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1 Glossary 

 

Term Definition 

AIC 
Akaike Information Criterion, a model selection tool used to compare the quality 
of different statistical models for a given dataset 

AIS Automatic Identification System 

Autocorrelation 

In a statistical model, autocorrelation refers to the correlation of a variable with 
itself across different time lags or spatial positions. In time series or spatial data, 
the presence of autocorrelation indicates that observations are not independent, 
which can bias estimates and affect model validity if not accounted for. 

Broadband 
recorder 

Passive acoustic sensor configured to collect raw acoustic data and provide 
information on underwater noise and dolphin whistles. This project used LS1x 
sensors manufactured by Loggerhead Instruments or Sylence-LP sensors 
manufactured by RTSys.  

Click logging 
device 
(CPOD/FPOD) 

Cetacean Porpoise Detector or Full-waveform capture Porpoise Detector. The 
click logging devices (CPOD and FPOD, both manufactured by Chelonia Ltd) store 
instances of toothed whale echolocation clicks detected by the sensor using an 
on-board click detector. 

DPH Dolphin positive hour, hour with detected dolphin whistles and/or clicks 

ECOMMAS East Coast Marine Mammal Acoustic Study 

EIA Environmental Impact Assessment 

Frequency band 
A specific range of sound frequencies, defined by lower and upper limits, used to 
analyse and compare acoustic signals within that portion of the spectrum. Three 
bands are used in this study: 0.01 - 0.1 kHz, 0.1 - 1 kHz, 1-10 kHz, 10-48 kHz 

FTRAG-MM Forth and Tay Regional Advisory Group for Marine Mammals 

GAM Generalised Additive Models 



 

 

7 

 

TITLE: EFFECT OF CONSTRUCTION OF OWF IN THE FORTH AND TAY 
DATE: NOVEMBER 2025 
REPORT CODE: SMRUC-FAT-2025-022 

Term Definition 

GAMM Generalised Additive Mixed Models 

IMO/MMSI 
International Maritime Organization unique and permanent identification for a 
ship. Maritime Mobile Service Identity stays with the vessel as long as it is 
registered under the same entity or flag state 

L10, L50, L90 

The sound pressure level that is exceeded for 10%, 50% or 90% of the 
measurement period respectively. L10 represents the higher noise levels, often 
associated with intermittent or louder events; L50 is the median sound level and 
L90 represents the quieter end of the distribution and is often used as an indicator 
of background or residual noise. 

MD-SEDD Marine Directorate - Science, Evidence, Data and Digital 

Monitoring 
phase 

Point in the monitoring period in relation to the start and the end of the 
construction period. Four phases were considered: pre-construction, during 
construction period with construction occurring that day, during construction 
period without construction occurring that day or post-construction.   

Monitoring 
project 

One of the three projects contributing to data collection: East Coast Marine 
Mammal Acoustic Study (ECOMMAS), Seagreen and Neart na Gaoithe (NnG). 

Monitoring site The site where noise and marine mammal detection devices were deployed. 

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 
Porpoise positive minutes, number of monitoring minutes per hour with porpoise 
clicks detected.  

PSD Power Spectral Density 

S36 Section 36 consent 

SAC Special Area of Conservation 

SPL 
Sound pressure level, a logarithmic measure of the effective sound pressure of a 
sound relative to a reference pressure, expressed in decibels (dB). The reference 
pressure is 1 µPa in water. 

SSTA Sea surface temperature anomaly 

Study area 
Forth and Tay region, between Eyemouth and Stonehaven, off the east coast of 
Scotland 

SWEL Seagreen Wind Energy Limited  

SWH Significant wave hight, a measure used as proxy for sea state in the modelling 

WTG Wind Turbine Generator 
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2 Executive Summary 
Underwater noise generated during the construction of offshore wind farms can impact marine 
mammals, especially in the case of intense sound generation activities like impact pile driving. Two 
offshore wind farms off the east coast of Scotland used alternative pile installation techniques for 
wind turbine generator foundations such as drilling (Neart na Gaoithe Offshore Wind Farm, NnG) and 
suction caissons (Seagreen Offshore Wind Farm), while only the Offshore Substation Platform at the 
Seagreen Offshore Wind Farm was installed used impact pile driving.  

A regional passive acoustic monitoring array was designed to investigate the variations in harbour 
porpoise and delphinid acoustic presence and underwater noise levels around the Forth and Tay areas, 
East coast of Scotland of the North Sea in 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 non-anthropogenic factors and determine whether there were any significant 
changes in cetacean detections within the wind farm 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 Licences issued 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 echolocation click logging devices. Covariate 
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, temporal, underwater noise, physical, oceanographic, tidal variables, vessel traffic 
and those related to the construction of the NnG and Seagreen foundations. Response variables 
(cetacean acoustic presence) and covariate data were checked for missing values and prepared for 
model fitting. Separate statistical models were fitted for dolphins and porpoises using 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 cyclical temporal patterns in acoustic presence particularly noted for porpoises. Underwater 
noise levels recorded during drilling and suction bucket caisson installation hours generally exhibited 
a 3-5 dB increase in the 0.1 ς 1 kHz frequency range compared to non-construction days, whereas 
piling exhibited an 18 dB increase in the same frequency band. The 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 dolphin and porpoise presence and detections are primarily driven by natural and 
environmental variation at the spatial and temporal scales evaluated in this study. Construction 
activities at the two offshore wind farms did not have a discernible impact on dolphin and porpoise 
detections. 

This study offers a rare, long-term, and spatially extensive analysis of the effects of offshore wind 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 under-studied drilling and suction bucket caisson installation methods. The inclusion of 
pre-, during-, and post-construction phases across two concurrently constructed wind farms allows 
for a more holistic understanding of potential impacts than most existing studies, which typically focus 
on single construction types in isolation over a shorter period of time. Monitoring 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 over longer time and wider space and consideration of broader scale impacts. 
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3 Introduction  

3.1 Background 

Underwater noise resulting from offshore wind farm development 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 during impact pile driving, where a hydraulic hammer drives piles into the 
seabed. This remains the most common foundation installation method in the offshore wind industry 
and one of the most intense, acute sources 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, especially harbour porpoise (Phocoena phocoena) (van Geel et al. 2025). 
Studies have shown that harbour porpoises are displaced from the vicinity of piling events (Brandt 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, Benhemma-Le Gall et al. 2024, Rose et al. 2024). In 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 of the area (Graham et al., 2017). 

Given an increased general concern about the impacts during construction, it is important to consider 
how, with technological advancements, there has been significant development in the design of 
offshore wind farm foundation structures, installation technologies, and equipment and alternatives 
to impact piling installation methods: such as vibratory piling, suction bucket caissons, and drilling 
(Jiang 2021, Guan et al. 2022, Huang et al. 2023, Meng et al. 2025). Compared to studies from impact 
piling, little is known about the effect of such alternative installation methods on marine mammals.  

Sound generated by these alternative techniques differ in character from sound generated by 
conventional impact pile driving (Guan et al. 2022). Suction bucket caisson foundations are often 
ŘŜǎŎǊƛōŜŘ ŀǎ άalmost silentέ ōǳǘ ǘƘŜǊŜ ƛǎ ŀ ƭŀŎƪ ƻŦ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜǇƻǊǘƛƴƎ ŀƴ ŀŎƻǳǎǘƛŎ 
signature during their installation (Cathie 2019, ter Horst and D'Aspremont 2023). The 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 rods to bore into the seabed. It is expected to produce continuous, non-
impulsive noise with past studies reporting a dominant 45 Hz tonal peak and irregular broadband 
energy extending beyond 1 kHz (Huang et al. 2023). 

Given that both alternative installation methods are less common than impact 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 bucket caisson installation on marine 
mammal presence and behaviour. Information on the disturbance effects of drilling is limited, and the 
majority of the research available is focussed on baleen whales (e.g. a study by Blackwell et al. (2017) 
showed changes in calling behaviour of bowhead whales during drilling activities). Research on 
porpoise responses to drilling remains inconclusive, as existing studies have difficulty isolating the 
extent to which other noise sources may have contributed to any observed effects (Bach 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 offshore wind farms: 
Neart na Gaoithe Offshore Wind Farm (henceforth referred to as NnG) and Seagreen 1 Offshore Wind 
Farm (hereafter referred to as Seagreen). 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 
Licences issued to NnG and Seagreen. The overall objective of the PEMPs is to outline the 
environmental monitoring of the projects required under their respective S36 Consent and Marine 
Licence conditions.  

The majority of the foundations were installed using non-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 
Substation Platform (OSP) at the Seagreen site, where 12 pin piles were driven to support a jacket 
foundation.  

In discussion with the FTRAG-MM, 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 project-specific basis. The objectives and approach to the monitoring were 
presented to and agreed with the FTRAG-MM12. 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 objective. Given these, the objectives of the 
study were:  

1. To characterise baseline and installation technique-related 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 within the wind farm areas and 
adjacent waters pre, during and post-construction (the monitoring aim was therefore to inform 
whether construction activities 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 non-anthropogenic factors (spatial, temporal, 
oceanographic, physical, tidal). 

In this study we present the results from six years passive acoustic (PAM) and underwater noise 
monitoring of marine mammals in the Forth and Tay region, Scotland.  

 

1 https://marine.gov.scot/?q=data/ftrag-passive-acoustic-monitoring-methodology-overview-april-

2021 
2 https://marine.gov.scot/sites/default/files/ftrag_minutes_-_marine_mammals_091121_-_final.pdf 

 

https://marine.gov.scot/sites/default/files/ftrag_minutes_-_marine_mammals_091121_-_final.pdf
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4 Methods 

4.1 Monitored wind farms and study site 

The study site is the Forth and Tay region, between Eyemouth and Stonehaven, off the east coast of 
Scotland (Figure 4-1).  

The Seagreen project is located in the outer Forth and Tay region, around 27 km from the coast of 
Angus (Figure 4-1). The passive acoustic monitoring covered Phase 1 of the installation, where 114 
WTGs have been constructed alongside one OSP (Seagreen 2022). WTGs were installed on three-
legged steel jackets using suction bucket caissons and the OSP was installed on a jacket foundation 
using impact piling of 2m in diameter pin piles. Foundation installation activities at Seagreen 
commenced in October 2021 and finished in April 2023. Phase 1A, which is not yet constructed, will 
comprise the remaining 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).  

NnG is located to the northeast of the Firth of Forth, 15.5 km directly east of Fife Ness (Figure 4-1). 
The revised design included the wind farm (54 WTGs, their foundations and inter-array 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 secured by pre-piled foundations 
(Neart na Gaoithe 2024). Pile installation was undertaken by drilling only, using template and steel 
duct casings. The drilling process at NnG involved 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 was reached, at 
which point it was retrieved. After drilling, the pile was lowered into the pre-drilled socket and secured 
in place with grout. Foundation 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 dolphin and white-beaked dolphin 
(Lagenorhynchus albirostris). Other species such as short-beaked common dolphin (Delphinus 
delphisύΣ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ όGrampus griseus) and Atlantic white-sided dolphin (Lagenorhynchus acutus) 
have been recorded as occasional or rare visitors to this region (Hammond et al. 2021, Gilles et al. 
2023, Gilles et al. 2025).  

Both porpoises and dolphins show large spatial and temporal (diurnal and seasonal) changes in 
presence and distribution at the study site, see section 9 for more details.  

4.3 Deployment 

An array of Passive Acoustic Monitoring (PAM) sensors was designed to supplement the stations 
already deployed in the region as part of the East Coast Marine Mammal Acoustic Study (ECOMMAS) 
array. This is a project led by Marine Directorate - Science, Evidence, Data and Digital (MD-SEDD) 
designed to build a regional dataset for monitoring cetacean acoustic presence and underwater noise 
levels. Two additional PAM arrays were added: a dedicated array around NnG (extending the existing 
ECOMMAS array transect offshore from Fife Ness) and a transect from land out to the Seagreen site. 
All together this regional PAM array comprised twenty-one monitoring sites across the Forth and Tay 
region (Figure 4-1).  
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Figure 4-1. Deployment location of the three monitoring projects (colour) with the names of individual monitoring sites 
used throughout 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 bottom-moored systems with 
no surface expression, following the design by Quer et al. (2023) (Figure A 10-1).  

The click logging devices are manufactured by Chelonia Ltd and store instances of toothed whale 
echolocation clicks detected by the sensor using an on-board click detector. There are two models 
that have been deployed during this study, the CPOD (Cetacean Porpoise Detector) and a newer 
version called FPOD (Full-waveform capture POD) (FPODs were only deployed around some of the 
ECOMMAS sites and contributed to 4% of data overall). These sensors were configured to collect data 
continuously (100% duty cycle), with a click limit of 4,096 clicks per minute for CPOD to prevent data 
overflow and were located approximately 3 m above the seabed. 
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The two POD devices are known to show differences in detection (e.g. Todd et al. 2025). We 
performed a range of analysis to compare the two devices (Figure A 13-4) 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 manufactured by Loggerhead 
Instruments or Sylence-LP 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 kHz (for Sylence-LP sensors). These sensors were 
located above the POD on the mooring line, approximately 5 m above the seabed. 

Thirteen of the 21 monitoring sites had a broadband recorder (to provide information on underwater 
noise and dolphin whistles) and a CPOD or FPOD deployed on the same mooring, the remaining eight 
sites had only a single CPOD/FPOD to provide information on dolphin and porpoise clicks (Figure 4-1). 

4.4.2 Deployment timeline 

PAM data, for this study, were collected between March 2019 and December 2024 (see Appendix 7 in 
section 15 for mooring deployment and recovery metadata). Not all monitoring sites collected data 
over the entire period. The NnG monitoring array was deployed in December 2019 (and many 
broadband recorders stopped in June 2024). Only NnG monitoring sites and two ECOMMAS sites 
provided acoustic data to December 2024 (Figure 4-2). 
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Figure 4-2. Deployment duration of each monitoring site and monitoring device.  

4.5 Data pre-processing 

4.5.1 Cetacean detections 

The acoustic presence of dolphins and harbour porpoise was monitored using PODs, whereas dolphin 
acoustic presence was supplemented by identifying whistle detections in the broadband recorder 
data. Below we outline how these data were pre-processed to support the project analyses.  

4.5.1.1 POD data 

The raw POD files were processed using proprietary Chelonia software (either CPOD.exe (version 
2.048) or FPOD.exe (KERNO-F version 1), depending on the sensor type involved) to identify series of 
clicks (i.e., click trains) resembling those produced by toothed whales. This is done via a built-in 
algorithm, implementing the Chelonia proprietary άY9wbh /ƭŀǎǎƛŦƛŜǊέ ŀƴŘ ǘƘŜ άD9b9b/ ŜƴŎƻǳƴǘŜǊ 
ŎƭŀǎǎƛŦƛŜǊέΣ which label series of clicks as either Narrowband (i.e., porpoise), Other Cetacean (e.g., 
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delphinids), or Sonar. Detection positive minutes were extracted from the POD files 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 calculated for all periods when the 
units were deployed. These post-processing calculations as well as all modelling and data preparation 
were carried out in R 4.4.0 (R-Core-Team 2023). 

4.5.1.2 Dolphin whistle detections 

The raw acoustic files from the broadband recorders were stored in the .WAV file format and were 
given as inputs to the PAMGuard bioacoustics software (version 2.02.14, www.pamguard.org) for the 
dolphin whistle analysis. ¢ƘŜ t!aDǳŀǊŘ Ψ²ƘƛǎǘƭŜ ŀƴŘ aƻŀƴ 5ŜǘŜŎǘƻǊΩ ǿŀǎ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƻƴŀƭ 
signals in the 5-20 kHz range and the settings used for this detector included a signal-to-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 10-minute recording bins with dolphin whistles present. 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 classification of dolphins 
to a species level was not attempted during the manual review of the detections. Therefore, all 
detections are referred to collectively as dolphins throughout this text. 

5ƻƭǇƘƛƴ ǇƻǎƛǘƛǾŜ ōƛƴǎ ǿŜǊŜ ƳŀǊƪŜŘ ǳǎƛƴƎ ǘƘŜ Ψ{ǇŜŎǘǊƻƎǊŀƳ !ƴƴƻǘŀǘƛƻƴΩ ƳƻŘǳƭŜ ƛƴ t!aDǳŀǊŘΣ ǿƘƛŎƘ 
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 extracts the timestamps 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 recorders and 
their corresponding calibration details were given as input to a custom MATLAB routine based on the 
PAMGuide soundscape analysis tool developed by Merchant et al. (2015). LS1x sensors have 
hydrophones manufactured by High-Tech Inch, with a typical sensitivity of approximately -170 dB re 
1V/µPa and gain was primarily set to 12.4 dB for each deployment, with four exceptions from the 
ECOMMAS array where gain was set to 2.05 dB (please see Appendix 5). for these noted deployments). 
Further calibration checks were performed for some of the sensors by Campbell Associates Ltd and 
the resulting hydrophone calibration certificates were used to calculate the root-mean-squared end-
to-end sensitivity. A subset of the LS1x sensors did not have calibration certificates available and 
therefore the end-to-end sensitivity was calculated by subtracting the gain value from the default 
sensitivity of ς170 dB re 1V/µPa. The Sylence-LP sensors were not used to calculate underwater noise 
levels due to variations in sensor and hydrophone configuration.  

Sound pressure levels (SPL, dB re 1 µPa) for every minute of acoustic data were calculated using a 
custom MATLAB (v. 2023a; The MathWorks Inc. 2023) routine based on the soundscape analysis tool 
PAMGuide, described by Merchant et al. (2015). This custom MATLAB routine outputs median SPLs in 
broadband (0.01 - 48 kHz), frequency (0.01 - 0.1 kHz, 0.1 - 1 kHz, 1-10 kHz, 10-48 kHz) band and 
decidecade (or one-third octave) bands as well as power spectral density (PSD) values for each 
millidecade band. SPLs were described in the form of exceedance percentiles calculated on an hourly 
basis, including median (L50) and 10% (L10) and 90% (L90). These metrics are recommended by the 
9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ aŀǊƛƴŜ {ǘǊŀǘŜƎȅ CǊŀƳŜǿƻǊƪ 5ƛǊŜŎǘƛǾŜ ŀǎ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ indicator to assess 
trends in ambient noise caused by anthropogenic sources (Dekeling 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 

https://www.pamguard.org/
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site were then generated for quality assurance checks of the dataset. This study reports underwater 
noise levels in the 0.1 - 1 kHz and 10-48 kHz frequency bands using the median SPLs (L50), as well as 
the loudest SPLs, exceeded only 10% of the time (L10). The 0.1 ς 1 kHz frequency band is mainly 
impacted by low frequency anthropogenic noise such as drilling, suction bucket caisson installation 
and vessel noise, whereas the 10 ς 48 kHz band is affected by higher frequency noise, including vessel 
dynamic positioning systems, echosounders and depth scanners. 

4.5.2 Covariate data 

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

Categories of candidate explanatory covariates were initially grouped into eight categories: spatial, 
temporal, underwater noise, physical, oceanographic, tidal variables, vessel traffic and those related 
to the construction of the NnG and Seagreen foundations (Figure 4-3). All covariates examined are 
detailed in Table A 11-1 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 harmonic analysis into tidal predictions. Data 
related to Sea Surface Temperature were obtained from National Oceanic and Atmospheric 
Association (NOAA) Coral Reef Watch (NOAA 2019) which utilises remotely sensed data, in-situ 
measurements and modelled data. Bathymetric data for the study region were obtained from GEBCO 
(2022) and combines measured and modelled depth data. Sunrise and sunset times were obtained 
from R package: ΨsuntoolsΩ (Bivand and Luque 2023).  

Vessel traffic data (Automatic Identification System (AIS)) were obtained from Anatec Ltd. Hourly 
vessel density and intensity were calculated as the mean number of instantaneous vessels per km2 
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 
EMODnet (2019). 

The two metrics were divided between construction and non-construction vessels based on 
information provided by the developer. Construction vessels included only those involved in wind 
farm foundation installation and excluded other vessels that may be associated with the wind farm 
such as crew transfer vessels.  

Data on construction vessels and the timing and duration of construction activities at NnG and 
Seagreen (suction, drilling, piling, UXO removal) were provided by the wind farm developers 
(NnGOWL, SWEL respectively). 

Although construction of a wind farm involves multiple activities, for the purposes of this report, the 
term construction refers specifically to the period of foundation installation. Construction logs 
detailing hours in which drilling, suction or piling took place were obtained from the developers. Other 
activities such as pre-construction surveys, UXO clearance, turbine and cable installations are not 
considered in this report. Distinctions are made between four construction phases: pre-construction 
(prior to foundation installation), construction with foundation installation, construction without 
foundation installation, and post-construction (following foundation installation).  
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Figure 4-3. Schematic overview of the covariates considered in the model. 

4.5.3 Statistical approach 

4.5.3.1 Aim of the modelling 

The aim of the modelling was to explore and identify spatial and temporal trends in detection of 
porpoises and dolphins across the 6-year period of monitoring from March 2019 to December 2024. 
Particularly, we aimed to explore whether the range of chosen covariates (including wind farm 
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 checks 

All data were collated to 1-hour 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 studied. Each 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 analysis. Additionally, 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 importance of that shared information. 

