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1 Glossary

Akaike Information Criteriorg model selection tool used to compare the qua

AlC of different statistical models for a given dataset

AIS Automatic Identification System

In a statistical model, autocorrelation refers to the correlation of a variable
itself across different time lags or spatial positions. In time series or spatial
the presence of autocorrelation indicates that observations are not indepenc
which can bias estimates and affect model validity if not accounted for.
Passive acoustic sensor configured to collect raw acoustic data and p
Broadband information on underwater noise and dolphin whistles. This project used
recorder sensors manufactured by Loggerhead Instruments or SyleRcesensor
manufactured by RTSys.

Cetacean Porpoise Detector or Fuliveform capture Porpoise Detector. T

Autocorrelation

C“C.k logging click logging devices (CPOD and FPOD, both manufactured by Chelonia Lt
device . . . .
instances of toothed whale echolocation clicks detected by the sensor usi
(CPOD/FPOD) :
on-board click detectar
DPH Dolphin positive hour, hour with detected dolphin whistles and/or clicks

ECOMMAS East Coast Marine Mammal Acoustic Study

EIA Environmental Impact Assessment

A specific range of sound frequencies, defined by lower and upper limits, us
Frequency band analyse and compare acoustic signals within that portion of the spectrum. T
bands are used in this study: 0.00.1 kHz, 0.2 1 kHz, 110 kHz, 1818 kHz
FTRASGM Forth and Tay Regional Advisory Group for Marine Mammals

GAM Generalised Additive Models
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GAMM Generalised Additive Mixed Models
International Maritime Organization unique and permanent identification fc
IMO/MMSI ship. Maritime Mobile Service Identity stays with the vessel as long as
registered under the same entity or flag state
The sound pressure level that is exceeded for 10%, 50% or 90% (
measurement period respectivelyioltepresents the higher noise levels, oft
Lio, Lso, Leo associated with intermittent or louder eventsilis the median sound level an
Leorepresents the quieter end of the distribution and is often used as an indiq
of background or residual noise.
MD-SEDD Marine Directorate Science, Evidence, Data and Digital
Point in the monitoring period in relation to the start and the end of
Monitoring construction period. Four phases were considered:-g@rastruction, during
phase construction period with construction occurring that day, during construc
period without constructioroccurring that day or postonstruction.
Monitoring One of the three projects contributing to data collection: East Coast M4
project Mammal Acoustic Study (ECOMMAS), Seagreen and Neart na Gaoithe (N

Monitoring site

The site where noise and marine mammal detection devices were deployec

NnG

Neart na Gaoithe (Offshore Wind Farm)

NnGOWL Neart na Gaoithe Offshore Wind Limited
NOAA National Oceanic and Atmospheric Administration
OSP Offshore Substation Platform
OWF Offshore Wind Farm
PAM Passive Acoustic Monitoring
PEMP Project Environmental Monitoring Programme
PPM Pprpoise positive minutes, number of monitoring minutes per hour with porp
clicks detected.
PSD Power Spectral Density
S36 Section 36 consent
SAC Special Area of Conservation
Sound pressure level, a logarithmic measure of the effective sound pressui
SPL sound relative to a reference pressure, expressed in decibels (dB). The refg
pressure is 1 pPa in water.
SSTA Sea surface temperature anomaly
Forth and Tay region, between Eyemouth and Stonehaven, off the east co
Study area
Scotland
SWEL Seagreeiwind Energy Limited
SWH Significant wave hight, a measure used as proxy for sea state in the modell
WTG Wind Turbine Generator
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2 Executive Summa

Underwater noise generated during the construction of offshore wiagns can impact marine
mammals, especially the case ofntense sound generation activities likmpact pile driving. Two
offshore windfarms off the east coast of Scotland used alternative pile installation technigpues
wind turbine generator foundationsuch as drilling (Neart na Gaoithe Offshore Wind E&nQ and
suction caissonsSgagreerOffshore Wind Farmwhile onlythe Offshore Substation Platforat the
SeagreerDffshore Wind Farm was installed used impact pile driving.

A regional passive acoustic monitoring array was designed to investigate the variations in harbour
porpoise andlelphinid acoustic presen@nd underwater noise levetsound the Forth and Tay areas

East coast of Scotlarad the North Seén relation to baseline and construction activities around these
two offshore wind farms. The aim of this study was to relate any observed changes to a range of
anthropogenic and nofanthropogenic factorsand determine whether there were any significant
changes in cetaceadetections within the windarm areas and adjacent waters pre, during and post
construction. This monitoring was a direct requirement as outlined in Project Environmental
Monitoring Plan (PEMP) documents, which were prepared to address the specific requirements of the
relevant conditions attached to the Section 36 (S36) consent and Marine Lidssged to NnG and
Seagreen

The PAM array consisted of 21 monitoring locations spread between Eyemouth and Stonehaven, off
the east coast of Scotland. Passive acoustic data were collected between March 2019 and December
2024 using a combination of broadband recorders and echolocatiok logging deviceCovariate

data were collected for the monitored period to contextualize and interpret trends and patterns in
cetacean presence observed in the Forth and Tay study area, and these were split into the following
categories: spatial, taporal, underwater noise, physical, oceanographic, tidal variables, vessel traffic
and those related to the construction of the NnG aB8dagreerfoundations.Response variabée
(cetacean acoustic presence) and covariate data were checked for missing values and prepared for
model fitting. &parate statistical models were fitted for dolphins and porpoisesg a range of
Generalised Additive Models (GAM) and Generalised Additive Mixed Models (GAMM).

The results of this study indicated that both dolphins and porpoises were recorded at each monitoring
site, with cyclicalemporalpatterns in acoustic presence particularly noted for porpoises. Underwater
noise levelsecordedduringdrilling and suctiobucketcaissorinstallationhoursgenerallyexhibited

a 35 dB increasén the 0.1¢ 1 kHz frequency rangeompared to norconstruction days, whereas
piling exhibited an 18 dB increasethe same frequency band@he models fitted for porpoises and
dolphins highlighted that anthropogenic covariates (related to construction and vessel traffic)
explained the lowest proportions of deviance in all the models and for both species groups, indicating
that patterns in dgbhin and porpoise presence and detections are primarily driven by natural and
environmental variation at the spatial and temporal scales evaluated in this s@mhstruction
activitiesat the two offshore wind farmslid not have a discernible impact onlgbin and porpoise
detections.

This study offers a rare, lostigrm, and spatially extensive analysis of the effects of offshore fairmd
construction on marine mammals in the Forth and Tay region. Through six years of passive acoustic
monitoring across 21 stations, we evaluated not only traditional piling activities, but also the
comparatively undestudied drilling and suction buckegisson installation methods. The inclusion of

pre-, during, and postconstruction phases across two concurrently constructed Warchs allows

for a moe holistic understanding of potential impacts than most existing studies, which typically focus
on single construction types in isolation over a shorter period of timnitoring at the regional scale
identified that the effects of construction on both species were benign. Whilst many past studies on
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the effects of noise focus on short term, localised effects, this study highlights the importance of data
collection ovellongertime andwider space and consideration of broader scale impacts.
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3 Introduction

3.1 Background

Underwater noise resulting from offshoveind farmdevelopment has been identified as a key factor
influencing marine mammal responses during construction activities. It can lead to a range of effects,
including auditory injury, habitat displacement, behavioural disturbance and acoustic masking.

Much of the concern around impacts on marine mammals stems from studies monitoring the effects
of sounds generated duringnpact pile driving where a hydraulic hammer drives piles into the
seabed Thisremains the most common foundation installation method in the offshore wind industry
and one ofthe most intense, acutesources of underwater noise during construction. For over a
decade, research has primarily focused on the impact of pile driving on sensitive marine mammal
species in European waters, esjadly harbour porpois¢Phocoena phocoen&van Geel et al. 2025)
Studies have shown that harbour porpoises are displaced from the vicinity of piling ¢Besutsit et

al. 2016, Brandt et al. 2018, Graham et al. 2019, Rose et al. 2019, de Jong et al. 2022, Rumes et al.

2022, van Geel et al. 2023, BenhembmaGall et al. 2024, Rose et al. 202A)contrast, evidence of
impact piling effects on dolphin species is more limited. For example, a study in the Moray Firth
observed minor changes in bottlenose dolphin presence during pile driving, though there was no
indication of complete avoidance tife area (Graham et al., 2017).

Given an increased general concern about the impacts during construction, it is important to consider
how, with technological advancementthere has been significantdevelopmentin the design of
offshorewind farmfoundation structures, installation technologies, and equipment alidrnatives

to impact piling installation methodsuch as vibratory pilingguction bucket caissonsnd drilling
(Jiang 2021, Guan et al. 2022, Huang et al. 2023, Meng et al. Z@idpared to studies from impact
piling, Ittle is known about theeffect of suchalternativeinstallationmethods on marine mammals.

Sound generated by these alternative techniques differ in character from sound generated by
conventional impact pile drivingGuan et al. 2022)Suctionbucket caisson foundations are often
RSa ONMan®stsileni ddzi GKSNB A& + 101 27F Llzf AOfe
signature during their installatiofCathie 2019, ter Horst and D'Aspremont 2023)e frequency and
characteristics of noise generated during drilling are influenced by the drilling method, the equipment
used, and the geological properties of the seafloor. The technique referred to in this report involves
the use of rotating drill rod$o bore into the seabedlt is expected to produce continuous, non
impulsive noise wittpast studies reporting a dominant 45 Hz tonal peak and irregular broadband
energy extending beyond 1 kiftduang et al. 2023)

Given that bothalternative installation methods are less common thampact pile driving, their
potential effects on marine mammals remain less studied and are not yet as well understood. To date,
no research has been conducted on the effects of suction buckissoninstallation on marine
mammal presence and behaviour. Information on the disturbance effects of drilling is ljaitedhe
majority of the research availablefocussed on baleen whalés.g astudy byBlackwell et al. (2017)
showed changes in calling behaviour of bowhead whales during drilling acjiviResearch on
porpoise responset drilling remains inconclusive, as existing studies have difficulty isolating the
extent to which other noise sources may have contributed to any observed efteath et al. 2010,
Martin et al. 2024)
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3.2 Marine Mammal monitoring around the Forth and Tay

This report summarises marine mammal monitoring undertaken around two offshioreé farns:

Neart na Gaoithe Offshore Wirkhrm(henceforth referred to as NnG) aisgtagreeri Offshore Wind
Farm(hereafter referred toas Seagreeh This monitoring was a direct requirement as outlined in
Project Environmental Monitoring Plan (PEMP) documents, which were prepared to address the
specific requirements of the relevant conditions attached to the Section 36 (S36) consent and Marine
Licenes issued to NnG an@eagrea. The overall objective of the PEBIB to outline the
environmental monitoring of the projestrequired under th& respectiveS36 Consent and Marine
Licence conditions.

The majority othe foundations were installedusingnon-impact piling methods: at Seagreen, Wind
Turbine Generators (WTG) jackets were secured using suction bucket caissons, while at NnG, pin piles
were installed through drilling. Impact piling was limited to the installation of a single Offshore
Substatin Platform (OSP) at the Seagreen site, where 12 pin piles were driven to support a jacket
foundation.

In discussion with the FTRABV, it was agreed that given the spatial proximity of the Seagreen and
NnG projects and the temporal overlaps in their construction phases, monitoring would be undertaken
on a regional, rather than projedpecific basis. Thebfectives and approach to the monitoring were
presented toaand agreed withthe FTRA®IM*2, Monitoring and analysis therefore seek to understand

the impacts on marine mammal activity in the wider Forth and Tay area. This is because at the regional
scale, there are many anthropogenic activities underway (e.g. shipping, fisheries) alongside noise
generating OWF construction activity (which could include drilling, piling, pile installation, jacket
installation etc.).

3.3 Objectives and approach

This study details the process and findings from PEMP obje@iven these, the objectives of the
study were:

1. To daracterise baseline aridstallationtechniquerelated changes in underwater noise.

2. To characterise baseline levels of detections of vocalising marine manamaldetermine
whether there are any significant changes in these detections withimihe farmareas and
adjacent waters pre, during and pespnstruction(the monitoring ainwastherefore to inform
whether construction activities cause significant changes in detections of marine mammals

3. To relateany observedchanges to a range of anthropogenic (level of underwater noise,
construction related, vessel traffic) and nanthropogenic factors (spatial, temporal,
oceanographic, physical, tidal).

In this study we present the results from six years passive acdi@sti)and underwater noise
monitoring of marine mammals in tHeorth and Tayegion Scotland.

! https://marine.gov.scot/?q=data/ftrpgssiveacoustiemonitoringmethodologyoverviewapril-
2021
2 https://marine.gov.scot/sites/default/files/ftrag_minutesiarine_mammals_0911241 final.pdf
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4 Methods

4.1 Monitored wind farms and study site

The study site ithe Forth and Tay region, between Eyemouth and Stonehaven, o#dl&coast of
Scotland [Figure4-1).

The Seagreen project is located in the outer Forth and Tay region, around 27 km from the coast of
Angus Figure4-1). The passive acoustic monitoring covered Phase 1 of the installation, where 114
WTGs have been constructed alongside one (38@green 2022WTGs were installed on three
legged steel jackets using suction bucket caissongtlE®SP was installed anjacket foundation

using impact piling of2m in diameterpin piles. Foundation installation activities at Seagreen
commenced in October 2021 and finished in April 20&%8ase 1Awhich is not yet constructeaill
comprise theremaining infrastructure (up to 36 further WTGs, one or more further OSPs, a network
of inter-array cables and a single HVDC export cable to Cockenzie, East Lothian)

NNnG is located to the northeast of the Firth of Forth, 15.5 km directly east of Fife FNgased-1).

The revised design included thénd farm(54 WTGs, their foundations and interray subsea cables)

as well as offshore transmission components (two OSPs, interconnector cable, two offshore export
cables). The WTGs and OSPs were installed on jacket substructures securegil®dgoeindations
(Neart na Gaoithe 2024pile installation was undertaken by drilling gniging template and steel
duct casings. The drilling procesNamiGinvolved creating rock sockets in the seabed to accommodate
foundation piles. Steel casings were first installed to guide and support the drilling operation and
prevent collapse of the hole. The drill removed material until the target socket depth waseeaat
which point it was retrieved. After drilling, the pile was lowered into thegi#ed socket and secured

in place with groutFoundation installation activities at NnG commenced in August 2020 and finished
in August 2023.

4.2 Target species

This study focused on the acoustic presence of delphinids and harbour porpoise. Based on historic
survey data, the most commonly recorded dolphin species within the waters of the east of Scotland
and the wider Firth of Tay and Forth include bottlenose Holpand whitebeaked dolphin
(Lagenorhynchus albirostfis Other species such as shbdaked common dolphinDelphinus
delphi® = wA & & BeampuRgiselsiad Aflantic whitesided dolphin llagenorhynchus acutls

have been recorded as occasionalrare visitors to this regiofHammond et al. 2021, Gilles et al.
2023, Gilles et al. 2025)

Both porpoises and dolphinshow large spatial and temporal (diurnal and seasonal) changes in
presence andlistribution at the study siteseesection9 for more details.

4.3 Deployment

An array ofPassive Acoustic MonitorinAM sensors was designed to supplement the stations
alreadydeployed in the regiomas part of the East Coast Marine Mammal Acoustic Study (ECOMMAS)
array. This is groject led by Marine Directorate Science, Evidence, Data and Digital {§EDD)
designed to build a regional dataset for monitoring cetacean acoustic presence and underwater noise
levels. Two additiondAM arraysvere addeda dedicated array aroundnG(extending the existing
ECOMMAS array transect offshore from Fife Nasdh transect from land out to th&agreensite.

All together this regional PAM array comgidwenty-one monitoring sites acroghe Forth and Tay
region(Figure4-1).
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Figure4-1. Deployment location of the three monitoring projects (colour) with the names of individual monitoring sites
used througlout the text. Symbols depict whether a given site had only FPOD/CPOD (triangles) or both FPOD/CPOD and
broadband recorder (dots).

4.4  Acoustic data acquisition

4.4.1 Sensors

Acoustic data were collected via passive acoustic sensors deployed on botboned systems with
no surface expressiorfiollowing the design bQuer et al. (2023)Figure ALO-1).

The click logging devices are manufactured by Chelonia Ltd and store instances of toothed whale
echolocation clicks detected by the sensor using a#board click detector. There are two models

that have been deployed during this study, the CROBtacean Porpoise Detectaahd a newer
version called FPO@®-ullwaveform capture POOJFPODs were only deployed around some of the
ECOMMASitesand contributed to 4% of data overplThese sensors were configured to collect data
continuously (100% duty cycleyith a click limit of 4,096 clicks per minuta CPODRo prevent data
overflowand were located approximatelyr8 above the seabed
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The two POD devices are known to show differencesdetection (e.g. Todd et al. 2025We
performed a range of analysis to compare the two devi€égufe AL3-4) and concluded that there is

no basis to distinguishing between these two types. These two types are, therefore, collectively
referred to as PODs throughout the text.

The broadband recorder devices consisted of either LS1x sensors manufabiuredggerhead
Instruments orSylencel P sensors manufactured by RTSys. These sensors were configured to collect
raw acoustic data by following a 33% duty cycle (10 minutes on, 20 minutes off) at a sampling
frequency of either 96 kHz (for LS1x sensors) or 128 kH3\fenceLP sensors) hese sensors were
located above the POD on the mooring line, approximatety &ove the seabed.

Thirteen of the21 monitoring sites ha@ broadband recorder (to provide information on underwater
noise and dolphin whistles) arrdCPOD or FPOD deployed on the same mooring, the remaining eight
sites had only a single CPOD/FPOD to provide information on dolphin and porpoisé-jintesi{1).

4.4.2 Deployment timeline

PAM data, for this studyyere collected between March 2019 and December 2@2¢ Appendix 7 in
section15 for mooring deployment and recovery metadat®&jot all monitoring sites collected data
over the entire period. The NnG monitoringarray wasdeployed in December 201&nd many
broadband recorders stopped in June 2D2@nly NnG monitoring sites and tvECOMMASites
providedacousticdatato December 2024Figure4-2).
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Figure4-2. Deployment duration of each monitoring site and monitoring device.
4.5 Data preprocessing

45.1 Cetacean detections

The acoustic presence of dolphins and harbour porpoise was monitoredR®iDg, whereadolphin
acoustic presence wasupplementedby identifyingwhistle detectionsin the broadband recorder
data. Below we outline how these data were ppeocessedo supportthe project analyses.

45.1.1 POD data

The raw POD files were processed using proprietary Chelonia software (either CPOD.exe (version
2.048) or FPOD.exKERNEF version 1)depending on the sensor type involved)identify series of

clicks (i.e., click trains) resembling those produced by toothed whales. This is doaduilain

algorithm, implementing theChelonia proprietand Y9 wbh / f F 8aAFASNE | yR (KS
Of I a awhighNaBeNeides of clicks as either Narrowband (i.e., porpoise), Other Cetacean (e.
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delphinids), or SonarDetection positive minutes were extracted from the Pdi@s for the
Narrowband and Other Cetacean categories and only click trains of high and moderate quality were
kept. The number of detection positive minutes for each hour was calcutated! periods when the

units were deployedThese posprocessing alculationsas well as all modelling and data preparation
were carried ouin R4.4.0(RCoreTeam 2023)

4.5.1.2 Dolphin whistle detections

Theraw acoustidiles from the broadband recordergere stored in the .WAV file format and were

given as inpwto the PAMGuard bioacoustics software (version 2.02xaw.pamguard.oryfor the

dolphin whistle analysist KS t ! aDdzr NR W2 KA&AGtS FyR az2ly 5SGS0
signals in the 20 kHz range and the settings used for this detector indwsignato-noise ratio of

at least 8 dB and a minimum duration of 0.1 seconds (10 time slices).

The automated whistle detections were reviewed by experienced PAM analysts on a spectrogram
display in PAMGuard to identify the -binute recording bins with dolphin whistlggesent The first
instance of confirmed dolphin whistles in a bin was marked to label that bin as detection positive,
after which the operator moved to the next bin. It is important to note that classificadfaiolphins

to a species levelvas not attempted during the manual review of the detectiofitierefore,all
detections are radrred to collectively as dolphins throughout this text.

52f LIKAY LIRaAldABS o0Aya oSNB YINJSR dzaAy3d GKS W{ LX
stores all the annotations in one SQLite database per sensor deployment. Each database was queried

after the manual review using a custom R script which extrdtgimestamps of the annotations

along with the timestamps of each recording and outputs a table with the start and end time of each
recording and a record of whether the recording was detection positive or negative.

4.5.1.3 Underwater noise

To measure underwater noise levels, the raw acoustic files from the LS1x broadband reeodiers
their corresponding calibration detaigere given as input to a custom MATLAB routine based on the
PAMGuide soundscape analysis tool developedMmrchant et al. (2015)LS1x sensors have
hydrophones manufactured by Highech Inchwith a typical sensitivity ofpproximately-170 dB re
1V/pPaand gain wagprimarily set to 12.4 dB foreachdeployment with four exceptions from the
ECOMMAS array where gain was set to 2.0fpliase see AppendB).for these noted deployments)
Further calibration checks were performed for some of the sensors by Campbell Associates Ltd and
the resultinghydrophone calibration certificates were used to calculate the 1meansquared end
to-end sensitivity.A subset of theLS1x sensors did not have calibration certificates availabte
therefore the endto-end sensitivity was calculated by subtracting the gain value from the default
sensitivity ofc170 dB re 1V/pPahe Sylenc&P sensors wemot used to calculate underwater noise
levels due to variations in sensor and hydrophone configuration.

