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Phase 1 area of 
the proposed 
plan for the pro-
gram North Sea 
Energy Island 

Område fase 1 
af plan for pro-
gram Energiø 
Nordsøen 

Extended term for phase 1 area. This area outlines the phase 1 area of 
the proposed plan for the program North Sea Energy Island based on 
which the marine mammal survey program was designed 

Pre-investiga-
tion area 

Undersøgelse-
sområde 

The trapeze shaped area defined as the pre-investigation area, 
wherein most of the marine mammal surveys were conducted 

SCANS SCANS Small Cetaceans in European Atlantic waters and the North Sea (Euro-
pean cetacean Survey Programme) 

SEA Strategisk 
Miljøvurdering  

Strategic Environmental Assessment 

TIHO TIHO Stiftung Tierärztliche Hochschule Hannover, University of Veterinary 
Medicine Hannover 

TOL Tredjedels oktav 
niveau 

Third Octave Level 

ûg Effektive strip 
bredde (ESW) 
under gode 
betingelser for 
at se marsvin 

The estimated effective strip width (ESW) in good conditions (aerial 
surveys) 

ûm Effektive strip 
bredde (ESW) 
under moderate 
betingelser for 
at se marsvin 

The estimated ESW in moderate conditions (aerial surveys) 
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Summary  

This report describes baseline data and survey data from the two-year baseline survey program of marine mammals in 
the North Sea Energy Island pre-investigation area for seals and cetaceans, as well as from the tagging program in 
2022. The survey program was conducted from November 2021 to November 2023. Data acquired during field surveys 
and tagging program were used combined with existing data to characterize the status of the Energy Island pre-inves-
tigation area for the most common marine mammal species in and around the North Sea Energy Island area. These 
species were harbour seals (Phoca vitulina), grey seals (Halichoerus grypus), harbour porpoises (Phocoena phocoena), 
white beaked dolphins (Lagenorhyncus albirostris), and less common: killer whales (Orcinus orca) and minke whales 
(Balaenoptera acutorostrata).  

A one-year aerial survey program for seals was conducted at the two nearest seal haul-out areas in the western part of 
the Limfjord (Nissum Bredning) and the Danish part of the Wadden Sea, respectively. All eight planned surveys were 
conducted in 2022. Furthermore, data from a seal tagging program carried out in 2022 is included in the baseline 
analysis for seals in the Energy Island pre-investigation area. 

Counts of harbour seals from previous surveys, as well as aerial counts conducted in 2022 during the current project, 
show that fewest harbour seals were counted in the winter and spring, and the counts peak in August (coinciding with 
their moulting period) with an average of 2506 harbour seals counted in the Danish Wadden Sea and 347 counted in 
Nissum Bredning. Data from satellite tag data from 27 tagged harbour seals indicated that the Energy Island pre-
investigation area was not of high usage for male harbour seals (very few females were tagged and a conclusion is not 
possible for females). 

Counts of greys seals showed less seasonal trend than the corresponding harbour seal counts with between 4-171 grey 
seal counted in the Danish Wadden Sea and between 1-51 at Nissum Bredning from January to December. Data from 
15 tagged grey seals at Nissum Bredning and data from 33 grey seal pups tagged at Helgoland indicate that Energy 
Island pre-investigation area was not of high usage for tagged grey seals.  

Harbour porpoises in and around the Energy Island pre-investigation area belong to the North Sea population. Passive 
acoustic monitoring (PAM) of harbour porpoises at fourteen stations,  and from August 2022 nineteen stations, within 
and east of the pre-investigation area for the North Sea Energy Island showed, that harbour porpoises were present in 
the area year-round, and that the area was of statistically higher significance for harbour porpoises in the period June-
August, which coincides with the calving, nursing and mating season, as compared to the rest of the year. The results 
of the PAM surveys were confirmed by the aerial marine mammal surveys, where the average density of harbour por-
poises in the surveyed area were estimated to be 0.74 individuals/km2 for the April 2022 aerial survey and 1.96 individ-
uals/km2 for the July 2022 aerial survey. The July 2023 aerial survey density was somewhat lower than the July 2022 
survey 0.88 individuals/km2. It is not known where specific areas used for reproduction i.e. birth, nursing and mating for 
harbour porpoises are located in the North Sea, except for one identified breeding area near Sylt in the German Wadden 
Sea where the mother-calf ratio has been between 10-17% over many years. The mother-calf ratio observed in the 
middle of the breeding period in July 2022 and July 2023 in the Energy Island pre-investigation area was 16%. Due to 
the high density of harbour porpoises observed by aerial survey in 2022, the entire North Sea was covered by an aerial 
survey for harbour porpoises in 2023, and showed a relatively high density of harbour porpoises in the Energy Island 
extended survey area as compared to the rest of the Danish North Sea. 

Wideband acoustic data showed that white-beaked dolphins and other delphinids were common in the Energy Island 
extended survey area especially during summer (June), which coincides with the calving season of white-beaked dol-
phins. They were present in all months in the two year survey period. White-beaked dolphins (also with calves) were 
observed during the aerial surveys, and groups of dolphins were observed from the boat during five of the eight service 
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trips to the pre-investigation area. The results of the wideband PAM surveys are the first data on yearly pattern in 
presence of white-beaked dolphins in Danish Waters, as well as other parts of the North Sea. 

Only one minke whale was observed in the aerial survey program, and none were detected in the acoustic wideband 
analyses. However, this should not be taken as an indication of minke whales not being present as they do not always 
use acoustic signals like the toothed whales do (i.e. porpoises, dolphins and killer whale). 