To minimise bias from small sampling periods, hours for which broadband recorders monitored for 
<15 out 60 minutes were removed from further analysis. To account for a decrease in cetacean 
detectability with an increase in ambient noise, we removed all hours collected at the time when 
significant wave heights >5 m 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 
recordings. This 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 to detect these spatial and 
temporal dependencies, leading to underestimated uncertainty in predictions and potentially 
incorrect conclusions about the significance of relationships in the data 

4.5.3.3 Modelling approach 

For both the porpoise and dolphin models, a range of Generalised Additive Models (GAM) and 
DŜƴŜǊŀƭƛǎŜŘ !ŘŘƛǘƛǾŜ aƛȄŜŘ aƻŘŜƭǎ όD!aaύ ǿŜǊŜ ŦƛǘǘŜŘ ǳǎƛƴƎ ǘƘŜ ΨƳƎŎǾΩ w ǇŀŎƪŀƎŜ ŀƴŘ ŦǳƴŎǘƛƻƴ bam 
(Wood 2023). The bam 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 minutes (PPM) per hour and dolphin presence/absence per hour (binary 
variable based on detections on either a POD or broadband recorder in a given hour) were used as 
response variables for the porpoise and dolphin models, respectively. Different response variables 
were chosen to reflect the data collection methods: porpoise data were recorded continuously (i.e., 
100% duty cycle), allowing 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 was not available. Additionally, 
dolphin presence was determined by combining 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 this 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 model (Figure A 13-1) and 
ǘŜǎǘƛƴƎ ŦƻǊ ȊŜǊƻ ƛƴŦƭŀǘƛƻƴ ǳǎƛƴƎ Ψ5I!waŀΩ ǇŀŎƪŀƎŜ (Hartig 2024), two model families were considered: 
poisson and Tweedie with logarithmic link function. The model diagnostics were better for the latter 
family and Tweedie using tw ŦǳƴŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ΨƳƎŎǾΩ ǇŀŎƪŀƎŜ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘŜ Ŧƛƴŀƭ ƳƻŘŜƭΦ ¢ƘŜ 
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, resulting in residual autocorrelation which violates a 
key assumption of a GAM. We used auto- and cross-correlation functions (acf and pacf functions from 
the R stat package (R-Core-Team 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 all recordings from a given acoustic recording station and a given day. 
Additionally, if applicable, we added either site as a random variable or a 2D interaction between 
latitude and longitude of each site to account for spatial autocorrelation. The latter was fitted using 
tensor product smooth (te) and thin plate regression splines (ōǎҐέǘǇέύΦ 

Fitting a correlation structure in bam requires manual specifications of the AR1 correlation parameter 
(rho). We, therefore, first fitted a full model without the correlation structure and used acf function 
to calculate rho. 

4.5.3.4 Model formulation, selection and diagnostics 

We fitted three different models for each studied group (porpoise and dolphin): i) model based on 
data from the entire monitoring period and including noise covariate(s) and therefore only including 
ǎƛǘŜǎ ŦƻǊ ǿƘƛŎƘ ǘƘƛǎ ŎƻǾŀǊƛŀǘŜ ǿŀǎ ŀǾŀƛƭŀōƭŜ όΨƴƻƛǎŜ ƳƻŘŜƭΩύΣ ƛƛύ ƳƻŘŜƭ ōŀǎŜŘ ƻƴ Řŀǘŀ ŦǊƻƳ ǘƘŜ ŜƴǘƛǊŜ 
monitoring period and including vessel related covariate(s) as a proxy for noise and therefore included 
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ŀƭƭ ǎƛǘŜǎ όΨǾŜǎǎŜƭ ƳƻŘŜƭΩύΣ ƛƛƛύ ƳƻŘŜƭ ōŀǎŜŘ ƻƴƭȅ ƻƴ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ Řŀȅǎ ǿƘŜƴ foundation 
ŎƻƴǎǘǊǳŎǘƛƻƴ ŀŎǘƛǾƛǘȅ ƘŀǇǇŜƴŜŘ όΨŎƻƴǎǘǊǳŎǘƛƻƴ ƳƻŘŜƭΩύΦ  

The aim of ǘƘŜ ΨƴƻƛǎŜ ƳƻŘŜƭΩ was to understand how underwater noise in particular affects detections 
of the two groups. The aim of the ΨǾŜǎǎŜƭ ƳƻŘŜƭΩ was to utilise all collected data to understand how 
the result change if more sites at various distance from the coast (ECOMMAS) are included. A model 
containing both noise and vessel metrics was not possible as these two covariates are highly 
correlated. The aim of the ΨŎƻƴǎǘǊǳŎǘƛƻƴ ƳƻŘŜƭΩ was to understand whether any changes in detection 
of porpoise/dolphins can be attributed to construction and how (or 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 A 11-1. Exploration of correlation between covariates (Figure A 13-2) led to grouping of the 
covariates into three categories: anthropogenic (ambient noise, construction and AIS), temporal 
(temporal, oceanographic, tidal), and static (spatial, physical) (Figure 4-3). We fitted a range of models 
where one or more (if not correlated) covariate from each group was added to the initial model. Some 
covariates had a large proportion of missing variables, either due to gaps in data collection or due to 
unavailability of this covariate for a time period or a location (Figure A 13-3). 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 (seasonal or diurnal) cycles, covariates related to noise or 
vessel activity, and presence of the other cetacean group. The dolphin model also included dolphin 
presence source (referred to as device setup) as a random covariate to account for variability in 
probability of detecting dolphins depending on whether data from only a POD, only a broadband 
recorder or both devices were available. 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, the distribution 
of residuals, tests for temporal autocorrelation using ΨDHARMaΩ R package (Hartig 2024)), visual model 
fit, deviance explained and/or Aikaike Information Criteria (AIC) 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 
concurvity between smooth terms using concurvity ŦǳƴŎǘƛƻƴ ŦǊƻƳ ΨƳƎŎǾΩ ǇŀŎƪŀƎŜΦ ±ŀǊƛŀōƭŜ ǿƛǘƘ ǾŀƭǳŜǎ 
>= 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. Factor ς smooth interactions were fitted using random wiggly curves 
όōǎҐέŦǎέύΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǇǊƻŘǳŎŜǎ ŀ ǎƳƻƻǘƘ ŎǳǊǾŜ ŦƻǊ ŜŀŎƘ ƭŜǾŜƭ ƻŦ ǘƘŜ ŦŀŎǘƻǊΣ ǘǊŜŀǘƛƴƎ ǘƘŜ ŎǳǊǾŜǎ ŀǎ 
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 covariate at the time and noted the difference in 
deviance explained between final and each of the reduced model.  
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5 Results 
This section summarises the results in the context of project objectives. The results in in the context 
of NnG and Seagreen PEMPs are summarised in Appendix 6.  

5.1 Detected cetacean presence 

Both dolphins and porpoises were recorded at each monitoring site. There was considerably fewer 
dolphin detections compared to porpoise detections, and this trend was valid for all monitoring 
stations (Figure 5-1, Figure 5-3). Dolphins were recorded mainly closer to the coast whereas porpoises 
were present throughout the study site (Figure 5-1, Figure 5-2). 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 ς June for most monitoring years and sites. The cyclic pattern for dolphins was not so 
pronounced. For the ECOMMAS sites where dolphins were detected most frequently (STA10, ARH10, 
ABB05, SHV05), the peak detections occurred in autumn months (September ς November) (Figure 
5-2). The SG sites located further offshore showed peak occurrence of dolphins in April-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 (Figure 5-3). Hence, the acoustic detection of dolphins was primarily based on 
whistle detections from broadband recorders.  

 

Figure 5-1. Proportion of dolphin/porpoise positive hours recorded throughout the monitoring period. For dolphins, only 
data from broadband recorders are shown. NA for both groups refers to either periods when data were not collected or 
to a site which did not collect the data (sites without a broadband recorder). Note that jitter was added to the 
coordinates of each pie chart to improve visibility.  
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Figure 5-2. 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 are shown here. On each panel, monitoring 
sites are ordered from closest (bottom) to further away from the coast.  
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Figure 5-3. 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 August 2023 (Figure 5-4) 
with the majority of drilling activities happening in the second half of 2020, the first half of 2021, the 
second half of 2022 and in 2023. Foundation construction at Seagreen commenced in October 2021 
and finished in April 2023 (Figure 5-4). Piling occurred only for 8 days at this wind farm in December 
2021. The simultaneous construction of both wind farms only occurred in 2022 and 2023. There 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) pre-construction: time from the start of the 
monitoring period to the first day of construction, ii) construction on: days in which there was 
construction of a given type, iii) construction off: a period longer than 24h when no construction took 
place, iv) post-construction: time from the last day of construction to the end of the monitoring period.  
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Figure 5-4. Construction activities at the two wind farms: suction and piling at Seagreen (green and purple) and drilling 
at NnG (orange). Light blue shades depict pre- and post-construction periods.  

5.2.2 Underwater noise 

The following sub-sections are split into (1) general spatio-temporal variations in measured 
underwater noise during this study and (2) noise associated with specific construction activities 
(drilling, suction caissons, and piling activities). The results focus on the decade band ranging between 
0.1 and 1 kHz because of the frequency overlap with vessel- and construction-related noise. It must 
be emphasized that the precision of the hydrophones deployed can be usually within ± 1 dB, therefore 
the reported noise levels were rounded up to the closest integer. For further details on underwater 
noise, including summaries on noise in 10 and 48 kHz band, please see Appendix 4 (section 12). 

5.2.2.1 General spatio-temporal patterns in SPLs  

Figure 5-5 provides an overview of the measured underwater noise levels in the 0.1 ς 1 kHz frequency 
band for all the stations and monitored years. The ECOMMAS sites exhibited an increase in median 
L50 SPLs between 2021 and 2023, but absolute noise levels were generally the lowest compared to 
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NnG and Seagreen PAM locations, ranging between 93 and 118 dB. At NnG, the median L50 SPL 
remained relatively stable from 2019 to 2024, ranging from 110 to 121 dB, whereas at Seagreen, there 
was an increase in median L50 SPLs between 2022 and 2024, with median L50 SPL across all years 
ranging from 104 to 127 dB in the 0.1 - 1 kHz frequency band. Comparable spatiotemporal trends were 
also observed in in 10 and 48 kHz band (Figure A 12-1). 

Figure 5-5. Annual variation of L50 sound pressure levels in the 0.1 ς 1 kHz frequency band recorded at monitoring 
stations within the ECOMMAS monitoring site and two offshore wind 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 available 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 median L50 SPL 
in the 0.1 ς 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: 

i. Noise levels during construction hours on construction days with all hours on non-
construction days within the same month; 

ii. Noise levels during non-construction hours on construction days with all hours on non-
construction days within the same month; 

iii. Noise levels during construction hours with non-construction hours on the same construction 
days. 

 

5.2.2.2.1 Drilling 

To quantify changes in noise attributable to drilling we compared days of construction period of 
October ς December 2022 with non-construction days in the same months at the NnG monitoring 
sites.  

i. The drilling hours had a consistently higher median L50 SPL in the 0. 1 ς 1 kHz frequency band, 
with the median of drilling hours being 5 dB higher on average than hours from days with no 
drilling activity (range 2 ς 14 dB depending on the site and month) (Figure 5-6). 

ii. The median L50 SPL remained elevated in the non-drilling hours on drilling days, although the 
difference between drilling and non-drilling days became less pronounced (particularly in 
November 2022); However, on drilling days, the non-drilling hours were on average 3 dB 
higher than hours from days with no drilling activity, thus suggesting that the 5 dB increase 
during drilling operations may have been a result of a combination of sound sources, both 
drilling- and non-drilling-related (Figure A 12-2). 

iii. Focusing on days with drilling activity only, an overall difference in the median L50 SPL of 2 dB 
was observed. However, these differences were station and month-specific and in the month 
of November differences in the median L50 SPL of 11 and 12 dB were observed at NnG02 and 
NnG03 (Figure A 12-3). 
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Figure 5-6. The comparison of the L50 SPL in the 0.1 ς 1 kHz frequency band during three months of construction 
(October, November and December 2022) at the NnG monitoring sites. Only drilling hours from drilling days are retained 
ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ όά5Ǌƛƭƭέ ŎŀǘŜƎƻǊȅύ ŀƴŘ ǘƘŜǎŜ ŀǊŜ ŎƻƳǇŀǊŜŘ ǘƻ ƴƻƴ-drilling hours from days where there was no 
construction in the same month όάbƻ ŘǊƛƭƭέ ŎŀǘŜƎƻǊȅύΦ ¢ƘŜ ǎŀƳǇƭŜ ǎƛȊŜ όƴǳƳōŜǊ ƻŦ ƘƻǳǊǎ ǿƛǘƘƛƴ ŜŀŎƘ ǎƛǘŜ ŀƴŘ ŎŀǘŜƎƻǊȅύ ƛǎ 
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 October ς December 2022 with non-construction days in the same months at the Seagreen 
monitoring sites.  

i. The suction hours had a consistently higher median L50 SPL in the 0. 1 ς 1 kHz frequency band, 
with the median of suction hours being 3 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 site (Figure 5-7).  

ii. On suction days, the non-suction hours exhibited higher median L50 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 suction- and non-suction-related 
(Figure A 12-4).  

iii. When only construction days on which suction occurred are considered, the median L50 SPL of 
suction hours was 1 dB higher than during non-suction hours, which is within the precision of 
the hydrophones (Figure A 12-5). 
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Figure 5-7. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during three months of construction 
(October, November and December 2022) at the Seagreen monitoring sites. Only suction hours from suction days are 
ǊŜǘŀƛƴŜŘ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ όά{ǳŎǘƛƻƴέ ŎŀǘŜƎƻǊȅύ ŀƴŘ ǘƘŜǎŜ ŀǊŜ ŎƻƳǇŀǊŜŘ ǘƻ ƴƻƴ-suction hours from days where there was 
no construction in the same month όάbƻ ǎǳŎǘƛƻƴέ ŎŀǘŜƎƻǊȅύΦ ¢ƘŜ ǎŀƳǇƭŜ ǎƛȊŜ όƴǳƳōŜǊ ƻŦ ƘƻǳǊǎ ǿƛǘƘƛƴ ŜŀŎƘ ǎƛǘŜ ŀƴŘ 
category) is displayed above the bars. 

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 compared piling days of December 2021 with non-piling days from the same month 
at the Seagreen monitoring sites. 

i. Median L50 SPL of piling hours was 18 dB higher than non-piling hours from non-piling days, 
making this activity the loudest out of all construction types. This was particularly pronounced 
at the SGR04 and SGR05 stations (the two within the OWF array area, 22 and 16 km away 
from the piling location, respectively), where the difference was 27 dB and 25 dB at these 
stations.  (Figure 5-8).  

ii.  If piling hours are removed from the piling days, then the noise levels of piling days become 
almost identical to the noise levels on non-piling days, with a difference in median L50 SPL of 
1 dB). This indicates that it was the piling activity itself driving the increase in noise levels on 
piling days and not associated vessel activity (Figure A 12-6).  

iii. There was a 17 dB difference in median L50 SPL between piling and non-piling hours. This 
difference was greatest at SGR04 and SGR05, the stations within the wind farm (25 dB and 22 
dB respectively (Figure A 12-7). 
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Figure 5-8. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during the month of December 2021 at the 
Seagreen monitoring sites. Only piling hours from piling days are retained in the analysis (άtƛlingέ ŎŀǘŜƎƻǊȅύ ŀƴŘ ǘƘŜǎŜ 
are compared to non-piling hours from days where there was no piling activity in the same month όάbƻ pilingέ ŎŀǘŜƎƻǊȅύΦ 
The sample size (number of hours within each site and category) is displayed above the bars. 

5.2.2.2.4 Summary 

The median L50 SPL in the 0.1 ς 1 kHz frequency band for all activity types is summarized in Table 5.1. 
Drilling and suction hours exhibited a 3-5 dB increase compared to non-construction days, whereas 
piling exhibited an 18 dB increase.  

Table 5.1. Median L50 sound pressure levels (SPLs) in the 0.1 ς 1 kHz frequency band for construction and non-
construction hours or days for three activity types. Note the construction period is Oct-Dec 2022 for NnG Drilling and 
Seagreen suction, December 2021 for Seagreen Piling. 

Construction 
Site and 
Activity 

Median L50 SPLs 
(Construction hours on 
construction days, dB) 

Median L50 SPLs 

(Non-construction hours 
on construction days, dB) 

Median L50 SPLs  

(Non-construction days, 
dB) 

NnG Drilling 123 121 118 

Seagreen 
Suction 

120 118 116 

Seagreen 
Piling  

132 115 114 

5.2.2.3 AIS 

The highest vessel density and intensity has been in the more coastal waters (and around harbours), 
and this trend has not changed across the monitoring years (Figure A 11-5, Figure A 11-6). Vessel 
intensity increased at both OWFs between 2022 and 2024 both for the construction and non-
construction related vessels (Figure A 11-5, Figure A 11-6), as well as for all vessels combined (Figure 
5-9). Vessel intensity at the ECOMMAS sites did not show changes in between the years.  
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Figure 5-9. 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 density. Loudest 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 span of underwater noise indicating 
no clear correlation between vessel density and underwater noise (Figure A 12-1, Figure A 12-2).  

5.3 Modelling 

For both species, the noise and vessel models are presented below, and the construction models are 
presented in section 13.  
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5.3.1 Porpoise models 

Diagnostic plots for each model are presented in Figure A 13-5, Figure A 13-6, Figure A 13-7. 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 importance of variables in 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 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 porpoise detections. Time of year (represented by Julian Day) and time of day (day-night 
index) were the next most influential covariates, followed by the presence of dolphins in the same 
period. Noise levels or the density of vessels (depending on the model), the state of tide (tide index), 
presence of construction activities and construction phase explained <1% each (Table 5.2, Figure 5-10, 
Figure 5-11). 

All the covariates which were retained both in the vessel and noise models, showed the same patterns 
in the two models (Figure 5-10, Figure 5-11):   

¶ Porpoises were detected throughout the entire study area and there was no clear pattern in 
between construction phases in spatial distribution. Spatial patterns had the largest deviance 
explained.   

¶ Porpoises were detected less during April ς September and less during the day than during 
nighttime. Porpoise detections decreased when dolphins were present. These three 
covariates explained cumulatively 6 and ~8% of deviance in the noise and vessel models 
respectively.  

¶ There was an observed decrease in porpoise detections when both wind farms were 
constructed simultaneously but not when each was constructed separately, but this covariate 
explained <1% deviance.  

¶ There was no difference in porpoise detections in between the construction phases. 

Porpoise detections decreased with an increase in underwater noise (L50 0.1 ς 1 kHz) and this 
relationship was similar for all construction phases (including pre- and post-construction). The large 
decrease in porpoise detections with underwater noise for the post-construction phase was largely 
driven by periods >140 dB. Such levels were not recorded during other phases (Figure 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 vessels/km2/h which was not 
common for any phase (Figure 5-10).  

When the model was fit to data from days when construction activity occurred, spatial, temporal and 
environmental variation have the strongest influence on porpoise detections (Figure A 13-11, 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 at Seagreen happened and decrease when drilling 
happened at NnG but these patterns explained <1% of deviance. This indicates that at the spatial and 
temporal resolutions evaluated, specific construction activities did not have a discernible impact on 
porpoise presence.  
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Table 5.2. 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 therefore L50 SPL 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. The F-statistic 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 between different types of 
variables or interactions). p-values 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 variation). Note 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 model covariates which 
were not significant. Degrees of freedom (edf) reflect the complexity of each variable's relationship with the response - values close to 1 
indicate a simple linear relationship, while higher values suggest more complex, non-linear patterns, common for interactions. 

  Covariate F p (e)df Approx. deviance explained [%] 

(i)
 

no
is

e 
m

od
el 

(Lon,Lat) * phase 253.6 <0.05 47 9 

Julian 2090.6 <0.05 6 3 

Day-night index 1602.5 <0.05 2 2 

Dolphin presence 414.3 <0.05 1 1 

L50 SPL in the 0.1-1 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 

 (i
i) 

ve
ss

el
 m

od
el 

(Lon,Lat) * phase 6326.0 <0.05 64 7 

Julian 3170.4 <0.05 6 7 

Day-night 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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Figure 5-10 (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 holding the other variables constant. Values above orange horizontal line show an increase in 
detections and below, decrease. The points above the x-axis, in noise plot, are a rug plot, indicating the spread of noise 
values in the raw data used to fit the model. (B) Enlarged predicted partial effect of latitude and longitude on porpoise 
positive minutes as a function of construction phase (pre, construction-on, construction-off or post). Darker blue indicates 
lower detections, yellow increase in detections. 
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Figure 5-11 (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 holding the other variables constant. Values above orange horizontal line show an increase in 
detections and below, decrease. The points above the x-axis, in noise plot, are a rug plot, indicating the spread of noise 
values in the raw data used to fit the model. (B) Enlarged predicted partial effect of latitude and longitude on porpoise 
positive minutes as a function of construction phase (pre, construction-on, construction-off or post). Darker blue indicates 
lower detections, yellow increase in detections. 
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5.3.2 Dolphin models 

Diagnostic plots for each model are presented in Figure A 13-8, Figure A 13-9, and Figure A 13-10. 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 than in case 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 (represented by Julian Day), and time of day (day-night index) were 
the next most influential covariates but they 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 the duration of vessels (depending on the model),  presence of construction activities and 
construction phase explained <1% each (Table 5.3, Figure 5-12, Figure 5-13). 

All the covariates which were retained both in the vessel and noise models, showed the same patterns 
in the two models (Figure 5-12, Figure 5-13):   

¶ Dolphin presence was generally highest at coastal sites and declined with increasing distance 
offshore, including in areas adjacent to the wind farm developments. This spatial trend was 
broadly consistent across construction phases.  

¶ 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 effect on dolphin 
presence, whereby dolphin presence was highest around low tide. Dolphin presence was 
inversely correlated with porpoise presence. These four covariates explained cumulatively 
<3% of deviance.  

¶ There was no difference in dolphin detections in between the construction phases, and 
whether construction happened at individual wind farms or simultaneously. These two 
covariates explained <1% deviance each.   

Noise levels in the 0.1 - 1 kHz frequency band interacting with construction phase had 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 post-construction phase where some 
hours were atypically loud (as shown by the rug plot). It is not possible to discern whether the reduced 
detections resulted predominantly from behavioural responses or reduced detectability in high noise 
(Figure 20, Table 5.3).  

Cumulative vessel duration within 3 km of the PAM stations had no significant effect on dolphin 
presence and did not vary between construction phases (Figure 21, Table 5.3). 

