trawls. This was four times the number of other
demersal fish species such as plaice and thick back sole. Length frequency
assessment of dab and plaice suggested a single cohort of young fish (mature plaice
are around 30 cm in length whilst most dab are around 25 — 30 cm) although whether
this constitutes a nursery or intfermediate nursery area is unknown. Whiting were also
commonly observed from the seabed video footage but were rarely caught in the
beam trawls.

4.1.9. The capture of very large numbers of the prawns Pandalina brevirostris and Pandalus
monatgui and the squat lobster Munida rugosa in a single the beam trawl (T13) is
presently difficult to explain in terms of habitat preference. Examination of physical
and video data for this location has not highlighted any specific conditions that may
be preferred over other locations visited during the current survey. Influx of mobile
species to areas recently disturbed by marine dredging and demersal fishing is well
documented (Kaiser & Spencer, 1994; Ramsay et al., 1998 and Smith et al., 2006) and
is typically associated with responses to scavenging opportunities presented by
damaged benthos. Whether these species were responding to such an event is not
confirmed here.

4.1.10. Overall however, no distribution pattern for species numbers, abundance and
biomass was apparent apart from a general trend of increasing values towards the
south and east, possibly relating to increased occurrences of patches of coarse
sediment in this direction. In general, simpler, homogeneous sediments offer few
micro-niches for colonisation of benthic species and consequently these substrates
support fewer species compared to more mixed, complex sediments. Mixed sand
and gravels, in contrast, provide burrowing habitat for infauna whilst the surfaces of
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gravel, stones and shell fragments provide suitable attachment sites for a range of
encrusting taxa. Cryptic fauna may reside and find refuge under stones and cobbles.
These substrates are therefore generally considered to have a higher species carrying
capacity supporting a comparatively greater diversity and abundance and benthic
species. Consequently, coarse substrates within the study area would be expected
to support higher numbers of species and abundance compared with simpler sand
habitats.

4.1.11. Summarising current grab sample data, (Table 4.1) shows that within the study area
more species and individuals and greater biomass were indeed found in coarser and
more poorly sorted sandy gravel and gavel sediments compared to the better sorted
slightly gravelly sands and gravelly sand substrates in agreement with the established
view.

Table 4.1 Mean sorting, species numbers, numbers of individuals and biomass for
each sediment category.

Folk Mean No. Mean No. Mean biomass
Classification Species Individuals gAFDW

(9)S 0. 78 106 0.4379
oS 1.67 62 185 1.3043
sG 2.52 86 396 2.6265
G no data 95 433 3.4325

4.1.12. Local sediment conditions and species aftributes therefore appear to fit well within
the broad regional context and general ecological concepts. Also, and in reflection
of the wider scale physical influences, depth was found to be the principle factor
influencing macrofaunal distribution within the current study area. This apparent
relationship may also be due, in part, to the presence of natural sediment gradients in
relation to changes in depth within the locale (Hartley & Bishop, 1986) and the result
of specific species responses to the different substrate conditions available (Seiderer
& Newell, 1999).

4.2, The communities present

4.2.1. It is these gradients in the physical attributes of the benthic environment and the
parallel changes in species composition of the associated communities which have
been the focus of aftention within the current study. Here, we have attempted to
identify discrete communities (through application of multivariate techniques) and
relate these fo the specific conditions within which they occur. The identified
communities and associated physical condifions have then been compared with the
Marine Habitat Classification System to define biotopes.

4.2.2. Biotopes represent discrete ecological units describing specific physical habitat
conditions (i.e. substrate type, depth, stability etc) together with the community of
benthic organisms that characterise those conditions. The mapping of the extents of
biotopes (as per Figure 3.15) is therefore a convenient method for assessing the
distribution of the benthic ecological resource within a given area. Furthermore,
there are considerable quantities of data on the sensitivity of biotopes to a wide
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range of effects including effects that are predicted to arise as a result of
construction, operation and de-commissioning activities associated with the
proposed wind farm. As such, the classification and mapping of biotopes is highly
relevant to impact assessment processes and will be a principal tool for use in the
Environmental Statement.

42 A

42.3. The study area was dominated by a number of closely related circalittoral (deep water)
and offshore sand biotopes. None of the biotopes found are considered rare or of any
particular conservation interest. The MoeVen biotope is listed on the current Scottish draft
list of Priority Marine Features but was only found at one location in the reference area
and outside of the boundaries of the proposed development. As such, the three wind
farm sites within the Moray R3 wind farm (eastern phase) will not affect this biotope.