Sound pressure levels (SPL, dB re 1 pPa) for every minute of acoustic data were calculated using a
custom MATLAB/. 2023a; The MathWorks Inc. 2028)tine based on the soundscape analysis tool
PAMGuide, described tyerchant et al. (2015)This custom MATLAB routine outputs median SPLs in
broadband (0.01- 48 kHz), frequency (0.010.1 kHz, 0.% 1 kHz, 110 kHz, 18 kHz) band and
decidecade (or on¢hird octave) bands as well as power spectral density (PSD) values for each
millidecadeband. SPLs were described in the form of exceedance percentiles calculated on an hourly
basis, including mediansg and 10% (k) and 90% @). These metrics are recommended by the
9dzNRB LISFY | yA2YQa al NAYyS {GNI GS3e indidhtorvi® dsgeds] 5 A NE
trends in ambient noise caused by anthropogenic sour@@skeling et al. 2014)These noise
measurements were then investigated on multiple temporal scales. Median broadband and frequency
band time series plots for the six years of data at daily, weekly, monthly and yearly resolution at each
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site were then generated for quality assurance checks of the dataset. This study reports underwater
noise levels in the 0.41 kHz and 148 kHz frequency bands using the median SRb)s &k well as

the loudest SPLs, exceeded only 10% of the timg. (Che 0.1¢ 1 kHz frequency band is mainly
impacted by low frequency anthropogenic noise such as drilling, sulstioket caisson installation

and vessel noise, whereti®e 10¢ 48 kHz band is affected by higher frequency noise, including vessel
dynamic pogioning systems, echosounders and depth scanners.

45.2 Covariate data

In addition to underwater noise levels, ancillaigta were used to contextualize and interpret trends
and patterns in cetacean presence observed infloeth and Tagtudy area. This section describes
the covariate data that were obtained.

Categories of candidate explanatory covariate=e initially grouped into eight categoriespatial,
temporal underwaternoise physical, oceanographic, tidal variables, vessel traffic and those related
to the construction of theNnGand Seagreerfoundations(Figure4-3). All covariates examined are
detailedin Table AL1-1 and below we provide a short summary.

Oceanographic and tidal data were obtained from Copernicus Marine Service based on remotely
sensed satellite observation. Additional tidal data were obtained from World Tides (WorldTides.info)
which combines satellite telemetry, gauge data and harmonidyaiginto tidal predictions. Data
related to Sea Surface Temperature were obtained from National Oceanic and Atmospheric
Association (NOAA) Coral Reef Wa(BlOAA 2019which utilises remotely sensed data,-situ
measurements and modelled data. Bathymetric data for the study region were obtainedfEBCO
(2022)and combines measured and modelled depth data. Sunrise and sunset times were obtained
from R packageguntool€)Bivand and Luque 2023)

Vessel traffic datgAutomatic Identification System (AlSygre obtained fromAnatecLtd. Hourly
vessel density and intensity were calculated as the mean number of instantaneous vesdei® per
and the cumulative number of hours all vessels spent within an area per hour within 3km of each
monitoring site, respectively. Both metrics were calculated based on the methods described in
EMODnNe(2019)

The two metricswere divided between construction and na@onstruction vessels based on
information provided by the developer. Construction vessels included only those involveiddn
farm foundation installation and excluded other vessels that may be associated withititefarm
such as crew transfer vessels.

Data onconstruction vesselsind the timing and duration of construction activitie NnG and
Seagreen (suction, drilling, piling, UXO removal) were provided by thied farm developers
(NNnGOWLSWEltespectively)

Although construction of avind farminvolves multiple activitieor the purposes of this report, the
term constructionrefers specifically to the period of foundation installatioBonstruction logs
detailing hours in which drilling, suction or piling took place were obtained from the developers. Other
activities such as preonstruction surveys, UXQearance turbine and cable installations are not
considered in this reporDistinctions are made betwedour construction phasegre-construction

(prior to foundation installation), construction with foundation installation, construction without
foundation installation, and postonstruction (following foundation installation).
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Figure4-3. Schematic overview of the covariates considered in the model.
4.5.3 Statistical approach

4.5.3.1 Aim of themodelling

The aim of the modelling was to explore and identify spatial and temporal trends in detection of
porpoises and dolphins across theg/@ar period of monitoring from March 2019 to December 2024.
Particularly, we aimed to explore whether the range of chosewadates (including windarm
construction related variables) could explain patterns in cetacean presence.

We fitted two separate models for porpoises and dolphins.

4.5.3.2 Data preparation and check

All data were collated to-bhour resolution.A thorough examination of missing values and their spatio
temporal trends (if any), outliers and correlation between covariates was performed before the
modelling. Understanding patterns in missing data is crucial because systematic gaps in space or time
can introduce bias and affect the reliability of model predictions in those areas or periods. Outliers
were identified as they can disproportionately influence model results, potentially leading to
misleading conclusions about the relationships being stlidieach outlier was investigated to
determine whether it represented a genuine extreme value or resulted from data collection errors
(e.g. calibration), ensuring that only valid data points were retained for anafdastionally, highly
correlated covariates (predictor variables) were assessed since including multiple variables that
measure essentially the same thing can make the model unstable and difficult to interpret, while also
inflating the apparent importancef that shared information.

To minimise bias from small sampling periods, hdarsvhich broadband recordensionitored for

<15 out 60 minutes were removed from further analysis. To accounafdecrease in cetacean
detectability withan increase in ambient noise, we removed all hours collected at the time when
significant wave heights > and total current velocity >1 m/s.
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Prior to model fitting, the input data were ordered by location, then by the date and time of
recordingsThis ordering is essential because observations that are close together in space or time are
often more similar to each other than to distant observations (a phenomenon known as
autocorrelation, see below). Without proper ordering, the model may fail teclethese spatial and
temporal dependencies, leading to underestimated uncertainty in predictions and potentially
incorrect conclusions about the sigicance of relationships in the data

4.5.3.3 Modelling approach

For boththe porpoise and dolphin models, @nge of Generalised Additive Models (GAM) and
DSYSNI t A44SR ! RRAGADGS aAESR a2RSta o6D! aaban SNB TA
(Wood 2023) Thebam function makes some approximations to decrease run times and its memory
footprint that are particularly relevant for large datasets such as those commonly generated by PAM
data. Porpoise positive minutg®PM)per hour and dolphin presence/absence per hour (binary
variable based on detections on either a PObmadband recordein a given hour) were used as
response variables fahe porpoise and dolphin mods]respectively Different response variables
were chosen to reflect the data collection methods: porpoise data were recorded continuaesly
100% duty cycle)llowing us to use PPM as it captures more nuanced information about detection
intensity within each hour. In contrast, dolphin data were collected using a duty cycle of 10 minutes
recording followed by 20 minutes off, meaning continuous monitoring veagwvailable. Additionally,
dolphin presence was determined by comibig data from two collection methods: PODs, which
record continuously but have poor sensitivity for detecting dolphin vocalizations, and broadband
recorders, which are more effective at detecting dolphins but operated on the intermittent duty cycle.
For tis combined and intermittent sampling approach, presence/absence per hour was more
appropriate as it avoids potential bias from the variable recording effort within each hour.

After inspecting the distribution in the response variable for the porpoise mddglfe AL3-1) and
G6SadAy3 F2NI 1T SNB Ay T f(Haidigi2p24) twdzinddg! BmilSwete voasiderediJ: O | 3
poisson and Tweedie with logarithmic link function. The model diagnostics were better for the latter

family and Tweedie usinyy ¥ dzy O A2y FNBY (KS wy3aogQ LI O1F3AS 4l
dolphin model was fitted using binomial family with logit link function.

Given that the data consisted of observations (measurements at each acoustic recording station)
collected close together in time and space, consecutive observations are likely to be correlated beyond
the underlying processes included in the model, resglimresidual autocorrelation which violates a

key assumption of a GAM. We used aw#nd crosscorrelation functionsgcfandpacffunctions from

the R stat package {RoreTeam 2023) to assess residual correlation. To account for the spatial and
temporal autocorrelation related to the data collected at the same location, we added AR1 correlation
structure. Each panel contained adtordings from a given acoustic recording station and a given day.
Additionally,if applicable,we added either site aa random variable o&a 2D interaction between
latitude and longitude of each site to account for spatial autocorrelation. The latter fittesl using

tensor product smootht€) and thin plate regression splines & I' ¢ (i L 0 @

Fitting a correlation structure ihamrequires manual specifications of the AR1 correlation parameter
(rho). We, therefore, first fitted a full model without the correlation structure and uaetifunction
to calculaterho.

4.5.3.4 Model formulation, selection and diagnostics

We fitted three different models foeach studied group (porpoise and dolphii)) model based on

data from the entire monitoring period and including noise covafgitend therefore only including

aA0GSa FT2NJ 6KAOK UGKAA O20FNARFGS gl a I @LAflofS ow
monitoring period and including vessel related covatiglas a proxy for noise and therefoirecluded
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£ f arisSa ow@gSaasSt Y2RSEQUX AAAO Y2 Rdbridatioml & SR
O2yailiNHzOGA2Y | OGAGAGE KILILISYSR ow0O2yaldNHzOGAZ2Y
Theaimofi KS Wy 2 was$o untdriehd haw underwater noise in particular affects detections

of the two groups. The aim of the# @ S & a S fvas Y itilise Glkrollected data to understand how

the result change if more sites at various distance from the coast (BOX3Ylare includedd model
containing both noise and vessel metrics was not possible as these two covariates are highly
correlated.The aim of the? O 2 vy & (i NHzOwng t& yhdehstari &iieer any changes in detection

of porpoise/dolphirs can be attributed to construction and howver(if) it differs between the two
installation types: suction and drilling.

The list of all explanatory variables tested in the model, their description and observed values is given
in Table AL1-1. Exploration of correlation between covariatdsiqure AL3-2) led to grouping of the
covariates into three categoriesinthropogenic(ambient noise, construction and AIS), temporal
(temporal, oceanographic, tidal), and static (spatial, phys{Eared-3). We fitted a range of models
where one or more (if not correlated) covariate from each group was added to the initial nSmhaé
covariates had large proportion of missing variablesither due to gaps in data collection or due to
unavailability of this covariatéor a time period or a locatiofFigure A13-3). Such covariates were
given least priority in being included in the model.

Each initial model included the spatial covariate (site as random variable, or 2D latitude longitude
interaction or this 2D interaction for each construction phase), a covariate related to construction
activity, covariate(s) related to temporal (seasonaldaurnal) cycles, covariates related to noise or
vessel activity, and presence of the other cetacean group. The dolphin model also inghidkith
presence source (referred to akevice setupas a random covariate to account for variability in
probabilty of detecting dolphins depending on whethdata fromonly a POD, only a broadband
recorder or both devices weravailable In the next steps, each covariate from a given category was
replaced by another candidate covariate from that category. Model diagnostics (observed versus
fitted values, fitted versus scaled Pearson residual plots, qq plots, partial effect plots, tititeutizn

of residuals, tests for temporal autocorrelatiosingPHARMER packagéHartig 2024), visual model

fit, deviance explained and/dkikaike Information Criteriad|Q scores were used to determine which
covariates to retain in the model. Deviance explained was used to compare models which had same
category covariates varying in number of missing values and AIC otherwise. We also evaluated

Y 2

concurvity between smooth terswsingoncurvityf dzy Ot A2y FNRBY WY3IogQ LI O 3

>=0.70 were excluded from the model.

We fitted cyclic splines for temporal variables related to time of day, tides and time of year to account
for cyclicity for these covariates and thin plate regression splines (default value in model formula) for
the remaining smooth variables. Factpsmaooth interactions were fitted using random wiggly curves

60aTé¢Faéd0d ¢CKAA FLILINERIFOK LINRPRdzOS&a | aY223GK OdzNI!

entirely random(Wood 2023)

To order the relative effect of each covariate on the response variable in the final models, we fitted
the final model based on the complete cases (all missing data were removed) and fixed degrees of
freedom regression splines and then removed one covartthe time and noted the difference in
deviance explained between final and each of the reduced model.
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This section summarises the resttshe context ofproject objectives. The results in the context
of NnG andSeagreelPEMR are summarised in Appendéx

5.1 Detected etacean presence

Both dolphins and porpoises were recorded at each monitoring Shere was considerably fewer
dolphin detections compared to porpoise detections, and this trend was valid for all monitoring
stations Figure5-1, Figures-3). Dolphins were recorded mainly closer to the coast whereas porpoises
were present throughout the study si{Eigure5-1, Figure5-2). The monitoring sites further offshore
(NnG and Seagreen sites) recorded dolphin presence for <5% of the monitored hours.

There was a clear cyclical pattern in the detections of porpoises with minimum detections between
April ¢ June for most monitoring years and sites. The cyclic pattern for dolphins was not so
pronounced For the ECONWASsites where dolphins were detectedost frequertly (STA10, ARH10,
ABBO05, SHVO05bhe peak detections occurred in autumn months (Septembdlovember) Figure

5-2). TheSG sites locatefilirther offshore showed peak occurrence of dolphingpril-May.

For the monitoring stations where PODs and broadband recorders were deployed simultaneously,
<5% of detections were recorded simultaneously on these two types of devices in the same time
monitoring window Figure5-3). Hence, the acoustic detection of dolphins was primarily based on
whistle detections from broadband recorders.

Dolphins Porpoises
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Figure5-1. Proportion of dolphin/porpoise positive hours recorded throughout the monitoringgriod. For dolphins, only
data from broadband recorders arshown. NA for both groups refesto either periods when data were not collected or
to asite which did not collect the data (sitewithout a broadband recorder)Note that jitter was added to the
coordinates of each pie chart to improve visibility.
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Figure5-2. Trends in porpoise (purple) or dolphin (light blue) positive hours per 24h over the entire monitoring period
for each monitoring site For dolphins, only data from broadband recorders asbown here On each panel, monitoring

sites are ordered from closest (bottom) to further away from the coast.
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Proportion of Acoustic Detections per Site

Detection Type [J] Both Devices [l Clicks only (PoD) [l Whistles Only (Logger) ||| No Detections
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ABBO5 ARH10 NNGO1 NNG02 NNGO03 NNG04 SGRO1 SGR02 SGR03 SGR04 SGR0O5 SHV05 STA10
Site

Proportion of Hours

Figure5-3. Proportion of dolphin acoustic detections per monitoring site for which PODs, and broadband recorders were
deployed simultaneously.

5.2 Covariates

5.2.1 Construction

Foundation construction at NnG commenced in August 2020 and finished in AugusERARZ85-4)

with the majority of drilling activities happening the second half of 202Qhe first half of 2021the
second half of 2022 anid 2023. Foundation construction ae&greencommenced in October 2021

and finished in April 202@-igure5-4). Piling occurred only fd days at thisvind farmin December
2021. The simultaneous construction of betind farms only occurred in 2022 and 20Zhere were

28 days over the monitoring period when construction happened at the same day at NnG and
Seagreen simultaneously.

The monitoring period was divided into 4 periods: i) -pomstruction: time from the starpf the
monitoring period to the first day of construction, ii) construction on: days in which there was
construction of a givetype, iii) construction off: a period longer than 24h when no construction took
place, iv) postonstruction: time from the last day of construction to the end of the monitoring period.
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5.2.2 Underwater noise

The following suksections are split into (1) general spat@mporal variations in measured
underwater noise during this study and (2) noise associated with specific construction activities
(drilling, suction caissons, and piling activitid$je results focus on the decade band ranging between
0.1 and 1 kHz because of the frequency overlap with veasdl constructiorrelated noiselt must

be emphasized that the precision of the hydrophones deployed can be usually within thkd#ore

the reported roise levels were rounded up to the closest integesr further details on underwater
noise,including summaries on noise in 10 and 48 kHz bpledse sed\ppendix4 (section12).

5.2.2.1 General spatietemporal patterns in SPLs

Figure5-5 provides an overview of the measured underwater noise levels in the DKHz frequency
band for all the stations and monitored years. The ECOMMAS sites exlabitedrease inmedian
Lso SPLs between 2021 and 2023, but absolute noise levels were generally trst dowgpared to
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NnG and Seagreen PAM locations, ranging between 93 and 118 dB. At NnG, the me8Rh L
remained relatively stable from 2019 to 2024, ranging from 110 to 121 dB, whereas at Setursen

was an increase in mediagolSPLs between 2022 and 2024ith median by SPL across all years
ranging from 104 to 127 dB in the 0.1 kHz frequency ban@€omparable spatiotemporal trends were
also observed in in 10 and 48 kHz balfidjgre AL2-1).

ECOMMAS

i e

NNG

ML L

Seagreen

MEy!

2019

Figure5-5. Annual variation of by sound pressure levels in the 0cl1l kHz frequency band recorded at monitoring

2020 2021 2022

Year

2023

2024

Station

E3 ABBO5
B3 ARH10
B SHV05
E4 STA10

E3 NNGO1
B3 NNGO02
B3 NNGO03
E3 NNGO04

E SGRO1
B SGRO2
E SGRO3
B SGRO4
B SGRO5

stations within the ECOMMAS monitoring site and two offshoménd farm monitoring sites (NnG and Seagreen) from
2019 to 2024. Boxplots show the median, interquartile range and outliers of sound pressure levels, with each coloured
box representing a different noise monitoring station within each site. Where no data were add for a station for a
given year, no box is shown.
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5.2.2.2 Noise associated with specific construction activities: drilling, suction caissons, and piling

activity

To investigate the noise signatures associated with specific construction activities, the mg@BRh L
in the 0.1¢ 1 kHz frequency band during periods of time with drilling, suction, or pile driving were
examined at a finer, hourly temporal resolution.

To quantify changes in noise attributable to construction, we conducted three comparisons:

Noise levels during construction hours on construction days vethhours on nomr
construction days within the same month;

Noise levels during nenonstruction hours on construction days witlll hours on non
construction days within the same month;

Noise levels during construction hours with roanstruction hours on the same construction
days.

5.2.2.2.1 Drilling

To quantify changes in noise attributable to drilling we compadegls of constructiorperiod of
October¢ December 2022 witlmon-construction days in the same monthas the NnG monitoring

sites.

The drilling hours had a consistently higher medigiSPL in the 0. 41 kHz frequency band,
with the median of drilling hours being 5 dB higloeraveragehan hours from days with no
drilling activity(range 2¢ 14 dB depending on the site and montRjgure5-6).

The median g SPL remained elevated in the ndrilling hours on drilling days, although the
difference between drilling and nedrilling days became less pronounced (particularly in
November 2022)However, on drilling days, the nairilling hourswere on average3 dB
higher than hours from days with no drilling activitihus suggesting that the 5 dBcrease
during drilling operationsnay have been a result of a combination of sound sources, both
drilling- and nondrilling-related Figure AL2-2).

Focusing on days with drilling activity only, an overall difference in the megi&®L of 2 dB
was observed. However, these differences were station and mspétific and in the month

of November differences in the mediag SPL of 11 and 12 dB were observed at NnG02 and
NnGO3 Figure AL2-3).
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Figure5-6. The comparison of thesb SPL in the 0. 1 kHz frequency band during three months of construction

(October, November and December 2022) at the Nm@nitoring sites Only drilling hours from drilling days are retained
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displayed above the bars.

5.2.2.2.2 Suction bucket caisson

To quantify changes in noise attributable to suction bucket caisson we compared days of construction
period of Octoberg December 2022 with neoonstruction days in the same months at the Seagreen
monitoring sites.

i.  Thesuctionhours had a consistently higher median L50 SPL in the DkHz frequency band,
with the median ofsuctionhours being3 dB higher on average than hours from days with no
drilling activity. The highest differences in noise levels were observed at the monitoring
stations closest to the construction sit€igure5-7).

ii.  On suction days, the nesuction hours exhibited higher mediag, SPL by 2 dB compared to
non-suction days, thus suggesting that the 3 dB increase from i. during suction operations may
have been a result of a combination of sound sources, both sudaiwoth nonsuctionrelated
(Figure AL2-4).

iii.  When only construction days on which suction occurred are considered, the megi#LLof
suction hours was 1 dB higher than during fsarction hours, which is withithe precision of
the hydrophonegFigure AL2-5).
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Figure5-7. This figure compares thesd. SPL in the 0.&, 1 kHz frequency band during three months of construction

(October, November and December 2022) at tBeagreermmonitoring sites Only suction hours from suction days are
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5.2.2.2.3 Pile driving

Pile driving only took place over 8 days in December 2021. To quantify changes in noise attributable
to this activity we comparegiling daysof December 2021 withon-piling days from the same month
at the Seagreen monitoring sites.

i.  Median lsp SPL of piling hours was 18 dB higher than-piting hours from nospiling days,
making this activity the loudest out of all construction types. This was particularly pronounced
at the SGR04 and SGRO5 stations (the two within the OWF array area, 22 lamdat@&y
from the piling location, respectively), where the difference was 27 dB and 25 dB at these
stations. (Figureb-8).

il. If piling hours are removed from the piling days, then the noise levels of piling days become
almost identical to the noise levels on npiling dayswith a difference in medianst.SPL of
1 dB) Thisindicatesthat it was the piling activity itself driving the increase in noise levels on
piling days and not associated vessel acti{figure AL2-6).

iii. There wasa 17 dB difference in mediansd SPL between piling and nguiling hours. This
difference was greatest at SGR04 and SGRO05, the stations withiinttiéarm (25 dB and 22
dB respectivelyFigure AL2-7).
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Figure5-8. This figure compares thesd. SPL in the 0.% 1 kHzfrequencyband during the month of December 2021 at the

Seagreen monitoring siteOnlypiling hours frompiling days are retained in the analysigiifgé Ol 6§ S32NB O YR K
are compared to nokpiling hours from days where there was rgiling activity in the same montho & Ipitngé O 6 S3I2NB O ®
The sample size (number of hours within each site and category) is displayed abeviears

5.2.2.2.4 Summary

The medianso SPLn the 0.1¢ 1 kHz frequency banidr all activity types is summarized Table5. 1.
Drilling and suction hours exhibited &53dB increase compared to n@onstruction days, whereas
piling exhibited an 18 dB increase.