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 presence (Table A 13-1, Figure A 
13-12). Specifically, distance to NnG and distance to Seagreen were the most influential predictors. 
Dolphin presence was lowest near the wind farms and generally increased with increasing distance 
from both NnG and Seagreen. This suggests that the observed spatial gradients reflect broader habitat 
preferences (e.g. toward coastal sites which are inherently further from the wind farm sites), rather 
than responses to foundation construction. Consistent with the previous models, temporal trends of 
higher dolphin detections during summer months, during nighttime, and when porpoises were not 
present were also observed. There was no significant effect of the presence of drilling at NnG or 
suction at Seagreen indicating that the specific construction activities did not have a discernible impact 
on dolphin presence. 
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Table 5.3. 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 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, and (iii) construction model based only on data during foundation construction. Covariates are presented in 
order from the highest deviance explained to the lowest deviance explained.  

Variables with p < 0.05 are considered statistically significant. The F-statistic 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 between different types of 
variables or interactions). p-values 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 variation). Degrees of freedom (edf) reflect the 
complexity of each variable's relationship with the response - values close to 1 indicate a simple linear relationship, while higher values 
suggest more complex, non-linear patterns, common for interactions. 

  Covariate Chi. sq p (e)df Approx. deviance explained [%] 

(i)
 

no
is

e 
m

od
el 

(Lon,Lat) * phase 7790.0 0.36 36 14 

Day-night 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 

Construction presence 7.4 0.06 3 <1 

Construction phase 0.2 0.97 3 <1 

L90 noise in 0.1-1 kHz band * phase 203.1 <0.05 9 <1 

Full model    23 

 (i
i) 

ve
ss

el
 m

od
el 

(Lon,Lat) * phase 10633.3 <0.05 46 19 

Day-night 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 

Construction presence 14.7 0.06 3 <1 

Cumulative vessel duration within 
3km * phase 

0.0 0.87 0 <1 

Construction phase 0.3 0.95 3 <1 

Full model    27 



 

 

37 

 

TITLE: EFFECT OF CONSTRUCTION OF OWF IN THE FORTH AND TAY 
DATE: NOVEMBER 2025 
REPORT CODE: SMRUC-FAT-2025-022 

 

Figure 5-12 (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 holding the other variables constant. Values above orange horizontal line show an increase in 
detections and below, decrease. The points above the x-axis, in noise plot, are a rug plot, indicating the spread of noise 
values in the raw data used to fit the model. (B) Enlarged predicted partial effect of latitude and longitude on porpoise 
positive minutes as a function of construction phase (pre, construction-on, construction-off or post). Darker blue indicates 
lower detections, yellow increase in detections. 
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Figure 5-13 (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 holding the other variables constant. Values above orange horizontal line show an increase in 
detections and below, decrease. The points above the x-axis, in noise plot, are a rug plot, indicating the spread of noise 
values in the raw data used to fit the model. (B) Enlarged predicted partial effect of latitude and longitude on porpoise 
positive minutes as a function of construction phase (pre, construction-on, construction-off 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 in all the models and for both species groups, indicating that patterns in 
dolphin and porpoise presence and detections are primarily driven by natural and environmental 
variation at the spatial and temporal scales evaluated in this study. Specific construction activities did 
not have a discernible impact on dolphin and porpoise detections. 

6 Discussion 
This study offers a rare, long-term, and spatially extensive analysis of the effects of offshore wind 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 under-studied drilling and suction bucket caisson installation methods. The inclusion of 
pre-, during-, and post-construction phases across two concurrently constructed wind farms allows 
for a more 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 long-term monitoring in this study also allowed for detailed evaluation of inter-annual and inter-
seasonal occurrence of the two cetacean groups studied.  

Detailed description of the study findings in the context of Seagreen and NnG PEMPs are provided in 
Appendix 6. 

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) 0.1 - 1 kHz (drilling, 
suction, vessel) and 2) 10 - 48 kHz (echosounders and vessel 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 0.1 ς 1 kHz frequency band during hours with piling compared 
to baseline (all hours from non-piling days in the same months when construction happened) was 18 
dB and reached a maximum of 25 dB inside of the wind farm array. This increase was 3-5 dB for drilling 
activity at NnG but varied between months and stations and reached a maximum increase of 14 dB.  
Suction caisson installation at Seagreen resulted also in a 3-5 dB increase from baseline for sites within 
the wind farm array area.  

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

Impact piling remains the most extensively studied source of construction-related underwater noise, 
with previous research showing harbour porpoise displacement from piling sites (Brandt et al. 2018, 
Rose et al. 2019, Brown et al. 2023, Benhemma-Le Gall et al. 2024). Minor changes in bottlenose 
dolphin presence during pile driving have been recorded (Graham et al. 2017), but 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 driving.  In our study, piling activity was limited to the 
installation of a single offshore substation platform at Seagreen.  
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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 the 0.1ς1 kHz frequency band. These 
changes were spatially variable, but most pronounced at stations within and closest to the wind farm 
array areas. The SPL increases associated with suction and drilling were generally much lower than 
those from piling and comparable to differences in SPL in-between monitoring sites and years far from 
the construction sites (ECOMMAS).  

Decibels are logarithmic; therefore, a 3 dB increase means a doubling of acoustic intensity, and a 5 dB 
increase represents about a 3.2-fold increase in acoustic intensity. While this change is modest 
compared to the tens of decibels associated with pile-driving (this study) or large vessel passages 
(Hildebrand 2009, Merchant et al. 2014), it represents a detectable elevation in background levels. 
Such an increase is within the range of natural variability. In many offshore environments, short-term 
natural fluctuations in ambient noise (e.g., due to wind, rain, wave action) can be on the order of 3ς
10 dB or more, particularly in low-frequency bands (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 non-construction periods should be interpreted with caution, as the true change may be slightly 
over- or underestimated.  

Among all monitoring projects, the ECOMMAS sites monitored in this study were the quietest overall, 
yet they were the only locations where an increase in L50 SPL in the lower-frequency band was 
observed across monitoring years. Although vessel intensity at ECOMMAS sites were 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 density or intensity and L50 SPL across both frequency bands. 

In 2024, south of Seagreen, a series of geophysical surveys were carried out in relation to the Berwick 
Bank offshore wind farm. Comparison of the recorded noise levels with the geophysical survey dates 
provided by the Developer (SSE Renewables) indicated 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 soundscape in construction areas and the contribution of multiple 
anthropogenic activities to it.  

6.2 Baseline levels of detections of vocalising marine mammal  

Dolphin presence showed a strong spatial pattern where detections were highest at coastal sites. In 
contrast, porpoises were detected across the study area and displayed less of a predictable spatial 
pattern with increased detections further offshore than dolphins. The described differences in spatial 
distribution of the two groups are consistent with known habitat preferences (Arso Civil et al. 2019, 
Gilles et al. 2025). 

Both porpoise and dolphins showed strong seasonal cycles, with consistent declines in the summer 
months between AprilςSeptember across all years for porpoises and the opposite pattern for dolphins, 
with peak of occurrence in the summer months between April-September. These seasonal patterns 
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, Benhemma-Le Gall and Cheney 2025). 

Our study also reaffirmed previously reported patterns of interspecies interactions. In particular, the 
presence of porpoise was negatively correlated with dolphin detections, suggesting competitive or 
avoidance behaviour (Gutiérrez-Muñoz 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 Introduction). Spatial autocorrelation and tide-related 
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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 above-mentioned temporal and spatial patterns were affected 
by the monitoring phase (pre-, during-, and post-construction). These natural (baseline) temporal and 
spatial patterns showed highest explanatory power suggesting being 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, vessel presence, 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 both wind farm sites. 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 wind farms (meters to few 
kilometres). Our analysis was not designed to look at small-scale effects of construction such as 
animals leaving the footprint of the wind farms 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 to study a small scale effect, a network of 
monitoring sites closer to the wind farms would be needed (Graham et al. 2019, Chudzinska and 
Thomas 2023). For a full understanding of the effect of construction, analysis at both small and 
regional scale is needed and this study is one of the few addressing the latter.  

Incorporating three model typesτnoise-, vessel-, and construction-specificτenabled detection 
trends to be compared across differing spatial and temporal contexts. Although the models differed 
in sample size due to missing data and design constraints, they yielded 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 the dominant factors affecting porpoise and 
dolphin occurrence were natural spatio-temporal and environmental factors (including the influence 
of the presence of each species on one another, with dolphins likely having negative affect on porpoise 
presence), rather than anthropogenic influences. While drilling at NnG and suction bucket caisson 
installation at Seagreen modestly elevated underwater noise levels  (3-5 dB) 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 
construction-related variables explained <1% of the variance in detections compared to natural 
covariates. These findings demonstrate that the construction activities at both wind farms did not 
cause significant displacement or alteration in the distribution of harbour porpoises or dolphins at the 
regional scale. As such, this study fulfils the requirements of the PEMP objective relating to marine 
ƳŀƳƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ōȅ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘŜǘŜǊƳƛƴƛƴƎ άwhether there are any significant changes in the 
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distribution or abundance of marine mammals within the wind farm area and adjacent waters pre and 
during constructionέ. 

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

The long-term 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 well as consistent 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 ς ongoing; Arso et al. 2019, Cheney et al. 2024, Arso Civil et al. 2025). Since 
2020, photo-identification 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 level. However, 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 phases, passive 
acoustic monitoring at the regional scale identified that the effects of construction on dolphins were 
benign. As dolphins were not identified to species level, this conclusion is based on the group as a 
whole. The main construction activities occurred outside the key habitat for bottlenose dolphins. 
Whilst many past passive acoustic studies 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 study adds to the bottlenose dolphins photo ID information by examining presence across a 
range of temporal (seasonal and diel) and spatial (inshore vs offshore) scales. As such, these studies 
combined fulfil the requirements of the PEMP objective άƛƳǇǊƻǾƛƴƎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ōƻǘǘƭŜƴƻǎŜ 
ŘƻƭǇƘƛƴ ǇƻǇǳƭŀǘƛƻƴ ǳǎŜ ƻŦ ǘƘŜ CƻǊǘƘ ŀƴŘ ¢ŀȅ wŜƎƛƻƴέ. 

6.6 Future work recommendations 

The primary aim of this study was to understand regional scale spatio-temporal changes in marine 
mammal detections associated with natural and anthropogenic activities. The PAM study comprised 
of sets of arrays distributed across the study area, with the nearest hydrophone positioned 920 m 
from any construction site. Consequently, this study was not designed to assess small-scale 
construction effects. 

Harbour porpoise response probability to impact pile driving is 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 compared to impact piling, we would expect 
different deterrence and dose-response functions for these activities, with the highest response 
probabilities occurring even closer to construction sites. However, only 23% of monitoring hours 
during drilling and 8% during installation of suction caissons occurred 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. Establishing deterrence and dose-response functions or understanding small-scale effects of 
these construction methods would 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 consideration a 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 
conducted to 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 (ADDs) (Dähne et al. 2017, Thompson et al. 2020, 
Benhemma-Le Gall et al. 2021, Voss et al. 2023, Benhemma-Le Gall et al. 2024). While small-scale 
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 
population-level effects. Thus, effective collaboration across projects is essential to effectively assess 
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 activities). Evaluating 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 may temporarily 
increase their presence in the vicinity of Project B, where construction has already concluded. Such 
increase in marine mammal presence would not represent a genuine post-construction return to 
baseline conditions at Project B, but rather a redistribution driven by ongoing disturbance elsewhere. 
Integrated, strategic monitoring is therefore required to accurately interpret responses and support 
robust assessment of inter-related and cumulative effects. 

While our results suggest benign effects of construction on dolphins, most construction activities 
occurred offshore, beyond the key habitat of the east coast bottlenose dolphin population in the Tay 
and Forth area. A comprehensive understanding of construction impacts on this marine mammal 
group would require studies with greater spatio-temporal 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 whistles. Whistles are often crucial for detecting 
delphinids because many species vocalize with whistles for social communication and may not 
echolocate continuously. Studies deploying PODs alongside full-bandwidth recorders have similarly 
found that full-bandwidth devices detect significantly more vocalizations (whistles plus clicks) than 
click-only detectors (Garrod et al. 2018).  

Moreover, full-bandwidth recorders allow post hoc manual or software-based 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 repertoire are important 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 delphinidsτespecially if the aim is to track presence, social 
behaviour, communication, or habitat useτit is essential to include broadband recorders to capture 
whistle vocalizations. Reliance solely on PODs risks underestimating delphinid activity, potentially 
biasing inferences about their abundance or behaviour. 
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9 Appendix 1 ð Studied species 

9.1.1 Harbour porpoise 

Harbour porpoise was the most commonly identified cetacean during historic aerial and boat-based 
surveys in the wider Firth of Forth and Tay region between 2009 and 2023 (Grellier and Lacey 2011, 
Sparling 2012, Mainstream Renewable Power 2019, RPS 2022, RPS Energy 2024). Across all surveys, 
including those carried out within the Seagreen and NnG array areas, harbour porpoise counts were 
consistently higher during the summer months. Harbour porpoise presence in the Moray Firth was 
found to be habitat-specific, with individuals more frequently detected at night in deeper, muddy 
areas, and during the day in shallower, sandy habitats (Williamson et al. 2017). Their spatiotemporal 
distribution may be driven by foraging which is considered to increase at nighttime (Todd et al. 2009, 
Brandt et al. 2014, Williamson et al. 2017, Williamson et al. 2021). Diel hour was also found to be the 
most significant covariate with increased detection probability around dawn and dusk in the dynamic 
tidal environments (Benjamins et al. 2017). Further studies indicated that mean water depth, sea state 
and month as environmental variables have the greatest influence on harbour porpoise occurrence 
(Gutiérrez-Muñoz et al. 2021). Additionally, harbour porpoises have been found to exhibit reduced 
occurrence in the presence of dolphins, and even in the 2ς3 hours preceding dolphin detections, 
suggesting that they may anticipate dolphin arrival (Gutiérrez-Muñoz 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 offshore (Grellier and 
Lacey 2011). No sightings were reported during boat-based surveys for Seagreen and NnG, or aerial 
surveys for Ossian, all of which focused on array areas located further from the coast (Sparling 2012, 
Mainstream Renewable Power 2019, RPS Energy 2024). This is consistent with expectations, as 
ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴǎ ƻƴ {ŎƻǘƭŀƴŘΩǎ Ŝŀǎǘ Ŏƻŀǎǘ3 (outside the Moray Firth) are typically encountered in 
waters less than 20 m deep and within 2 km of the coast (Quick et al. 2014). Over the past decade, 
ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴǎ ŀƭƻƴƎ {ŎƻǘƭŀƴŘΩǎ Ŝŀǎǘ Ŏƻŀǎǘ ƘŀǾŜ ŜȄǇŀƴŘŜŘ ǘƘŜƛǊ ǊŀƴƎŜ ǎƻǳǘƘǿŀǊŘ ŦǊƻƳ ǘƘŜ aƻǊŀȅ 
Firth, with the proportion using the Tay estuary and adjacent coastal waters increasing from 52% 
(2009 - 2012) to 79% (2020 - 2023) (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 summer (Arso 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 (Fernandez-Betelu 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 tide (Fernandez-Betelu et al. 2019). This aligns with findings from Mendes 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 seasonal availability of prey (Pirotta et al. 2014, 

 

3 This refers to an 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 between offshore groups and those occurring in coastal waters remains uncertain (Cheney 
et al. 2013). 
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Fernandez-Betelu 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 variables (Pirotta et al. 2014). 

9.1.3 White-beaked dolphin 

During the historic aerial surveys of the wider Firth of Forth and Tay region, white-beaked dolphins 
were encountered in both, inshore and offshore waters, although most encounters were recorded 
offshore (Grellier and Lacey 2011). During Seagreen array area boat-based surveys, white-beaked 
dolphins occurred mostly further offshore and a peak in sightings and therefore density, was apparent 
to the north-east of the survey area (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 2019). The historic surveys corroborated findings of Weir et al. (2007), 
showing that white-beaked 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 Energy 2024). The 
presence of white-beaked dolphins recorded during the Seagreen and NnG array area surveys, 
coupled with the absence of bottlenose dolphin sightings over the 24-month survey period, indicates 
that in the wider Firth of Forth and Tay region white-beaked dolphins are more likely to be 
encountered offshore than bottlenose dolphins. 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 abundance (Canning et al. 2008). Across the UK, white-beaked 
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 northward (Canning 
et al. 2008, MacLeod et al. 2008, Ijsseldijk et al. 2018). Studies also found a significant effect of sea 
depth, slope and aspect on the presence of this species (Weir et al. 2007, Canning et al. 2008). 
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10 Appendix 2 ð Mooring schematics 

 

Figure A 10-1. Mooring schematics following the design by Quer et al. (2023). 
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11  Appendix 3 ð Covariates 

11.1 Summary of covariates 

Table A 11-1. 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 

Variable  Description  
Source or 
further 
information 

Source resolution Values 1  Type  

Cetacean presence (response variables) 

Porpoise detection 
positive minutes per 
hour (DPMph)  

Minutes per hour where 
porpoises were detected (for 
CPOD/FPODs) 

CPOD/FPOD  NA 0 - 60 
Continuous: 
integer 

Dolphin detection 
positive minutes per 
hour (DPMph)  

Minutes per hour where 
dolphins were detected (for 
CPOD/FPODs) 

CPOD/FPOD NA 0 - 60 
Continuous: 
integer 

Porpoise detection 
positive hour (DPH)  

Binary variable indicating 
whether porpoises were 
detected in a given hour  

CPOD/FPOD  NA 0 / 1 Binary  

Dolphin detection 
positive hour (DPH) 
from CPOD/FPOD 
only  

Binary variable indicating 
whether dolphins were 
detected in a given hour  

CPOD/FPOD NA 0 / 1 Binary 

Dolphin detection 
positive hour (DPH) 
from logger data 
only  

Binary variable indicating 
whether dolphins were 
detected in a given hour 

Broadband 
recorder 

NA 0/1 Binary 

Dolphin detection 
positive hour (DPH) 
from CPOD/FPOD 
and logger data 
combined  

Binary variable indicating 
whether dolphins were 
detected in a given hour on any 
device (POD or logger) 

CPOD/FPOD or 
logger 

NA 0/1 Binary 

Monitoring effort 

POD recording 
minutes  

Minutes per hour CPOD/FPOD is 
on and recording i.e. monitoring 
effort 

CPOD/FPOD NA 0 - 60 
Continuous: 
integer 

Broadband recorder 
recording minutes  

Minutes per hour logger is on 
and recording (maximum value 
20 minutes due to duty cycle of 
the loggers) 

Broadband 
recorder 

NA 0 - 20  
Continuous: 
integer 

Time lost  
Seconds per hour that the POD 
device was not recording 

CPOD/FPOD NA 0 ς 3547.8 
Continuous: 
non-integer  

Device setup 

Whether a logger/POD or both 
devices were deployed. Used to 
control for effort in the dolphin 
model as detections may be 
more likely when both devices 
were deployed simultaneously. 

NA NA 
POD/Broadband 
recorder/Both 

Categorical: 
factor 

Spatial  

Site Hydrophone location  NA NA 

NnG01-04; 
SGR01-05; 
ABB05, ABB10, 
ABB15; 
STA05, STA10, 
STA15; 
SHV05, SHV10, 
SHV15; 

Categorical: 
factor 
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Variable  Description  
Source or 
further 
information 

Source resolution Values 1  Type  

ARH05, ARH10, 
ARH15 

Longitude (°) 
PAM device (Broadband 
recorder/CPOD/FPOD) 
deployment longitude  

NA NA 
-2.88461 ς 
- 1.66721 
 

Continuous: 
non-integer 

Latitude (°) 
PAM device (Broadband 
recorder/CPOD/FPOD) 
deployment latitude 

NA NA 
55.92898 -
56.98067 

Continuous: 
non-integer 

Distance to shore 
(km) 

Shortest distance from 
hydrophone location to 
coastline 

Section 11.1.1 NA 0.5 - 48.7 
Continuous: 
non-integer  

Distance to nearest 
wind farm (km) 

Distance from each PAM 
deployment to the edge of the 
closest wind farm. Deployments 
inside the wind farm have 
distance set to zero 

Calculated in R NA 
0.00 ς 64.56 
 

Continuous: 
non-integer 

Distance to NnG 
(km) 

Closest distance from PAM 
device to NnG wind farm area 

Calculated in R NA 0.00 ς 76.18 Continuous 

Distance to Seagreen 
(km) 

Closest distance from PAM 
device to Seagreen wind farm 
area 

Calculated in R NA 0.00 ς 66.70 Continuous 

Temporal 

Year  Year of sampling  NA Temporal: Yearly 2019 - 2024  
Continuous: 
integer  

Month Month of the year NA Temporal: Monthly 1 - 12 
Continuous: 
integer  

Julian day  Day in Julian calendar  NA Temporal: Daily 1 - 366  
Continuous: 
integer  

Hour of day  Hour of the day in local time  NA Temporal: Hourly 0 - 23  
Continuous: 
integer  

Time since sunrise 
(h) 

Time since last sunrise in hours 
Suntools; 
Section 11.1.2 

Temporal: Hourly 0 - 24 
Continuous: 
non-integer 

Time to sunset (h)  Time to next sunset in hours 
Suntools; 
Section 11.1.2 

Temporal: Hourly -16.6 ς 17.1 
Continuous: 
non-integer 

Day length (mins) 
Time interval between sunrise 
and sunset on a given day in 
minutes 

Suntools; 
Section 11.1.2 

Temporal: Minute 403.0 ς 1073.1 
Continuous: 
non-integer 

Night length (mins) 
Time interval between sunset 
and next sunrise on a given day 
in minutes 

Suntools; 
Section 11.1.2 

Temporal: Minute 367.1 ς 1037.5 
Continuous: 
non-integer 

Day-night index 
Circular index indicating point in 
day, accounting for variable day 
lengths (0-2).  