42.4. The principal biotope inside the development boundaries was found to be
§$8.88a.CFiSa.EpusOborApri. This describes Echinocyamus pusillus, Ophelia borealis
and Abra prismatica in circalittoral fine sand. Connor et al. (2004) suggest that this
biotope occurs from 40 — 140 m depths and has been previously recorded in the
central and northern North Sea. It is similar to the other common biotope found within
the current study area, $S.SCS.CCS.MedLumVen, but occurs in comparatively finer
sediment conditions and contains fewer venerid bivalves (Connor et al., 2004).
Species numbers and numbers of individuals were relatively low in comparison with
the other principal biotopes. This may be a natural consequence of the homogenous
fine sand habitat present as explained above.

4.2.5. S$8.8SCS.CCS.MedLumVen describes Mediomastus fragilis, Lumbrineris spp. and venerid
bivalves in circalittoral gravels, coarse to medium sands, and shell gravels, and
generally at depths of greater than 15-20m (Connor et al., 2004). Conspicuous taxa
include those which are also common to the EpusOborApri biotope above with the
addition of conspicuous venerid bivalves. The presence of epifauna such as
Hydroides norvegicus and Pomatoceros lamarcki in the current study accords with
the established description of this biotope. Glémarec (1973) places MedLumVen
within the generally shallower water “infralittoral étage” and so the biotope
represented here may be a deep water variant. Indeed, Connor et al. (2004) discuss
the temporal variability of the MedLumVen biotope and suggest that it may actually
be closer to a biotfope complex in which a number of biotopes or sub-biotopes may
yet be defined. It is generally regarded as a common and widespread biotope,
making up a significant proportion of the offshore Irish Sea benthos, and has been
previously recorded within the outer Moray Firth. Species numbers and abundance
values were higher than for the fine sand habitat above reflecting the greater
complexity of the sediment habitat available.

4.2.6. Coarse gravel areas were generally not amenable to grab sampling, even with the
165 kg 0.1m2 mini-Hamon grab, but the samples refurned revealed a comparatively
rich and diverse habitat of infauna and epifauna nonetheless. These areas were
classified to the habitat complex level of SS.SCS.CCS describing circalittoral coarse
sediments although video and frawl data showing the presence of abundant
calcareous tube worms, Pomatoceros spp. barnacles Verruca stroemia supported
tentative refinement to the classification to $S.SCS.CCS.PomB.
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4.2.7. Deeper water areas within the study area were difficult to match to any existing
biotope within the current classification system. For this reason, two biotopes
possessing elements that broadly corresponded were ascribed. These included
$8.88a.0S8a.OfusAfil describing areas of slightly muddy sand (generally <20% mud) in
offshore waters characterised by high numbers of the tube building polychaete
Owenia fusiformis often with the brittlestar Amphiura filiformis. The other biotope
considered was $S8.8Sa.lMuSa.FfabMag describing Fabulina fabula and Magelona
mirabilis with venerid bivalves and amphipods in infralittoral compacted fine muddy
sand. Neither classification was entirely appropriate in this instance suggesting the
presence of deep water variant.

4.2.8. The other biotopes found were only represented by one or two samples only. Whilst
closely resembling the four principal biotopes described above, they reflect the
presence of coarser sand substrates and are generally more characteristic of
shallower water areas.

43. Important features

4.3.1. None of the biotopes recorded are regarded as rare or scarce and none have any
significant conservation status. The exception to this was the biotope MoeVen which
is listed on the draft Scottish list of Priority Marine Features (PMF). However, this
biotope was only found at one location within the reference area and outside of the
boundaries of the current development area. Consequently, no adverse effects on
this biotope are forecast as a result of the construction and operation of the wind
farm.

4.3.2. Nine juveniles of the bivalve Arctica islandica were found. This is unlikely to constitute
an important population and no significant adverse effects on this PMF list species are
anticipated.

4.3.3. Sandeels (as sandeel complex Ammodytes marinus, A. tobianus) are also included
within the Scoftish draft PMF list. These species have an important functional role
supporting many types of larger fish, seabirds and marine mammails as a food source.
Data collected here suggested that in general, the study area is not important for
sandeels although the sampling collection methods used are not regarded as
particularly suitable in this regard. Nevertheless, the data tended to support a
general sandeel preference for coarser sediments in accordance with current
understanding (Holland et al, 2005; Greenstreet et al., 2010).