Table5.1. Median Lso sound pressure levelsSPLs) ithe 0.1¢ 1 kHzfrequencybandfor construction and non
construction hoursor daysfor three activity types Note the construction period is Oebec 2022 for NnG Drilling and
Seagreensuction, December 2021 foBeagreerPiling.

NnG Drilling 123 121 118
Seagreen 120 118 116
Suction
Seagreen 132 115 114
Piling

5223 AIS

The highest vessel density and intensity has kieghe more coastal waters (and around harbours)
and this trend has not changed across the monitoring yeligu(e Al1-5, Figure A11-6). Vessel
intensity increasd at both OWFs between 2@2and 2024 both for the construction and non
construction related vesse(figure AL1-5, Figure AL1-6), as well as for all vessels combir{Edyure
5-9). Vessel intensity at the ECOMS sites did not show changes in between the years.
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Figure5-9. Changes in vessel intensity for all vessel types in between years, sites and projects.

There was a poor correlation between SPLs in both frequency bands and vessel Hendigt noise

in these frequencies was rarely associated with highest vessel density. Instead, low or no vessel
densities for both frequency ranges were associated with a large cpamderwater noisendicating

no clear correlation between vessel density and underwater n@iggire AL2-1, Figure AL2-2).

5.3 Modelling

For both specieghe noise and vessel models are presented belamd theconstruction modelsare
presentedin section13.
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5.3.1 Porpoise models

Diagnostic plots for each model are presentedrigure A13-5, Figure A13-6, Figure A13-7. No
significant deviation from the assumptions of GAM was observed. Whilst autocorrelation in the model
residuals was partially accounted for through inclusion of an AR(1) correlation structure, some residual
autocorrelation remained.

To assess the importar ofvariablesin the final models, we can consider the estimate of deviance
explained by each covariate (the greater the percentage deviance explained, the greater influence the
covariate had on the modelfror boththe noise and vessel models, latitude, longitude interaction
with phase explained markedlymore deviance than other covariates, indicating strong spatial
structuring in porpoise detectiongime of year (represented by Julian Day) and time of day{udy

index) were tke next most influential covariates, followed by the presence of dolphins in the same
period. Noiselevels or the density ofessel{depending on the modeljhe state of tide {jde inde),
presence of constructioactivitiesand construction phasexplained <1% eadfiableb.2, Figure5-10,
Figureb-11).

All the covariates which were retained both in the vessel and noise models, showed the same patterns
in the two modelsFigure5-10, Figure5-11):

1 Porpoises were detected throughout the entire study aeea there was no clear pattern in
betweenconstructionphasedn spatial distribution Spatial patterns had the largest deviance
explained.

1 Porpoises were detected less duriAgril ¢ September and less durirtge day than during
nighttime. Porpoise detections decreased when dolphins were pres€hese three
covariates explained cumulatively 6 arfi% of deviance ithe noise and vessel model
respectively.

1 There was an observed decrease in porpoise detections when both faimads were
constructed simultaneously but not when each was constructed separataiyhis covariate
explained<1% deviance.

9 There was no difference in porpoise detections in between the construptiases

Porpoise detections decreased with an increase in underwater noised.(L¢ 1 kHz) and this
relationship was similar for atbonstructionphases(including pre and postconstruction) The large
decrease in porpoise detections with underwater noisetfar post-construction phase was largely
driven by periods >140 dB. Such levels were not recorded during other plrigaee(18.

In the vessel model, there was a clear decrease in porpoise detections with an increase in vessel
density but this large decrease was mainly driven by vessel density >0.4 ves%élstkich was not
common for any phasd-{gure5-10).

When the model wafit to data from days when construction activity occurysgatial, temporal and
environmental variation have the strongest influence on porpoise detec{Bigsire AL3-11, Table A

13-1). Consistent with the previous models, temporal trends of lower porpoise detections during
summer months, during daytime, and when dolphins were present were also observed. There was an
increase in porpoise detections when suction Sgagreerhappened and decrease when drilling
happened at Nn®ut thesepatterns explainea&l% of devianceTlhis indicateshat at the spatial and
temporal resolutions evaluated, specific construction activities did not have a discernible impact on
porpoisepresence.
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Table5.2. Generalised Additive Model (GAM) coefficients for models of porpoise positive minutes. Two models are
presented: (i) noise model based on 13 sites where broadband recorders were deployed and theretd®®L in the 0-1

1 kHz frequency band is included as a covariate, (ii) vessel model, including all 21 sites and vessel related covariates as a
proxy for noise. Covariates are presented in order from the highest deviance explained to the lowest deviance

explained.

Variables with p < 0.05 are considered statistically significant. TtatiBtic tests whether each variable contributes meaningfully to
explaining the data beyond what would be expected by chance (note that F values cannot be directly compared béeverntgpes of
variables or interactions).-palues indicate the probability that the observed relationship occurred by chance alone (values below 0.05 are
considered statistically significant, meaning the relationship is unlikely due to random varialaia that each model was formulated to

test which of the covariates from the defined groups affect the detections of the animals. We, therefore, kept in the ovadekes which

were not significantDegrees of freedom (edf) reflect the complexity of each variable's relationship with the respeakes close to 1
indicate a simple linear relationship, while higher values suggest more complelineanpatterns, common for interactions.

(Lon,Lat) * phase 253.6 | <0.05| 47 9
Julian 2090.6 | <0.05 6 3
Daynight index 1602.5 | <0.05 2 2
Dolphin presence 414.3 | <0.05 1 1
LsoSPL in the 0:1 kHz * phase | 17.7 <0.05| 12 <1
Tide index 41.9 <0.05 2 <1
Construction presence 7.1 <0.05 3 <1
Construction phase 0.5 0.67 3 <1
Full model 24
(Lon,Lat) * phase 6326.0 | <0.05| 64 7
Julian 3170.4 | <0.05 6 7
Daynight index 2089.4 | <0.05 2 1
Dolphin presence 699.3 | <0.05 1 <1
Vessel density * phase 35.2 <0.05 4 <1
Tide index 82.7 | <0.05 2 <1
Construction presence 5.2 <0.05 3 <1
Construction phase 0.2 0.87 3 <1
Full model 20
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Figure5-10 (A)Generalised Additive Model (GAM) predicted partial effects of covariates in the noise model, ordered from
highest to lowest deviance explained. Partial effects in a GAM show the individual effect of one covariate (Julian day) on
the outcome, while holdng the other variables constant. Values above orange horizontal line show an increase in
detections and below, decrease. The points above thaxis, in noise plot, are a rug plot, indicating the spread of noise
values in the raw data used to fit the mode(B) Enlarged predicted partial effect of latitude and longitude on porpoise
positive minutes as a function of construction phase (pre, constructimm constructionoff or post). Darker blue indicates
lower detections, yellow increase in detections.

33



. TITLEEFFECT OF CONSTRUCTIPRWF IN THEDORTH AND TAY
SMRU Consultlng DATENOVEMBER025
REPORTODESMRUGFAT2025022

understand ¢ assess * mitigate

const-off

0.5

e B 0l Ny N ik /—\\ !
57.0°N- = \/
8 & -0

0.5

Lat

300

200

Julian day Day-night index
Basis: Cyclic CRS Basis: Cyclic CRS
0.0+ e
Ni._. ||
Phase 0.4
= 0.1 @ ~ -
3 8 = —pre 3
k] [ \\ B
= o —| = 00
S 024 = 2
o = — conston T
Il
o a -2 o
post 0.4
-0.3+4 o
i 34 | BEREIES L. .
0 1 0.0 0.2 0.4 0.6 0.0 0.5 1.0 1.5 20
Dolphin presence Vessel density [vessels/km2/h] Tide index

Basis: Cyclic CRS

-0.054

Partial effect

-0.104

-0.164

G
pre

Both | ——@———
- N (=]
0

post

Q
=
=

None

S
const-on
const-off

Construction type Phase

ST.ON=

[
5
10

Lat

A5

56.4°N-
56.2°N =

56.0°N=

56.8'N-

56.6'N =

56.4°N=

56.2'N=

56.0°N - Partial effect
5

26°W 24W 22°W 20°W 1.8'W 1.6°W uwuwuwznw 8w 16w

Figure5-11 (A) Generalised Additive Model (GAM) predicted partial effects of covariates in the vessel model, ordered
from highest to lowest deviance explained. Partial effects in a GAM show the individual effect of one covariate (Julian
day) on the outcome, while haling the other variables constant. Values above orange horizontal line show an increase in
detections and below, decrease. The points above thexis, in noise plot, are a rug plot, indicating the spread of noise
values in the raw data used to fit the nael. (B) Enlarged predicted partial effect of latitude and longitude on porpoise
positive minutes as a function of construction phase (pre, constructimm constructionoff or post). Darker blue indicates
lower detections, yellow increase in detections.

34



SMRU Consulting DATENOVEMBER025

TITLEEFFECT OF CONSTRUCOBPRWEF IN THEORTH AND TAY
, REPORTODESMRUGATF2025022

understand ¢ assess * mitigate

5.3.2 Dolphin models

Diagnostic plots for each model are presentedigure AL3-8, Figure AL3-9, andFigure AL3-10. No
significant deviation from the assumptions of GAM was observed. Whilst autocorrelation in the model
residuals was partially accounted for through inclusion of an AR(1) correlation structure, some residual
autocorrelation remained, but much less thamdase of porpoise model.

Similarly to porpoise model, for both the noise and vessel models, latitude, longitude interaction with
phase explained markedly more deviance than other covariates, indicating strong spatial structuring
in dolphin detections. Time of year (representedlijian Day), and time of day (daight index) were

the next most influential covariates btiey only explaining 1% of deviance each. The presence of
porpoises in the same period, the state of tide (tide index) and all anthropogenic covariates: noise
levels or theduration of vessels (depending on the model), presence of construction activities and
construction phase explained <1% eat€hlfle5.3, Figure5-12, Figure5-13).

All the covariates which were retained both in the vessel and noise models, showed the same patterns
in the two modelsFigure5-12, Figure5-13):

1 Dolphin presence was generally highest at coastal sites and declined with increasing distance
offshore, including in areas adjacent to tivnd farmdevelopments. This spatial trend was
broadly consistent across construction phases.

1 As for porpoises, dolphin presence was higher during nighttime hours. Their seasonal
presence peaked between April through early September, which is the time when porpoises
were detected less. Tidal state had a small, but statistically significant effiectotphin
presence, whereby dolphin presence was highest around low tide. Dolphin presence was
inversely correlated with porpoise presencehese four covariates explained cumulatively
<3% of deviance.

1 There was no difference in dolphin detections in between the construction phases, and
whether construction happened at individual wirfdrms or simultaneously. These two
covariates explained1% deviance each.

Noise levels in the 0.41 kHz frequency banishteracting with construction phaskad a significant
negative effect on dolphin detections. This covariate, however, had the lowest effect on the deviance
explained. However, this appears to be largely driven by the-passtruction phase where some
hours were atypically loud (as shownthg rug plot). It is not possible to discern whether the reduced
detections resulted predominantly from behavioural responses or reduced detectability in high noise
(Figure20, Table5.3).

Cumulative vessel duration within 3 km of the PAM stations had no significant effect on dolphin
presence and did not vary between construction phases (Figuréa2iles.3).

When the model was fit to data from days when construction activity occurred, that spatial, temporal
and environmental variation have the strongest influence on dolphin presératdd AL3-1, Figure A
13-12). Specifically, distance to NnG and distanc&tagreenwere the most influential predictors.
Dolphin presence was lowest near thénd farms and generally increased with increasing distance
from both NnG an&eagreenThis suggests that the observed spatial gradients reflect broader habitat
preferences (e.g. toward coastal sites which are inherently further fromwiine farmsites), rather

than responses to foundation construction. Consistent with the previous models, temporal trends of
higher dolphin detections during summer months, during nighttime, andnyberpoises were not
present were also observed. There was no significant effect of the presence of drilling at NnG or
suction atSeagreeindicating that the specific construction activities did not have a discernible impact
on dolphin presence.
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Table5.3. Generalised Additive Model (GAM) coefficients for models of dolphin presence. Three models are presented:
(i) noise model based on 13 sites where broadband recorders were deployed and therefore L90 SPL inthieHx 1
frequencyband is included as a covariate, (ii) vessel model, including all 21 sites and vessel related covariates as a proxy
for noise, and (iii) construction model based only on data during foundation construction. Covariates are presented in
order from the highest deviance explained tohe lowest deviance explained.

Variables with p < 0.05 are considered statistically significBiné Fstatistic tests whether each variable contributes meaningfully to
explaining the data beyond what would be expected by chance (note that F values cannot be directly compared betweentglifésrent
variables or interactions).-palues indicate tb probability that the observed relationship occurred by chance alone (values below 0.05 are
considered statistically significant, meaning the relationship is unlikely due to random varidbegrees of freedom (edf) reflect the
complexity of each variable's relationship with the responselues close to 1 indicate a simple linear relationship, while higher values
suggest more complex, ndmear patterns, common for interactions.

(Lon,Lat) * phase 7790.0 | 0.36 36 14
Daynight index 872.7 <0.05 2 1
Julian day 657.5 | <0.05 4 1
Porpoise presence 227.5 <0.05 1 <1
Tide index 18.4 <0.05 2 <1
Constructionpresence 7.4 0.06 3 <1
Construction pase 0.2 0.97 3 <1
L90 noise in 0-1 kHz band * phasq 203.1 | <0.05 9 <1
Full model 23
(Lon,Lat) * phase 10633.3| <0.05 46 19
Daynight index 1198.1 | <0.05 2 1
Julian day 597.9 <0.05 4 1
Porpoise presence 328.4 <0.05 1 <1
Tide index 43.9 <0.05 2 <1
Constructionpresence 14.7 0.06 3 <1
g;nrlﬁglsﬁ\ggessel duration within 00 0.87 0 <
Construction pase 0.3 0.95 3 <1
Full model 27
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Figure5-12 (A) Generalised Additive Model (GAM) predicted partial effects of covariates in the noise model, ordered from
highest to lowest deviance explained. Partial effects in a GAM show the individual effect of one covariate (Julian day) on
the outcome, while hotling the other variables constant. Values above orange horizontal line show an increase in
detections and below, decrease. The points above thaxis, in noise plot, are a rug plot, indicating the spread of noise
values in the raw data used to fit the mad. (B) Enlarged predicted partial effect of latitude and longitude on porpoise
positive minutes as a function of construction phase (pre, constructimm constructionoff or post). Darker blue indicates
lower detections, yellow increase in detections.

37



. TITLEEFFECT OF CONSTRUCTIPRWF IN THEDORTH AND TAY
SMRU Consultlng DATENOVEMBERO025

understand + assess + mitigate REPORTODESMRUGFATF2025022
A pre onst-0
57.0°N - .
56.8°N - Partial effect
goeN-
367N R
56.0°N- 2 =
- @
5 onst-0 post T 00+
57.0°N- 0 £
B g
BB.4°N - 05+
56.2°N -2
56.0°N -
fnainat T T T T
0 100 200 300
Day-night index Julian day
Lon Basis: Cyclic CRS Basis: Cyclic CRS
0.0 [ ] 03
0.2
g o 021
= 0.1
o 004~ i
K] . i e ey 0.0 e
£ 02
o 2021 0.4
0.3 E 0.2
T v v v v v T v v v v
0 1 0.0 0.5 1.0 1.5 20 < o] © [0}
] z 5 @
@ z 2
Parpoise presence Tide index Construction

Basis: Cyclic CRS

0.000 4 Phase

= pre
-0.025+4 == const-on

= const-off 0+
-0.050 post

Partial effect
e I
—_———
const-on 4 ———@———
—_———

& % ®
5 8
: g8
2
Q
8
Cumulative vessel duration within 3km (mins) Phase
‘const-on
57.0°N -
56.8°N =
56.6°N -
56.4°N -
56.2°N -
Partial effect
56.0°N -
4
3 const-off 2
57.0°N - 0
2

56.8°N -
56.6°N -
56.4°N -
56.2°N -
56.0°N -

{\ \\‘ &* s\ A‘ \s'\ \:\ 4- \9 \x‘ ‘&‘ é
DS S N A
Lon

Figure5-13 (A) Generalised Additive Model (GAM) predicted partial effects of covariates in the vessel model, ordered
from highest to lowest deviance explained. Partial effects in a GAM show the individual effect of one covariate (Julian
day) on the outcome, while hlaing the other variables constant. Values above orange horizontal line show an increase in
detections and below, decrease. The points above thaxis, in noise plot, are a rug plot, indicating the spread of noise
values in the raw data used to fit the nael. (B) Enlarged predicted partial effect of latitude and longitude on porpoise

positive minutes as a function of construction phase (pre, constructimm constructionoff or post). Darker blue indicates
lower detections, yellow increase in detections.
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5.3.3 Summary of the modelling results

Overall, anthropogenic covariates (related to construction and vessel traffic) explained the lowest
proportions of deviance imll the modebk and for both species groupsdicating that patterns in
dolphin and porpoisepresenceand detectionsare primarily driven by natural and environmental
variation at the spatial and temporal scales evaluated in this st§sbcific construction activities did

not have a discernible impact on dolpland porpoise detections

6 Discussion

This study offers a rare, lostgrm, and spatially extensive analysis of the effects of offsidnel farm
construction on marine mammals in the Forth and Tay region. Through six years of passive acoustic
monitoring across 21 stations, we evaluated not only traditional piling activities, but also the
comparatively undestudied drilling and suction bucket cais installation methods. The inclusion of

pre-, during, and postconstruction phases across two concurrently constructed viarchs allows

for a moe holistic understanding of potential impacts than most existing studies, which typically focus
on single construction types in isolation over a shorter period of time.

The longterm monitoring in this study also allowed for detailed evaluation of hatenual and inter
seasonal occurrence of the two cetacean groups studied.

Detailed description of the study findings in the contexBSefagreen and NnBEMRB are provided in
Appendix6.

6.1 Baseline and construction technique related changes in underwater noise

The objective of the underwater noise analysis was to characterise changes in underwater noise over
the monitoring period and monitoring sites. Two frequency bands were analysed-1) K-z (drilling,
suction, vessel) and 2) @8 kHz (echosounders divessel dynamic positioning systems).

The acoustic signatures associated with foundation installation were primarily apparent at finer
temporal resolutions. Piling had a higher noise signature than drilling or suction bucket caisson
installation. The median increase in the Q.1 kHz frequeng band during hours with piling compared

to baseline (all hours from nepiling days in the same months when construction happened)i8as
dBand reached a maximum ob2Binside of thewind farmarray. This increase was5 dB for drilling
activity at NnG but varied between months and stations and reached a maximum increase of 14 dB.
Suction caisson installation §eagreemesultedalsoin a 35 dB increase from baseline for sites within

the wind farmarray area.

Interestingly, for both drilling and suction bucket caisson installation, the differences between
construction and noftonstruction hours were relatively minor suggesting that vessel traffic,
mobilization, and ancillary operations contribute substantitdlythe overall increase in underwater
noise on construction days. However, this was month and stafjmcific, and at certain stations
(typically within thewind farm), larger differences between construction and raomstruction hours
were observed.

Impact piling remains the most extensively studied source of construcgéilated underwater noise,

with previous research showing harbour porpoise displacement from piling(8tasdt et al. 2018,

Rose et al. 2019, Brown et al. 2023, BenhentraaGall et al. 2024Minor changes in bottlenose
dolphin presence during pile driving have been recorfl@chham et al. 2017put the effect of piling

on this species, or dolphins in general, are not well studied and there remains a key knowledge gap
on dolphin behavioural responses to pile drivintn our study, piling activity was limited to the
installation of a single offshore substation platformSsagreen
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More novel, however, are our findings related to suction bucket caisson installation and drilling
activities. Both were associated with elevated noise levels in thelOkHz frequency band. These
changes were spatially variable, but most pronounced dtasta within and closest to theind farm

array areas. The SPL increases associated with suction and drilling were generally much lower than
those from piling and comparable to differences in SRietween monitoring sites and years far from

the construcion sites (ECOMMAS).

Decibels are logarithmjt¢herefore a3 dB increase means a doubling of acoustic intepaitgda 5 dB
increase represents about a 3f@d increase in acoustic intensity. While this change is modest
compared to the tens of decibels associated with giliring (this study) or large vessel passages
(Hildebrand 2009, Merchant et al. 2014f) represents a detectable elevation in background levels.
Such an increase is within the range of natural variability. In many offshore environmentsteshort
natural fluctuations in ambient noise (e.g., due to wind, rain, wave action) can be omdaeal 3;

10 dB or more, particularly in lofvequency bandg¢Mustonen et al. 2019, Schwock and Abadi 2021)
Given a hydrophone precision of £1 dB, the observed differences of around 3 dB between construction
and nonconstruction periods should be interpreted with caution, as the true change may be slightly
over- or underestimated.