Suntools; 
Section 11.1.2 

NA 

0-2 
0 = sunrise  
1 = sunset 
2 = next sunrise 

Continuous: 
non-integer  

Ambient noise 

Ambient noise level 
between 0.01ς0.1 
kHz (L10, L50, L90; dB) 

Median (L50) and 10 and 90% 
(L10, L90) exceedance levels for 
low frequency noise (0.01ς0.1 
kHz frequency band) 

Broadband 
recorder 

NA 
L10: 65.7 ς 162.3 
L50: 64.9 ς 160.9 
L90: 64.1 ς 158.7 

Continuous: 
non-integer  

Ambient noise level 
between 0.1-1 kHz 
(L10, L50, L90; dB) 

Median (L50) and 10 and 90% 
(L10, L90) exceedance levels for 
low frequency noise (0.1ς1 kHz 
frequency band) 

Broadband 
recorder 

NA 
L10: 65.6 ς 156.7 
L50: 65.4 ς 156.0 
L90: 64.5 ς 155.4 

Continuous: 
non-integer  
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Variable  Description  
Source or 
further 
information 

Source resolution Values 1  Type  

Ambient noise level 
between 1-10 kHz 
(L10, L50, L90; dB) 

Median (L50) and 10 and 90% 
(L10, L90) exceedance levels for 
high frequency noise (1-10 kHz 
frequency band) 

Broadband 
recorder NA 

L10: 68.8 ς 154.0 
L50: 68.3 ς 148.5 
L90: 68.1 ς 148.4 

Continuous: 
non-integer  

Ambient noise level 
between 10-48 kHz 
(L10, L50, L90; dB) 

Median (L50) and 10 and 90% 
(L10, L90) exceedance levels for 
high frequency noise (10-48 
kHz) 

Broadband 
recorder NA 

L10: 77.5 ς 150.3 
L50: 77.5 ς 149.4 
L90: 77.4 ς 148.9 

Continuous: 
non-integer  

Broadband ambient 
noise level 10 Hz-48 
kHz (L10, L50, L90; 
dB) 

Median (L50) and 10 and 90% 
(L10, L90) exceedance levels for 
broadband noise (10 Hz-48 kHz) 

Broadband 
recorder NA 

L10: 79.0 ς 162.3 
L50: 78.8 ς 160.9 
L90: 78.8 ς 158.7 

Continuous: 
non-integer  

Physical 

Depth (m) 
(elevation) 

Bathymetric depth at 
hydrophone location (closest 
point on GEBCO grid to PAM 
coordinates) 

GEBCO; 
Section 11.1.3 

Spatial: 15 arc-
seconds 

15 - 70 
Continuous: 
integer  

Min, mean, max 
depth (m) 

Minimum, mean and maximum 
bathymetric depth within 3 km 
buffer around hydrophone 
location 

GEBCO; 
Section 11.1.3 

Spatial: 15 arc-
seconds 

Min: 1 - 59 
Mean: 17.2 - 
68.7 
Max: 26 - 91 

Continuous: 
integer (min, 
max), non-
integer (mean) 

Slope (°) 
Angle of sea floor slope at 
hydrophone location (0 - 90°) 

GEBCO; 
Section 11.1.3 

Spatial: 15 arc-
seconds 

43.3 ς 88.9 
Continuous: 
non-integer  

Aspect (°) 

Aspect bearing of sea floor 
slope at hydrophone location. 
Values of -1 are flat areas with 
no slope and so no aspect (-1 - 
360°) 

GEBCO; 
Section 11.1.3 

Spatial: 15 arc-
seconds 

17.8 ς 360.0 
Continuous: 
non-integer  

Sediment (RCS) 
Sediment type at hydrophone 
location (closest point on BGS 
grid to PAM coordinates) 

BGS; Section 
11.1.3 

NA 

Rock > sandy 
gravel > gravelly 
sand > slightly 
gravelly sand > 
sand > muddy 
sand 

Categorical: 
factor 

Oceanographic 

Mixed layer depth 
(m)  

 
Copernicus; 
Section 11.1.4 

Spatial: 0.111° × 
0.067° 
Temporal: Hourly 

2.20 ς 88.70 
Continuous: 
non-integer 

Chlorophyll-a 
concentration (mg 
m-3 day-1)  

Chlorophyll-a concentration at 
10 m depth 

Copernicus; 
Section 11.1.4 

Spatial: 0.111° × 
0.067° 
Temporal: Daily 

0.0040 ς 11.93 
Continuous: 
non-integer 

Net primary 
productivity (mg m-3 
day-1)  

Net primary productivity at 10 
m depth 

Copernicus; 
Section 11.1.4, 
Ciavatta et al. 
(2018) 

Spatial: 0.111° × 
0.067° 
Temporal: Daily 

0.00 ς 89.54 
Continuous: 
non-integer 

Current velocity (ms-
1) 

NA 
Copernicus; 
Section 11.1.4 

Spatial: 0.111° × 
0.067° 
Temporal: Hourly 

 0.0010 ς 1.22 
Continuous: 
non-integer 

Current direction (°) NA 
Copernicus; 
Section 11.1.4 

Spatial: 0.111° × 
0.067° 
Temporal: Hourly 

0 - 360 
Continuous: 
non-integer  

Current mixing (m-

2s3)  

Strength of current mixing 
calculated as log10(H/U3) where 
H is depth and U is current 
velocity 

Copernicus; 
Section 11.1.4 

NA 1.26 ς 4.81 
Continuous: 
non-integer  



 

 

56 

 

TITLE: EFFECT OF CONSTRUCTION OF OWF IN THE FORTH AND TAY 
DATE: NOVEMBER 2025 
REPORT CODE: SMRUC-FAT-2025-022 

Variable  Description  
Source or 
further 
information 

Source resolution Values 1  Type  

Significant wave 
height (m)  

Proxy for sea state 
Copernicus; 
Section 11.1.4 

Spatial:  
0.0135° × 0.0303° 
Temporal: three-
hourly 

0.03 ς 7.18 
Continuous: 
non-integer  

Bottom temperature 
(°C)  

NA 
Copernicus; 
Section 11.1.4 

Spatial: 0.111° × 
0.067° 
Temporal: Hourly 

4.93 ς 15.15 
Continuous: 
non-integer  

SST (°C)  Sea surface temperature 
Copernicus; 
Section 11.1.4 

Spatial: 5 km x 5 km 
Temporal: Daily 

5.20 ς 17.25 
Continuous: 
non-integer  

SST anomaly (°C)  
Difference between SST and 
long-term average SST 

Copernicus; 
Section 11.1.4 

Spatial: 5 km x 5 km 
Temporal: Daily 

-0.99 ς 5.20 
Continuous: 
non-integer 

Monthly mean SST 
anomaly (°C)  

Monthly mean SST anomaly 
Copernicus; 
Section 11.1.4 

Temporal: Monthly -0.04 ς 2.68 
Continuous: 
non-integer 

 
Sandeel density 
(min/max/mean)  

Minimum, maximum and mean 
sandeel density within a 3 km 
buffer of the PAM deployment 

Langton et al. 
(2021) 

Static 

Min: 0.00 ς 3.28 
Max: 0.00 ς 
81.54 
Mean: 0.00 ς 
19.71 

Continuous: 
non-integer 

Tidal 

Tide range (m/h) 
Tide range per hour (difference 
between previous low/high tide 
and next low/high tide) 

WorldTides; 
Section 11.1.5 

Temporal: Hourly -5.83 - 5.62 
Continuous: 
non-integer  

Tide direction 

Rising or falling tide (ie negative 
tide range = falling tide, low-
high; positive tide range = rising 
tide, high-low) 

WorldTides; 
Section 11.1.5 

NA Rise, Fall Factor 

Tide interval (mins)  

Time between previous 
low/high tide and next low/high 
tide (i.e. duration of ½ a tidal 
cycle) 

WorldTides; 
Section 11.1.5 

NA 308 - 437 
Continuous: 
non-integer  

Tide height (m)  
Tide height over chart datum at 
beginning of hour  

WorldTides; 
Section 11.1.5 

Temporal: Hourly 0.0 - 5.9  
Continuous: 
non-integer  

Tide index 

An index indicating the current 
state of tide between low and 
high when rising (0-1) and high 
and low when falling (1-2)  

WorldTides; 
Section 11.1.5 

NA 0 - 2 
Continuous: 
non-integer  

Tidal velocity (ms-1)  Current velocity due to tides 
Copernicus; 
Section 11.1.5 

Spatial:  
0.083° × 0.083° 
Temporal: Hourly 

0.00 ς 0.89 
Continuous: 
non-integer  

Tidal direction (°)  Current direction due to tides 
Copernicus; 
Section 11.1.5 

Spatial:  
0.083° × 0.083° 
Temporal: Hourly 

0 - 360 
Continuous: 
non-integer  

Construction 

Drilling at NnG  

Binary variable indicating 
whether drilling took place at 
NnG in a given hour (based on 
drill logs) 

NnG drill logs Temporal: Hourly 0 / 1 Binary 

Distance to drilling at 
NnG (km) 

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

NA NA 

0.92 ς 86.72 or 
NA where no 
drilling took 
place 

Continuous: 
non-integer 

Time since last 
drilling at NnG (h) 

Time in hours since the end of 
the last drilling event at NnG 

NA Temporal: Hourly -28202 - 11373 
Continuous: 
integer 
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Variable  Description  
Source or 
further 
information 

Source resolution Values 1  Type  

Suction at Seagreen  

Binary variable indicating 
whether suction took place at 
Seagreen in a given hour (based 
on construction logs) 

Seagreen 
construction 
logs 

NA 0 / 1 Binary 

Distance to suction 
at Seagreen (km) 

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

NA NA 

1.40 ς 82.45 or 
NA where no 
suction took 
place 

Continuous: 
non-integer 

Time since last 
suction at Seagreen 
(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 
Seagreen (including suction, 
drilling and piling) 

NnG and 
Seagreen 
construction 
logs 

Temporal: Hourly 0 / 1 Binary 

Construction type 

Categorical variable indicating 
whether construction was 
happening at no wind farm, at 
NnG, at Seagreen or at both 
wind farms. 

NnG and 
Seagreen 
construction 
logs 

NA 

None 
NnG 
Seagreen 
Both 

Categorical: 
factor 

Distance to 
construction (km) 

Closest distance between PAM 
deployment and any 
construction activity (suction or 
drilling) at NnG or Seagreen, 
given construction was taking 
place 

NA NA 0.92 ς 86.72 
Continuous: 
non-integer 

Time since last 
construction (h) 

Time in hours since the end of 
the last construction activity at 
either NnG or Seagreen 

NA 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 post-construction.  

NA NA 
Pre, construction 
on, construction 
off, post 

Categorical: 
factor 

NnG phase 

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

NA NA 
Pre, construction 
on, construction 
off, post 

Categorical: 
factor 

Seagreen phase 
Categorical variable indicating 
whether the given hour was 
pre-construction at Seagreen, 

NA NA 
Pre, construction 
on, construction 
off, post 

Categorical: 
factor 
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Variable  Description  
Source or 
further 
information 

Source resolution Values 1  Type  

during construction period with 
construction occurring that day 
at Seagreen, during 
construction period without 
construction occurring that day 
at Seagreen post-construction 
at Seagreen. 

AIS 

Minimum vessel 
distance to 
hydrophone (km) 
(for construction, 
non-construction 
and all vessels)  

Minimum distance of all vessels 
within a 3 km of the PAM 
station per hour, for 
construction, non-construction 
and all vessels. Construction 
vessels refer only to those 
involved with foundation 
installation.  

Anatec Ltd; 
Section 11.1.6 

NA 

Construction: 
0.01-3.00 
Non-
construction: 
0.00 ς 3.00 
All vessels: 0.00 ς 
3.00  

Continuous: 
non-integer  

Mean vessel 
distance to 
hydrophone (km) 
(for construction, 
non-construction 
and all vessels)  

Mean distance of all vessels 
within a 3 km of the PAM 
station per hour, for 
construction, non-construction 
and all vessels. Construction 
vessels refer only to those 
involved with foundation 
installation.  

Anatec Ltd; 
Section 11.1.6 

NA 

Construction: 
0.06-3.00 
Non-
construction: 
0.05 ς 3.00 
All vessels: 0.09 ς 
3.00  

Continuous: 
non-integer  

Cumulative vessel 
duration within 3km 
(mins) 
(for construction, 
non-construction 
and all vessels)  

Total cumulative duration spent 
by all vessels within a 3 km 
buffer of each PAM station per 
hour. Calculated separately for 
construction, non-construction 
and all vessels. Construction 
vessels refer only to those 
involved with foundation 
installation.  

Anatec Ltd; 
Section 11.1.6 

NA 

Construction: 0 ς 
360 
Non-
construction: 0 ς 
505 
All vessels: 0 ς
655 

Continuous: 
integer  

Vessel density 
(vessels/km2/h)  
(for construction, 
non-construction 
and all vessels)  

Instantaneous density of vessels 
within 3 km buffer of each PAM 
station. Calculated separately 
for construction, non-
construction and all 
vessels. Construction vessels 
refer only to those involved with 
foundation installation.  

Anatec Ltd; 
Section 11.1.6 

NA 

Construction: 
0.00 ς 0.21 
Non-
construction: 
0.00 ς 0.76 
All vessels: 0.00 ς 
0.76 

Continuous: 
non-integer  

Vessel 
intensity (total 
hrs/km2/h) 
(for construction, 
non-construction 
and all vessels)  

Intensity of vessel presence 
within 3 km buffer of each PAM 
station. Calculated separately 
for construction, non-
construction and all 
vessels. Construction vessels 
refer only to those involved with 
foundation installation.  

Anatec Ltd; 
Section 11.1.6 

NA 

Construction: 
0.00 ς 0.21 
Non-
construction: 
0.00 ς 0.30 
All vessels: 0.00 ς 
0.39 

Continuous: 
non-integer 

1 Values presented are based on data prior to filtering explained in Data preparation and check 
(Section 4.5.3.2).  
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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 from Natural 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 the ΨsfΩ package in R. 

Distance between the hydrophone location and the nearest wind farm, NnG and Seagreen were also 
calculated using the ΨsfΩ package in R (Pebesma 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 using the ΨsuntoolsΩ 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 from sunset to sunrise B) was calculated for each 
date. Finally, a continuous cyclical day-night index 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 so that for daytime (0-1), day-night index = time since sunrise A/day length, and for 
nighttime (1-2), day-night index = (time since sunset/night length) + 1 (Figure A 11-1).   

 

Figure A 11-1. Schematic of how daynight index was calculated. 

11.1.3 Physical covariates 

11.1.3.1 Depth, slope, aspect 

Bathymetry data were accessed from GEBCO (2022) and downloaded as a netCDF file for the full 
extent of the project area at 15 arc-second spatial resolution (approx. 500 x 500 m). The 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 with the 3 km 
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 variability of the bathymetry in the area 
immediately surrounding the hydrophone. 

Slope and aspect of the sea floor were calculated using the ΨSDMToolsΩ package in R (Burrough and 
McDonell 1998, Van Der Wal et al. 2019). Given that ᾀ represents the depth at each point on the grid, 

ὼ and ώ are the longitude and latitude coordinates, respectively, ὃ   and ὄ  . 

Slope, representing the gradient angle of the sea floor in degrees (°) is calculated by: 

ίὰέὴὩÁÒÃÔÁÎὃ ὄ   
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and aspect, representing the bearing of the slope in degrees (°) is: 

ὥίὴὩὧὸ ÁÒÃÔÁÎ
ὄ

ὃ
 

Slope can take values 0-90°, whereas aspect represents compass directions and can have values 0-
360°. 

11.1.3.2 Sediment 

Sediment type was downloaded from the British Geological Survey, DiGSBS250K dataset and 
intersected with the hydrophone locations. Sediment types present in the dataset are explained in 
Table A 11-2, and Figure A 11-2 (Cooper et al. 2010). 

 

Table A 11-2. Sediment types at hydrophone locations from British Geological Survey seabed sediment dataset 
(DiGSBS250k) 

Sediment type Description 

Rock  Undifferentiated 

Sandy gravel (sG)  30 - 80% gravel with >90% of remainder sand  

Gravelly sand (gS)  5 ς 30% gravel with >90% of the remainder sand  

Slightly gravelly sand ((g)S)  1 ς 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 50-90% of the remainder sand  

 

 

Figure A 11-2. 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 given in Table A 11-3. 
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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 detailed in Table A 11-3, 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 are not available for the full date range of the 
present study. As such, the range of available dates for each dataset are detailed in Table A 11-3. 

 

Table A 11-3. Covariates accessed from Copernicus Marine Service, with associated product and dataset information. 

Product name Product ID Dataset ID Covariate Spatial 
resolution 

Date range 

Atlantic- 
European North 
West Shelf- 
Ocean Physics 
Reanalysis 

 
NWSHELF_M
ULTIYEAR_P
HY_004_009 

cmems_mod_nws_phy-
sst_my_7km-2D_PT1H-i 

Sea surface 
temperature (as sea 
water potential 
temperature at the 
surface; °C) 

0.111° × 
0.067° 

1993-01-01 - 
2024-07-01 

 

cmems_mod_nws_phy-
mld_my_7km-2D_PT1H-i 

Ocean mixed layer 
depth (m) 

cmems_mod_nws_phy-
bottomt_my_7km-
2D_PT1H-i 

Bottom temperature 
(as sea water 
potential 
temperature; °C) 

cmems_mod_nws_phy-
uv_my_7km-2D_PT1H-i 

Northward (vo) and 
Eastward (uo) current 
velocity (ms-1) 

Atlantic- 
European North 
West Shelf- 
Ocean 
Biogeochemistry 
Reanalysis 

NWSHELF_M
ULTIYEAR_B
GC_004_011 

cmems_mod_nws_bgc-
chl_my_7km-3D_P1D-m 

Chlorophyll 
concentration at 10 m 
depth (mg m-3) 0.111° × 

0.067° 

1993-01-01 - 
2024-06-30 

 cmems_mod_nws_bgc-
pp_my_7km-3D_P1D-m 

Net primary 
productivity at 10 m 
depth (mg m-3 day-1) 

Atlantic- 
European North 
West Shelf- 
Wave Physics 
Reanalysis 

NWSHELF_R
EANALYSIS_
WAV_004_0
15 

MetO-NWS-WAV-RAN 

Significant wave 
height (m) - proxy for 
sea state 

 

0.0135° × 
0.0303° 

 

1979-12-31 - 
2024-12-11 

Global Ocean 
Physics Analysis 
and Forecast 

GLOBAL_AN
ALYSISFOREC
AST_PHY_00
1_024 

cmems_mod_glo_phy_an
fc_merged-uv_PT1H-i 

Northward (vtide) 
and Eastward (utide) 
tidal current velocity 
(ms-1) 

0.083° × 
0.083° 

2020-11-01 - 
2024-12-11 

All Copernicus covariates are given in 1-hour temporal resolution, except significant wave height 
(SWH) which is available at only 3-hour resolution, and biogeochemical covariates (chlorophyll 
concentration and primary productivity) which are available at daily resolution. To match the 1-hour 
resolution of the response variables (cetacean presence), SWH data were forward- and backward-
filled by 1 hour in each direction (i.e. given SWH of 1.0 m at 12:00 at location (x,y), the value of SWH 
at 11:00 and 13:00 at the same location was taken to also equal 1.0 m). Biogeochemical covariates 
were expanded to each hour in the given day. 
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Covariates with the same spatial resolution (all those from Atlantic- European North West Shelf- 
Ocean Physics Reanalysis and Atlantic- European North West Shelf- Ocean Biogeochemistry Reanalysis 
products) were joined together by latitude, longitude and time (hour).  

11.1.4.1 Current covariates 

Current velocity (ms-1) and direction (°) were calculated for both general ocean circulation currents 
(combined tide and waves ς current velocity/current direction) and for tidal currents (tidal 
velocity/tidal direction), by: 

ὺὩὰέὧὭὸώ ό ὺ 

ὨὭὶὩὧὸὭέὲÁÔÁÎςόȟὺϽ
ρψπ

“
άέὨ σφπ 

where ό is the eastward current velocity and ὺ is the northward current velocity.  

Finally, strength of current mixing (m-2s3) was calculated based on the method given in Garrett et al. 
(1978): 

ὧόὶὶὩὲὸ άὭὼὭὲὫ ÌÏÇ
Ὄ

Ὗ
 

where Ὄ is the depth and Ὗ is 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 deployment and 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 from NOAA (2024) v3.1. SSTA are available at daily resolution 
and represent the difference between daily SST and the long-term average SST in °C, 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 data-frame 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 
όŜΦƎΦ муΥллΣ IƛƎƘΣ сΦл ƳύΣ ǘƘŜ ǘƛŘŜ ŘƛǊŜŎǘƛƻƴ ŦƻǊ ǘƘŀǘ ƛƴǘŜǊǾŀƭ όΨǊƛǎŜΩ ƻǊ ΨŦŀƭƭΩύΣ ǘƘŜ Ŧǳƭƭ ǘƛŘŀƭ ǊŀƴƎŜ ŦƻǊ ǘƘŀǘ 
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 (0-1), tide index = time since Low A/tide interval A, and for falling 
tides (1-2), tide index = (time since High/tide interval B) + 1 (Figure A 11-3). 
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Figure A 11-3. 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 AIS-based Vessel Traffic covariates 

AIS data for the Firth of Forth (latitudes 55. 7839°N to 57. 2661°N, longitudes -3.1302°W to -
0.8133°W), between 2019-03-01 to 2024-11-31, were purchased from Anatec Ltd. Hourly vessel 
density and intensity were calculated as the mean number of instantaneous vessels per km2 and the 
cumulative number of hours all vessels spent within an area per hour, respectively. Both metrics were 
calculated based on the methods described in EMODnet (2019). 