44. Assessment of potential effects

4.4.1. A full assessment of the likely effects of the construction of the wind farm on benthic
ecology will be provided within the Environmental Statement. The following provides
an initial appraisal of the consequences of construction based upon the findings of
the current site specific study.

4.4.2. Cefas (2004) identifies a number of potential effects of wind farm construction on
benthic ecology. These include permanent loss of seabed habitat as a result of the
placement of turbine foundations and scour protection material as well as temporary
seabed disturbance effects from cable laying activities. Sediment plumes arising from
construction may be tfransported away from the construction site via fidal current
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movements resulting in potential indirect effects of sediment scour smothering
beyond the boundaries of the wind farm.

42 A

4.4.3. Possible benthic ecological consequences of raised sediment plumes include
adverse scouring effects on filter feeding species as a result of damage to sensitive
feeding and respiratory apparatus and smothering of encrusting communities. Errant
sediment burrowing animals are likely to be tolerant to sediment scouring and
smothering effects and will be able to re-position to preferred feeding depths
following burial. Effects will be temporary, lasting for the duration of the construction
activity only after which recovery of communities will occur.

4.4.4. Research evidence from the marine aggregates industry suggests that disturbed
{dredged} sands and gravels typically re-settle within a zone of a few hundred metres
of the original disturbance (Hitchcock & Drucker, 1996; Newell et al., 1998; Hitchcock
and Bell, 2004) although numerical modelling will refine site specific footprints within
the ES. Newell et al. (2004) found no suppression of macrobenthos beyond 100m of
seabed [dredging] disturbance. The S$S$.SCS.CCS.PomB biotope is not sensitive to
increased suspended sediments, has low sensitivity to sediment smothering and will
recover from associated effects within a few weeks to months (Tyler-Waftts, 2008.
Other biotopes identified here are sedimentary and so are unlikely to be significantly
impacted by temporary raised sediment plumes.

4.4.5. With regard fo habitat loss, there are no rare or protected habitats within the
boundaries of the wind farm and none are of restricted distribution.  As discussed
above, all habitats present within the site are likely to be well represented throughout
the wider region so wind farm construction is not expected to lead to a permanent
reduction in habitat diversity within the region. Whilst the placement of furbine
foundations onto the seabed will reduce the overall area of habitat, this is likely to be
of minor or negligible significance within the context of the wider availability of
representative habitats throughout the wider Moray Firth region.

4.4.6. The installation of inter-turbine cables will disturb sediment habitats and associated
communities but any related ecological effects will be temporary, lasting for the
duration of the cable activity only. Following abatement of the disturbance, habitats
and communifies are expected to recover. Restitution of the habitat will be
facilitated by back-filling of tfrenches into which the cables have been laid, where this
occurs. Re-colonisation of disturbed sediment habitats will occur as a result of passive
import and settlement of larvae from surrounding adult populations outside of the
effected areas and through active migration of adults.

4.4.7. There is a considerable amount of research material concerning the impacts of
seabed disturbances on benthic habitats within the marine aggregates industry and
a good understanding of the recovery characteristics of sediment communities has
now been reached (Hill et al., 2011). In addition, MarLIN provides detailed peer
reviewed information on the sensitivity and recovery characteristics of biotopes.

4.48. The established view of benthic responses to impacts involves the concept of
ecological succession as eluded to above. This describes a predictable procession of
species influx and settlement from initial colonisation by opportunists (termed r-
strategists) to the eventual establishment of a stable or equilibrium community (Newell
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et al, 1998). Following cessation of the benthic impact there is an initial recovery
stage characterised by the rapid import of opportunistic species. These are typically
small bodied, short lived but highly fecund species capable of quickly populating
disturbed conditions. As habitat conditions continue to recover and seabed stability
increases, other less disturbance tolerant species can become established. These
may include larger, slower growing and less fecund species (K-strategists) which invest
energy in competitive superiority rather than high turnover of populations. There is
thus a period of transition characterised by mixed r and K strategists until an
equiliorium state is reached. Typically, this equilibrium community resembles that
which occurred prior to the impact occurring or which reflects the new habitat
condifions. The period of time between initial impact and full recovery of the benthos
depends upon a number of factors including nature of the original habitat, frequency
and duration of the impact, hydrodynamic conditions and availability of comparable
populations in adjacent non impacts areas (Boyd et al., 2003; 2004; Cooper et al., 2005).