Among all monitoring projects, the ECOMMAS sitesitored in this studyvere the quietest overall,

yet they were the only locations where an increase in L50 SPL in the-fimgeency band was
observed across monitoring years. Although vessel intensity at ECOIgikdA®ere the highest of

the three projects and remained relatively stable over time, this factor does not explain the observed
trend in underwater noise. This interpretation is further supported by the weak correlations found
between vessel delity or intensity and L50 SPL across both frequency bands.

In 2024, south oSeagreena series of geophysical surveys were carriedrotlation to theBerwick

Bank offshorevind farm Comparison of the recorded noise levels with gemphysicasurvey dates
provided by theDeveloper (SSE Renewableisidicated increases in detected noise across several
frequency bands on certain survey days, though not consistently across all. Although monitoring
ambient noise during geophysical surveys was not the primary objective of this project, these findings
underscore the complexity of the soundsee in construction areas and the contribution of multiple
anthropogenic activities to.it

6.2 Baseline levels of detections of vocalising marine mammal

Dolphin presence showealstrong spatial patterrwhere detectionswere highestat coastal sites. In
contrast, porpoises were detected across the study area adidplayed les®f a predictable spatial
pattern withincreased detectionfurther offshore than dolphins. The described differences in spatial
distribution of the two groups are consistent with known habitat preferen@aso Civil et al. 2019,
Gilles et al. 2025)

Both porpoise and dolphinshowed strong seasonal cycles, with consistent declindseirsummer
months betweerAprilgSeptember across all years for porpoises tn@doppositepattern for dolphins,

with peak of occurrence ithe summer months betweeApri-September. These seasonal patier

are again consistent with previous studies although the exact timing of peak of occurrence is site
specific(Verfuss et al. 2007, Zein et al. 2019, Benherim&sall and Cheney 2025)

Ourstudyalso reaffirmed previously reported patterns of interspecies interactions. In particular, the
presence of porpoise was negatively correlated with dolphin detections, suggesting competitive or
avoidance behaviouiGutiérrezMufioz et al. 2021, Williamson et al. 2021)

Temporal variables, such as diel cycle, also strongly influenced detection rates, particularly for
porpoises. These findings are consistent with studies suggesting nocturnal foraging and habitat use
variability across seasons (see details in the Introdadti Spatial autocorrelation and tigelated
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metrics added explanatory power to the models, highlighting the complex interplay between
environmental drivers.

None of the models suggested that the abewentioned temporal and spatial patterns were affected
by the monitoring phase (preduring, and postconstruction). These natural (baseline) temporal and
spatial patterns showed highest explanatory power sugggsbeing the main drivers behind
observed changes in detections of both species groups.

6.3 The effect of construction on marine mammal detection

Statistical modelling indicated that both anthropogenic and natural covariates influenced cetacean
detections. Nevertheless, baseline spatial patterns accounted for the majority of the explained
deviance, while anthropogenic factors such as noise, vesesépce, and construction activity each
contributed less than 1% of the explained deviance. Construction effects were only significant for
harbour porpoises, and this was primarily driven by days when construction occurred simultaneously
at bothwind farmsites. However, this only occurred during 28 days across the monitoring period. No
significant differences in cetacean detections were observed between monitoring phases.

These findings are specific to the large spatial scale of the analysis and may not reflect patterns at
smaller spatial scales, particularly in the immediate vicinity of the wWarths (meters to few
kilometres). Our analysis was not designed to look at setalle effects of construction such as
animals leaving the footprint of the wirfdrms or stopping vocalizing. While our monitoring network
provided good spatial coverage, the inclusion of all sites across the study region in a single statistical
model may have resulted in effect dilution, where localised responses near construction activities (if
any) could be obscured by the predominance of sites experiencing no effect, reducing the model's
power to detect spatially heterogeneous impacts. In order tadgta small scale effect, a network of
monitoring sites closer to the winthrms would be neededGraham et al. 2019, Chudzinska and
Thomas 2023)For a full understanding of the effect of construction, analysibah small and
regional scale is needed and this study is one of the few addressing the latter.

Incorporating three model typasnoise, vessel and constructiorspecific enabled detection

trends to be compared across differing spatial and temporal contexts. Although the models differed
in sample size due to missing data and design constraintsytbleled consistent patterns, enhancing
confidence in the results. Such consistency would likely have been more challenging to detect over a
shorter monitoring period.

6.4 Marine mammal distribution

The PAM array deployed across the Forth and Tay region successfully characterised baseline levels of
harbour porpoise and dolphin detections and allowed for assessment of potential changes associated
with construction activity. Our analyses showed that th@minant factors affectingporpoise and

dolphin occurrence were natural spatiemporal and environmental facto@ncludingthe influence

ofthe presence of eactpecies on one anothewith dolphins likely having negative affect on porpoise
presence, rather than anthropogenic influences. While drilling at NnG and suction bucket caisson
installation at Seagreemodestlyelevated underwater noise leve(8-5 dB) andpiling increased noise

by up to 25 dB locally (and 18 dB for offshore substation pin piles), these activities did not result in
significant regionascale changes in detections of either species. Statistical modelling confirmed that
constructionrelated variables explained <1% of the variance in detections compared to natural
covariates. Theséndings demonstratehat the nstruction activities at botlwind farms did not

cause significant displacement or alteration in the distribution of harbour porpoises or dolphins at the
regional scaleAs such, this studfulfils the requirements of the PEMP objective relating to marine
YFEYYFEE RAAGNRAROdzIA2Y 0 Wwhetlediie® Su@ an¥ dignificant dRéhgeS N y A v 3
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distribution or abundance of marine mammals within Wied farmarea and adjacent waters pre and
during constructio&.

6.5 Improving understanding of dolphin population use of the Forth and Tay Region

The longterm PAM datasetanalysed in this studprovides the most comprehensive records of
dolphin acoustic activity in the Forth and Tay region. Results confirmed strong spatial patterns, with
dolphins most frequently detected at coastal sites, as well as consistent seasonal cycles, with peak
occurrene in summer months. These patterns extenarentknowledge othe east coast bottlenose
dolphin populatiors use of theTay estuary and adjacent coastal watess documented through
previousstudes (2009 ¢ ongoing;Arso et al. 2019, Cheney et al. 2024s0 Civil et al. 2025%ince

2020, photeidentification studies of the coastal waters in the Tayside and Firth of Forth areas have
been funded by the Forth and Tay wind farm developers (Seagreen, NnG and Inch Cape) together with
NatureScot.

The dolphin detection classifier used in this study does not allow for identification of the dolphins to
the species leveHowever, it is expected that the delphinid vocalisations detected close to the coast
are most likely bottlenose dolphins given the generally coastal distributional range of this population

Despite elevated levels of underwater noise being observed during construction phpessiye
acousticmonitoring at the regional scale identified that the effects of constructiordolphinswere
benign.As dolphins were not identified to specikwvel this conclusion is based on the group as a
whole. The main construction activitiesccurredoutside the key habitat fobottlenose dolphins
Whilst many paspassive acoustistudies on the effects of noise focus on short term, localised effects,
this study highlights the importance of data collection over time and space and consideration of
broader scale impacts.

This PAM studgdds tothe bottlenose dolphins photo ID information by examining presence across a

range of temporal (seasonal and diel) and spatial (inshore vs offshore$.skslguch, these studies
combinedfulfil the requirements of thePEMP objectivét A YLINRE @Ay 3 dzy RSNR UGl YRAY
R2f LIKAY LILJzZ | GA2Y dzaS 2F (GKS C2NIK FyR ¢l & wS3A

6.6 Future work recommendations

The primary aim of this study was to understamgionalscale spatigemporal changes in marine
mammal detections associated with natural and anthropogenic activitiesPRhM studycomprised
of setsof arraysdistributed across the study area, with the nearest hydrophone positionedr®20
from any construction site. Consequently, this study was not designed to assessscatall
construction effects.

Harbour porpoise response probability itmpact pile drivingis highest within 10 km of construction

sites and increases markedly at closer distances (Graham et al. 2019). Given the substantially lower
noise levels generated by drilling and suction activities comparéahpact piling, we would expect
different deterrence and doseresponse functions for these activities, with the highest response
probabilities occurring even closer to construction sites. However, only 23% of monitoring hours
during drillingand 8% duringnstallation ofsuctioncaissonccurred within 10 km of construction

sites. When this radius is reduced to 5 km, monitoring coverage drops to 8% for drilling and 2% for
suction. Establishindeterrence andloseresponse functions or understanding srrsdhle effects of

these constructiormethodswould require a different study design with monitoring sites positioned
closer to construction activities, as exemplified in Graham et al. (2019) and Chudzinska et al. (2024).

Overall, this project highlights the importance of coordinated monitoring of marine mammals across
a wider region, taking into consideratioa variety of noise sources. Marine mammals respond
behaviourally to a variety of anthropogenic activities, and during offshore wind farm construction
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multiple stressors may contribute to the overall magnitude of disturbance. Monitoring efforts
conductedto date have largely focused on behavioural responses specifically linked to piling activities,
while relatively few studies have attempted to isolate the contribution of effects associated with
vessel operations or acoustic deterrent devices (AQ¥D&hne et al. 2017, Thompson et al. 2020,
BenhemmalLe Gall et al. 2021, Voss et al. 2023, Benherhen&all et al. 2024)While smalscale
studies help identify immediate responses to noise, monitoring at broader spatial scales provides a
clearer picture of whether disturbances may lead to large scale displacement and subsequent
populationlevel effectsThus effective collaboration across projectsissentiako effectivelyassess
impacts on marine mammals.

Multiple developments within the same region can generate additive effects (where the total impact
is the sum of each individual impact), or synergistic effects (where the combined influence exceeds
the sum of individual activitiesEvaluating projects independently, particularly where spatial or
temporal overlap occurs, reduces confidence in conclusions regarding the magnitude of disturbance.
For example, if construction activities at Project A result in displacement, animals mpgraaty
increase their presence in the vicinity of Project B, where construction has already concluded. Such
increase in marine mammal presence would not represent a genuinegoostruction return to
baseline conditions at Project B, but rather a redligttion driven by ongoing disturbance elsewhere.
Integrated strategicmonitoring is therefore required to accurately interpret responses and support
robust assessmerdf inter-related and cumulative effects.

While our results suggest benign effects of construction on dolphins, most construction activities
occurred offshore, beyond the key habitattbe east coast bottlenose dolphin populatiamthe Tay

and Forth area. A comprehensive understanding of construction impacts on this marine mammal
group would require studies with greater spatemporal overlap between dolphin distributions and
construction activities.

6.7 Implications for monitoring and data collection

In this study, <5% of acoustic detections from broadband recorders were also recorded by PODs in the
same monitoring period. This discrepancy underscores a key limitation of PODs: they detect only
echolocation clicks and are effectively blind to whistléhistles are often crucial for detecting
delphinids because many species vocalize with whistles for social communication and may not
echolocate continuously. Studies deploying PODs alongsideafudiwidth recorders have similarly
found that fultbandwidth devices detect significantly more vocalizations (whistles plus clicks) than
clickonly detectorgGarrod et al. 2018)

Moreover, fultbandwidth recorders allow post hoc manual or softwdnased analysis of whistle
contours, burst pulses, and other tonal signals that are below or outside the detection range -of click
only devices. Such components of the acoustic repertaidraportant because whistles can be more
frequent in certain behavioural or social contexts and may persist when echolocation is reduced or
suppressed.

Therefore, for effective monitoring of delphinidespecially if the aim is to track presence, social
behaviour, communication, or habitat usat is essential to include broadband recorders to capture
whistle vocalizations. Reliance solely on PODs riskerastimating delphinid activity, potentially
biasing inferences about their abundance or behaviour.
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9 Appendix 1 6 Studied species

9.1.1 Harbour porpoise

Harbour porpoise was the most commonly identified cetacean during historic aerial and ased
surveys in the wider Firth of Forth and Tay region between 2009 and (@228ier and Lacey 2011,
Sparling 2012, Mainstream Renewable Power 2019, RPS 2022, RPS Energych@Xiall surveys,
including those carried out within thBeagreerand NnG array areas, harbour porpoise counts were
consistently higher during the summer months. Harbour porpoise presence in the Moray Firth was
found to be habitatspecific, with individuals more frequently detected at night in deeper, muddy
areas, and dring the day in shallower, sandy habit@@illiamson et al. 2017 heir spatiotemporal
distribution may be driven by foraging which is considered to increase at nighffious et al. 2009,
Brandt et al. 2014, Williamson et al. 2017, Williamson et al. 2@&) hour was also found to be the
most significant covariate with increased detection probability around dawn and dusk in the dynamic
tidal environmentgBenjamins et al. 201 7rurther studies indicated that mean water depth, sea state
and month as environmental variables have the greatest influence on harbour porpoise occurrence
(GutiérrezMufioz et al. 2021)Additionally, harbour porpoises have been found to exhibit reduced
occurrence in the presence of dolphins, and even in thg Bours preceding dolphin detections,
suggesting that they may anticipate dolphin arrig@utiérrezMufoz et al. 2021, Williamson et al.
2021)

9.1.2 Bottlenose dolphin

During historic aerial surveys in the wider Firth of Forth and Tay region, bottlenose dolphins were
primarily recorded in inshore waters, with only a single individual observed offgj@nadlier and
Lacey 2011)No sightings were reported during bdaased surveys faBeagreerand NnG, or aerial
surveys for Ossian, all of which focused on array areas located further from the(8pasling 2012,
Mainstream Renewable Power 2019, RPS Energy 20249 is consistent with expectations, as
0200f Sy2aS R2f LKA Y & (odside the®@raytFirtly) Rr@ picSly edounrad-ira G
waters less than 20 m deep and within 2 km of the cq@atick et al. 2014)Over the past decade,
020Gt Sy2al8 R2fLKAya Fft2y3a {O2GfFyRQa Stad 021
Firth, with the proportion using the Tay estuary and adjacent coastal waters increasing from 52%
(2009- 2012) to 79% (20202023)(Quick et al. 2014, Arso Civil et al. 2021a, Cheney et al. 2024, Arso
Civil et al. 2025)Movement patterns exhibit seasonal variation, with increased movement from the

Tay estuary region to the Moray Firth Special Area of Conservation (SAC) in early summer, and a return

movement toward the Tay estuary and surrounding areas in late sur(dmso Civil et al. 2021b)

Bottlenose dolphins studied in the Moray Firth exhibit significant seasonal and diel patterns in their
presence, with diurnal activity predominant in summer and a shift to nocturnal activity during autumn
and early winter(FernandezBetelu et al. 2019)Their occurrence is also influenced by tidal cycles; at
two of the three study sites, bottlenose dolphins were most likely to be encountered during the flood
stage of the tidgFernandemBetelu et al. 2019)This aligns with findings froMendes et al. (2002)

who observed increased bottlenose dolphin presence during the flood tide, particularly around the
stationary stage of the tidal front (3.5 to 1 hour before high water). Bottlenose dolphin foraging
behaviour also varies seasonally, mirroring the seasawallability of prey(Pirotta et al. 2014,

3 This refers to a inshore bottlenose dolphin population from the Coastal East Scotland Management Unit. An offshore
population of bottlenose dolphins is also known to occur off the east coast of Scotland, however, this population remains
poorly studied. The relationship beeen offshore groups and those occurring in coastal waters remains uncé@haney

et al. 2013)
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FernandezBetelu 2020)Additionally, studies on bottlenose dolphin buzzing activity in the Moray Firth
showed that it is significantly influenced by both static (e.g., latitude, slope) and dynamic (e.g., Julian
date, frontal metrics) environmental variabl@Birotta et al. 2014)

9.1.3 White-beaked dolphin

During the historic aerial surveys of the wider Firth of Forth and Tay region,-taddieed dolphins

were encountered in both, inshore and offshore waters, although most encounters were recorded
offshore (Grellier and Lacey 2011puringSeagreerarray area boabased surveys, whitbeaked
dolphins occurred mostly further offshore and a peak in sightings and therefore density, was apparent
to the north-east of the survey are&Sparling 2012)White-beaked dolphins were recorded only
during a second year of the NnG array area surveys with most sightings over spring and summer
(Mainstream Renewable Power 201%je historic surveys corroborated findingd\édir et al. (2007)
showing that whitebeaked dolphin presence in the Firth of Forth and Tay areas is more common in
summer than in winter(Grellier and Lacey 2011, Sparling 2012, RPS 2022, RPS Energy12024)
presence of whitedbeaked dolphins recorded during th@eagreenand NnG array area surveys,
coupled with the absence of bottlenose dolphin sightings over thendath survey period, indicates

that in the wider Firth of Forth and Tay region whiteaked dolphins are more likely to be
encountered offshore than bottlenesdolphins. Study in the north east Scotland suggested that
white-beaked dolphin distribution may be linked to sea temperature as it has been identified as a
significant factor affecting local abundan¢€anning et al. 2008)Across the UK, whiteeaked
dolphins may be experiencing a decline in abundance linked to rising sea temperatures with the
analyses of stranding records suggesting shifting the habitat use and distribution nortf®arding

et al. 2008, MacLeod et al. 2008, ljsseldijk et al. 20%R)dies also found a significant effect of sea
depth, slope and aspect on the presence of this spgdlésr et al. 2007, Canning et al. 2008)
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10Appendix 2 d Mooring schematics
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Figure AL0-1. Mooring schematics following the design bQuer et al. (2023)
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11 Appendix 3 d Covariates

11.1 Summary

Table Al11-1. All response variables and explanatory covariates prepared for this study. Variable names in the brackets
refer to shorter names used throughout the text and figures

of covariates

Cetacean presence (response variables)
Porpoise detection |Minutes per hour where Continuous:
positive minutes peporpoises were detected (for |[CPOD/FPOD |NA 0-60 nteqer '
hour (DPMph)  |CPOD/FPODS) 9
Dolphin detection |Minutes per hour where Continuous:
positive minutes peldolphins were detected (for |CPOD/FPOD |NA 0-60 inteqer '
hour (DPMph)  [CPOD/FPODs) 9
Porooise detection Binary variable indicating
P whether porpoises were CPOD/FPOD [NA 0/1 Binary
positive hour (DPH . ;
detected in a given hour
Ec?;ﬁwz ggterc(thH Binary variable indicating
from CPOD/FPOD whether dplphlpS were CPOD/FPOD [NA 0/1 Binary
detected in a given hour
only
Dolphin detection |. . s
positive hour (DPH Binary varlablg indicating Broadband .
whether dolphins were NA 0/1 Binary
from logger data . . recorder
only detected in a given hour
Egslf)t::/lg ggtjerc(thH Binary variable indicating
trom CPOD/FPOD | ether dolphins were CPOD/FPOD | 01 Binary
detected in a given hour on arflogger
and logger data device (POD or logger)
combined 99
Monitoring effort
. Minutes per hour CPOD/FPOL . )
POD recording |14 recording i.e. monitorifCPOD/FPOD NA 0-60 Continuous:
minutes integer
effort
Minutes per hour logger is on
Broadband recordejand recording (maximum valu¢Broadband Continuous:
: . . NA 0-20 .
recording minutes |20 minutes due to duty cycle drecorder integer
the loggers)
Time lost Sec_onds per hour that_ the POICPOD/FPOD NA 0c3547.8 Conynuous:
device was not recording non-integer
\Whether a logger/POD or both
devices were deployed. Used
. control for effort in the dolphin POD/BroadbandCategorical:
Device setup model as detections may be NA NA recorder/Both [factor
more likely when both devices
were deployed simultaneously
Spatial
NNnGO0104;
SGRODS;
IABBO5, ABB10,
. . IABB15; Categorical:
Site Hydrophone location NA NA STAO5. STAL0, lfactor
STALS;
SHV05, SHV10,
SHV15;
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IARHO5, ARH10
IARH15

lengths (62).