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 the AIS-emitting 
vessels were close to the hydrophones. A radius of 3 km was created 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 data - comprising latitude, longitude, and time ς were resampled to equal 5-minute intervals 
by unique transits using a linear interpolation. A unique transit was defined as a group of observations 
with the same Maritime Mobile Service Identity (MMSI), International Maritime Organization Number 
(IMO) (if applicable) numbers, and vessel type, that occurred within 1 hour of the previous observation 
ŦƻǊ ǘƘŀǘ ǾŜǎǎŜƭΦ !ŦǘŜǊ ǊŜǎŀƳǇƭƛƴƎΣ ǘƘŜ ΨǇŀǘƘǊƻǳǘǊΩ ǇŀŎƪŀƎŜ ǿŀǎ ǳǎŜŘ ǘƻ ŜƴǎǳǊŜ ŀƴȅ ƻōǎŜǊǾŀǘƛƻƴǎ ǘƘŀǘ 
were now intersecting with land, as a result of the linear interpolation, would be moved away from 
land, into the area of interest in the sea (London 2020). 

¢ƘŜ ǊŜǎŀƳǇƭŜŘ !L{ Řŀǘŀ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ΨŎƻƴǎǘǊǳŎǘƛƻƴΩ ƻǊ Ψƴƻƴ-ŎƻƴǎǘǊǳŎǘƛƻƴΩ ŦƻǊ ŜŀŎƘ ǾŜǎǎŜƭ ŀƴŘ ŘŀȅΣ 
ōŀǎŜŘ ƻƴ ǘƘŜ ŘŜǾŜƭƻǇŜǊǎΩ ŎƻƴǎǘǊǳŎǘƛƻƴ ǊŜǇƻǊǘǎ ŀƴŘ ƴƻǘƛŎŜǎ ǘƻ ƳŀǊƛƴŜǊǎΣ ƭƛǎǘƛƴƎ ǘƘŜ ǾŜǎǎŜƭǎ ƛƴǾƻƭǾŜŘ ƛƴ 
OWF foundation installation and the dates that they were working. 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 hour, ὝὭ,ὸ was calculated by: 

ὝὭ,ὸ = ὲὭ,ὸ ẗ 5 

where ὲ is the number of 5-minute interpolated observations of vessel Ὥ in hour ὸ. Each observation 

represents a 5-minute residence since the previous observation. The total vessel density per hour 
(mean count of instantaneous vessels per km2, per hour) was then calculated by: 

В Ὕȟ
ὃ
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where ὃ 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 A 11-4. 

 

Figure A 11-4. 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 A 11-5. Vessel density across monitoring years (columns) for construction related vessels (top row), non-
construction vessels (middle row) and all vessels (bottom row). 

 

Figure A 11-6. 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 ð underwater noise  

12.1 General spatio-temporal patterns in SPLs in the 10 - 48 kHz frequency band 

ECOMMAS sites were the quietest of the three monitoring projects, where the median L50 SPLs ranged 
from 79 to 94 dB in the 10 - 48 kHz frequency band. 

At NnG, the median L50 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 projects, Seagreen recorded the highest median L50 SPLs. These ranged 
from 86 to 108 dB in the 10 - 48 kHz frequency band. This was particularly evident in 2024, where 
values in 2024 were approximately 12 dB higher at the SGR02 and SGR05 stations than in 2023.  

Within the wind farm array areas, the stations with the highest median L50 SPLs in both the 0.1 ς 1 kHz 
and 10 - 48 kHz frequency bands were NnG02 at NnG and SGR04 and SGR05 at Seagreen. 
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Figure A 12-1. Annual variation of L50 sound pressure levels in the 10 ς 48 kHz frequency band recorded at monitoring 
stations within the ECOMMAS monitoring site and two offshore wind 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 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 Drilling 

 

Figure A 12-2. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during three months of construction 
όhŎǘƻōŜǊΣ bƻǾŜƳōŜǊ ŀƴŘ 5ŜŎŜƳōŜǊ нлннύ ŀǘ ǘƘŜ bƴD ƳƻƴƛǘƻǊƛƴƎ ǎƛǘŜǎΦ ά5Ǌƛƭƭέ Řŀȅǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ǘƻ άbƻ ŘǊƛƭƭ ŘŀȅǎέΦ hƴƭȅ 
the non-drilling hours have been ǊŜǘŀƛƴŜŘ ŦǊƻƳ ά5Ǌƛƭƭέ Řŀȅǎ ŀƴŘ ǘƘŜǎŜ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ƴƻƴ-ŘǊƛƭƭƛƴƎ ƘƻǳǊǎ ŦǊƻƳ άbƻ 
ŘǊƛƭƭέ ŘŀȅǎΦ Lƴ ǘƘƛǎ ǿŀȅ ǿŜ Ŏŀƴ ŎƻƳǇŀǊŜ ǘƘŜ ƴƻƛǎŜ ƭŜǾŜƭǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴ ƎŜƴŜǊŀƭ όŜȄŎƭǳŘƛƴƎ ŘǊƛƭƭƛƴƎύ ǘƻ ǘƘŜ 
noise levels on days with no construction activity in the same month. The sample size (number of hours within each site 
and category) is displayed above the bars. 

 

Figure A 12-3. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during three months of construction 
(October, November and December 2022) at the NnG monitoing sites. Drilling hours are compared against non-drilling 
hours from Drill days. The sample size (number of hours within each site and category) is displayed above the bars. 
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12.2.2 Suction bucket caissons 

 

Figure A 12-4. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during three months of construction 
(October, November and December 2022) at the Seagreen ƳƻƴƛǘƻǊƛƴƎ ǎƛǘŜǎΦ ά{ǳŎǘƛƻƴέ Řŀȅǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ǘƻ άbƻ ǎǳŎǘƛƻƴ 
ŘŀȅǎέΦ hƴƭȅ ǘƘŜ ƴƻƴ-ǎǳŎǘƛƻƴ ƘƻǳǊǎ ƘŀǾŜ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦǊƻƳ ά{ǳŎǘƛƻƴέ Řŀȅǎ ŀƴŘ ǘƘŜǎŜ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ƴƻƴ-suction 
ƘƻǳǊǎ ŦǊƻƳ άbƻ ǎǳŎǘƛƻƴέ Řŀȅǎ in the same month. In this way we can compare the noise levels associated with 
construction in general (excluding suction) to the noise levels on days with no construction activity. The sample size 
(number of hours within each site and category) is displayed above. 

 

Figure A 12-5. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during three months of construction 
(October, November and December 2022) at the Seagreen monitoring sites. Suction are compared against non-suction 
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 

 

Figure A 12-6. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during the month of December 2021 at 
the Seagreen ƳƻƴƛǘƻǊƛƴƎΦ άtƛƭƛƴƎέ Řŀȅǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ǘƻ άbƻ tƛƭƛƴƎ ŘŀȅǎέΦ hƴƭȅ ǘƘŜ ƴƻƴ-piling hours have been retained 
ŦǊƻƳ άtƛƭƛƴƎέ Řŀȅǎ ŀƴŘ ǘƘŜǎŜ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ƴƻƴ-ǇƛƭƛƴƎ ƘƻǳǊǎ ŦǊƻƳ άbƻ tƛƭƛƴƎέ Řŀȅǎ in the same month. In this 
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 size (number of hours within each site and category) is displayed above. 

 

Figure A 12-7. This figure compares the L50 SPL in the 0.1 ς 1 kHz frequency band during the month of December 2021 at 
ǘƘŜ ǎŜŀƎǊŜŜƴ ƳƻƴƛǘƻǊƛƴƎ ǎƛǘŜǎΦ άtƛƭƛƴƎέ Řŀȅǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ǘƻ άbƻ tƛƭƛƴƎ ŘŀȅǎέΦ {ǳŎǘƛƻƴ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ƴƻƴ-suction 
hours from Suction days. The sample size (number of hours within each site and category) is displayed above. 
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Figure A 12-8. Relationship between vessel density [km2 h-1] and L50 SPL 10 ς 48 kHz for all monitoring sites for which 
information on underwater noise were available. The colour scale is logged, the lighter the colour the higher data count.  
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Figure A 12-9. Relationship between vessel density [km2 h-1] and L50 SPL 0.1 ς 1 kHz for all monitoring sites for which 
information on underwater noise were available.  
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13 Appendix 5 ð 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.  

 

 

Figure A 13-1. Distribution of response variable for the porpoise model. The distribution is showing zero inflation in the 
data and, therefore, justification for using model family suitable for such zero ς inflation (Tweedie).  
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Figure A 13-2Φ tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ƳƻŘŜƭƭƛƴƎ ŎƻǾŀǊƛŀǘŜǎΦ IƛƎƘƭȅ ŎƻǊǊŜƭŀǘŜŘ ŎƻǾŀǊƛŀǘŜǎ ǿŜǊŜ ƎǊƻǳǇŜŘ ƛƴǘƻ ǘƘǊŜŜ 
categories: anthropogenic (black), temporal (purple) and static (dark red). Only one covariate from each group was used 
in the model formulation. Refer to Table A 10.1 for the description of the covariates.  
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Figure A 13-3. Proportion of missing values for each covariate per monitoring site. In the final model formulation, 
priority was given to covariates having fewer 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. 

 

Figure A 13-4. Difference between porpoise positive minutes per hour detected by two device types: CPODs and FPODs. 
Note that FPODs have been deployed only at the ECOMMAS 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.  

¶ Q-Q plot (quantileςquantile plot) ς This checks if the residuals follow the kind of distribution 
the model assumes (often normal for some GAMs). If the points mostly fall on a straight line, 
ǘƘŀǘΩǎ ŀ ƎƻƻŘ ǎƛƎƴΦ 

¶ Residual plots ς 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 one (in the 
latter case), hence the residuals plots are not random around these values.  

¶ Histogram of residuals ς ! ōŀǊ ŎƘŀǊǘ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ŜǊǊƻǊǎ όǊŜǎƛŘǳŀƭǎ Ґ ƻōǎŜǊǾŜŘ ς predicted). 
If the histogram looks roughly bell-ǎƘŀǇŜŘ ŀƴŘ ŎŀƴǘŜǊŜŘ ŀǊƻǳƴŘ ȊŜǊƻΣ ǘƘŜ ƳƻŘŜƭ ƛǎƴΩǘ 
systematically over- or under-predicting. 

¶ Response vs fitted values - A scatterplot of actual data values (response) on one axis and the 
ƳƻŘŜƭΩǎ ǇǊŜŘƛŎǘƛƻƴǎ όŦƛǘǘŜŘ ǾŀƭǳŜǎύ ƻƴ ǘƘŜ ƻǘƘŜǊΦ If the model is doing well, points should 
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.  

¶ Partial Autocorrelation Function (PACF) plot - ƛǎ ŀ ǘƻƻƭ ŦƻǊ ŎƘŜŎƪƛƴƎ ǿƘŜǘƘŜǊ ǘƘŜ ƳƻŘŜƭΩǎ 
errors (residuals) are behaving like random noise. If the PACF bars mostly stay within the 
ŘŀǎƘŜŘ ƭƛƴŜǎ ŀǊŜŀΣ ƛǘ ƳŜŀƴǎ ǘƘŜ ŜǊǊƻǊǎ ŘƻƴΩǘ ǎƘƻǿ ŀƴȅ ǎǘǊƻƴƎ ǇŀǘǘŜǊƴΦ LŦ ǎƻƳŜ ōŀǊǎ ǎǘƛŎƪ ƻǳǘΣ ƛǘ 
suggests the model might 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 A 13-5. Model diagnostic plots for GAM with porpoise positive minutes as a response and data from 13 sites 
(noise model). 
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Figure A 13-6. Model diagnostic plots for GAM with porpoise positive minutes as a response and data from 21 sites 
(vessel model). 
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Figure A 13-7. Model diagnostic plots for GAM with porpoise positive minutes as a response and data from days with 
construction activity (construction model). 
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Figure A 13-8. Model diagnostic plots for GAM with dolphin presence as a response and data from 13 sites (noise 
model). 
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Figure A 13-9. Model diagnostic plots for GAM with dolphin presence as a response and data from 21 sites (vessel 
model). 
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Figure A 13-10. 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 A 13-1. 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 explained. Variables with p < 0.05 are considered statistically significant.  

The F-statistic 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 between different types of variables or interactions). p-values 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 variation). Degrees of freedom (edf) reflect the complexity of each variable's relationship with the response - values 
close to 1 indicate a simple linear relationship, while higher values suggest more complex, non-linear patterns, common for interactions. 

  Covariate F/Chi. sq p (e)df Approx. deviance explained [%] 

 (i
ii)

 c
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Distance NnG * drilling 804.9 <0.05 4 5 

Month 577.4 <0.05 6 5 

Day-night index 558.7 <0.05 2 2 

Distance Seagreen * 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 
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Distance NnG * drilling 2670.8 0.72 6 13 

Distance Seagreen * suction 1338.1 1.00 6 7 

Day-night 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 A 13-11. 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 the x-axis are a rug plot, indicating the 
spread of noise values in the raw data used to fit the model. 
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Figure A 13-12. 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 the x-axis in are a rug plot, indicating the 
spread of noise values in the raw 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 between 2015-2019 with the Forth 
and Tay Regional Advisory Group for Marine Mammals (FTRAG-MM), it was agreed that the primary 
focus species for monitoring during the pre-construction, construction and post-construction phases 
for NnG and Seagreen should be bottlenose dolphins and harbour porpoises. The objectives and 
approach to the monitoring, across both sites regionally, were presented to the FTRAG-MM and 
agreed in 202145. Therefore, for marine mammals, the PEMPs objectives agreed upon are best 
summarised below: 
 

άрΦоΦм aŀǊƛƴŜ aŀƳƳŀƭ 5ƛǎǘǊƛōǳǘƛƻƴ 
130. The PEMP aims to determine whether there are any significant changes in the distribution or 
abundance of marine mammals within the wind farm area and adjacent waters pre and during 
construction. This is being achieved via a broad-scale Passive Acoustic Monitoring (PAM) 
programme, that aims to combine the outputs of the NnG, Seagreen and ECOMMAS (East Coast 
Marine Mammal Acoustic Study) PAM subarrays. The findings aim to inform whether construction 
activities cause significant displacement of marine mammals, focusing on harbour porpoise and 
dolphins. 
 
5.3.2 Improving 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 
ŘƻƭǇƘƛƴ ǇƻǇǳƭŀǘƛƻƴ όƛΦŜΦ ŀōǳƴŘŀƴŎŜΣ ŘŜƳƻƎǊŀǇƘȅ ŀƴŘ ǊŀƴƎŜύΦέ  (NnGOWL 2023) 
 
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 Section 14.2, and 
east coast bottlenose dolphin photo-identification (ID), detailed in Arso Civil et al. (2025) and 
summarised in Section 14.3.  

14.2 Passive acoustic monitoring 

14.2.1 Study objectives 

The majority of the foundations were installed using non-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 
Substation Platform (OSP) at the Seagreen site, where 12 pin piles were driven to support a jacket 
foundation. In discussion with the FTRAG-MM, 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 project-specific basis. Therefore, the monitoring and analysis 

 

4 https://marine.gov.scot/?q=data/ftrag-passive-acoustic-monitoring-methodology-overview-april-

2021 
5 https://marine.gov.scot/sites/default/files/ftrag_minutes_-_marine_mammals_091121_-_final.pdf 

 

https://marine.gov.scot/sites/default/files/ftrag_minutes_-_marine_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 technique-related 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 and post-construction 
(the monitoring aim was therefore to inform whether construction activities 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 non-anthropogenic 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 note that although the dolphin detections discussed in this study are most likely 
attributable to bottlenose dolphins (based on delphinid species distribution ranges in the area), 
species-level identification was not possible using either the POD or broadband acoustic data (see 
Section 6.5). 

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 the dominant drivers of porpoise and dolphin 
occurrence were natural spatio-temporal 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 bucket caisson installation at Seagreen modestly elevated underwater noise levels   
(3-5 dB) 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 construction-related variables explained <1% of the variance in 
detections compared to natural covariates. These findings demonstrate that the construction 
activities at both wind farms did not cause significant changes in detections of harbour porpoises or 
dolphins at the regional scale. As such, this study fulfilled the requirements of the objectives of the 
first PEMP study related ǘƻ ƳŀǊƛƴŜ ƳŀƳƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ōȅ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘŜǘŜǊƳƛƴƛƴƎ άwhether there 
are any significant changes in the distribution or abundance of marine mammals within the wind farm 
area and adjacent waters pre and during constructionέ. 

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

The long-term 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 well as consistent 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 ς ongoing; Arso et al. 2019, Cheney et al. 2024, Arso Civil et al. 2025). Overall, 
this PAM study supports current evidence about presence, distribution and seasonality of the east 
coast dolphin population in the region. As such, this study contributed to fulfilment of the PEMP 
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objective of άƛƳǇǊƻǾƛƴƎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴ ǇƻǇǳƭŀǘƛƻƴ ǳǎŜ ƻŦ ǘƘŜ CƻǊǘƘ ŀƴŘ ¢ŀȅ 
wŜƎƛƻƴέ. 

14.3 East coast bottlenose dolphin photo-ID 

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. 1999). This 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 Forth (Wilson 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 2018). These observations were indicative of an ongoing 
ŜȄǇŀƴǎƛƻƴ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴΩǎ ŘƛǎǘǊƛōǳǘƛƻƴŀƭ ǊŀƴƎŜ (Wilson et al. 1999, Arso Civil et al. 2019). 

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 years of field work (Arso Civil et al. 2021a, Arso Civil 
et al. 2022, Arso Civil et al. 2023, Ellis et al. 2024) with a final year of overall data analysis, 
interpretation and reporting (Arso Civil et al. 2025).  

The objectives of the east coast bottlenose dolphin population photo-ID study were:  

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

2. 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 boat-based monitoring with 
data on individuals from the population occurring in areas south of the Tay 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. (2025) with 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 of bottlenose 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 boat-based photo-identification 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 and 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 2020 to 2023.  

The final report to Forth and Tay wind farm developers provides an update on estimates of population 
parameters (abundance of animals, survival and birth rates) (Arso Civil et al. 2025). Based on the 
findings of that report, the estimated number of dolphins using the Tay estuary and adjacent waters 
in 2009-2023 ranged from a minimum of 86 individuals (95% CI: 81 - 93) in 2011 to 226 individuals 
(95% CI: 179 - 284) in 2023. The number of animals using this area has increased by an estmated 5.6% 
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(95% CI 5.0 - 7.7%) per year between 2009 and 2023. The proporton of the total population using the 
Tay estuary and adjacent waters grew from 52% between 2009 and 2012, to 79% between 2020 and 
2023. Photo identification results showed that 23% of identified individuals were detected only in the 
Firth of Forth section of the study area. This demonstrates the importance of extending surveys 
southward beyond Tayside and St Andrews Bay, and may account for some of the increase in 
abundance estimation for the Tay estuary and adjacent waters since 2019. Survival and birth rates 
were also evaluated using data from the Moray Firth to the Firth of Forth, with the annual probability 
of apparent survival between 1989 and 2023 estimated at 0.948 (95% CI: 0.938-0.957). The inter-birth 
interval for the total population between 2009 and 2022 was estimated at 3.52 years (95% CI: 3.20 - 
3.75), resulting in an estimated annual birth rate of 0.284 (95% CI: 0.267 - 0.312). 

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 unique individuals 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 photo-identification surveys in NE England, and provided a 
qualitative description of the current extent of the range expansion and connectivity to Scotland (Arso 
Civil et al. 2025). 

In summary, the east coast bottlenose dolphin photo-ID study 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 the objectives of the second PEMP study of 
άƛƳǇǊƻǾƛƴƎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴ ǇƻǇǳƭŀǘƛƻƴ ǳǎŜ ƻŦ ǘƘŜ CƻǊǘƘ ŀƴŘ ¢ŀȅ wŜƎƛƻƴέ. 

14.4 Final remarks 

As such, this study fulfilled the requirements of the two PEMP studies: passive acoustic monitoring, 
and east coast bottlenose dolphin photo-identification. The first study concluded that there are no 
significant changes in the distribution or abundance of marine mammals within the wind farm area 
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. 
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15  Appendix 7 - Metadata 
Table A 15-1 provides deployment and recovery metadata for all PAM mooring deployed around the Seagreen, NnG and ECOMMAS arrays over the course 
of this study. The collected dataset of raw acoustic recordings consists of 1,135,800 files and is 86.6 terabytes. Whilst CPOD/FPOD outputs collate data in one 
CP1/FP1 file per deployment (usually smaller than 1 gigabyte), a typical 31-day month of broadband acoustic recordings contains 1,488 files and is 160 
gigabytes. 