4.4.9. Based on the biotopes identified during the current study, recovery of the sediment
communities is likely to occur within 5 years. Rapid import of larvae and migration of
adults is expected from adjacent non-affected sediments allowing initial colonisation
to commence immediately after cessation of construction related disturbances.
Recovery of the infaunal biomass relates to the growth of larger mollusc, principally
bivalve species but is forecast to be substantially complete within 5 years.

4.4.10. The foundations of the wind turbines and any associated scour protection material
will infroduce new hard substrate into an otherwise sedimentary environment. This will
represent new habitat for colonisation by encrusting and attaching species including
algae, barnacles, encrusting worms and bivalves. Picken (1986) has conducted
detailed studies on the fouling communities of the Beatrice infrastructure (see
Chapter 1). It was found that hard structures infroduced at the Smith Bank were
colonised by a succession of fouling organisms. Structures were initially colonised by
barnacles and tubeworms within the first year of placement followed by an over-
growth of blue mussels Mytilus edulis and seaweeds in the uppermost 5 m of water.
Hydroids, soft corals and ascidians dominated surfaces below the seaweeds. As
noted above, these species can be seen as migrants into the area that were not
typical of the benthic assemblages recorded pre-development.

4.5, Sediment contaminants

4.5.1. Levels of sediment contaminants were below Cefas action levels and Canadian
Interim Sediment Quality Guidelines. No significant adverse environmental effects of
the raised contaminants are therefore expected as a result of construction of the
wind farm. Levels of total organic carbon were <0.4% over the study area and within
the range historically found at Smith Bank. No evidence of any organic enrichment
was detected.

4.5.2. Benthic studies in the North Sea, English Channel and Celtic seas (Rees et al., 1999)
found relatively low levels of contaminants in marine sediment samples. No evidence
of any adverse effects on benthic fauna was recorded. The authors suggested that
any contamination effects were subsidiary to the effects of natural processes with
respect to macrofaunal distribution atf the stations sampled.
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5. Conclusions
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5.1.1. This study has used grab and trawl sampling and seabed surveillance techniques to
characterise the seabed habitats and biological communities within the vicinity of the
Moray Firth offshore wind farm proposals. The data will inform the environmental
impact assessment and ES in support of the application for wind farm development
consent.

5.1.2. The habitats and communities present were found to be consistent with those of the
wider region. Macrofaunal distribution was based on depth although other
associated influences such as sediment gradients and bottom temperatures may be
important in this respect.

5.1.3. The study area was dominated by stable, circalittoral clean, fine and medium sands
with varying proportions of shell gravel providing additional structural complexity to
sediment habitats. Associated sediment communities were regarded as rich and
diverse and were characterised by sand fauna considered to be typical of the wider
region. Patches of coarser sediments supported typical communities of encrusting
and cryptic taxa. Deeper water areas to the south of the study area exhibited slightly
elevated levels of fine sediments (up to around 5%) and supported sparse seapens
Pennatula phosphorea.

5.1.4. A synthesis of sediment and biological data with subsequent matching with the
Marine Habitat Classification System revealed four principal sediment biotopes
considered to be typical of the wider region. Three further closely related biotopes
were also idenfified at a few sample stations but representing shallower water,
coarser sediment condifions.

5.1.5. No features of significant nature conservation importance were identified during the
current study. The exceptions to this were the presence of 9 juveniles of the bivalve
Arctica islandica, sandeels and the biotope MoeVen. However, current data suggest
that the study area does not constitute an important location for these features and
so no significant effects on nature conservation features are forecast as a result of the
construction and operation of the proposed wind farm. The MoeVen biotope was
only found at the reference sites and outside of the predicted influences of the three
wind farms.

5.1.6. Sediment contaminants were below guideline values so that no deleterious effects on
marine life are expected as a result of the proposed scheme. In addition, the
dominant sediment biotopes present are considered to be tolerant to the predicted
effects of the construction and operation of the wind farm and are widely
represented throughout the wider region. Consequently, no significant adverse
effects on benthic ecology are expected.
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