2 = next sunrise|

PAM device (Broadband -2.88461¢ Continuous:
Longitude (°) recorder/CPOD/FPOD) NA NA -1.66721 noninte er.
deployment longitude 9
PAM device (Broadband . .
Latitude (°) recorder/CPOD/FPOD) NA NA gg'ggggg’ Egrr:'n”tzog‘:"
deployment latitude ) 9
Distance to shore Shortest distance from Continuous:
hydrophone location to Section11.1.1 |NA 0.5-48.7 . ’
(km) . non-integer
coastline
Distance from each PAM
Distance to nearestdeployment {0 the edge of the Continuous:
: closestwind farm Deployment{Calculated in fya 0.00¢ 64.56 : ‘
wind farm(km) . : non-integer
inside thewind farmhave
distance set to zero
Distance to NnG  |Closest distance from PAM Calculated in | Continuous
(km) device to NnGvind farmarea NA 0.00¢ 76.18
. Closest distance from PAM
Distance tdSeagree devi ind f lculated in | .
(km) evice toSeagreemwind farm |Calculated in Iy 0.00¢ 66.70  [Continuous
area
Temporal
Year Year of sampling NA Temporal: Yearly [2019- 2024 i(r:,?enéguous;
Month Month of the year NA Temporal: Monthly [1-12 i(r:,?enégrUOUS:
Julian day Day in Julian calendar NA Temporal: Daily [1-366 i(r:]?en;guous:
Hour of day Hour of the day in local time [NA Temporal: Hourly [0-23 i(ril?enéguous:
'Time since sunrise | . . . Suntools; . Continuous:
) Time since last sunrise in hou‘Sectionll.l.Z Temporal: Hourly [0-24 nortinteger
. . . Suntools; . Continuous:
ITime to sunset (h) [Time to next sunset in hours Section11.1.2 Temporal: Hourly [16.6¢17.1 nortinteger
Time interval between SunriseSuntooIS' Continuous:
Day length (mins) apd sunset on a given day in Section11.1.2 Temporal: Minute (403.0¢ 1073.1 norHinteger
minutes
Time interval between sunset Suntools: Continuous:
Night length (mins) _and _next sunrise on a given diSectionll.l.Z Temporal: Minute [367.1¢ 1037.5 nortinteger
in minutes
Circular index indicating point , O_E . . )
Daynight index day, accounting for variable d,SuntooIs, NA O = sunrise Continuous:
ynig Y, 9 Section11.1.2 1 = sunset non-integer

Ambient noise

IAmbient noise level

Median (lsg) and 10 and 90%

Lio: 657( 162.3

(L1o, Lso, Loo; dB)

frequency band)

Loo: 64.5¢ 155.4

between 0.0£0.1 (L1o, Loo) exceedar_me levels forBroadband NA Leo: 64.9¢ 160.9 Con‘_unuous:
KHZ (ko, Lso, Log: dB) low frequency noise (0.@D.1 |[recorder Log: 64.1¢ 158.7 non-integer
' 750190 TRk HZ frequency band) 0- 641G 156
i 0,
Ambient noise level?lll_edir; Ealiot):gggai\?:;[gglzforBroadband Lao: 65.6¢ 156.7 Continuous:
between 0.11 kHz | % 9 . NA Lso: 65.4¢ 156.0 . :
low frequency noise (0Ocll kHz [recorder non-integer
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IAmbient noise level

Median (lso) and 10 and 90%

no slope and so no aspeet ¢
360°)

b etween 110 kHz ﬂ__lo, Loo) exceedance levels forBroadband A 'L-;z gggé ﬁgg Continuous:
(L10, L50, L90; dB) igh frequency noise (10 kHz [recorder e -2 Inon-integer

frequency band) Loo: 68.1¢ 148.4
Ambient noise levell1edian (o) and 10 and 90% , .

(Luo, Leo) exceedance levels forBroadband Lio: 77.5¢ 150.3 |Continuous:
between 1648 kHz high frequency noise (188  [recorder NA Lso: 77.5C 149.4 nonrinteger
(LlO, L50, L90; dB) Log: 77.4¢ 148.9

kHz) 0 <
Broadband ambient .
noise level 10 H28 L\I/I_edllzr; gliog:géjai?::{ggg?orBroadband Lio: 79.0¢ 162.3 |continuous:
kHz (L10, L50, L90 brlt()):':tdtgand hoise (10 48 K fecorder NA Lso: 78.8¢ 160.9 non-integer
dB) ) Leo: 78.8¢ 158.7
Physical

Bathymetric depth at
Depth (m) hydrophone location (closest (GEBCO; Spatial: 15 arc 15-70 Continuous:
(elevation) point on GEBCO grid to PAM [Section11.1.3|seconds integer

coordinates)

Minimum, mean and maximun Min: 1-59 Continuous:
Min, mean, max  [bathymetric depth within 3 km(GEBCO; Spatial: 15 arc Mean: 17.2- integer (min,
depth (m) buffer around hydrophone Sectionl1.1.3|seconds 68.7 max), non

location Max: 26- 91 integer (mean

o IAngle of sea floor slope at  |GEBCO; Spatial: 15 arc Continuous:
Slope (%) hydrophone location (690°) |[Sectionl11.1.3|seconds 4330 88.9 non-integer

IAspect bearing of sea floor

slope at hydrophone location. . . . .
Aspect (°) \Values of1 are flat areas with GEB.CO’ Spatial: 15 arc 17.8¢ 360.0 Conpnuous.

Sectionl1.1.3|seconds non-integer

Sediment type at hydrophone

Rock > sandy
gravel > gravelly

velocity

Sediment (RCS) [location (closest point on BGSBGSSeCtlon NA sand > slightly - Categorical:
- . 11.1.3 gravelly sand > [factor
grid to PAM coordinates)
sand > muddy
sand
Oceanographic
Mixed layer depth Copernicus; Spatla:I: 0.111% Continuous:
; 0.067 2.20¢ 88.70 .
(m) Sectionl1.1.4 . non-integer
[Temporal: Hourly
ChIorophyHa ChlorophyHa concentration at |Copernicus; Spatle}’l: 0.111° Continuous:
concentration (ng : 0.067 0.0040¢ 11.93 .
g 10 m depth Sectionl1.1.4 s non-integer
m-3 day?) Temporal: Daily
. Copernicus; .
Net primary . o : ' |Spatial: 0.111° x . )
oroductivity fng md Net primary productivity at 10 St_actlonll.l.4 0.067° 0.00¢ 89.54 Conynuous.
day?) m depth Ciavatta et al. Temporal: Daily non-integer
(2018) )
. ] . |Spatial: 0.111° x . .
?urrent velocity (m‘NA Copernicus; 0 067° 0.0010¢ 1.22 Continuous:
) Section11.1.4 ) non-integer
[Temporal: Hourly
Copernicus; Spatial: 0.111° x Continuous:
Current direction ) [NA Pe " 10.067° 0-360 . '
Section11.1.4 . non-integer
[Temporal: Hourly
Strength of current mixing
Current mixingmr  [calculated as log(H/U?) where |Copernicus; NA 1 26c4.81 Continuous:
2s3) H is depth and U is current  [Section11.1.4 €064 non-integer
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Spatial:
Significant wave Copernicus; [0.0135° x 0.0303° Continuous:
height (m) Proxy for sea state Sectionl1.1.4 [Temporal: three 0.03¢7.18 non-integer
hourly
Bottom temperature Copernicus; Spatla:l: 0.111°% Continuous:
o NA . 0.067 4.93¢ 15.15 .
(°C) Sectionll.1.4 . non-integer
[Temporal: Hourly
o Copernicus; |Spatial: 5 km x 5 ki Continuous:
SSTC) Sea surface temperature Sectionl1.1.4 [Temporal: Daily °-20617.25 non-integer
Difference between SST and |Copernicus; [Spatial: 5 km x 5 kn Continuous:
SST anomaly() long-term average SST Sectionll.1.4 [Temporal: Daily 10-99¢5.20 non-integer
Monthly mean SST Copernicus; . Continuous:
anomaly {C) Monthly mean SST anomaly Sectionl 1.4 'Temporal: Monthly [-0.04¢ 2.68 noninteger
Min: 0.00¢ 3.28
Minimum, maximum and mealLan ton et al Max: 0.00¢ Continuous:
Sandeel density  [sandeel density within a l&m (20291) "|Static 81.54 orvinte er.
(min/max/mean) |buffer of the PAM deployment Mean: 0.00g 9
19.71
Tidal
Tide range per houdifference . . )
Tide range (m/h) |between previous low/high tid<W°rI.dT'des’ Temporal: Hourly [5.83-5.62 COI’I'FII’IUOUS.
L Sectionl1.1.5 non-integer
and next low/high tide)
Rising or falling tide (ie negati
. . . tide range = falling tide, low |WorldTides; .
Tide direction high; positive tide range = risifSection11.1.5 NA Rise, Fall Factor
tide, highlow)
'Time between previous

S . [low/high tide and next low/higfWorldTides; Continuous:
Tide interval (mins) tide (i.e. duration of ¥z a tidal [Section11.1.5 NA 308-437 non-integer

cycle)

. . Tide height over chart datum §WorldTides; . ) Continuous:
Tide height (m) beginning of hour Sectionl1.1.5 Temporal: Hourly 10.0-5.9 non-integer

IAn index indicating the curren
Tide index state of tide between low and [WorldTides; NA 0.2 Continuous:
high when rising (@) and high [Section11.1.5 non-integer
and low when falling (R)
Copernicus; Spatial: Continuous:
Tidal velocity (m%) |Current velocity due to tides pe '’ ~10.083° x 0.083° |0.00¢ 0.89 . '
Section11.1.5 . non-integer
[Temporal: Hourly
Copernicus; Spatial: Continuous:
Tidal direction{)  |Current direction due to tides pe '-[0.083° x 0.083° [0-360 . )
Section11.1.5 . non-integer
[Temporal: Hourly
Construction
Binary variable indicating
Drilling at NnG ~ [Whetherdrilling took place at |NnG drill logs [Temporal: Hourly [0/ 1 Binary
NNnG in a given hour (based ol
drill logs)

) _ |pistance from coordinates of 0.92¢ 86.72 or _
Distance to drilling 4pe drilling location to each |y NA NA yvhere no Con'_[lnuous:
NNG (km) PAM deployment, given drillin| drilling took non-integer

was occurring. place
T'T;?.e since last h Time in hours since the end oy Temporal: Hourly |28202- 11373 Continuous:
drilling at NnG (h) * fihe Jast drilling event at NnG integer
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Suction atSeagreen

Binary variable indicating
whether suction took place at
Seagreerin a given hour (base
on construction logs)

Seagreen
construction
logs

NA

Binary

Distance to suction
at Seagreertkm)

Distance from coordinates of
the suction location to each
PAM deployment, given suctic
was occurring.

NA

1.40¢ 82.45 or
NA where no
suction took
place

Continuous:
non-integer

Time since last
suction atSeagreen

(h)

'Time in hours since the end of
the last suction event at
Seagreen

NA

Temporal: Hourly

-27887- 18936

Continuous:
integer

Time since last
construction (h)

Time in hours since the end of
the last suction or drilling

NA

NA

-28202- 11373

Continuous:
integer

Construction

Binary variable indicating
whether foundation
construction took place in a
given hour at either NnG or
Seagreerfincluding suction,
drilling and piling)

NnG and
Seagreen
construction
logs

Temporal: Hourly

Binary

Construction type

Categorical variable indicating
whether construction was
happening at navind farm at
NNnG, atSeagreeror at both
wind farmns.

NnG and
Seagreen
construction
logs

None
NNnG
Seagreen
Both

Categorical:
factor

Distance to
construction (km)

Closest distance between PAI
deployment and any
construction activity (suction g
drilling) at NnG oBeagreen
given construction was taking
place

=

A

NA

0.92¢ 86.72

Continuous:
non-integer

Time since last
construction (h)

'Time in hours since the end of
the last construction activity at
either NnG oiSeagreen

NA

-22216- 11373

Continuous:
integer

Phase

Categorical variable indicating
whether the given hour was
pre-construction, during
construction period with
construction occurring that day
during construction period
without construction occurring
that day or posiconstruction.

NA

Pre, constructio
on, construction
off, post

Categorical:
factor

NnG phase

Categorical variable indicating
whether the given hour was
pre-construction at NnG, durin
construction period with
construction occurring that day
at NnG, during construction
period without construction
occurring that day at NnG pos
construction at NnG.

NA

NA

Pre, constructio
on, construction
off, post

Categorical:
factor

Seagreermphase

Categorical variable indicating
whether the given hour was

NA

pre-construction atSeagreen

NA

Pre, constructio
on, construction

off, post

Categorical:
factor
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during construction period with
construction occurring that daj
at Seagreenduring
construction period without
construction occurring that day
at Seagreempost-construction
at Seagreen

norn-construction
and all vessels)

vessels refer only to those
involved with foundation
installation.

All vessels: 0.0
3.00

AIS
Minimum distance of all vesse Construction:
Minimum vessel  |within a 3 km of the PAM ’
. . 0.01-3.00
distance to station per hour, for Non.
hydrophone (km) [construction, norconstruction |Anatec Ltd; . |Continuous:
' . . NA construction: .
(for construction, [and all vessels. Construction [Section11.1.6 0.00¢ 3.00 non-integer

nor-construction
and all vessels)

Mean distance of all vessels

vessels refer only to those
involved with foundation
installation.

All vessels: 0.0
3.00

A nstruction:
Mean vessel within a 3 km of the PAM Constructio
. . 0.06-3.00
distance to station per hour, for Non
hydrophone (km) [construction, norconstruction |Anatec Ltd; . |Continuous:
y . . NA construction: .
(for construction, [and all vessels. Construction |Section11.1.6 0.05¢ 3.00 norn-integer

Cumulative vessel
duration within 3km
(mins)

'Total cumulative duration spe]
by all vessels within a 3 km

buffer of each PAM station pe
hour. Calculated separately fol

IAnatec Ltd;

Construction: @
360
Non

Continuous:

and all vessels)

vesselsConstruction vessels
refer only to those involved wi
foundation installation.

IAll vessels: 0.0€]
0.76

(for construction, construction, nonconstru_ctlon Section11 1.6 NA construction: Og integer
. and all vessel€Construction 505
non-construction .
and all vessels) vessels refer only to those All vessels: Q
involved with foundation 655
installation.
Instantaneous density of vess; .
L Construction:
. within 3 km buffer of each PAN
\Vessel density . 0.00¢ 0.21
station. Calculated separately
(vessels/kréh) . . Nor+ . .
; for construction, non IAnatec Ltd; . |Continuous:
(for construction, . . NA construction: .
- construction and all Sectionl1.1.6 non-integer
non-construction 0.00¢ 0.76

and all vessels)

Intensity of vessel presence

refer only to those involved wi
foundation installation.

IAll vessels: 0.0€
0.39

L Construction:

\Vessel within 3 km buffer of each PAI

. . . 0.00¢ 0.21

intensity (total station. Calculated separately Norr

hrs/kmé/h) for construction, non Anatec Ltd; . [Continuous:
. : . NA construction: .

(for construction, |construction and all Section11.1.6 non-integer
. . 0.00¢ 0.30

non-construction  vesselsConstruction vessels

! Values presented are based on data prior to filtering explained in Data preparation and check

(Section4.5.3.2.
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11.1.1 Spatial covariates

A 10 m resolution land shapefile was downloaded from Natural Earth (1:10m Physical Vectors > land,
downloaded fromNatural Earth(2012) Distance to shore from the hydrophone locations was
calculated by finding the nearest point on land to each hydrophone and calculating the distance
between these two points using thHgftpackage in R.

Distance between the hydrophone location and the neawvesid farm NnGand Seagreerwere also
calculated using th&f(package in RPebesma and Bivand 2023)

11.1.2 Temporal covariates

11.1.2.1 Day-night Index

Sunrise and sunset times were compiled for the duration of the study usinguh&ol<package

in R with NOAA astronomical calculations (Bivand and Luque 2023). For each date, these were
organised into sunrise A, sunset, and sunrise B (the following date). From this, a day length (time
from sunrise A to sunset) and night length (time frammset to sunrise B) was calculated for each
date. Finally, a continuous cycligay-nightindex was calculated whereby 0 = sunrise A, 1 = sunset
and 2 = sunrise B. The times between sunrises and sunsets were scaled by the respective day or
night length sahat for daytime (G1), day-nightindex = time since sunrise A/day length, and for
nighttime (12), day-nightindex = (time since sunset/night length) +Hlgure AL1-1).

Sunrise A Sunset Sunrise B
IF ; i : i
0 : day length 1 night length 2
' = 14 hours =10 hours ‘
E.g. 06:00 E 20:00 i 06:00
time = 10:00 time = 04:00
daynight index = 4 hours / 14 hours = 0.29 daynight index = (8 hours / 10 hours) +1 =1.8

Figure A11-1. Shematic of howdaynightindex was calculated.
11.1.3 Physical covariates

11.1.3.1 Depth, slope, aspect

Bathymetry data were accessed froBEBCO (2022nd downloaded as a netCDF file for the full
extent of the project area at 15 aisecond spatial resolution (approx. 500 x 500 Mje depth in
metres at each hydrophone was then extracted by taking the depth from the GEBCO grid at the closest
point to the PAM coordinates. In addition, the GEBCO bathymetry grid was intersected withrthe 3
hydrophone buffers to calculate the minimum, mean and maximum sea floor depth within a 3 km
radius of each hydrophone. This gives an indication of the variabilityeobalthymetry in the area
immediately surrounding the hydrophone.

Slope and aspect of the sea floor were calculated using8B&Tool§package in RBurrough and
McDonell 1998, Van Der Wal et al. 201@)ven thati represents the depth at each point on the grid,

wandware the longitude and latitude coordinates, respectively, ——andé¢ ——.

Slope, representing the gradient angle of the sea floor in degfgascalculated by:

i aé NAOAOAT 6
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and aspect, representing the bearing of the slope in deg(®és

Gi 0 QAAOA OAT

Slope can take valuesdlF, whereas aspect represents compass directions and can have values 0

360°.

11.1.3.2 Sediment

Sediment type was downloaded from the British Geological Sué@SBS250K dataset and
intersected with the hydrophone locations. Sediment types present in the dataset are explained in
Table AL1-2, andFigure AL1-2 (Cooper et al. 2010)

Table A11-2. Sediment types at hydrophone locations from British Geological Survey seabed sediment dataset

(DIGSBS250k)

Rock

Undifferentiated

Sandy gravel (sG)

30- 80% gravel with >90% of remainder sand

Gravelly sand (gS)

5 ¢ 30% gravel with >90% of the remainder sand

Slightly gravelly sand ((g)S)

1 ¢ 5% gravel particles and >90% of the remainder sand

Sand (S)

<1% gravel and 90% of remainder sand

Muddy sand (mS)

<1% gravel particles and BD% of the remainder sand

GRAVEL
80 4
é;,v
é‘@ mG msG sG
&5 |
33",96’
&5 80
S
&
gM gmS . gS -
oM - (gsm @ms (9IS
M sM mS -
1:9 1:1 9:1
MUD SAND

SAND:MUD RATIO
(not to scale)

Figure AL1-2. Modified sediment classification scheme used in BGS dataset DiGSBS250k displaying the sand:mud:gravel
ratios of sediment types present at the study locations. Abbreviation meanings are giveralrie A11-3.
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11.1.4 Oceanographic covariates

Numerous oceanographic covariates were downloaded from the Copernicus Marine Data Store using
the Copernicus Marine Toolbox API in Python. All covariates used are detaillaolénAl1-3, along

with the Product name, Product ID and dataset ID that each covariate came from within the
Copernicus data server. All covariates were downloaded for the full spatial and temporal extent of all
hydrophone deployments. Some Copernicus covariates da@ravailable for the full date range of the
present study. As such, the range of available dates for each dataset are detdikulenAl1-3.

Table A11-3. Covariates accessed from Copernicus Marine Service, with associated product and dataset information.

Sea surface
cmems_mod_nws._phy temperature.(as sea
sst_my_7km2D_PT1H water potential
temperature at the
surface; °C)
Atlantic cmems_mod_nws_phy | Ocean mixed layer 199301.01.-
\E\;Jer:tpgﬁgl_fNorth NWSHELF_N mId_my_7km2D_PT1H depth (m) 0.111° x 202407-01
Ocean Physics ULTIYEAR_H d h Bottom temperature 0.067°
. HY_004_009| tmems_mod_nws_pRy (as sea water
Reanalysis bottomt_my_7km potential
2D_PT1H temperature; °C)
cmems_mod_nws._ phy Northward (vo) and
AT e Eastward (uo) current
uv_my_7km2D_PT1H velocity (ms)
cers_mod_nws_bgo | TR 1o
European North | \\vcpie| £ M chl_my_7km3D_P1Bm 199301-01-
West Shelf - depth (mg n¥) 0.111° x
ULTIYEAR_ S67° 202406-30
Ocean | 5c 004 011 Net primary 0.06
Biogeochemistr cmems_mod_nws_bgc L
9 \ y v 7kmaD Pibm | Productivity at 10 m
Reanalysis pp_my_ — depth (mg n® day?)
Atlantic- Significant wave
w:\slteihhe';cs WAV_004 0| MEIONWSWAVRAN | sea state ' 202412-11
y 15
Reanalysis
Global Ocean GLOBAL_AN Northward (vtide)
. . | ALYSISFORE cmems_mod_glo_phy_ar and Eastward (utide) | 0.083° x 202011-01-
Physics Analysis
ané’ Forecasty AST_PHY_0( fc_mergeduv_PT1H tidal current velocity | 0.083° 202412-11
1024 (ms?)

All Copernicus covariates are given imdur temporal resolution, except significant wave height
(SWH) which is available at onlyh8ur resolution, and biogeochemical covariates (chlorophyll
concentration and primary productivity) which are availableaily resolution. To match the-our
resolution of the response variabl¢setacean presenceSWH data were forwardand backware

filled by 1 hour in each directiofne. given SWH of 1.0 m at 12:00 at location (x,y), the value of SWH
at 11:00 and 13:0@t the same location was taken to also equal 1.0 Biogeochemical covariates
were expanded to each hour in the given day.

61



SMRU Consulting DATENOVEMBER025

TITLEEFFECT OF CONSTRUCOBPRWEF IN THEORTH AND TAY
, REPORTODESMRUGATF2025022

understand ¢ assess * mitigate

Covariates with the same spatial resolution (all those fratlanticc European North West Shelf
Ocean Physics Reanalysis and Atlakticopean NorttWest SheKOcean Biogeochemistry Reanalysis
products) were joined together by latitude, longitude and time (hour).

11.1.4.1 Current covariates

Current velocity (n§ and direction(®) were calculated for both general ocean circulation currents
(combined tide and wavesg current velocity/current direction) and for tidal currents (tidal
velocity/tidal direction), by:

DQaE OO wL
Q0 Qb ROA Y ke agn
whered is the eastward current velocity andis the northward current velocity.