 

Table A 15-1. Passive Acoustic Monitoring moorings deployed during this study. Timestamps are in Coordinated Universal Time (UTC) and coordinates are in decimal degrees. The second 
row of headings is based on proposed Darwin Core terms (https://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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/th5 нлмф. {ŜŀƎǊŜŜƴо нлмфπлтπом ллΥлл нлмфπлтπом ллΥлл нлмфπммπмт ллΥлл нлмфπммπму ллΥлл рсΦссмлт πнΦллфммт пмп ооуф  ̧  ̧  ̧

 

https://dwc.tdwg.org/terms/
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5ŜǾƛŎŜ 
ǘȅǇŜ 

5ŜǇƭƻȅƳŜƴ
ǘ ǎŜǉǳŜƴŎŜ 

{ƛǘŜ wŜŎƻǊŘƛƴƎ ǎǘŀǊǘ ό¦¢/ύ 5ŜǇƭƻȅƳŜƴǘ ǎǘŀǊǘ 
ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
ό¦¢/ύ 

wŜŎƻǊŘƛƴƎ ŜƴŘ 
ό¦¢/ύ 

[ŀǝǘǳŘŜ 
ό55ύ 

[ƻƴƎƛǘǳŘŜ 
ό55ύ 

5ŜǇƭƻȅ
ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

[ƻƎƎŜǊ нлмф. {ŜŀƎǊŜŜƴо нлмфπлтπом ллΥлл нлмфπлтπом ллΥлл нлмфπммπмт ллΥлл нлмфπммπму ллΥлл рсΦссмлт πнΦллфммт пмп [{ŜŀƎǊŜŜƴмȄπоǎ  ̧  ̧  ̧

 

/th5 нлмф. {ŜŀƎǊŜŜƴп нлмфπлтπол ллΥлл нлмфπлтπол ллΥлл нлмфπммπмт ллΥлл нлмфπммπму ллΥлл рсΦслффр πмΦуослт пмм оофл  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф. {ŜŀƎǊŜŜƴп нлмфπлтπол ллΥлл нлмфπлтπол ллΥлл нлмфπммπмт ллΥлл нлмфπммπму ллΥлл рсΦслффр πмΦуослт пмм [{ŜŀƎǊŜŜƴмȄπпǎ  ̧  ̧  ̧

 

/th5 нлмф. {ŜŀƎǊŜŜƴр нлмфπлтπол ллΥлл нлмфπлтπол ллΥлл нлмфπммπмт ллΥлл нлмфπммπму ллΥлл рсΦррпрн πмΦсстрт плт оофм  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф. {ŜŀƎǊŜŜƴр нлмфπлтπол ллΥлл нлмфπлтπол ллΥлл нлмфπммπмт ллΥлл нлмфπммπму ллΥлл рсΦррпрн πмΦсстрт плт [{ŜŀƎǊŜŜƴмȄπрǎ  ̧  ̧  ̧

 

/th5 нлмф/ bƴDм нлмфπммπнн ллΥлл нлмфπммπнн ллΥлл нлнлπлоπнм ллΥлл нлнлπлоπнм ллΥлл рсΦнфум πнΦомфос поу опоф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ bƴDм нлмфπммπнн ллΥлл нлмфπммπнн ллΥлл нлнлπлоπнм ллΥлл нлнлπлоπнм ллΥлл рсΦнфум πнΦомфос поу bbDм  ̧  ̧  ̧

 

/th5 нлмф/ bƴDн нлмфπммπнн ллΥлл нлмфπммπнн ллΥлл нлнлπлоπнм ллΥлл нлнлπлоπнм ллΥлл рсΦнрнлу πнΦнропр поф опос  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ bƴDн нлмфπммπнн ллΥлл нлмфπммπнн ллΥлл нлнлπлоπнм ллΥлл нлнлπлоπнм ллΥлл рсΦнрнлу πнΦнропр поф bbDн  ̧  ̧  ̧

 

/th5 нлмф/ bƴDо нлмфπммπнн ллΥлл нлмфπммπнн ллΥлл нлнлπлоπнм ллΥлл нлнлπлоπнм ллΥлл рсΦнтноу πнΦмссоо ппл опот  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ bƴDо b! b! b! b! рсΦнтноу πнΦмссоо ппл bbDо b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

/th5 нлмф/ bƴDп нлмфπммπнн ллΥлл нлмфπммπнн ллΥлл b! b! рсΦнтном πнΦлфлуо ппм опоу b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

[ƻƎƎŜǊ нлмф/ bƴDп b! b! b! b! рсΦнтном πнΦлфлуо ппм bbDп b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

/th5 нлмф/ {ŜŀƎǊŜŜƴм нлмфπммπнл ллΥлл нлмфπммπнм ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦтсннт πнΦорпу пон нуфу  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ {ŜŀƎǊŜŜƴм нлмфπммπнл ллΥлл нлмфπммπнм ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦтсннт πнΦорпу пон [{ŜŀƎǊŜŜƴмȄπсǎ  ̧  ̧  ̧

 

/th5 нлмф/ {ŜŀƎǊŜŜƴн нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦтмс πнΦмунтмт поо оотн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ {ŜŀƎǊŜŜƴн нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦтмс πнΦмунтмт поо [{ŜŀƎǊŜŜƴмȄπуǎ  ̧  ̧  ̧

 

/th5 нлмф/ {ŜŀƎǊŜŜƴо нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦссммр πнΦллфм поп нфлр  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ {ŜŀƎǊŜŜƴо нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦссммр πнΦллфм поп [{ŜŀƎǊŜŜƴмȄπтǎ  ̧  ̧  ̧

 

/th5 нлмф/ {ŜŀƎǊŜŜƴп нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦсмллмт πмΦуослмт пор омнф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ {ŜŀƎǊŜŜƴп нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦсмллмт πмΦуослмт пор [{ŜŀƎǊŜŜƴмȄπфǎ  ̧  ̧  ̧

 

/th5 нлмф/ {ŜŀƎǊŜŜƴр нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦррпсуо πмΦсстомт пос нтфу  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлмф/ {ŜŀƎǊŜŜƴр нлмфπммπмф ллΥлл нлмфπммπнл ллΥлл нлнлπлоπнл ллΥлл нлнлπлоπнм ллΥлл рсΦррпсуо πмΦсстомт пос [{ŜŀƎǊŜŜƴмȄπмлǎ  ̧  ̧  ̧

 

/th5 нлнл! bƴDм нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнфу πнΦомфн прм опоп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! bƴDм нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнфу πнΦомфн прм bbDм  ̧  ̧  ̧

 

/th5 нлнл! bƴDн нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнрмфт πнΦнротуо прн опоо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! bƴDн нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнрмфт πнΦнротуо прн bbDн  ̧  ̧  ̧

 

/th5 нлнл! bƴDо нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнтнпт πнΦмсстуо про опон  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! bƴDо нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлсπнл ллΥлл рсΦнтнпт πнΦмсстуо про bbDо  ̧  ̧  ̧

 

/th5 нлнл! bƴDп нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнтнпо πнΦлфлрст прп опор  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! bƴDп нлнлπлоπнн ллΥлл нлнлπлоπнп ллΥлл нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл рсΦнтнпо πнΦлфлрст прп bbDп  ̧  ̧  ̧
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5ŜǾƛŎŜ 
ǘȅǇŜ 

5ŜǇƭƻȅƳŜƴ
ǘ ǎŜǉǳŜƴŎŜ 

{ƛǘŜ wŜŎƻǊŘƛƴƎ ǎǘŀǊǘ ό¦¢/ύ 5ŜǇƭƻȅƳŜƴǘ ǎǘŀǊǘ 
ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
ό¦¢/ύ 

wŜŎƻǊŘƛƴƎ ŜƴŘ 
ό¦¢/ύ 

[ŀǝǘǳŘŜ 
ό55ύ 

[ƻƴƎƛǘǳŘŜ 
ό55ύ 

5ŜǇƭƻȅ
ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

/th5 нлнл! {ŜŀƎǊŜŜƴм b! b! b! b! рсΦтсннр πнΦорпр ппс b! b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

[ƻƎƎŜǊ нлнл! {ŜŀƎǊŜŜƴм b! b! b! b! рсΦтсннр πнΦорпр ппс b! b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

/th5 нлнл! {ŜŀƎǊŜŜƴн нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмо ллΥлл рсΦтмру πнΦмунсст ппт ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! {ŜŀƎǊŜŜƴн нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмп ллΥлл рсΦтмру πнΦмунсст ппт [{ŜŀƎǊŜŜƴмȄπо{  ̧  ̧  ̧

 

/th5 нлнл! {ŜŀƎǊŜŜƴо нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмо ллΥлл рсΦссммн πнΦллфлуо ппу оофм  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! {ŜŀƎǊŜŜƴо нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмп ллΥлл рсΦссммн πнΦллфлуо ппу [{ŜŀƎǊŜŜƴмȄπп{  ̧  ̧  ̧

 

/th5 нлнл! {ŜŀƎǊŜŜƴп нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмо ллΥлл рсΦслффн πмΦуосмоо ппф ооут  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! {ŜŀƎǊŜŜƴп нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмп ллΥлл рсΦслффн πмΦуосмоо ппф [{ŜŀƎǊŜŜƴмȄπр{  ̧  ̧  ̧

 

/th5 нлнл! {ŜŀƎǊŜŜƴр нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлтπмо ллΥлл рсΦррпрр πмΦсстумт прл оофл  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл! {ŜŀƎǊŜŜƴр нлнлπлоπнн ллΥлл нлнлπлоπно ллΥлл нлнлπлтπмо ллΥлл нлнлπлсπнл ллΥлл рсΦррпрр πмΦсстумт прл [{ŜŀƎǊŜŜƴмȄπм{  ̧  ̧  ̧

 

/th5 нлнл. bƴDм нлнлπлтπмп ллΥлл нлнлπлтπмп ллΥлл нлнлπммπлф ллΥлл нлнлπммπлф ллΥлл рсΦнфтфт πнΦомфноо птс опом  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл. bƴDм нлнлπлтπмс ллΥлл нлнлπлтπлф ллΥлл нлнлπммπмм ллΥлл нлнлπммπлу ллΥлл рсΦнфтфт πнΦомфноо птс потуун  ̧  ̧  ̧

 

/th5 нлнл. bƴDн нлнлπлтπмп ллΥлл нлнлπлтπмп ллΥлл нлнлπммπлф ллΥлл нлнлπммπлф ллΥлл рсΦнрмфт πнΦнротуо птт опоф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл. bƴDн нлнлπлтπмс ллΥлл нлнлπлтπлф ллΥлл нлнлπммπмм ллΥлл нлнлπммπлу ллΥлл рсΦнрмфт πнΦнротуо птт потууо  ̧  ̧  ̧

 

/th5 нлнл. bƴDо нлнлπлтπмп ллΥлл нлнлπлтπмп ллΥлл b! b! рсΦнтнпт πнΦмсстуо пту опот b b b ¦ƴǳǎŀōƭŜ Řŀǘŀ 

[ƻƎƎŜǊ нлнл. bƴDо нлнлπлтπмс ллΥлл нлнлπлтπлф ллΥлл нлнлπммπмм ллΥлл нлнлπммπлу ллΥлл рсΦнтнпт πнΦмсстуо пту потуур  ̧  ̧  ̧

 

/th5 нлнл. bƴDп нлнлπлтπмм ллΥлл нлнлπлтπмм ллΥлл b! b! рсΦнтнру πнΦлфлрст птф опос b b b ¦ƴǳǎŀōƭŜ Řŀǘŀ 

[ƻƎƎŜǊ нлнл. bƴDп нлнлπлтπмс ллΥлл нлнлπлтπлф ллΥлл нлнлπммπмм ллΥлл нлнлπммπлу ллΥлл рсΦнтнру πнΦлфлрст птф потуус  ̧  ̧  ̧

 

/th5 нлнл. {ŜŀƎǊŜŜƴм нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπммπлф ллΥлл рсΦтсннр πнΦорппст псу ооуу  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл. {ŜŀƎǊŜŜƴм нлнлπлтπлф ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπммπмм ллΥлл рсΦтсннр πнΦорппст псу [{ŜŀƎǊŜŜƴмȄπсǎ  ̧  ̧  ̧

 

/th5 нлнл. {ŜŀƎǊŜŜƴн нлнлπлтπмл ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπммπлу ллΥлл рсΦтмру πнΦмунсст псф ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл. {ŜŀƎǊŜŜƴн нлнлπлтπмр ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπмлπлф ллΥлл рсΦтмру πнΦмунсст псф [{ŜŀƎǊŜŜƴмȄπ{Dмм  ̧  ̧  ̧

 

/th5 нлнл. {ŜŀƎǊŜŜƴо нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл b! рсΦссммн πнΦллфноо птл оофм b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

[ƻƎƎŜǊ нлнл. {ŜŀƎǊŜŜƴо нлнлπлтπлф ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπммπлс ллΥлл рсΦссммн πнΦллфноо птл [{ŜŀƎǊŜŜƴмȄπмлǎ  ̧ b  ̧

 

/th5 нлнл. {ŜŀƎǊŜŜƴп нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл b! рсΦслффн πмΦуосммт птм ооут b b b bƻǘ ǊŜǘǊƛŜǾŜŘ 

[ƻƎƎŜǊ нлнл. {ŜŀƎǊŜŜƴп нлнлπлтπлф ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπммπмм ллΥлл рсΦслффн πмΦуосммт птм [{ŜŀƎǊŜŜƴмȄπтǎ  ̧  ̧  ̧

 

/th5 нлнл. {ŜŀƎǊŜŜƴр нлнлπлтπмп ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπммπлф ллΥлл рсΦррпрт πмΦсстур птн оофл  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл. {ŜŀƎǊŜŜƴр нлнлπлтπмл ллΥлл нлнлπлтπмр ллΥлл нлнлπммπлс ллΥлл нлнлπмлπлф ллΥлл рсΦррпрт πмΦсстур птн [{ŜŀƎǊŜŜƴмȄπфǎ  ̧  ̧  ̧

 

/th5 нлнл/ bƴDм нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπлр ллΥлл рсΦнфу πнΦомфнст пфо оосф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ bƴDм нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπму ллΥлл рсΦнфу πнΦомфнст пфо bbDу  ̧  ̧  ̧

 

/th5 нлнл/ bƴDн нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπнр ллΥлл рсΦнрмфу πнΦнроср пфп опон  ̧  ̧  ̧
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5ŜǾƛŎŜ 
ǘȅǇŜ 

5ŜǇƭƻȅƳŜƴ
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ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
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5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

[ƻƎƎŜǊ нлнл/ bƴDн нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπнр ллΥлл рсΦнрмфу πнΦнроср пфп bbDт  ̧  ̧  ̧

 

/th5 нлнл/ bƴDо нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπнр ллΥлл рсΦнтнну πнΦмсстмт пфр опор  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ bƴDо нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπнр ллΥлл рсΦнтнну πнΦмсстмт пфр bbDс  ̧  ̧  ̧

 

/th5 нлнл/ bƴDп нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлоπнр ллΥлл рсΦнтнпо πнΦлфлнр пфс опоо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ bƴDп нлнлπмлπол ллΥлл нлнлπммπлф ллΥлл нлнмπлоπмф ллΥлл нлнмπлмπом ллΥлл рсΦнтнпо πнΦлфлнр пфс bbDр  ̧  ̧  ̧

 

/th5 нлнл/ {ŜŀƎǊŜŜƴм нлнлπмлπол ллΥлл нлнлπммπлт ллΥлл нлнмπлоπму ллΥлл нлнмπлоπнр ллΥлл рсΦтсмсу πнΦорпрст пут ооут  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ {ŜŀƎǊŜŜƴм нлнлπммπлт ллΥлл нлнлπммπлт ллΥлл нлнмπлоπму ллΥлл нлнмπлоπму ллΥлл рсΦтсмсу πнΦорпрст пут [{ŜŀƎǊŜŜƴмȄπпǎ  ̧  ̧  ̧

 

/th5 нлнл/ {ŜŀƎǊŜŜƴн нлнлπмлπол ллΥлл нлнлπммπлт ллΥлл нлнмπлоπму ллΥлл нлнмπлоπнр ллΥлл рсΦтмрф πнΦмунсмт пуу оофл  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ {ŜŀƎǊŜŜƴн нлнлπммπлт ллΥлл нлнлπммπлт ллΥлл нлнмπлоπму ллΥлл нлнмπлоπму ллΥлл рсΦтмрф πнΦмунсмт пуу [{ŜŀƎǊŜŜƴмȄπмǎ  ̧  ̧  ̧

 

/th5 нлнл/ {ŜŀƎǊŜŜƴо нлнлπмлπол ллΥлл нлнлπммπлт ллΥлл нлнмπлоπмт ллΥлл нлнмπлнπнл ллΥлл рсΦссмлу πнΦллфмст пуф ороо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ {ŜŀƎǊŜŜƴо нлнлπммπлт ллΥлл нлнлπммπлт ллΥлл нлнмπлоπмт ллΥлл нлнмπлоπмт ллΥлл рсΦссмлу πнΦллфмст пуф {Dмн  ̧  ̧  ̧

 

/th5 нлнл/ {ŜŀƎǊŜŜƴп нлнлπмлπол ллΥлл нлнлπммπлт ллΥлл нлнмπлоπмт ллΥлл нлнмπлоπнр ллΥлл рсΦслффр πмΦуослр пфл ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ {ŜŀƎǊŜŜƴп нлнлπммπлт ллΥлл нлнлπммπлт ллΥлл нлнмπлоπмт ллΥлл нлнмπлоπмт ллΥлл рсΦслффр πмΦуослр пфл [{ŜŀƎǊŜŜƴмȄπоǎ  ̧  ̧  ̧

 

/th5 нлнл/ {ŜŀƎǊŜŜƴр нлнлπмлπол ллΥлл нлнлπммπлт ллΥлл нлнмπлоπмт ллΥлл нлнмπлоπнр ллΥлл рсΦррптн πмΦсстрр пфм оофм  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнл/ {ŜŀƎǊŜŜƴр нлнлπммπлт ллΥлл нлнлπммπлт ллΥлл нлнмπлоπмт ллΥлл нлнмπлоπмт ллΥлл рсΦррптн πмΦсстрр пфм [{ŜŀƎǊŜŜƴмȄπрǎ  ̧  ̧  ̧

 

/th5 нлнм! bƴDм нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнфу π
нΦомфомсст 

рнс опос  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! bƴDм нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнфу π
нΦомфомсст 

рнс bbDм  ̧  ̧  ̧

 

/th5 нлнм! bƴDн нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнрнпмст π
нΦнрофуооо 

рнт опот  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! bƴDн нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнрнпмст π
нΦнрофуооо 

рнт bbDн  ̧  ̧  ̧

 

/th5 нлнм! bƴDо нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлрπмс ллΥлл рсΦнтнт πнΦмссфр рну опоу  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! bƴDо нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнтнт πнΦмссфр рну bbDф  ̧  ̧  ̧

 

/th5 нлнм! bƴDп нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнтнооо πнΦлфлм рнф опоф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! bƴDп нлнмπлоπнл ллΥлл нлнмπлоπнл ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦнтнооо πнΦлфлм рнф bbDмл  ̧  ̧  ̧

 

/th5 нлнм! {ŜŀƎǊŜŜƴм нлнмπлнπнр ллΥлл нлнмπлоπмф ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦтснру πнΦороу рму омнф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! {ŜŀƎǊŜŜƴм нлнмπлоπму ллΥлл нлнмπлоπмф ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπлу ллΥлл рсΦтснру πнΦороу рму {Dмм  ̧  ̧  ̧

 

/th5 нлнм! {ŜŀƎǊŜŜƴн нлнмπлнπнр ллΥлл нлнмπлоπмф ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦтмсп πнΦмунлу рмф ороп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! {ŜŀƎǊŜŜƴн нлнмπлоπму ллΥлл нлнмπлоπмф ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπлу ллΥлл рсΦтмсп πнΦмунлу рмф [{ŜŀƎǊŜŜƴмȄπмлǎ  ̧  ̧  ̧

 

/th5 нлнм! {ŜŀƎǊŜŜƴо нлнмπлнπнл ллΥлл нлнмπлоπму ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмп ллΥлл рсΦссмммст π
нΦллфлуооо 

рнл оотн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! {ŜŀƎǊŜŜƴо нлнмπлоπму ллΥлл нлнмπлоπму ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπлу ллΥлл рсΦссмммст π
нΦллфлуооо 

рнл [{ŜŀƎǊŜŜƴмȄπфǎ  ̧  ̧  ̧
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ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
ό¦¢/ύ 
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[ŀǝǘǳŘŜ 
ό55ύ 
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5ŜǇƭƻȅ
ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

/th5 нлнм! {ŜŀƎǊŜŜƴп нлнмπлнπнн ллΥлл нлнмπлоπмф ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπмм ллΥлл рсΦслфсм π
мΦуосммсст 

рнм ооус  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! {ŜŀƎǊŜŜƴп нлнмπлоπму ллΥлл нлнмπлоπмф ллΥлл нлнмπлсπлу ллΥлл нлнмπлсπлу ллΥлл рсΦслфсм π
мΦуосммсст 

рнм [{ŜŀƎǊŜŜƴмȄπтǎ  ̧  ̧  ̧

 

/th5 нлнм! {ŜŀƎǊŜŜƴр нлнмπлнπнт ллΥлл нлнмπлоπму ллΥлл нлнмπлсπлс ллΥлл нлнмπлсπмс ллΥлл рсΦррсооо π
мΦсупрмсст 

рнн ооур  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм! {ŜŀƎǊŜŜƴр нлнмπлоπму ллΥлл нлнмπлоπму ллΥлл нлнмπлсπлс ллΥлл нлнмπлсπлу ллΥлл рсΦррсооо π
мΦсупрмсст 

рнн [{ŜŀƎǊŜŜƴмȄπуǎ  ̧  ̧  ̧

 

/th5 нлнм. bƴDм нлнмπлрπнн ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл нлнмπммπнн ллΥлл рсΦнфум πнΦомуф рфл опом  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм. bƴDм нлнмπлрπнн ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл нлнмπлтπлр ллΥлл рсΦнфум πнΦомуф рфл bbDр  ̧  ̧  ̧

 

/th5 нлнм. bƴDн нлнмπлрπнн ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл b! рсΦнрнлмст π
нΦнроумсст 

рфм опоо  ̧ b b bƻ Řŀǘŀ 

[ƻƎƎŜǊ нлнм. bƴDн нлнмπлрπнн ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл нлнмπлтπлр ллΥлл рсΦнрнлмст π
нΦнроумсст 

рфм bbDс  ̧  ̧  ̧

 

/th5 нлнм. bƴDо нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл b! рсΦнтннсст π
нΦмссруооо 

рфн опоп  ̧ b b bƻ Řŀǘŀ 

[ƻƎƎŜǊ нлнм. bƴDо нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл нлнмπлтπлт ллΥлл рсΦнтннсст π
нΦмссруооо 

рфн bbDт  ̧  ̧  ̧

 

/th5 нлнм. bƴDп нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл нлнмπлфπмн ллΥлл рсΦнтнп π
нΦлфлрмсст 

рфо опор  ̧ b  ̧ {ǘƻǇǇŜŘ ǊŜŎƻǊŘƛƴƎ ŜŀǊƭȅ 

[ƻƎƎŜǊ нлнм. bƴDп нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπнн ллΥлл нлнмπлтπлр ллΥлл рсΦнтнп π
нΦлфлрмсст 

рфо bbDу  ̧  ̧  ̧

 

/th5 нлнм. {ŜŀƎǊŜŜƴм нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπмт ллΥлл нлнмπлфπно ллΥлл рсΦтснсмст π
нΦоротмсст 

рур ороо  ̧ b  ̧ {ǘƻǇǇŜŘ ǊŜŎƻǊŘƛƴƎ ŜŀǊƭȅ 

[ƻƎƎŜǊ нлнм. {ŜŀƎǊŜŜƴм нлнмπлсπлф ллΥлл нлнмπлсπлф ллΥлл нлнмπммπмт ллΥлл нлнмπлтπлр ллΥлл рсΦтснсмст π
нΦоротмсст 

рур {Dмн  ̧  ̧  ̧

 

/th5 нлнм. {ŜŀƎǊŜŜƴн нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπмт ллΥлл b! рсΦтмру π
нΦмунтмсст 

рус ооуп b b b bƻ Řŀǘŀ 

[ƻƎƎŜǊ нлнм. {ŜŀƎǊŜŜƴн нлнмπлсπлф ллΥлл нлнмπлсπлф ллΥлл нлнмπммπмт ллΥлл нлнмπлуπнм ллΥлл рсΦтмру π
нΦмунтмсст 

рус [{ŜŀƎǊŜŜƴмȄπмǎ  ̧  ̧  ̧

 

/th5 нлнм. {ŜŀƎǊŜŜƴо нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл нлнмπммπмт ллΥлл нлнмπммπмф ллΥлл рсΦссмлуоо π
нΦллфнмсст 

рут ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм. {ŜŀƎǊŜŜƴо нлнмπлсπлф ллΥлл нлнмπлсπлф ллΥлл нлнмπммπмт ллΥлл нлнмπмлπлс ллΥлл рсΦссмлуоо π
нΦллфнмсст 

рут [{ŜŀƎǊŜŜƴмȄπоǎ  ̧  ̧  ̧

 

/th5 нлнм. {ŜŀƎǊŜŜƴп нлнмπлрπнм ллΥлл нлнмπлсπлф ллΥлл b! нлнмπлсπнр ллΥлл рсΦслффсст πмΦуорс руу ооут  ̧ b  ̧ ¢w!²[95 

[ƻƎƎŜǊ нлнм. {ŜŀƎǊŜŜƴп нлнмπлсπлф ллΥлл нлнмπлсπлф ллΥлл b! нлнмπлтπлр ллΥлл рсΦслффсст πмΦуорс руу [{ŜŀƎǊŜŜƴмȄπсǎ b b  ̧ ¢w!²[95 

/th5 нлнм. {ŜŀƎǊŜŜƴр нлнмπлрπнм ллΥлл нлнмπлсπлт ллΥлл нлнмπммπмт ллΥлл нлнмπммπмф ллΥлл рсΦррснр π
мΦсфосуооо 

руф оофм  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм. {ŜŀƎǊŜŜƴр нлнмπлсπлф ллΥлл нлнмπлсπлт ллΥлл нлнмπммπмт ллΥлл нлнмπлтπлр ллΥлл рсΦррснр π
мΦсфосуооо 

руф [{ŜŀƎǊŜŜƴмȄπпǎ  ̧  ̧  ̧

 

/th5 нлнм/ bƴDм нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦо πнΦон сон опоф  ̧  ̧  ̧
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ƳŜƴǘ 
ƴǳƳōŜǊ 
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Řŀǘŀ 

bƻǘŜǎ 

[ƻƎƎŜǊ нлнм/ bƴDм нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦо πнΦон сон bbDф  ̧  ̧  ̧

 

/th5 нлнм/ bƴDн нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπмнπмф ллΥлл рсΦнрнлмс πнΦнропмс соо опоу  ̧ b  ̧

 

[ƻƎƎŜǊ нлнм/ bƴDн нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦнрнлмс πнΦнропмс соо bbDмл  ̧  ̧  ̧

 

/th5 нлнм/ bƴDо нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦнтнр πнΦмсс соп опос  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ bƴDо нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦнтнр πнΦмсс соп bbDн  ̧  ̧  ̧

 

/th5 нлнм/ bƴDп нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦнтмуу πнΦлфллр сор опот  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ bƴDп нлнмπммπлр ллΥлл нлнмπммπно ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦнтмуу πнΦлфллр сор bbDм  ̧  ̧  ̧

 

/th5 нлнм/ {ŜŀƎǊŜŜƴм нлнмπммπлр ллΥлл нлнмπммπму ллΥлл нлннπлоπмп ллΥлл нлннπлоπмс ллΥлл рсΦтснр πнΦороуоо сос омнф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ {ŜŀƎǊŜŜƴм нлнмπммπму ллΥлл нлнмπммπму ллΥлл нлннπлоπмп ллΥлл нлннπлоπмп ллΥлл рсΦтснр πнΦороуоо сос {Dмм  ̧  ̧  ̧

 

/th5 нлнм/ {ŜŀƎǊŜŜƴн нлнмπммπлр ллΥлл нлнмπммπму ллΥлл нлннπлоπмп ллΥлл нлннπлоπмс ллΥлл рсΦтмссуо πнΦмумнуо сот ооус  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ {ŜŀƎǊŜŜƴн нлнмπммπму ллΥлл нлнмπммπму ллΥлл нлннπлоπмп ллΥлл нлннπлоπмп ллΥлл рсΦтмссуо πнΦмумнуо сот [{ŜŀƎǊŜŜƴмȄπмлǎ  ̧  ̧  ̧

 

/th5 нлнм/ {ŜŀƎǊŜŜƴо нлнмπммπлр ллΥлл нлнмπммπму ллΥлл нлннπлоπмп ллΥлл нлннπлоπмс ллΥлл рсΦсснр πнΦллусст соу опфн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ {ŜŀƎǊŜŜƴо нлнмπммπму ллΥлл нлнмπммπму ллΥлл нлннπлоπмп ллΥлл нлннπлоπмп ллΥлл рсΦсснр πнΦллусст соу [{ŜŀƎǊŜŜƴмȄπтǎ  ̧  ̧  ̧

 

/th5 нлнм/ {ŜŀƎǊŜŜƴп нлнмπммπлр ллΥлл нлнмπммπму ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦсм πмΦуоср соф ооур  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ {ŜŀƎǊŜŜƴп нлнмπммπму ллΥлл нлнмπммπму ллΥлл нлннπлоπмр ллΥлл нлннπлоπмр ллΥлл рсΦсм πмΦуоср соф [{ŜŀƎǊŜŜƴмȄπуǎ  ̧  ̧  ̧

 

/th5 нлнм/ {ŜŀƎǊŜŜƴр нлнмπммπлр ллΥлл нлнмπммπму ллΥлл нлннπлоπмр ллΥлл нлннπлоπмс ллΥлл рсΦррслн πмΦсфофст спл ороп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнм/ {ŜŀƎǊŜŜƴр нлнмπммπму ллΥлл нлнмπммπму ллΥлл нлннπлоπмр ллΥлл нлннπлоπмр ллΥлл рсΦррслн πмΦсфофст спл [{ŜŀƎǊŜŜƴмȄπсǎ  ̧  ̧  ̧

 

/th5 нлнн! bƴDм нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπнн ллΥлл рсΦнфтф πнΦомфмс сту опоп  ̧ b b 5ƛŘ ƴƻǘ ǊŜŎƻǊŘ Řŀǘŀ 

[ƻƎƎŜǊ нлнн! bƴDм нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπму ллΥлл рсΦнфтф πнΦомфмс сту bbDу  ̧  ̧  ̧

 

/th5 нлнн! bƴDн нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπнн ллΥлл рсΦнрнлр πнΦнроуо стф опом  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! bƴDн нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπмф ллΥлл рсΦнрнлр πнΦнроуо стф bbDс  ̧  ̧  ̧

 

/th5 нлнн! bƴDо нлннπлнπмс ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπнн ллΥлл рсΦнтномт πнΦмсстр сул опоо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! bƴDо нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπмо ллΥлл рсΦнтномт πнΦмсстр сул bbDт  ̧  ̧  ̧

 

/th5 нлнн! bƴDп нлннπлнπмс ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπнн ллΥлл рсΦнтнооо πнΦлфлоо сум опор  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! bƴDп нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмф ллΥлл нлннπлтπнф ллΥлл рсΦнтнооо πнΦлфлоо сум bbDр  ̧  ̧  ̧

 

/th5 нлнн! {ŜŀƎǊŜŜƴм нлннπлнπмн ллΥлл нлннπлоπмр ллΥлл нлннπлтπмт ллΥлл нлннπлтπнн ллΥлл рсΦтснпо πнΦорпп сто оотн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! {ŜŀƎǊŜŜƴм нлннπлнπнн ллΥлл нлннπлоπмр ллΥлл нлннπлтπмт ллΥлл нлннπлтπмт ллΥлл рсΦтснпо πнΦорпп сто [{ŜŀƎǊŜŜƴмȄπоǎ  ̧  ̧  ̧

 

/th5 нлнн! {ŜŀƎǊŜŜƴн нлннπлнπмс ллΥлл нлннπлоπмр ллΥлл нлннπлтπму ллΥлл нлннπлтπнн ллΥлл рсΦтмруо πнΦмунсст стп оофн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! {ŜŀƎǊŜŜƴн нлннπлнπнн ллΥлл нлннπлоπмр ллΥлл нлннπлтπму ллΥлл b! рсΦтмруо πнΦмунсст стп {Dмн  ̧ b b ²ŀǘŜǊ ƛƴƎǊŜǎǎΣ ƴƻ ŘŀǘŀΣ ŘŜǾƛŎŜ ǊŜǝǊŜŘ 

/th5 нлнн! {ŜŀƎǊŜŜƴо нлннπлнπмн ллΥлл нлннπлоπмр ллΥлл нлннπлтπмт ллΥлл нлннπлтπнн ллΥлл рсΦссмлу πнΦллфлмт стр оофл  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! {ŜŀƎǊŜŜƴо нлннπлнπнн ллΥлл нлннπлоπмр ллΥлл нлннπлтπмт ллΥлл нлннπлтπмп ллΥлл рсΦссмлу πнΦллфлмт стр [{ŜŀƎǊŜŜƴмȄπфǎ  ̧  ̧  ̧
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5ŜǇƭƻȅƳŜƴ
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{ƛǘŜ wŜŎƻǊŘƛƴƎ ǎǘŀǊǘ ό¦¢/ύ 5ŜǇƭƻȅƳŜƴǘ ǎǘŀǊǘ 
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ό55ύ 
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ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

/th5 нлнн! {ŜŀƎǊŜŜƴп нлннπлнπмс ллΥлл нлннπлоπмс ллΥлл нлннπлтπмт ллΥлл нлннπлтπнн ллΥлл рсΦсм πмΦуос стс ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! {ŜŀƎǊŜŜƴп нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπмт ллΥлл нлннπлтπмт ллΥлл рсΦсм πмΦуос стс [{ŜŀƎǊŜŜƴмȄπмǎ  ̧  ̧  ̧

 

/th5 нлнн! {ŜŀƎǊŜŜƴр нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπму ллΥлл нлннπлтπнс ллΥлл рсΦррсоо πмΦсфост стт ороо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн! {ŜŀƎǊŜŜƴр нлннπлнπнн ллΥлл нлннπлоπмс ллΥлл нлннπлтπму ллΥлл нлннπлтπмт ллΥлл рсΦррсоо πмΦсфост стт [{ŜŀƎǊŜŜƴмȄπпǎ  ̧  ̧  ̧

 

/th5 нлнн. bƴDм нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπммπнс ллΥлл рсΦнфтф πнΦомфмс тлт опоо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. bƴDм нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπмнπлн ллΥлл рсΦнфтф πнΦомфмс тлт bbDπт  ̧  ̧  ̧

 

/th5 нлнн. bƴDн нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπммπнс ллΥлл рсΦнролс πнΦнроуу тлу опом  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. bƴDн нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπмнπлн ллΥлл рсΦнролс πнΦнроуу тлу bbDπр  ̧  ̧  ̧

 

/th5 нлнн. bƴDо нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπммπнс ллΥлл рсΦнтноо πнΦмсст тлф опоп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. bƴDо нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπммπнс ллΥлл рсΦнтноо πнΦмсст тлф bbDπу  ̧  ̧  ̧

 

/th5 нлнн. bƴDп нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπммπнс ллΥлл рсΦнтнну πнΦлфлмс тмл опор  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. bƴDп нлннπлсπно ллΥлл нлннπлтπнл ллΥлл нлннπммπнс ллΥлл нлннπмнπлн ллΥлл рсΦнтнну πнΦлфлмс тмл [{ŜŀƎǊŜŜƴмπоу  ̧  ̧  ̧

 

/th5 нлнн. {ŜŀƎǊŜŜƴм нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπммπнс ллΥлл рсΦтснрр πнΦорпо тмм оофм  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. {ŜŀƎǊŜŜƴм нлннπлтπму ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπммπмр ллΥлл рсΦтснрр πнΦорпо тмм [{ŜŀƎǊŜŜƴмȄπуǎ  ̧  ̧  ̧

 

/th5 нлнн. {ŜŀƎǊŜŜƴн нлннπлтπлу ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπммπнс ллΥлл рсΦтмруооо π
нΦмунуоооо 

тнт ооуу  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. {ŜŀƎǊŜŜƴн нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπмнπлн ллΥлл рсΦтмруооо π
нΦмунуоооо 

тнт [{ŜŀƎǊŜŜƴмȄπмлǎ  ̧  ̧  ̧

 

/th5 нлнн. {ŜŀƎǊŜŜƴо нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπммπнс ллΥлл рсΦсслоо πнΦллфно тмн орур  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. {ŜŀƎǊŜŜƴо нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπмнπлн ллΥлл рсΦсслоо πнΦллфно тмн {Dмм  ̧  ̧  ̧

 

/th5 нлнн. {ŜŀƎǊŜŜƴп нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπммπнс ллΥлл рсΦслфру πмΦуорт тмо ороп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. {ŜŀƎǊŜŜƴп нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπмнπлн ллΥлл рсΦслфру πмΦуорт тмо [{ŜŀƎǊŜŜƴмȄπтǎ  ̧  ̧  ̧

 

/th5 нлнн. {ŜŀƎǊŜŜƴр нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπммπнс ллΥлл рсΦрррту πмΦсфпср тмп ооус  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн. {ŜŀƎǊŜŜƴр нлннπлсπно ллΥлл нлннπлтπму ллΥлл нлннπммπнр ллΥлл нлннπмнπлн ллΥлл рсΦрррту πмΦсфпср тмп [{ŜŀƎǊŜŜƴмȄπсǎ  ̧  ̧  ̧

 

/th5 нлнн/ bƴDм нлннπммπлп ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлпπло ллΥлл рсΦнфумооо π
нΦомфомсст 

тон опоо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ bƴDм нлннπммπло ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлоπом ллΥлл рсΦнфумооо π
нΦомфомсст 

тон bbDπт  ̧  ̧  ̧

 

/th5 нлнн/ bƴDн нлннπммπлп ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлпπло ллΥлл рсΦнрнмооо πнΦнроу тоо опом  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ bƴDн нлннπммπло ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлоπну ллΥлл рсΦнрнмооо πнΦнроу тоо bbDπр  ̧  ̧  ̧

 

/th5 нлнн/ bƴDо нлннπммπлп ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлпπло ллΥлл рсΦнтннуоо π
нΦмсссуооо 

топ опоп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ bƴDо нлннπммπло ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлннπммπлп ллΥлл рсΦнтннуоо π
нΦмсссуооо 

топ bbDπу  ̧ b b bƻ Řŀǘŀ 
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5ŜǾƛŎŜ 
ǘȅǇŜ 

5ŜǇƭƻȅƳŜƴ
ǘ ǎŜǉǳŜƴŎŜ 

{ƛǘŜ wŜŎƻǊŘƛƴƎ ǎǘŀǊǘ ό¦¢/ύ 5ŜǇƭƻȅƳŜƴǘ ǎǘŀǊǘ 
ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
ό¦¢/ύ 

wŜŎƻǊŘƛƴƎ ŜƴŘ 
ό¦¢/ύ 

[ŀǝǘǳŘŜ 
ό55ύ 

[ƻƴƎƛǘǳŘŜ 
ό55ύ 

5ŜǇƭƻȅ
ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

/th5 нлнн/ bƴDп нлннπммπлп ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлпπло ллΥлл рсΦнтнп π
нΦлфлрмсст 

тор опор  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ bƴDп нлннπммπло ллΥлл нлннπммπнт ллΥлл нлноπлоπну ллΥлл нлноπлоπну ллΥлл рсΦнтнп π
нΦлфлрмсст 

тор [{ŜŀƎǊŜŜƴмπо  ̧  ̧  ̧

 

/th5 нлнн/ {ŜŀƎǊŜŜƴм нлннπммπлп ллΥлл нлннπммπнс ллΥлл нлноπлоπнт ллΥлл нлноπлоπнт ллΥлл рсΦтсннсст π
нΦорпрмсст 

тоу опфн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ {ŜŀƎǊŜŜƴм нлннπммπло ллΥлл нлннπммπнс ллΥлл нлноπлоπнт ллΥлл нлноπлоπом ллΥлл рсΦтсннсст π
нΦорпрмсст 

тоу [{ŜŀƎǊŜŜƴмȄπпǎ  ̧  ̧  ̧

 

/th5 нлнн/ {ŜŀƎǊŜŜƴн нлннπммπлп ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлпπлп ллΥлл рсΦтмрусст πнΦмунр тну оотн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ {ŜŀƎǊŜŜƴн нлннπммπло ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлоπнт ллΥлл рсΦтмрусст πнΦмунр тну [{ŜŀƎǊŜŜƴмȄπнп  ̧  ̧  ̧

 

/th5 нлнн/ {ŜŀƎǊŜŜƴо нлннπммπлп ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлпπлп ллΥлл рсΦсслууоо π
нΦллутоооо 

тнф оофл  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ {ŜŀƎǊŜŜƴо нлннπммπло ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл b! рсΦсслууоо π
нΦллутоооо 

тнф [{ŜŀƎǊŜŜƴмȄπфǎ  ̧ b b bƻ Řŀǘŀ 

/th5 нлнн/ {ŜŀƎǊŜŜƴп нлннπммπлп ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлпπлп ллΥлл рсΦслффр π
мΦуорфссст 

тол оофн  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ {ŜŀƎǊŜŜƴп нлннπммπлр ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлоπну ллΥлл рсΦслффр π
мΦуорфссст 

тол [{ŜŀƎǊŜŜƴмȄπоǎ  ̧  ̧  ̧

 

/th5 нлнн/ {ŜŀƎǊŜŜƴр нлннπммπлп ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлпπлп ллΥлл рсΦррснр π
мΦсфоуоооо 

том ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнн/ {ŜŀƎǊŜŜƴр нлннπммπло ллΥлл нлннπммπнс ллΥлл нлноπлоπнф ллΥлл нлноπлоπну ллΥлл рсΦррснр π
мΦсфоуоооо 

том [{ŜŀƎǊŜŜƴмȄπмǎ  ̧  ̧  ̧

 

/th5 нлно! bƴDм нлноπлнπнм ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнфумо πнΦомфом тфс опос  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! bƴDм нлноπлоπмл ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнфумо πнΦомфом тфс bbDπм  ̧  ̧  ̧

 

/th5 нлно! bƴDн нлноπлнπнм ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнрнмо πнΦнроу улм опоф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! bƴDн нлноπлоπмл ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнрнмо πнΦнроу улм bbDπмл  ̧  ̧  ̧

 

/th5 нлно! bƴDо нлноπлнπнм ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнтнну πнΦмсссу улн опол  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! bƴDо нлноπлоπмл ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнтнну πнΦмсссу улн bbDπф  ̧  ̧  ̧

 

/th5 нлно! bƴDп нлноπлнπнм ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнтнп πнΦлфлрм уло опот  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! bƴDп нлноπлоπмл ллΥлл нлноπлоπнф ллΥлл нлноπлсπмт ллΥлл нлноπлсπнм ллΥлл рсΦнтнп πнΦлфлрм уло bbDπн  ̧  ̧  ̧

 

/th5 нлно! {ŜŀƎǊŜŜƴм нлноπлнπнн ллΥлл нлноπлоπну ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦтсннс πнΦорпрм улп ооус  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! {ŜŀƎǊŜŜƴм нлноπлоπмл ллΥлл нлноπлоπну ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦтсннс πнΦорпрм улп [{ŜŀƎǊŜŜƴмȄπсǎ  ̧  ̧  ̧

 

/th5 нлно! {ŜŀƎǊŜŜƴн нлноπлнπнн ллΥлл нлноπлоπну ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦтмрур πнΦмунпс улр ороп  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! {ŜŀƎǊŜŜƴн нлноπлоπмл ллΥлл нлноπлоπну ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦтмрур πнΦмунпс улр [{ŜŀƎǊŜŜƴмȄπуǎ  ̧  ̧  ̧

 

/th5 нлно! {ŜŀƎǊŜŜƴо нлноπлнπнн ллΥлл нлноπлоπол ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦсслуу πнΦллуто улс оофм  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! {ŜŀƎǊŜŜƴо нлноπлоπмл ллΥлл нлноπлоπол ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦсслуу πнΦллуто улс {Dмм  ̧  ̧  ̧

 

/th5 нлно! {ŜŀƎǊŜŜƴп нлноπлнπнн ллΥлл нлноπлоπол ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦслффр πмΦуорфс улт омнф  ̧  ̧  ̧
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5ŜǇƭƻȅƳŜƴ
ǘ ǎŜǉǳŜƴŎŜ 
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ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
ό¦¢/ύ 

wŜŎƻǊŘƛƴƎ ŜƴŘ 
ό¦¢/ύ 

[ŀǝǘǳŘŜ 
ό55ύ 

[ƻƴƎƛǘǳŘŜ 
ό55ύ 

5ŜǇƭƻȅ
ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

[ƻƎƎŜǊ нлно! {ŜŀƎǊŜŜƴп нлноπлоπмл ллΥлл нлноπлоπол ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦслффр πмΦуорфс улт [{ŜŀƎǊŜŜƴмȄπмлǎ  ̧  ̧  ̧