Finally,strength of current mixing (rf8®) was calculated based on the method givelGiarrett et al.
(1978)

T ooy Y R~ N ) Yo "o
woi 1 QedQe I CV
where’Ois the depth andYis the tidal current velocity.

After preparation of each of the above covariates, they were then merged with the hydrophone
deployment metadata by taking the nearest point with available oceanographic data to each
hydrophone location and selecting all hours between the hydrophone depayand recovery dates

for each unit.

11.1.4.2 Sea surface temperature anomaly

Sea surface temperature anomaly (SSTA) was downloaded for the full spatial and temporal extent of
the response (cetacean presence) data fri@AA (2024y3.1. SSTA are available at daily resolution
and represent the difference between daily SST and the-leng average SST i€, where SSTA >0
indicates warmer than average temperatures and SSTA <0 indicates cooler than average
temperatures.

11.1.5 Tidal covariates

Tidal data were obtained from WorldTides (WorldTides.info), using the closest tidal station for each
deployment location. The exact times of high and low tides and the height of those tides were
obtained from the Tidal Extremes dataset. From this, a -fi@ae was created containing the

previous tide time, state and height (e.g. 12:00, Low, 2.0 m), the following tide time, state and height

68S®3® MyYnns | AIKI codn YOI G(KS GARS RANBOGAZ2Y T:

interval (e.g. 4.0 m), and the duration of that interval (e.g. 6 hrs).

For each hour, a tidal index was calculated, indicating the current time relative to the tidal cycle,
whereby 0 = Low A, 1 = High, 2 = Low B. The times between tides were scaled by the corresponding
tide interval, so that for rising tides{D), tide index= time since Low A/tide interval A, and for falling

tides (%2), tide index = (time since High/tide interval B) Fifygre AL1-3).
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Low A High Low B
A . 2 2
0 tide interval A 1 tide interval B 2
i =5 hours H =6 hours
E.g. 07:00 12:00 18:00
time = 09:00 time = 15:00
tide index = 2 hours / 5 hours = 0.4 tide index = (3 hours / 5 hours) +1 = 1.5

Figure A11-3. Schematic of how tide index was calculated.

An additional dataset, Tide Heights, provided the actual height of tide per hour (taken from the
beginning of the hour) so did not require further processing.

11.1.6 AlSbased Vessel Traffic covariates

AIS data for the Firth of Fortflatitudes 55.783%N to 57.2661°N, longitudes-3.1302°W to-
0.8133°W), between 20103-01 to 202411-31, were purchased frorAnatec Ltd. Hourly vessel
density and intensity were calculated as the mean number of instantaneous vesséisisand the
cumulative number of hours all vessels spent within an area per hour, respectively. Both metrics were
calculated based on the methods described in EMOIR2&19)

Due to the propagation of sound from vessels, spatial buffers were created around each of the
acoustic recording stations. This was done to isolate the AIS data for periods when-traifig)
vessels were close to the hydrophon@sadiusof 3 kmwascreated around each hydrophone location

and any areas that were on land or separated from the hydrophone location by a land mass were
removed.

The AIS datacomprising latitude, longitude, and tinewere resampled to equal-Binute intervals

by unique transits using a linear interpolation. A unique transit was defined as a group of observations

with the samaviaritime Mobile Service IdentiyMS)), International Maritime Organization Number

(IMO) (if appllcablehumbers and vessel type, that occurred within 1 hour of the preV|ous observation

F2N GKI gSaasStod ! FOSNI NBal YLX Ay3a:r (GKS WLI (KNP dz
were now mtersectlng with land, as a result of the linear interpolation, would be moved away from

land, into the area of interest in the s¢hondon 202Q)

¢KS NBal YL SR !'L{ RIil ¢sSNBYyBa’WNDFERYDOF Z Al SHzOK
o0FaSR 2y (KS RS@OSt2LISNBEQ O2yailiNHzGA2Y NBLRZNIA |
OWF foundation installation and the dates that theyrev@vorking. Data were then intersected with

the hydrophone buffers, discarding any observations that fell outside of the 3 km buffer areas.

The residence time of each vessel within the buffer area per h¥i@vas calculated by:
Y=g X5
where¢ is the number of 8ninute interpolated observations of vess@h houro. Each observation

represents a 8ninute residence since the previous observation. The total vessel density per hour
(mean count of instantaneous vessels perkper hour) was then calculated by:

B ¥
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where 0 is the buffer area. This value was calculated separately for both construction and non
construction vessels. The depiction of the 3 km buffers and an example of AIS data used is given in

Figure AL1-4.
57.0°N / ~

A&
56.8°N 4

[J
s
@
56.6°N
L]
[ J
®
(]

56.4°N 1

56.2°N 1

]
56.0°N A
(]

55.8°N 1

2.8°W2.6°W2.4°W2.2°W2.0°W1.8°W1.6°W
Figure Al1-4. Depiction of 3 km radius buffer around each monitoring site used to calculate vessel statistics. Note that

redeployment of certain sites resulted in slight change in location deployments, hence multiple buffer depictions as
certain sites.
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Figure A11-5. Vessel density across monitoring years (columns) for construction related vessels (top rowd, non
construction vessels (middle row) and all vessels (bottom row).
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Figure A11-6. Vessel intensity across monitoring years (columns) for construction related vessels (top row}, non
construction vessels (middle row) and all vessels (bottom row).
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12 Appendix 4 & underwater noise

12.1 General spatistemporal patterns in SPLs in the @8 kHz frequency band

ECOMMAS sites were the quietest of the three monitoring projects, where the med@RLLs ranged
from 79 to 94 dB in the 1048 kHz frequency band.

At NnG, the mediansk SPL remained relatively stable from 2019 to 2024, notably during the
construction period from 2020 to 2022. The median SPLs at the NnG stations ranged from 91 to 97 dB
in the 10- 48 kHz frequency band.

Out of the three monitoring projectsseagreemecorded the highest mediandSPLs. These ranged
from 86 to 108 dB in the 1048 kHz frequency band. This was particularly evident in 2024, where
values in 2024 were approximately 12 dB higher at the SGR02 and SGRO5 stations than in 2023.

Within thewind farmarray areas, the stations with the highest mediafnSPLs in both the 0cl1 kHz
and 10- 48 kHz frequency bands were NnG02 at NnG and SGR04 and SGRA%retn
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Figure A12-1. Annual variation of kg sound pressure levels in the 1948 kHz frequency band recorded at monitoring
stations within the ECOMMAS monitoring site and two offshaonénd farm monitoring sites (NnG an&eagreeh from

2019 to 2024. Boxplots show the median, interquartile range and outliers of sound pressure levels, with each coloured
box representing a different noise monitoring station within each site. Where no data were available for a station for a

given year no box is shown.
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12.2 Noise associated with specific construction activities: drilling, suction caissons, and piling
activity

12.2.1 Dirilling
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Figure A12-2. This figure compares the L50 SPL in thed@11kHz frequency band during three months of construction
OhOG20SNE b2@SYOSNI YR 5SOSYOSNI HAHHO G GKS byD Y2YAG2NRAY:
the nondrilling hours have beeMNB i Ay SR FNBY dG5NAff £ RIea-RNR {AKTa K 21dNE  GNRL
RNAEté REeéaod Ly GKA& o1& 6S Oy O2YLINB GKS y2rAa8 tSoSta |
noise levels on days with no construction aty in the same month The sample size (number of hours within each site

and category) is displayed above the bars.
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Figure A12-3. This figure compares thesd.SPL in the 0.%, 1 kHz frequency band during three months of construction
(October, November and December 2022) at the NnG monitoing sites. Drilling hours are compared agairgtiltiog
hours from Drill days. The sample size (number of hours withinleaite and category) is displayed above the bars.
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12.2.2 Suction bucket caissons
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< < ey < @ @ < -
@ @ g 140 @ =3 =

98
98
81
8

81
81

140

o w
i .
g . ! . : '
i H : 130 i +—* R ¢ % 43y *
@ [ ]
o ' 1 ! !
= {3 :
%120 120 120 I
o
i Q H '
™~ -
T
=
— 110 110 H 110
=
100 100 100
S LA IR S LR I N LR I
& & & & & & & & & &£ & & & & &
2 B 2 2 2 2 2 & 12 & 2 12 & 2 B
Site

Suction Day Category l$| No suction - Suction

Figure Al12-4. This figure compares thesd SPL in the 0.%, 1 kHz frequency band during three months of construction
(October, November and December 2022) at tBeagreery 2 Y A1 2 NAy 3 aAiSaod a{ dOiAzysé
RIFE@a¢ o hyadeOlirk2Sy yk2ydzNE Kl @3S 6SSy NBOGFAYSR FTNRY SO A2y ¢
K2 dzNBE FNRBY & birethesaimd indnth i this \Raly @eican compare the noise levels associated with

construction in general (excluding suction) to the noise levels aysl with no construction activity. The sample size

(number of hours within each site and category) is displayed above.
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Figure A12-5. This figure compares thesd.SPL in the 0.%, 1 kHz frequency band during three months of construction
(October, November and December 2022) at tBeagreermmonitoring sites. Suction are compared against neaction
hours from Suction days. The sample size (number of hours within each site and category) is displayed above.
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12.2.3 Pile driving
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Figure A12-6. This figure compares thesd.SPL in the 0.¢ 1 kHz frequency band during the month of December 2021 at

theSeagree 2 Yy Ai 2 NAYy I d at AfAy3dé RI&a I NB OuinglhibuisBaRe béed retaibed
FTNEY GtAtAy3Ié REEA FYyR 4RSAY I K2 dABA Y DINRRSRamb Adnth Wi thid VEZ Y R & &

way we can compare the noise levels associated with construction in general (excluding piling) to the noise levels on
days with no construction activity. The sample sizau(nber of hours within each site and category) is displayed above.
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Figure A12-7. This figure compares the;d.SPL in the 0.& 1 kHz frequency band during the month of December 2021 at
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hours from Suction days. The sample size (number of houtbiwieach site and category) is displayed above.
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Figure A12-8. Relationship between vessel density [Krh?1] and lso SPL 1@ 48 kHz for all monitoring sites for which
information on underwater noise were available. The colour scale is loggkd lighter the colour the higher data count
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Figure A12-9. Relationship between vessel density [Krh?1] and lso SPL 0.% 1 kHz for all monitoring sites for which
information on underwater noise were available.
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13Appendix 5 d Modelling

13.1 Data preparation

This section presents some of the data summaries during data preparation for the modelling. Please
refer to figure captions for further details.

404

Percentage

204

20 40 60
Porpoise positive minutes [h]

=3

Figure A13-1. Distribution of response variable for the porpoise moddlhe distribution is showing zero inflation in the
data and, therefore, justification for using model family suitable for such zermflation (Tweedie).
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categories: anthropogenic (black), temporal (purple) and static (dark r€aily one covariate from each group was used

in the model formulation.Refer to Table A 10.1 for the descriptio

n of the covariates.
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Figure A13-3. Proportion of missing values for each covariate per monitoring sitethe final model formulation,

priority was given to covariates havinfipwer missing values if they belonged to the same covariate group (see graph
above).Refer to Table A 10.1 for the description of the covariates.
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Figure A13-4. Difference between porpoise positive minutes per hour detected by two device types: CPODs and FPODs.
Note that FPODs have been deployed only at the EQOAS sites and data for this device type constituted to 4% of all
POD data.
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13.2 Model diagnostics
The below model diagnostics are standard diagnostic for GAM models.

1 Q-Q plot (quantilegquantile plot) ¢ This checks if the residuals follow the kind of distribution
the model assumes (often normal for some GAMSs). If the points mostly fall on a straight line,
GKFGQa  322R aAdyo

1 Residual plots; These show the difference between what the model predicts and what was
actually observed. If the model is good, the residuals should look like random noise (no clear
patterns). Note that count or presence absence data types are bound by zero and tme (in
latter case), hence the residuals plots are not random around these values.

1 Histogram of residualg! o6 F NJ OKI NI 2F (KS Y2RS§prédxtedt NN2 NA
If the histogram looks roughly béllK I LISR | yR OFYyGiSNBR I NRdzyR 1
systematically overor underpredicting.

1 Response vs fitted valuesA scatterplot of actual data values (response) on one axis and the
Y2RSf Q4 LINBRAOUGAZ2Yy A dffhe inddsl K daihlg tvelzSpainits sBoyld (G KS 2
cluster around the diagonal line (where prediction = reality). Note that the data in this project
consist of thousands of rows and a clear pattern may not be visible.

1 Partial Autocorrelation Function (PACF) pleh & | (22f F2NJ OKSOlAy3a 4
errors (residuals) are behaving like random noise. If the PACF bars mostly stay within the
RFraKSR fAySa FINBIZT Al YSIFya (G4KS SNNRNBR R2yQi
suggests the model g be missing something (like a repeating pattern over time), and this
has to be accounted for in the model formulation, as done in this project.
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Figure A13-5. Model diagnostic plots for GAM with porpoise positive minutes as a response and data from 13 sites
(noise model).
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Figure A13-6. Model diagnostic plots for GAM with porpoise positive minutes as a response and data from 21 sites
(vessel model).
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Figure A13-7. Model diagnostic plots for GAM with porpoise positive minutes as a response and data ttays with
construction activity (construction model).
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Figure A13-8. Model diagnostic plots for GAM with dolphin presence as a response and data from 13 sites (noise

model).
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Figure A13-9. Model diagnostic plots for GAM with dolphin presence as a response and data Rbrsites (vessel

model).
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Figure A13-10. Model diagnostic plots for GAM with dolphin presence as a response and data from days with
construction activity (construction model).
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Table A13-1. Generalised Additive Model (GAM) coefficients for models of dolphin and porpoise based only on data
during foundation construction (construction model). Covariates are presented in order from the highest deviance
explained to the lowest deviance explaime Variables with p < 0.05 are considered statistically significant.

The Fstatistic tests whether each variable contributes meaningfully to explaining the data beyond what would be expected bymdtance
that F values cannot be directly compared between different types of variables or interactioregs indicate thg@robability that the
observed relationship occurred by chance alone (values below 0.05 are considered statistically significant, meanindothshife|est
unlikely due to random variation). Degrees of freedom (edf) reflect the complexity of each eariahtionship with the responsevalues
close to 1 indicate a simple linear relationship, while higher values suggest more complireaopatterns, common for interactions.

DistanceNnG* drilling 804.9 <0.05| 4 5
Month 577.4 <0.05| 6 5
Daynight index 558.7 <0.05| 2 2
DistanceSeagreerf suction 92.8 <0.05| 3 1
Dolphin presence 386.8 <0.05| 1 1
Tide index 43.2 <0.05| 2 <1
Suction 38.7 <0.05| 1 <1
Drilling 14.8 <0.05| 1 <1
Full model 14
DistanceNnG* drilling 2670.8 0.72 6 13
DistanceSeagreerf suction 1338.1 1.00 6 7
Daynight index 263.1 <0.05| 2 5
Porpoise presence 164.4 <0.05| 1 1
Bottom temperature 37.9 <0.05| 3 1
Tide index 9.3 <0.05| 2 <1
Drilling 2.2 0.14 1 <1
Suction 0.1 0.80 1 <1
Full model 23
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Figure A13-11. Generalised Additive Model (GAM) predicted partial effects of covariates in the construction model for
porpoise, ordered from highest to lowest deviance explained. The points above tagig are a rug plot, indicating the
spread of noise values in theaw data used to fit the model.
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Figure A13-12. Generalised Additive Model (GAM) predicted partial effects of covariates in the construction model for
dolphins, ordered from highest to lowest deviance explained. The points above Haig in are a rug plot, indicating the
spread of noise values in thraw data used to fit the model.
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14 Appendix 6 - PEMP Compliance

14.1 PEMP objectives

The NnG and Seagreen PEMPs (NnGOWL 2023, SWEL 2019) map out the approach to monitoring for
each environmental topic listed in the S36 Consent and offshore transmission works Marine Licence
conditions. For marine mammals, through iterative discussions b&tvw0152019 with the Forth

and Tay Regional Advisory Group for Marine Mammals (FMRAGit was agreed that the primary

focus species for monitoring during the prenstruction, construction and posbnstruction phases

for NnG and Seagreen should be tErose dolphins and harbour porpoises. The objectives and
approach to the monitoring, across both sites regionally, were presented to the FVIRA&nd

agreed in 202%. Therefore, for marine mammals, the PEMPs objectives agreed upon are best
summarised below:

GpPodm al NAYyS al YYIf 5AaiGNROdziA2Yy

130.The PEMP aims to determine whether there are any significant changes in the distribution or
abundance of marine mammals within tihwénd farmarea and adjacent waters pre and during
construction. This is being achieved via a brsaale Passive Acoustic Monitoring (PAM)
programme, that aims to combine the outputs of the NnG, Seagreen and ECOMMAS (East Coast
Marine Mammal Acoustic Study) PAM atdays. The findings aim to inform whether construction
activities cause significant displacement of marine mmats, focusing on harbour porpoise and
dolphins.

5.3.2Improving Understanding the Bottlenose Dolphin Population Use of the Forth and Tay Region
131.The monitoring programme aims to improve our understanding of the east coast bottlenose
R2f LIKAY LRLJzZ I GA2Y OA PSP (NnE&PWI2028)SE RSY2 INI LK

In order to fulfil the PEMP objectives, two studies were carried out: passive acoustic monitoring,
with results discussed in the main body of this report and summary provided in Sgdt@rand

east coast bottlenose dolphin phoidentification (ID), detailed iArso Civil et al. (202%8)nd
summarised in Sectioi4.3

14.2 Passive acoustic monitoring

14.2.1 Study objectives

The majority of the foundations were installed using Aompact piling methods: at Seagreen, Wind
Turbine Generators (WTG) jackets were secured using suction bucket caissons, while at NnG, pin piles
were installed through drilling. Impact piling was lintitéo the installation of a single Offshore
Substation Platform (OSP) at the Seagreen site, where 12 pin piles were driven to support a jacket
foundation. In discussion with the FTRAGM, it was agreed that given the spatial proximity of the
Seagreen and N& projects and the temporal overlaps in their construction phases, monitoring would

be undertaken on a regional, rather than projemecific basis. Therefore, the monitoring and analysis

4 https://marine.gov.scot/?q=data/ftrpgssiveacoustiemonitoringmethodologyoverviewapril-
2021
5 https://marine.gov.scot/sites/default/files/ftrag_minutesiarine_mammals_091121 final.pdf
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presented in the main report seek to understand the impacts on marine mammal activity in the wider
Forth and Tay area.

Given the PEMP elements described above, the objectives of the PAM study were:
1. To characterise baseline and installation technigelated changes in underwater noise.

2. To characterise baseline levels of detections of vocalising marine mammals and determine
whether there are any significant changes in these detections pre, during ane@astruction
(the monitoring aim was therefore to inform whether construction atiééd cause significant
changes in detections of marine mammals).

3. To relate any observed changes to a range of anthropogenic (level of underwater noise,
construction related, vessel traffic) and nanthropogenic factors (spatial, temporal,
oceanographic, physical, tidal).

14.2.2 Study findings

This section summarises the results of the passive acoustic monitoring study, described in more detail
in the main body of this report, with respect to PEMP objectives.

It is important to notethat although the dolphin detectiondiscussed in this studgre most likely
attributable to bottlenose dolphingbased on delphinid species distribution ranges in the harea
speciedevel identification was not possible using either the POD or broadband acoustic data (see
Section6.5).

Marine mammal distribution

The PAM array deployed across the Forth and Tay region successfully characterised baseline levels of
harbour porpoise and dolphin detections and allowed for assessment of potential changes associated
with construction activity. Our analyses showed that ttmminant drivers of porpoise and dolphin
occurrence were natural spatiemporal and environmental factors (including the influence of the
presence of each species on one another), rather than anthropogenic influences. While drilling at NnG
and suction buket caisson installation at Seagreen modestly elevated underwater noise levels
(3-5dB) and piling increased noise by up to 25 dB locally (and 18 dB for offshore substation pin piles),
these activities did not result in significant regional scale changes in detections of either species.
Statistical modelling confirmed that construmtirelated variables explained <1% of the variance in
detections compared to natural covariates. These findings demonstrate that the construction
activities at bothwind farnms did not cause significashanges in detectiongf harbour porpoises or
dolphins at the regional scale. As such, this study fulfilled the requirements ahibetives of the

first PEMPstudyrelatedd 2 YF NAY S YIF YYIF £ RA &G NR 0 daihetdey'theded & dzO O
are any significant changes in the distribution or abundance of marine mammals withimithé&arm

area and adjacent waters pre and during construction

Improving understanding of bottlenose dolphin population use of the Forth and Tay Region

The longterm PAM dataset analysed in this study provides the most comprehensive records of
dolphin acoustic activity in the Forth and Tay region. Results confirmed strong spatial patterns, with
dolphins most frequently detected at coastal sites, as weltansistent seasonal cycles, with peak
occurrence in summer months. These patterns extend current knowledge of the east coast bottlenose
dolphin populations use of the Tay estuary and adjacent coastal waters, as documented through
previous studies (2009 ongoing; Arso et al. 2019, Cheney et al. 2024, Arso Civil et al. ZBa53ll,

this PAM study supports current evidence about presence, distribution and seasondliky edist

coast dolphin population in the region. As such, this study contributed to fulfilment of the PEMP
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objective ofd A YLINR Ay 3 dzy RSNEGFYRAYy3a 2F 0200t Sy2a8 R2f
wS3IA2YyE

14.3 East coast bottlenose dolphin phottD

14.3.1 Study objectives

The Scottish east coast bottlenose dolphin population has been studied since 1989, based on the
ability to identify individual animals from photographs of the scratches, nicks and notches on their

dorsal fins(e.g. Wilson et al. 1999Yhis work demonstrated that during the 1990s the population
expanded its range from being primarily located in the Moray Firth to include frequent use of waters

as far south as St Andrews Bay and the Firth of R@vitson et al. 2004)Subsequently, sightings of

individuals from the population have become more frequent to the south of the Tay Estuary, in the

Firth of Forth but also further south along the southeast Scottish coast and off northeast England
(Aynsley 2017, Sea Watch Foundation 20I8)ese observations were indicative of an ongoing

SELI yaArzy 2F (KS LI Lidgvilsah ktaly1099, ARG Givil Al A 2 Y | £ NIy

In order to continue providing robust estimates of population size, survival and birth rates, as well as
updating understanding of movements of individuals across the (expanding) population range, a five
year programme was carried out, including four yeafréield work(Arso Civil et al. 2021a, Arso Civil

et al. 2022, Arso Civil et al. 2023, Ellis et al. 202 a final year of overall data analysis,
interpretation and reportingArso Civil et al. 2025)

The objectives of the east coast bottlenose dolphin population ptbtetudy were:

1. To continue current systematic monitoring in the Tay Estuary and adjacent waters, alongside the
monitoring of the Moray Firth SAC.