 

/th5 нлно! {ŜŀƎǊŜŜƴр нлноπлнπнн ллΥлл нлноπлоπол ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦррснр πмΦсфоуо туф ооуф  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно! {ŜŀƎǊŜŜƴр нлноπлоπлф ллΥлл нлноπлоπол ллΥлл нлноπлсπмр ллΥлл нлноπлсπнм ллΥлл рсΦррснр πмΦсфоуо туф [{ŜŀƎǊŜŜƴмȄπтǎ  ̧  ̧ b 

 

/th5 нлно. bƴDм нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлнпπлмπмо ллΥлл рсΦнфумр πнΦомфну урн опор  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. bƴDм нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлноπмнπло ллΥлл рсΦнфумр πнΦомфну урн [{ŜŀƎǊŜŜƴмȄπнп  ̧ b  ̧

 

/th5 нлно. bƴDн нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлнпπлмπлу ллΥлл рсΦнрнмм πнΦнротм уро опом  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. bƴDн нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлноπмнπло ллΥлл рсΦнрнмм πнΦнротм уро bbDπу  ̧ b  ̧

 

/th5 нлно. bƴDо нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлнпπлмπмо ллΥлл рсΦнтном πнΦмссрс урп опоо  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. bƴDо нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлноπмнπло ллΥлл рсΦнтном πнΦмссрс урп bbDπт  ̧ b  ̧

 

/th5 нлно. bƴDп нлноπлсπло ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлнпπлмπмм ллΥлл рсΦнтном πнΦлфлто урр опоп  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. bƴDп нлноπлсπлн ллΥлл нлноπлсπму ллΥлл нлнпπлнπлм ллΥлл нлноπмнπло ллΥлл рсΦнтном πнΦлфлто урр bbDπр  ̧ b  ̧

 

/th5 нлно. {ŜŀƎǊŜŜƴм нлноπлсπлм ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлноπмнπлф ллΥлл рсΦтс πнΦор урс оофн  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. {ŜŀƎǊŜŜƴм нлноπлсπмс ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлноπмнπмм ллΥлл рсΦтс πнΦор урс [{ŜŀƎǊŜŜƴмπо  ̧ b  ̧

 

/th5 нлно. {ŜŀƎǊŜŜƴн нлноπлсπлм ллΥлл нлноπлсπмс ллΥлл b! b! рсΦтн πнΦму урт b! b b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 

[ƻƎƎŜǊ нлно. {ŜŀƎǊŜŜƴн 

 

нлноπлсπмс ллΥлл b! b! рсΦтн πнΦму урт [{ŜŀƎǊŜŜƴмȄπно b b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 

/th5 нлно. {ŜŀƎǊŜŜƴо нлноπлсπлм ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлнпπлмπлу ллΥлл рсΦсс πнΦлм уру опфн  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. {ŜŀƎǊŜŜƴо нлноπлсπмс ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлноπмнπмм ллΥлл рсΦсс πнΦлм уру [{ŜŀƎǊŜŜƴмȄπмǎ  ̧ b  ̧

 

/th5 нлно. {ŜŀƎǊŜŜƴп нлноπлсπлм ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлноπмнπму ллΥлл рсΦсм πмΦуп урф оофл  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. {ŜŀƎǊŜŜƴп нлноπлсπмс ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлноπмнπмм ллΥлл рсΦсм πмΦуп урф [{ŜŀƎǊŜŜƴмȄπфǎ  ̧ b  ̧

 

/th5 нлно. {ŜŀƎǊŜŜƴр нлноπлсπлм ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлнпπлмπмр ллΥлл рсΦрр πмΦст усл оотн  ̧ b  ̧

 

[ƻƎƎŜǊ нлно. {ŜŀƎǊŜŜƴр нлноπлсπмс ллΥлл нлноπлсπмс ллΥлл нлнпπлнπлт ллΥлл нлноπмнπмм ллΥлл рсΦрр πмΦст усл [{ŜŀƎǊŜŜƴмȄπоǎ  ̧ b  ̧

 

/th5 нлно/ bƴDм нлноπммπлн ллΥлл нлнпπлнπлн ллΥлл b! b! рсΦнфтф πнΦомфрр уфн опоф b b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 

[ƻƎƎŜǊ нлно/ bƴDм нлноπлмπнр ллΥлл нлнпπлнπлн ллΥлл b! b! рсΦнфтф πнΦомфрр уфн bbDπф b b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 

/th5 нлно/ bƴDн нлноπммπлн ллΥлл нлнпπлнπлн ллΥлл нлнпπлсπол ллΥлл нлнпπлсπнф ллΥлл рсΦнрннт πнΦнропс уфо опол  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно/ bƴDн нлноπлмπнр ллΥлл нлнпπлнπлн ллΥлл нлнпπлсπол ллΥлл нлнпπлтπлп ллΥлл рсΦнрннт πнΦнропс уфо bbDπм  ̧  ̧  ̧

 

/th5 нлно/ bƴDо нлноπммπлн ллΥлл нлнпπлнπлн ллΥлл нлнпπлсπол ллΥлл нлнпπлсπнф ллΥлл рсΦнтнст πнΦмссрс уфп опот  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно/ bƴDо нлноπлмπнр ллΥлл нлнпπлнπлн ллΥлл нлнпπлсπол ллΥлл b! рсΦнтнст πнΦмссрс уфп bbDπн  ̧ b b bƻ Řŀǘŀ ǇǊƻǾƛŘŜŘ ŦƻǊ ǘƘƛǎ ŘŜǇƭƻȅƳŜƴǘ 

/th5 нлно/ bƴDп нлноπммπлн ллΥлл нлнпπлнπлн ллΥлл нлнпπлсπол ллΥлл нлнпπлсπнр ллΥлл рсΦнтнот πнΦлфлтр уфр опос  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлно/ bƴDп нлноπлмπнр ллΥлл нлнпπлнπлн ллΥлл нлнпπлсπол ллΥлл нлнпπлтπлп ллΥлл рсΦнтнот πнΦлфлтр уфр bbDπмл  ̧  ̧  ̧

 

/th5 нлно/ {ŜŀƎǊŜŜƴм нлноπммπлн ллΥлл нлнпπлнπлу ллΥлл b! b! рсΦтснну πнΦорпт флр ороо b b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 

[ƻƎƎŜǊ нлно/ {ŜŀƎǊŜŜƴм нлноπлмπнр ллΥлл нлнпπлнπлу ллΥлл b! b! рсΦтснну πнΦорпт флр {Dмм b b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 
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[ƻƎƎŜǊ нлно/ {ŜŀƎǊŜŜƴр нлноπлмπнр ллΥлл нлнпπлнπлу ллΥлл нлнпπлсπнс ллΥлл нлнпπлтπлп ллΥлл рсΦррпму πмΦсстнм флм [{ŜŀƎǊŜŜƴмȄπсǎ  ̧  ̧  ̧

 

/th5 нлнп! bƴDм нлнпπлрπнп ллΥлл нлнпπлтπлм ллΥлл нлнпπмнπмм ллΥлл нлнпπмнπмм ллΥлл рсΦнфунф πнΦоннрп фнф опор  ̧  ̧  ̧
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/th5 нлнп! bƴDн нлнпπлрπнп ллΥлл нлнпπлтπлм ллΥлл нлнпπмнπмм ллΥлл нлнпπмнπмм ллΥлл рсΦнрннм πнΦнрпло фол опом  ̧  ̧  ̧
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/th5 нлнп! bƴDп нлнпπлрπнп ллΥлл нлнпπлтπлм ллΥлл нлнпπмнπмм ллΥлл нлнпπмнπмм ллΥлл рсΦнтнпр πнΦлфлфп фон опоо  ̧  ̧  ̧

 

[ƻƎƎŜǊ нлнп! bƴDп нлнпπлрπом ллΥлл нлнпπлтπлм ллΥлл нлнпπмнπмм ллΥлл нлнпπмнπлм ллΥлл рсΦнтнпр πнΦлфлфп фон bbDπт  ̧ b  ̧ [ƻƎƎŜǊ Ǌŀƴ ƻǳǘ ƻŦ ƳŜƳƻǊȅ 

/th5 нлмф {ǘ !ōōǎ р нлмфπлоπну млΥрсΥлл нлмфπлоπну 
мпΥлпΥлл 

нлмфπлтπнф 
луΥооΥлл 

нлмфπлуπлс 
млΥртΥлл 

ррΦфнфмр πнΦмтсфр ото омнм 

 

 ̧  ̧

 

[ƻƎƎŜǊ нлмф {ǘ !ōōǎ р нлмфπлоπнф ллΥллΥлл нлмфπлоπну 
мпΥлпΥлл 

нлмфπлтπнф 
луΥооΥлл 

нлмфπлтπнф 
ллΥллΥлл 

ррΦфнфмр πнΦмтсфр ото [{мπп  ̧  ̧  ̧

 

/th5 нлмф {ǘ !ōōǎ мл нлмфπлоπмм ммΥноΥлл нлмфπлоπну 
моΥотΥлл 

нлмфπлтπнф 
лфΥомΥлл 

нлмфπлуπлс 
млΥнтΥлл 

ррΦфсопр πнΦмсмфр отп оотм 

 

 ̧  ̧ [ŜŘ ǿŀǎ ƻũ ǿƘŜƴ ƻǇŜƴŜŘΦ 

/th5 нлмф {ǘ !ōōǎ мр нлмфπлоπмм ммΥноΥлл нлмфπлоπну 
мнΥрфΥлл 

нлмфπлтπнф 
ммΥлсΥлл 

нлмфπлуπлс 
млΥнтΥлл 

рсΦлооост πнΦлтрпоо отр оосф 

 

 ̧  ̧

 

/th5 нлмф {ǘ !ƴŘǊŜǿǎ р нлмфπлоπмм ммΥооΥлл нлмфπлоπну 
млΥомΥлл 

  

рсΦнсрооо πнΦртмнмт отс оосу 

 

b b aƛǎǎƛƴƎ ƳƻƻǊƛƴƎ 

/th5 нлмф {ǘ !ƴŘǊŜǿǎ мл нлмфπлоπмм ммΥооΥлл нлмфπлоπну 
лфΥроΥлл 

нлмфπлтπну 
мпΥплΥлл 

нлмфπлуπлс 
млΥпуΥлл 

рсΦнрунст πнΦрлмумт отт нпнт 

 

 ̧  ̧

 

[ƻƎƎŜǊ нлмф {ǘ !ƴŘǊŜǿǎ мл нлмфπлоπнф ллΥллΥлл нлмфπлоπну 
лфΥроΥлл 

нлмфπлтπну 
мпΥплΥлл 

нлмфπлтπну 
ллΥллΥлл 

рсΦнрунст πнΦрлмумт отт [{мπо  ̧  ̧  ̧

 

/th5 нлмф {ǘ !ƴŘǊŜǿǎ мр нлмфπлоπлм ммΥптΥлл нлмфπлоπну 
лфΥолΥлл 

нлмфπлтπну 
моΥпуΥлл 

нлмфπлуπлс 
млΥпуΥлл 

рсΦнф πнΦпонфуо оту мфлф 

 

 ̧  ̧

 

/th5 нлмф !ǊōǊƻŀǘƘ мр нлмфπлоπмм ммΥноΥлл нлмфπлоπну 
луΥмоΥлл 

нлмфπлтπну 
мнΥлнΥлл 

нлмфπлуπлс 
млΥпуΥлл 

рсΦпрфсуо πнΦнфурр отф оотл 

 

 ̧  ̧

 

/th5 нлмф !ǊōǊƻŀǘƘ мл нлмфπлоπнн ммΥпфΥлл нлмфπлоπнт 
мтΥртΥлл 

нлнлπлтπмр 
ллΥллΥлл 

нлмфπлтπну 
ллΥллΥлл 

рсΦпффтуо πнΦоулмоо оул омнн 

 

 ̧  ̧ [ŀǘŜ ǊŜŎƻǾŜǊȅΣ ƴƻǘ ƛƴƛǝŀƭƭȅ ǎǳǊŦŀŎŜŘΦ !Ŏǘǳŀƭ ŜƴŘ ƻŦ ǊŜŎƻǊŘƛƴƎ нлмфπ
млπму  лоΥпнΥлл ōǳǘ ŎƘŀƴƎŜŘ ǘƻ Řŀȅ ōŜŦƻǊŜ ŦƻƭƭƻǿƛƴƎ ŘŜǇƭƻȅƳŜƴǘ 
ŀǘ ǎŀƳŜ ǎƛǘŜ όŘŜǇψƴǳƳ офтύ ǘƻ ŀǾƻƛŘ ƻǾŜǊƭŀǇǇƛƴƎ Řŀǘŀ ŦǊƻƳ ǎŀƳŜ 
Řŀȅǎ ŀǘ ǎŀƳŜ ǎƛǘŜ 



 

 

100 

 

TITLE: EFFECT OF CONSTRUCTION OF OWF IN THE FORTH AND TAY 
DATE: NOVEMBER 2025 
REPORT CODE: SMRUC-FAT-2025-022 

5ŜǾƛŎŜ 
ǘȅǇŜ 

5ŜǇƭƻȅƳŜƴ
ǘ ǎŜǉǳŜƴŎŜ 

{ƛǘŜ wŜŎƻǊŘƛƴƎ ǎǘŀǊǘ ό¦¢/ύ 5ŜǇƭƻȅƳŜƴǘ ǎǘŀǊǘ 
ό¦¢/ύ 

5ŜǇƭƻȅƳŜƴǘ ŜƴŘ 
ό¦¢/ύ 

wŜŎƻǊŘƛƴƎ ŜƴŘ 
ό¦¢/ύ 

[ŀǝǘǳŘŜ 
ό55ύ 

[ƻƴƎƛǘǳŘŜ 
ό55ύ 

5ŜǇƭƻȅ
ƳŜƴǘ 
ƴǳƳōŜǊ 

5ŜǾƛŎŜ ƴǳƳōŜǊ wŜǘǊƛŜǾŜŘ Cǳƭƭ ŘŀǘŀǎŜǘ ¦ǎŜŀōƭŜ 
Řŀǘŀ 

bƻǘŜǎ 

[ƻƎƎŜǊ нлмф !ǊōǊƻŀǘƘ мл нлмфπлоπну ллΥллΥлл нлмфπлоπнт 
мтΥртΥлл 

нлнлπлтπмр 
ллΥллΥлл 
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 ̧  ̧

 

/th5 нлмф {ǘƻƴŜƘŀǾŜƴ р нлмфπлоπлм ммΥптΥлл нлмфπлоπнт 
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 ̧  ̧

 

[ƻƎƎŜǊ нлмф {ǘƻƴŜƘŀǾŜƴ р нлмфπлоπну ллΥллΥлл нлмфπлоπнт 
мпΥнпΥрп 

нлмфπлтπнт 
мтΥлнΥлл 

нлмфπлтπнт 
ллΥллΥлл 

рсΦфптноо πнΦмттммт оун [{мπм  ̧  ̧  ̧

 

/th5 нлмф {ǘƻƴŜƘŀǾŜƴ мр нлмфπлоπмм ммΥооΥлл нлмфπлоπнт 
моΥпоΥлл 

нлмфπлтπнт 
мпΥпнΥлл 

нлмфπлуπлс 
ммΥмпΥлл 

рсΦфулсоо πнΦлнмтр оуо нфлп 

 

 ̧  ̧

 

/th5 нлмф {ǘƻƴŜƘŀǾŜƴ мл нлмфπлоπлм ммΥптΥлл нлмфπлоπнт 
мпΥлтΥлл 

нлмфπлтπнт 
ллΥллΥлл 

нлмфπлтπнт 
мфΥрсΥлл 

рсΦфрфоуо πнΦммооуо оуп нтфр 

 

 ̧  ̧ [ŀǘŜ ǊŜŎƻǾŜǊȅ 

/th5 нлмф {ǘ !ōōǎ мр нлмфπлтπмф мрΥпнΥлл нлмфπлтπнф 
ммΥнуΥлл 

нлмфπммπнл 
мнΥопΥлл 

нлмфπмнπлп 
мпΥплΥлл 

рсΦлооор πнΦлтрммт офн нуфс 

 

 ̧  ̧

 

/th5 нлмф {ǘ !ƴŘǊŜǿǎ мр нлмфπлтπмф мрΥпнΥлл нлмфπлтπну 
мпΥммΥлл 

  

рсΦнфллр πнΦпоолст офо муфп 

 

b b aƻƻǊƛƴƎ ƳƛǎǎƛƴƎ 

/th5 нлмф !ǊōǊƻŀǘƘ р нлмфπлтπмф мпΥнфΥлл нлмфπлтπну 
лфΥпсΥлл 

нлнлπлтπмр 
ллΥллΥлл 

нлнлπлнπмп 
мсΥноΥлл 

рсΦррплст πнΦпуонст офс нфлс 

 

 ̧  ̧ [ŀǘŜ ǊŜŎƻǾŜǊȅ ǳǎƛƴƎ wh± 

/th5 нлмф !ǊōǊƻŀǘƘ мл нлмфπлтπмф мпΥнфΥлл нлмфπлтπну 
ммΥнуΥлл 

нлмфπммπмф 
млΥнуΥлл 

нлмфπмнπлп 
мрΥлрΥлл 

рсΦпффут πнΦотфф офт нмфс 

 

 ̧  ̧

 

[ƻƎƎŜǊ нлмф !ǊōǊƻŀǘƘ мл нлмфπлтπнф ллΥллΥлл нлмфπлтπну 
ммΥнуΥлл 

нлмфπммπмф 
млΥнуΥлл 

нлмфπммπмф 
ллΥллΥлл 

рсΦпффут πнΦотфф офт [{мȄπр  ̧  ̧  ̧

 

/th5 нлмф {ǘ !ōōǎ р нлмфπлтπмф мпΥнфΥлл нлмфπлтπнф 
лфΥлуΥлл 

нлнлπлтπмр 
ллΥллΥлл 

нлмфπмлπлу 
ммΥмоΥлл 

ррΦфнфпт πнΦмсфоо офф нуфт 

 

b  ̧ {ǘƻǇǇŜŘ ŜŀǊƭȅ 

[ƻƎƎŜǊ нлмф {ǘ !ōōǎ р нлмфπлтπол ллΥллΥлл нлмфπлтπнф 
лфΥлуΥлл 

нлнлπлтπмр 
ллΥллΥлл 

нлмфπмлπлу 
ллΥллΥлл 

ррΦфнфпт πнΦмсфоо офф [{мȄπо  ̧ b  ̧ 5ŀǘŀ ŜȄƛǎǘǎ ōǳǘ ŘŜǾƛŎŜ ǿŀǎ ǘǊŀǿƭŜŘ π ²!± ŦƻƭŘŜǊ ƴŀƳŜŘ ϥǘǊŀǿƭŜŘϥ 
ǿŀǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ŀƴŀƭȅǎƛǎ 

/th5 нлмф !ǊōǊƻŀǘƘ мр нлмфπлтπмф моΥноΥлл нлмфπлтπну 
мнΥнсΥлл 

нлнлπлтπмр 
ллΥллΥлл 

нлнлπлмπнс 
лфΥлтΥлл 

рсΦпрфсуо πнΦнфурр плл нмуу 

 

 ̧  ̧ [ŀǘŜ ǊŜŎƻǾŜǊȅ ǳǎƛƴƎ wh± 

/th5 нлмф {ǘƻƴŜƘŀǾŜƴ мр нлмфπлтπмф моΥноΥлл нлмфπлтπнт 
мрΥлтΥлл 

нлмфπммπму 
луΥомΥлл 

нлмфπмнπлп 
мрΥонΥлл 

рсΦфулсм πнΦлнмт плм нулл 

 

 ̧  ̧

 

/th5 нлмф {ǘ !ōōǎ мл нлмфπлтπмф моΥноΥлл нлмфπлтπнф 
лфΥрсΥлл 

нлмфπммπнл 
моΥннΥлл 

нлмфπмнπлп 
мрΥофΥлл 

ррΦфсор πнΦмсмфмн плн нфлм 

 

 ̧  ̧

 

/th5 нлмф {ǘ !ƴŘǊŜǿǎ р нлмфπлтπму мрΥлпΥлл нлмфπлтπну 
мсΥнмΥлл 

нлмфπммπмф 
мпΥрлΥлл 

нлмфπмнπлп 
мрΥпсΥлл 

рсΦнсрнуо πнΦртмнр пло мфмо 

 

 ̧  ̧

 

/th5 нлмф {ǘ !ƴŘǊŜǿǎ мл нлмфπлтπму мрΥлпΥлл нлмфπлтπну 
мрΥлпΥлл 

нлмфπммπмф 
ллΥллΥлл 

нлмфπмнπлп 
мрΥрсΥлл 

рсΦнруор πнΦрлмсо плп нпур 

 

 ̧  ̧

 

[ƻƎƎŜǊ нлмф {ǘ !ƴŘǊŜǿǎ мл нлмфπлтπнф ллΥллΥлл нлмфπлтπну 
мрΥлпΥлл 

нлмфπммπмф 
ллΥллΥлл 

нлмфπммπмф 
ллΥллΥлл 

рсΦнруор πнΦрлмсо плп [{мȄπмо  ̧  ̧  ̧

 

/th5 нлмф {ǘƻƴŜƘŀǾŜƴ р нлмфπлтπму мрΥлпΥлл нлмфπлтπнт 
мтΥплΥлл 

нлмфπммπму 
лфΥплΥлл 

нлмфπмнπлп 
мпΥмсΥлл 

рсΦфптнт πнΦмтсфо плу нфлн 

 

 ̧  ̧

 

[ƻƎƎŜǊ нлмф {ǘƻƴŜƘŀǾŜƴ р нлмфπлтπну ллΥллΥлл нлмфπлтπнт 
мтΥплΥлл 

нлмфπммπму 
лфΥплΥлл 

нлмфπммπму 
ллΥллΥлл 

рсΦфптнт πнΦмтсфо плу [{мȄπмн  ̧  ̧  ̧

 


