Initiate systematic monitoring in the Firth of Forth.

3. Engage with selected groups, organisations and the general public through a Citizen Science
collaborative project (Citizen Fins) to complement the systematic-baaeéd monitoring with
data on individuals from the population occurring in areas south offéne Estuary.

14.3.2 Study findings

This section summarises the results of the bottlenose dolphin photo ID study, described in detail in
Arso Civil et al. (202%)ith respect to PEMP objectives. It should be noted that this study did not aim
to determine whether there are any changes in the distribution or abundance of bottlenose dolphin
associated with wind farms activities. However, it improved knowledge ofldmmise dolphin
population use within the Forth and Tay Region.

Improving understanding of bottlenose dolphin population use of the Forth and Tay Region

In total, 99 boatbased photeidentification trips were conducted between 2020 and 2023 in the Tay
estuary and adjacent waters. It should be noted that resources available also allowed data to be
collected in 2024, but these data have not yet been validated so were not able to be included in
analysis presented in Arso Civil et al 2025. A number of 234 different individuals from all age classes
were identified from good quality photographs over the survey period, these included 44 animals born
during 20D to 2023.

The final report to Forth and Tayind farmdevelopers provides an update on estimates of population
parameters (abundance of animals, @ual and birthrates) (Arso Civil et al. 2025Based on the
findings of that report, the eginated number of dolphins using the Tay estuary and adjacent waters
in 20092023 ranged from a minimum of 86 individuals (95% Ck ) in 2011 to 226 individuals
(95% CI: 179284) in 2023. The number of animals using this area has increased byratexs5.6%
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(95% CI 5.07.7%) per year between 2009 and 2023. The prtapobf the total populéion using the

Tay estuary and adjacent waters grew from 52% between 2009 and 2012, to 79% between 2020 and
2023.Photo identificatiorresultsshowedthat 23% of identified individuals were detectedlpin the

Firth of Forthsectionof the study area Thisdemonstraes the importance of extending surveys
southward beyond Tayside and St Andrews Basnd may account for some of thacreasein
abundance estimatioffior the Tay estuary and adjacent watesimce 2019Survival and birth rates

were also evaluatedsing datérom the Moray Firth to the Firth of Forttwith the annual probability

of apparent survival between 1989 and 2028 ested at 0.948 (95% CI: 0.98857). The intebirth
intervalfor the total populationbetween 2009 and 2022 wastasated at 3.52 years (95% CI: 3:20
3.75), resuing in an estimated annual birth rate of 0.284 (95% CI: 0.26312).

As a part of the Citizens Fins project, several thousand images were submitted by dozens of
photographers. From these data, 72 individual dolphins belonging to the east coast population were
identified in North East (NE) England. An additional 27 uniqdividtuals from NE England were
recorded that have not been previously identified in Scottish waters. The project facilitated the
monitoring of dolphins that were rarely or not observed in Scotland between 2020 and 2023,
supported the design of dedicated gto-identification surveys in NE England, and provided a
gualitative descriion of the current extent of the range expansion and corinvty to ScotlandArso

Civil et al. 2025)

In summary, the east coast bottlenose dolphin phtliostudy strengthens the evidence base on
abundance, demography and ranging behaviour of east coast bottlenose dolphin population in the
region. As such, this study contributed to fulfilment of thigjectives of the seconB@EMPstudy of
GAYLINRGAY3I dzy RSNEGFYRAY3I 2F 0200t Sy24S R2f LIKAY L

14.4 Final remarks

As such, this study fulfilled the requirements of the two PEMP studies: passive acoustic monitoring,
and east coast bottlenose dolphin pheimentification. The first study concluded that there are no
significant changes in the distribution or abundancemafrine mammals within thavind farmarea

and adjacent waters pre and during construction. The second study improved significantly our
understanding of bottlenose dolphin population use of the Forth and Tay Region.

89



. TITLEEFFECT OF CONSTRUCTDIPRWF IN THEDORTH AND TAY
SMRU Consultlng DATENOVEMBERO025
REPORTODESMRUGFAT2025022

understand ¢ assess * mitigate

15 Appendix 7 - Metadata

Table Al5-1 provides deployment and recovery metadata for all PAM mooring deployed around the Seagreen, NnG and ECOMMAS arraysuser the ¢
of this study. The collected dataset of raw acoustic recordings consists of 1,135,800 files and is 86.6 terabytes ORHHBAIPoutputs collate data in one
CP1/FP1 file per deployment (usually smaller than 1 gigabyte), a typiciy3tonth of broadband acoustic recordings contains 1,488 files and is 160
gigabytes.

Table A15-1. Passive Acoustic Monitoring moorings deployed during this study. Timestamps are in Coordinated Universal Time (UTCYdindtescare in decimal degree3he second
row of headings is based onrpposed Darwin Core termsftps://dwc.tdwg.org/terms/ ) mapped for the header row of the metadata table as part of a biological data standardisation
approach exploration.
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/ ths HAMg! {SIANBSY Hamdguo nnYn Hnmdgon nnl Hnmdgon nn|l Hnmgnc nnl| pcdccm| WMPnNG oyT ooyc

[2339 Hamap! {SFaNBSy b! b! b! b! b! b! b2id b2id b hyte m f2338N) RSLE288R {0 {
RSLX 28| RSLX 28

/ths | namdg! {SIaANBSyYy vnmdgio nnYn Hnmdgon nnl b! b! pcdcmn| mdyocn oyy ooyo b b b b2 NBGNASOSR

[2339 vnamd! {SFaNBSy b! b! b! b! b! b! b2id b2id b hyté m £233SNI RSLE28SR d
RSLX 28| RSLX 28

/ ths HAMg! {SIaANBSY vamdgio nnYn Hnmged nyl Hnmdgon nn| Hnmgnc nn| pc®ppn| mPccTto oy ooyp

[2339 Hamdp! {SIaANBSYy unmdu nyYo Hnmdgon nn]l Hnmdgon nn| Hnmdgmc nn| pc®ppn| m®dccTo oy {aHay ) b

/ ths HAMG. {SIaANBSYy wamgoM nnYn HAmgomM nn] Hnmdgmy nn| Hnmdgmded nnl| pc®TcH| WmPopnd nmo 0oo0yT

[2339 Hamd. {SFANBSY unmgom nnYn Hnmdom nnl| Hnmdmy nn| Hnmdmd nnl| pcdTcH| mPopnd nmo [ {SI IR&SY

/ ths HAMG. {SIaANBSYy wamgoM nnYn HAmMdgoM nn] HNmGMT nn]| HNnmgmy nnl pc®TmMp| WOMYHT| nMH ooyy

[2339 Hamd. {SFaANBSYy unmgomM nnYn Hnmdgom nn] HNnmdmT nn| Hnmdmy nnl| pc®TMp| WOMYHT| nMH [ {SI IanBSY

/ ths HAMd. {SIaINBSYy HamdgoM nnYn HAMGOM nn] HNmGMT nn] Hnmgmy nnl| pc®ccm| WmPNNg nmn ooy d
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2339 {SIaNnkB$ mgo M AnYn mdo M g T W y pcdccm moandg mn [ {SI ImB&Sy|
ths {SI3anNnB$ mdgo 1 nAnYn mdo N g T W y pcdcng| modyocn MM oo dgn
2339 {SIankB$ mdgon AnyYn mdo N g T W y pc®dcndg mdyoc MM [ {SI ImB&Sy|
ths {SI3anNnB$§ mdgo 1 nAnYn mdo N g T W y pcdppn| mdccrTp nT 00 ¢pm
2339 {SIankB$ mgon AnyYn mdo N g T W y pc®ppn| mdccrTp nT [ {SI IampRSy|
t hs byDwm WdgHH  nnYo| g H HUTH M HIJTH M pc ®Hdy| ®mDPomdo oy onod
2339 byDwm WdgHH  nnY| WG H HITH M HIJTH M pc ®Hdy| ™ PomMdo oy bbDm
ths by DH WdgHH _ nnYn g H HITH M HIJTH M pCcPHpPH| ™ PHDPON| og onoc
2339 by DH WdgHH  nnY| WG H HITH M HIJTH M pc ®HpH| ™ PHpoORN o bbDH
ths by Do WdgHH _ nnYn g H HITH M HIJTH M pPCPHTH| ™ DPMC C O nn onor
2339 byDo pc®PHTH| ™®PMC C O nn bbDo
ths byDn WdgHH _ nnYn g H PCPHTH| mPndny nm onoy
2339 byDn pcPHTH| Py nm bbDn
ths {SFHaNB$ wdgH N nnyn WgH M HITH N HIJTH M pc®rcH| ®mPopny, OH HY dy
2339 {SIaNnkB$ wdgHn AnYn WGH M T N I M pc®TcH| ™®dopny| oH [ {SI IaxB&SY|
ths {SHaNBS wdmd nnYn WM N T N HITH M pcdTmMc| MPMYHT 00 00TH
233§ {SIaNnB$ wgmd nnYn WIGH N T N HITH M pc®TMc| ®mOMYHT 00 [ {SI an&Sy
ths {SIF3ankB$s wdomd nnYn WgH N HUE N HIE M pcdccm monndg on H¢np
233§ {SIaNnB$ wgmd nnYn WIGH N T N HITH M pcdccm| modnngd on [{SI aNBRSY
ths {SIFankB$s wdomd nnYn WgH N HUE N HIE M pcdcmn| mdyoc op OMH ]
233§ {SIaNnB$ wgmd nnYn WIGH N T N HITH M pc®cmn| mdyocn op [ {SI ImRSy
ths {SIF3ankB$s wdomd nnYn WgH N HUE N HIE M pc®ppn| mdccrT ol oc HT ¢y
233§ {SIaNnB$ wgmd nnYn WIGH N T N HITH M pc®ppn| mdccT o oc [ { $I 3 RDSy
t hs byDwm HUHH nnY| HIJTH N HIW N HI/TM D pc ®PHpy| ™ PoMdH] pm™m onon
2339 byDwm HUHH nnYn AU N HUTM N HITHM p pc ®Hdy| ™ PO MDH p M bbDm
t hs by DH HUHH nnY| HIJTH N HIW N HI/TM D pc®PHpM| HPHPOT pPH onoo
2339 by DH HUHH nnYn AU N HUTM N HITHM p pcPHpmM| THPHpPOT pH bbDH
t hs byDo H/HH nnY| HITH N HIW N HITM P pPCPHTH|[ mdPmMccT po OnNoH
2339 by Do HUHH nnYn HIJT N HUTM N HIUT N pCcPHTH| HmOMCCT p o bbDo
t hs byDn H/HH nnY| HIUTH N HIW N HITM D pCcC PHTH|[ ™ ®n dn p pn onop
2339 byDn HUHH nnYn HIUT N HUTM N HITHM P pcPHTH| T P dn p| pn bbDn
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2339 nl by DH mIo N nnyn| mm @ nn] HAENM G HIMH D pc®HpmM| ®mPHpoc| ndn bbDT

ths nl by Do mIon_ nnyYo RUE @ N | H A EME G HIME D pcPHTH| WmPmMccT| ndp onop

2339 nl byDo mIon_ nnyn mm @ nn] HAENaM G HIMH D pcPHTH| WmPmMccT| ndp bbDc

ths nl byDn mIon_ nnyYo RUE @ N | H A EME G HIMH D PCOPHTH| WMPndnH nde onoo

2339 nl byDn mIon nnyn| mm @ nn] HAENM G HIND M pcPHTH| WPndnH ndc bbDp

ths nl {SHaNBS mIon_ nnyYo WU T N0 HHMMY HIMH D pc®rcm| mPopnp nyT 00yT

2339 nl {SIaNnkB$ WM T AnYn AU T NN HAENMMY HIMI Y pc®Tcm| mdopnp nyT [ {SI IamB&Sy|

ths nl {SFHaNB$ LAY BT NN | HHINMY HIMH D pc®Tmp| mPmMyHC| nyy oo dn

2339 nl {SIaNnkB$ BT AnYn AU T NN HAENMMY HIMI Y pc®TmMp| ®mOMyHC| nyy [ {SI In&Sy|

ths nl {SFHaNB$ LAY AU T NN HAAENMT HINE N1 pcdccm mPandmM nyd opoo

2339 nl {SIaNnkB$ WM T AnYn AU T NN HAEMMT HIMM T pcdccmM| modanpM ny b {DmMH

ths nl {SHaNBS LAY AU T NN HAAENMT HIMH D pcdcnd mdPyocn ndn ooy d

2339 nl {SIaNnkB$ WM T AnYn UM T NN HAEMMT HIMM T pcdcnd| modyocn ndn [ {SI Inm&Sy|

ths nl {SFHaNB$ LAY WU T NN HAAENMT HIMH D pc®ppn| mdccTpl npm 00 M

2339 nl {SIaNnkB$ WM T AnYn AU T NN HAEMMT HIMM T pc®ppn| mdccTp ndm [ {SI IampRSy|

ths m! byDwm HNE A AAY | HIME 1 A A | HAENDY HINEA 1 pc®Hdy| T pHC onoc
H®PoMdbpo

2339 m! byDwm HME A Ay HIME N An| HA®\EMy HINGA N pc®PHpy| m pHC bbDwm
H®omdbo

ths m! by DH HME A Ay HIME N AAn| HA®\EMny HINGA N pc®PHpPH| T PHT onorT
H ®Hpo g

2339 m! by DH HME A Ay HIME N AAn| HA®\EMny HINGA N pc®PHpPH| T PHT bbDH
H ®Hpo g

ths m! by Do HIME N NAYn HIME N NA| HA®EMOY HINM C PCPHTH| mPmMccd pHY onoy

2339 m! by Do HIMHE N nAnYn AIME N N A| HA MDY HIMK 1 PpCPHTH| MmPMCCO pPHY bbDd

t hs m! byDn HIMH A nnY| HIME N AN ]| HA\mNny HINBA N PCPHTH| M Pndn P H G onod

2339 m! byDn HIMHE A nnYn AIME N N A| HA MDY HIMK 1 pCPHTH| ™PADn pH G bbDmn

ths m! {SI3ankB$s mMEp ANy MMM nn]| HAENDY HIMIA N pc®dTcH| mPopoyl pmy OMH P

233§ m! {SIaNnB$ MMMy AnYn MMM nn] WA END Yy MDY pc®TcH| mdopoy|l pmy {Dmm

ths m! {SIank$ mNEp AnYn MMM nn] HAEMDY HIMIA N pcdrTmc| momyHn pmd opon

233§ m! {SI3aNBS MMMy  nnYn MMM nn]| WA mNDy Dy pc®TmMc| moOmyHn pmd [ { I 3RSy

ths m! {SIF3ankB$s mwe N ANy MMMy Nnl| WA EMDY MW N pcodccm| m pHA 00TH
H®nndn

2339 m! {SIF3ankB$s mvamy AnYn MMMy Nnl| WA EMDY My pcodccm| m pHA [ {SI InRSy
H®nndn
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ths m! {SIaNnkB$ MNEH AnYn mMmM g Nnl WA EMDY NI M pcdcnd| m pPHM ooyc
MPyocm
2334 m! {SIFanNnBs mMamy AnYn MMM N0 HAEND Y N Y pcdcnd| m pHM [ {SI INBSY
MPyocm
ths m! {SIFanNnBs mwe T AnYn mMMYy N0 HAHENMDC HIMM C pcodppc| 1 PHH ooyp
mdcynp
2334 m! {SIFanNnBs mamy AnYn mMMYy N0 HAHENMDC MDY pcodppc| 1 PHH [ {SI 3InaSy]
mdcynp
ths M. byDwm HINHH Y| M0 NA| HA AN H N H pc®PHdy| mPomyd pdn onom
2339 M. byDwm HINHH nnY| mMn @ N A HA AINE H HIND P pc ®Hdy| mPomyd phn bbDp
ths M. by DH HINHH Y| mMn @ NA| H A NG H pcPHpH| T phm onoo b2 RIFGE
H®HpoOYy
2334 M. by DH HINHH Y| mMn @ NA| H A NG H mnm p pcPHpH| T phm bbDc
H®HpoOYy
ths M. by Do HINE M N AY | mMn @ NA| H A NG H pcCOPHTH| T p dH onon b2 RIFGE
H®mccCcp
2334 M. by Do HINE M N AY | mMn @ NA| H A NG H mym T pcOPHTH| T p dH bbDrT
H®mccCcp
ths M. byDn HNEM AN Y | mMn g NN H O RINE H IR H pCOHTH| T p o onop {G2LIISR NBO2NRAY3 SI NIe
H®ndnp
2334 M. byDn HINE M N AY | mMn @ NA| H A NG H mnm p pcOPHTH| T p o bbDy
H®ndnp
ths M. {SI3ankBs HmNE M AnY mMn g NA| HA RNMT HIMB O pcodTCcH| T pyp opoo {02LIISR NBO2NRAY3I SINIe&
HPoporT
2334 M. {SIFaNB$ mand AnYn mMn g AA| HA RNMT mnn p pcO®TCcH| T pyp {DmMH
HPoporT
ths M. {SIFaNB$ mNEM ANYn mMn g AA| HA RNMT pcoTmMp| T pyc ooyn b2 RIFGL
HOMYHT
2334 M. {SIFaNB$ mand AnYn mMn g AA| HA RNMT HINE M pcoTmMp| T pyc [ { S IR&&SY
HPMY HT
ths M. {SIFaNB$S mNEM ANYn mMn g AA| HA RNMT AN ¢ pcdccm| T pyT ooy
H®nndH
233§ M. {SIFaNB$ mand AnYn mMn g AA| HA RNMT AN C pcdccm| 1 pyT [ {SI In&SYy
H®nndH
ths M. {SIaNnB$ HINEM A0 Y mvanc nnl b! HIMH p pcdcng| modyopc| pyy ooyT ¢w!2[95
2339 M. {SIank$ mMn . AnYn mvand nnl b! HINMD p pcdcng mdyopc| pyy [ {SI aRBSY ¢w!2[95
ths M. {SFaNBS mNEM AnYn mMn T AN HA RNMT AN pcoppc| m Py b 0o hm
MPc doc
2334 M. {SF3aNBS mand AnYn mMn T AA| HA RNMT mnm p pcoppc| m py b [ { S ISy
MPc doc
t hs M/ byDm mNnp  nnYn A/NE O N 1| HA HHMP HIHM C pc ®o TH PO H COH onod
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2339 M/ byDwm N p  nnyo| FWINE O N A]| HA HHMp HIHM C pc ®o ®oH H b b Dd

t hs M/ by DH mNmp  nnyYo FINE O N 1| H HHMp I ¢ pc PHpPH ®Hpon [ onoy

2339 M/ by DH N p  nnyYo| FWINE O N A]| HA HHMp HIHM C pc ®PHpPH ®Hpon o bbDmn

t hs M/ byDo mNmp  nnyYo FINE O N1 | HA HHMp HIHM C pcCPHTH dmMc C n onoc

2339 M/ byDo N p  nnyo| FWINE O NN ]| HA HHMp HIHM C pc ®PHTH dmMc c n bbDH

t hs M/ byDn mNmp  nnyYo FINE O N 1| H HHMp HIHM C pcOPHT M dndnn p onor

2339 M/ byDn N p  nnyYo| FINE O NN ]| HA HHMpP HIHM C pcO®HT M ®ndnn p bbDm

ths M/ {SFHaNB$ WNnp Y| FWINMY N1 | HHEHMO HIHM C pc®TCcH Popoy| c OMH ]
2339 ™/ {SIaNnkB$ wmNMy AnYn AINMY nn] HAEHMO HIHM N pc®TCH ®opoy| c {DmMm

ths M/ {SFHaNB$ WNnp Y| FWINMY N1 | HHEHMN HIHM C pc®rmc DMy MH| T ooyc

2339 ™/ {SIaNnkB$ wNMy AnYn AINMY nn] HAEHMO HIHM N pc®TMC DOMYy MH] T [ { I 3 RDSy|
ths M/ {SHaNBS WNnp Y| FWINMY N1 | HHEHMO HIHM C pc®ccH Pnny c y ongH

2339 ™/ {SIaNnkB$ wNMy AnYn AINMY nn] HAEHMO HIHM N pc®ccH ®nny cl y [ {SI ax&SY|
ths M/ {SFHaNB$ WNnp Y| FWINMY 11| H 1 HIHMpP HIHM C pcdcm Py ocp o) ooyp

2339 ™/ {SIaNnkB$ wNMy AnYn AINMY Nnn] HAEHMpP HIHM p pcdcm ®y ocp ¢ [ {SI an&Sy|
ths M/ {SHaNBS WNnp Y| FWINMY 11| H HIHMpP HIHM C pc®ppc ®c do df n opon

233§ M/ {SIaNnB$ wNMy AnYn WINMY nn] HAEHMp HIHWM p pc®ppc ®c o df n [{SI IaRB&SY
ths H! byDwm HIHEH Y| HIHM C N 1| HA EHM HIHE H pcOHGT Po M y onon S5AR y2i NBO2NR RI{k
2339 H! byDwm HHHH nnYn HIHMC NA| HANMmHEM D HIHM Y pc ®H DT domdp y bbDy

t hs H! by DH HIHHH _ nnY| HIHMC N 1] HAEHM G HIHH H pc ®HpPpH DHpoOYy 3] onom

2339 H! by DH HHHH nnYn HIHMC NA| HANMmHEM D HIHM () pcPHPH ®HpoY, b bbDc

t hs H! byDo HHMC nnY HIHMC NN ] HAHEHM G HIHH H pc®PHTH dmMccT n onoo

2339 H! by Do HHHH nnYn HIHMC NA| HAMmHEM D HIHM O pCcCPHTH omccT n bbDT

t hs H! byDn HHMC nnY HIHMC N 1] HAEHM G HIHH H pc®PHTH D5 dno ™M onop

2339 H! byDn HHHH nnYn HIHMC NA| HANMmHEM D HIHE ¢ pCcCPHTH ®n dn o M bbDp

ths H! {SIF3ankB$s HHMH 10y HHMDP NN| HAHEHMT HIHH H pc®dTCH ®opnn| o 00TH

233§ H! {SIaNnB$ MHEH A0y HMHMP Nn| HAMHAMT HIHW T pc®TCH ®opnn| o [ {SI Iam&Sy
ths H! {SIank$ mHMc  AnyYn HHMP NN HAHHMY HIHH H pc®TmMp DOMYy H | n 00 ¢H

233§ H! {SIaNB$ mHEH N0y HHMP N1 HJHHMY pcdTmMp dMy H | n {DMH 2 (SN AyaNBaas y2 RHGlLS RSO
ths H! {SIank$s HHMH A0y HHMDP NA| HAHEHMT HIHH H pcdccm ®nndn) p oo gn

233§ H! {SIaNB$ mHEH ANy HMHMDP Nn| HAMHAMT HIHW N pcdccm ®nndn) p [ {SI ImRSY
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/ths H! {SIaNnkB$ mHMc  AnyYn HHMC Nn| HAMHMT HIHH H pcdcm w™m®dyoc TC ooy

[ 2339 H! {SI3anNnB$ HHEH 10y HHMC NN]| HAHHMT HIHW T pcdcm ™oy oc TC [ {SI IR&S Yy

/ths H! {SIankB$ HmHEH  AnYn HHMC NN HAMHEMY HIHH C pc®ppc| mdc do cf TT opoo

[ 2339 H! {SI3anNnB$§ HHEH 10y HHMC NNn| HJHHMY HIHW T pcdppc| mdc do cf TT [ {SI InRSy]

/ thbs H. byDwm HHHO nnY| HIHHE N 11| HN WHEC FHH C pc®HPT| ™ PO M nT onoo

[2339 H. byDwm HHH O nnY| HIHHE 1 NN | H AHEC FHD H pc®HpT| ™ Do MDp nT b b

/ ths H . by DH HHH O nnY| HMHHE N N A] HN AHEC FHH C pc®Hpo| ™M PHpPOY ny onom

[2339 H . by DH HHHO naY| HIHH 1 11| H AHEC AHD H pc®Hpo| ™M PHPOY,| ny bb®

/ ths H . byDo HHH O nnY| MHH N N A] HN WHEC FHH C pc®PHTH| ®mdMccCT n onon

[2339 H . by Do HHHO nAaY| HIHH 1 11| H AHEC AHE C PCPHTH| ®WmPmMcCCT ng bb®

/ ths H . byDn HHH O nnY| HMHHE N N A] HN AHEC FHH C pcPHTH| ®MPAdn M onop

[2339 H . byDn HHHO naY| HIHH 1 11| H AHEC AHD H PCPHTH| ™ Pnn M [{SI aImpSy

/ths H. {SIaNnkB$ HHHEO AnnYn MHMY N 0] H A RHE D FHH C pc®TcH| ™ dopno MM 00 M

[233] H. {SFHaNB$ HHMY nnYn HIHMY N 1| H . FHH D FIHW D pc®TcH| ™ Popno MM [ {SI IN&SY

/ths H. {SIaNnB$ mHDYy AnYn MHMY N0 H A RHE P FIHH C pcoTmMp| T HT ooyy
HOPMYy HY

[ 233§ H. {SIaNnB$ HMHEO AAnYn MHMY N0 H A RHE P FIHT H pcoTmMp| T HT [ { S 3IRBSy|
HOPMYy HY

/ths H. {SIaNnB$ HHEO nnYn MHMY N 0] H A RHED FHH C pc®ccn| ™ dH M H opyp

[ 2334 H. {SIF3ankB$s HHHO nnYn HHUMY N0 H RHE D FIHI H pcdccn| mdnndH M H {Dmm

/ths H. {SIaNnB$ HHEO AnnYn MHMY N 0] H A RHED FHH C pcocnd| moeyopr Mo opon

[ 2334 H. {SIF3ankB$s HHHO nnYn HHUMY N0 H RHE D FIHI H pcdcng mdyoprT MO0 [ {SI INASY

/ths H. {SIaNnB$ HHEO AnnYn MHMY nn] H A RHED FHH C pc®ppp| mdc dn ¢l mn ooyc

[ 2334 H. {SI3ankB$s HHHO nnYn HHUMY N0 H RHE D FIHI H pc®ppp| mdc dnc mn [ {SI IxASY

/'thb H/ byDwm mHn N nnyYn AHET NA| HAOMWaEYy man o pc®PHdy| T OH onoo
H®omdbo

[2339 H/ byDwm mHn o nnyYn AHET NA| HAOMWaEYy HaD M pc®PHdy| T OH bbd
H®omdbo

/'t hb H/ by DH mHn N nnyYn AHET NA| HAMWMaey Han o pcPHPH| THPHpPOY 00 onom

[2339 H/ by DH WHNO nnY WHHT NN]| HANMWaHy HIGH Y pCPHPH| ™M PHPpoOY,| 00 bbip

/'thb H/ by Do mHn N nnyYn WHET NA| HAHWaHY |an o PCPHTH| T on onon
HOPMCCC

[2339 H/ by Do mHn o nnyYn AHET NA| HAMWaHy AHT N PCPHTH| T on bb b2 RIGF
HOPMCCC
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thbs H/ byDn wmHn N nnYy | WHH T N HIGH Y man pPCOHTH| T Top onop
H®ndnp

2339 H/ byDn mHn o nnY | FHH T N HIGH Yy HIQH pCOHTH| T TOp [ {SI INBSY]
H®ndnp

ths H/ {SIFanNnBs mHn N nny o FWHH C N HIGH T HIaH pcd®TcH| T Toy ondH
H®opnp

23394 H/ {SHaNBS wHN O AnYn FIHH C N HaH T HIaD pcOdTCH| T Toy [ {SI INBSY
H®opnp

ths H/ {SFHaNB$ WHO N AnYn FIHH C N HMaH ¢ Han pcOPTMp| MPMYHP[ THY 00TH

2339 H/ {SIaNnkB$ WHNO AnYn AIHH C N MaE ¢ HIGH pcdTmMp| ®mOMYyHp THY [ {SI InBSy|

ths H/ {SHaNBS wmHO N ANy FIHH C N maH man pcodccn| m THO oodpn
HdnnyT

2339 H/ {SHaNBS wHN O AnYn FIHH C N maH pcodccn| m THO [ {SI ISy b2 RIFGE
HdnnyT

ths H/ {SHaNBS mHn N nny | FHH C N man ¢ man pcd®cndg| m Ton 00 hbH
mM®dyopd

2339 H/ {SHaNBS wHOp AnYn FIHH C N maH HIGH pcdcndl n Ton [ {SI ImBSy
mM®dyopd

ths H/ {SHaNBS mHn N nny | FHH C N man ¢ man pcdppc| m TOM ooy
MPc oy

2339 H/ {SHaNBS wHN O AnYn FIHH C N maH HIGH pcoppc| m Tom [ {SI IN&SY
M®dc oy

t hs o! byDwm HIGHM nnY| HaH @ N HIaM T HIaH pc ®PHpy| ®mPomdpo| T dc onoc

2339 o! byDwm mamn_ nnyYn HaE @ n HIam T HIaH pc ®Hdy| ™M PomMdo| T dc b b

t hs o! by DH HIGHM nnY| HaH @ N HIaM T HIaH pCPHPH|[ WMPHpPpoOyY| ynm onod

2339 o! by DH mamn_ nnyYn maE @ n HIam T HIaH pcCPHPH| MPHpPOYl ynm b bfnn

t hs o! byDo HIGHM nnY| HaH @ N HIaM T HIaH pcPHTH|[ mdmccc| ynH onon

2339 o! by Do mamn_ nnyYn mae @ n HIam T HIaH pCcCPHTH| MmPMcccl ynH b b fip

t hs o! byDn HIGHM nnY| HaH @ N HIaM T HIaH pCPHTH| mPnddnpl yno onor

2339 o! byDn mamn_ nnyYn mae @ n HIam T HIaH pcCPHTH| MmPAncdnpl yno bbi

ths o! {SIF3ankB$s HaHH  AnYn HIGHy N Ham p HIGH pc®TcH| mdopnp|l ynn ooyc

233§ o! {SIaNnB$ mamn nAnyn HaHy N HIawm p HIGH pc®TcH| mdopnpl ynn [{SI IaRB&SY

t hs o! {SIank$ HIGHH nnY| HIGHY N HIam p HIaH pc®TmMp[ WmOMYyHN| ynp opon

233§ o! {SIaNB$ mamn nnyn HAaHy 1N Hawm p HaH pc®TmMp| momyHnn ynp [ {SI IaN&SY

ths o! {SFHaNB$ HIGH H N A Y| Hao N n HIGM p HIaH pc®ccn| meanyT ync 00 (M

233§ o! {SIaNnB$ mamn nnyn mao N n Hawm p HaH pcdccn| monnyT| ync {DmMm

t hs o! {SI3ank$s HIGHH nnY| map N n HIam p HIaH pc®cnp| mdyopd ynrt 0 MH b
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ths Ho/ {SIaNnkB$ WanH AnYn wHanmmy nn]l Hammc nan| Hammc nnl pcdTaAm oMy Hc| dhaH 00 M I YRSR Ay 68 UAKSNYImypic LINR 6
23394 Ho/ {SI3anNnB$ maHp nAnYn wnmmy nn|l Hnmmc nn| HammEc nn|l pcdrtam dmyHc| hnH [ {SI In&Sy] I FYRSR Ay 08 UEKSNYImypic LINE G
ths Ho/ {SIankB$ WanH AnYn wammy nnl b! b! pcdccm ®nndn bno opon a22NAy3 YA&&aAY3
23394 Ho/ {SFHaNBS maHp nnYn wnmmy nn| b! b! pcdccwm ®nndn dno [ { S} IRFESY] a22NAy3 YAaary3
t hbs Ho/ {SIankB$ W@ H nnYn Hnmmy nn]l b! b! pc®cmn ®yocH ¢nn ooyc a22NAy3 YAaary3
23394 Ho/ {SI3anNnB$ maHp nnYn wnmmy nnl| b! b! pcdcmn dyocH dnn [ {SI IRBSYy] a22NAy3 YAdaAy3
ths Ho/ {SIaNnkB$ WanH AnYn Hanmmy nn|l Hanmmec An| Hammmn anl| pcdppn ®ccTH dam ooyp
233§ Ho/ {SFHaNB$ HMOHp NNYn HAnmmy nn| HAammeEc nn| Hammn nn| pc®ppn PccTH dam [ {SI IRBSY
t hbs Hn! byDwm HMEN AnYn HammMm An] HAmMmM nAn| Hammm nn| pc ®H dy DO HHPl PHD onop
2339 Hn! byDwm MMM NAYN HAMMMM NA| HARMIM NN HNmmM nn]| pc ®Hdy PoHHPl GH G bb® [233SNI N}y 2dzii 2F YSY2NEB
t hbs Hn! by DH HMEN AnYn HammMm AA] HAMMAM An| Hammm nn)| pc ®PHpPH ®Hpnnl ¢on onom
2339 Hn! by DH HMM NAYN HAmMmn NAn] HNAMAM NN HAmmM nn] pc®PHpH PHpnna don bb® [233SNI N}y 2dzii 2F YSY2NEB
t hbs Hn! byDo HMEN AnAYn HammMm AA] HAMMAM An| HAammm nn] pc®HTH omccpl pom onon
2339 Hn! by Do HMM NAYN HAMMM AA] HNAMAM N HAWMMEM nn] pc®PHTH Pmccp|l dom bb® [233SNI N}y 2dzii 2F YSY2NEB
t hbs Hn! byDn HMEN AnAYn HammMm AA] HAMMAM An| HAammMm nn] pc®PHTH ondnd doH onoo
2339 Hn! byDn HMM NAYN HAMMM AA] HNAMAM NN HAWMMM nn] pc®PHTH Pndbnd doH b b [233SNI N}y 2dzii 2F YSY2NEB
ths ™M {4 !o00a mgey wmnyY H N MdHE Yy H N mdE d H N mdn ¢ ppPhH omTCcd oToO OMHM
mMnYnnYnn nyYooYnn MaYpTtYnn
2339 ™M {4 !o00a mdge d NnAYn HAOmMAEY H N mdE ¢ H N mdE ¢ ppPDH omTCcd oToO [ {mm
mMnYnnYnn nyYooYnn anynnynn
ths ) {G 1004 MMM MMYH HAmdEY H A mdE ¢ H N mdn ¢ ppPddco omcmMd oTn 00TM™ [ SR 61 a& 20 6KSy 2LISySRo
mMoYorTtYnn nYomYnn MAYHTYNn
ths ™M {4 !o00a mdmM MMYH HAOMJEY H N mdE d H N mdn c pc®noo dnTpn oTp oocd
MHYpdYnn mMmYncYnn MAYHTYNn
ths ™ ¢ {4 ' yRNH MMM MMYoOl HAMGEY pc®HcCp ®pTMH OTC oocy ahaairy3d Y22NAy3
MaYomYnn
ths ™M {4 ' yRNH mdmM MMYoO HAMJHEY H N mdHE y H N mdn c pcPHpy ®pnanmyl oTT HOHT
ndoYpoYnn mnYnaYnn MmnYnyYnn
2339 ™ ¢ {0 ! YRNY mde d nnYn HAmGEY H N mdHE Yy H N mdE y pc®Hpy dpnmyl oTT [ {rom
ndoYpoYnn mnYnaYnn nnYnnYnn
ths ™ ¢ {0 ! YRNY mdn M MmMYn| HAmGE Y H N mdHE Yy H N mdgn c pc®H D ®noHd oTy Mdn b
ndoYonYnn mMoYnyYnn MnYnyYnn
ths ™ ¢ I ND N2 O MMM MMYH HAMGE Y H N mdHE Yy H N mdgn c pc®npd OH by pl oT P ooTn
nyYmoYnn MHYnHYnn MnYnyYnn
ths M I NDNB LG MdEH MMYn| HAmGE T H N M p H N mdE Yy pcendd ®oynmM oyn OMHH [LGS NBO2@SNEBZ y20 AyAeslttd
MTYpTYnn naYnnYnn anYnnYnn MMy noYnuYnn odzi OKFy3aISR
Fd &aFYS$S aaiGsS 6RSLWYydZY odTo
RI&a G aky$s arids
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2339 Hamao

NBNBIGH Hnmdey nnYn wnmdgeT H A Hm™p H N mdm p pcondd| mooyn oyn [ {mm A A N [FGS NBO2OSNE: y2( AyArasltfe
MTYpTYnn | naYnaYnn | naYnnYnn

=
o
T
E
H
<

! NDNR I Hamgnm MMYn HAMGET H N mdHE Yy H N mdgn c pc®ppo| mdnyoo oym OMHY
MTYnnYpn ndYmdbYnn MMYNnTYnn

/' ths HAMGp {G2ySKI4d vnmdnm MMYn| HAmGeE T H N mde T H N mdn ¢ pcopnT| WMOMTT OYyH My dy ) R
MnYHnYpn MTYAHYnNn MaYnyYnn

[ 2339 vnmd {G2ySKI 4 vnmdey nnYn HAmGeT H N mde T H N mdE T pcopnT| WMOMTT OYyH [ {mm ) ) R
MnYHnYpn MTYAHYnNn nnyYnnyYnn

/' ths HAMGp {G2ySKI 4 Hnmdum MMYol HAMGHET H N mde T H N mdn ¢ pc®pyn| md®aumMT| Ooyo Hdnn s R
mMoYnoYnn MnYnHYnn MMYwmnYnn

/ths5 | Hamd {G2ySKI4 vnmdnm MMYn| HAmGeE T H N mdE T H N g T pcddppdl mdvmoo| oyn HT dp N N [FGS NBO2@SNE
mMmnYntTYnn nnYnnYnn MpYpcYnn

/' ths HAMGp {4 o004 Hamdmdg mMpYn HAmde ¢ H N mgm N H N wdE n pc®noo|l mdnTp o H HYy dhc s R
MMYHY Ynn MHYonYnn MnYnnYnn

/' ths HAMGp {0 '"YRNY vnmdmd MpYn HA MGy pc®Hdcdn| mdnoon odo My dn b b az22NRAy3 YArAaaays3
MnYmMmYnn

/ths5 | Hamd I NDNBFGH Hnmdmd mMnYH HAmdgey H N H™ P H N HUA N pcoppn| mdnyoHl odc Hpnc N N [HGS NBO2@SNE dzaAy3 wh=
npYncYnn nnYnnYnn McYHoYnn

/' ths HAMGp ! NDNEF G Hamdmd mMnYH HAmdEYy H N mdw H N wdE n pc®ndd| m>doT dd odT HMdC s R
MMYHY Ynn MaAYHyYnn MpYnpYnn

[ 2339 vnmd ! NDNEF G Hamde ¢ nnYn Hnmdey H N mdw H N mdm ¢ pc®ndd| m>doT dd odT [{mE s s R
MMYHY Ynn MaAYHyYnn nnYnnYnn

/ths | Hamd {G '00& | Hnmdmd MnYH HNmdE b H A E™p H N wdn y PP OhH | ™ OMC do| o dd HY T b N {G2LIISR SI NI @

noYnyyYnn nnYnnYnn MMYMoYnn

B

[233§ Hamo {G '00&| vnmdgon nnYn HNmdE b H A E™p H N wdn y PP OhH | ™ OMC do| o dd [{mE s b N 514k SEA&GA o dziie IRsS ORISR INJay I
npYnyyYnn nnyYnnYnn nnYnnYnn 6 a SEOtdRSR FTNRBY (KS ylfeg
/ths | Hamd I NDNBI GH Hnmdmd Mo YH HAmdey H A Hm™p H N AU C pconpd| moOudyp nnan HMyy s N [FGS NBO2OSNE dzaAy3d whz
MHYHCYnn nnYnn¥Ynn npyYntyYnn
/'thb HAMD {G2ySKLI HAamdmd MO YH HAMGH T H N mdw y H N mdgn n pc®dyn| MmPAHMT| naAm Hy nn
MpYntYnn nyYomYnn MpYoHYnn
/'thb HAMD {G 1004 HAamdmd Mo YH HAMGE D H N mdw N H N mdgn n pp®dco| MmPMCcMA NAH HdAm
ndYpcYnn MOYHHYNN MpYodYnn
/ths | Hamd {G ' YRNH wnmdmy m™mMpYn HNmdey H N wdgm H N wdm n pc®Hcp| mopTMH nno MdMo
MCYHMYnn mMnYpnYnn MpYncYnn
/'thb HAMD {G ' YRNH wnmdmy m™mMpYn HNmdey H N mdw H N mdgn n pc®upy| mPpnamc| nan HNyp
MpYnnYnn nnYnnynn MpYpcYnn
[2339 vnamd {G 'YRNH wunmded nnYn HNmdey H N mdm H N mdm ¢ pc®Pupy| mPpnamc| nan [{mi&
MpYnnYnn nnYnnynn nnynnyYnn
/'thb HAMO {G2ySKLI HAamdmy mMpYn HAOMGET H N g y H N mdm n pc®nT| MPMTCH nny HdNH
MTYnaYnn nYnaYnn mMnYmcYnn
[233 wnnmd {2y SKI HAmdey NnNnYn HAMGET H N mdm y H N wgm y pcodpnT| mEdmMmTCd nny [ {mE R R R
MTYnaYnn ngYnaYnn nnYnnYnn
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