No killer whales were observed during the aerial survey program. Killer whales are delphinids and as such included in 
the results of the acoustic wideband analyses. Delphinids were detected throughout the year and could as such also 
represent killer whales. 
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Figure 1. 1. Pre-investigation area, extended survey area for the North Sea Energy Island and the phase 1 area of the 
proposed plan for the program North Sea Energy Island.  
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Figure 2. 1. Aerial survey counts of harbour seals in the Danish Wadden Sea during the moult in August, 1979-2021. Black line shows 
estimated annual count index and grey area shows the 95% confidence interval of the estimate. Modelled time series are interrupted 
by the Phocine Distemper Virus epidemics of 1988 and 2002. The counts do not include seals at sea during the surveys. 
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Figure 2. 2. Baseline data for harbour seals counted in the Wadden Sea 2010-2021. Data are presented for four counting seasons, with 
numbers of both pups alone and for other seals (minus pups) for June and total number of seals for the other seasons. The counts do 
not include seals at sea during the surveys. 

Monitoring of harbour seals in the Limfjord was initiated in 1990. A genetic study revealed that harbour seals in this area 
derive from two populations: in the inner fjord, seals have a distinct genetic signature and are most likely descendants 
of the seals inhabiting the fjord until a storm opened a connection to the North Sea in 1825 (Olsen, Andersen et al. 
2014). In the western part of the fjord, Nissum Bredning, seals from the Wadden Sea occur along with seals from the 
inner Limfjord and Kattegat. Seals from the inner Limfjord may occasionally venture into the North Sea (Teilmann, 
Stepien et al. 2020), but tend to stay in the inner Limfjord. Thus, it is the seals hauling out in Nissum Bredning which are 
most relevant for the Energy Island pre-investigation area. In the inner Limfjord, harbour seal numbers grew from 1990 
until the PDV epidemic in 2002 where the estimated index of hauled out seals during the moult was 800 in the inner 
fjord. After the epidemic, the count dropped to approximately 500 and since then, there has not been significant growth 
(Figure 2. 3). In Nissum Bredning, the population numbers were low before the 2002 epidemic, with around 100 seals 
on land during the moulting season. Numbers of harbour seals increased substantially in the years following the 2002 
PDV epidemic to ca 600 in 2012, but numbers have been declining since then (Figure 2. 3). Data from the grey seal 
pupping and moulting seasons are only available for Nissum Bredning for the years 2014-2016. Substantially fewer seals 
are counted during the harbour seal pupping season than during the moulting season, and there are very few pups (a 
maximum of 17 pups in Nissum Bredning have been counted since pup counts in the Limfjord were initiated in 2016) 
(Figure 2. 4). This underlines that Nissum Bredning is not currently an important breeding area and the great majority 
of the harbour seals using the area go to other localities to breed. 
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Figure 2. 3. Aerial survey counts of harbour seals in the Limfjord during the moult in August, 1989-2021. Black line shows estimated 
annual count index of the central/Inner part of the Limfjord and grey-shaded area shows the 95% confidence interval of the estimate. 
Red line shows estimated annual count of Nissum Bredning (western part of the Limfjord) and red-shaded area shows the 95% confi-
dence interval of the estimate. Modelled time series are interrupted by the Phocine Distemper Virus epidemic in 2002. The counts do 
not include seals at sea during the surveys. 
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observed in the Netherlands. During the early 2000s, grey seals began occurring regularly in small (always fewer than 
50) but increasing numbers in the Danish Wadden Sea. In December 2014, a monitoring programme covering the 
pupping season in late-November to early-January and the moulting season in March-April was initiated. From 2010 
until the initiation of the programme, numbers counted during the harbour seal moulting and pupping seasons had 
been growing and this development continued across all seasons after the initiation of the programme, peaking with 
between 300 and 350 seals counted during the moulting seasons of 2019, 2020 and 2021. Since 2019, there has been a 
tendency for stagnation in the counted numbers (Figure 2. 5), but there is much variance in the data across all seasons, 
so firm conclusions are not possible. The first grey seal pup was found in Danish Wadden Sea in 2014 and only seven 
grey seal pups have been recorded in the Danish Wadden Sea since 2014, peaking with three in 2020, so the grey seal 
has not yet settled as a breeding species in the area (Jensen et al. 2015). 

  

Figure 2. 5. Baseline data for grey seals counted in Danish Wadden Sea 2010-2021. Data are presented for four counting seasons. The 
counts do not include seals at sea during the surveys. 

In Nissum Bredning, grey seals were first recorded under the harbour seal monitoring programme in August 2009, when 
two grey seals were found. Since then, numbers have increased, with a maximum of 49 seals in August 2021 (Figure 2. 
6). In contrast to the Wadden Sea, the highest counts have not been obtained during the moulting season in March-
April, but in June and August. It must be noted, however, that counts during the grey seal pupping and moulting seasons 
were only available for 2014-2016 and 2015-2016, respectively, as the area has not been covered by the grey seal mon-
itoring program. No pups have been recorded in the area and the most likely locality for pupping in the area, Rønland 
Sandø (south of Thyborøn), which has historically been above the high tide water level, has been prone to flooding in 
recent years, and may thus not support grey seal breeding. 
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.  
Figure 2. 7. Survey blocks (left panel) and harbour porpoise observations (right panel, each red dot is a porpoise observation) during 
SCANS-IV in 2021. From Gilles et al., 2023. 

 

During the SCANS surveys, the distribution of each species was modelled if enough observations were obtained. How-
ever, as this is based on data collected on a very broad scale i.e. long distance between transects and covering waters 
from Spain to the western Baltic Sea, only a very general distribution pattern can be obtained from these models. See 
for instance Lacey et al. (2022) for the distribution models from SCANS-III. Gilles et al. (2016) combined all available 
survey data collected from 2005-2013 (among others SCANS I-III) improving also seasonal distribution, however the 
Energy Island extended survey area is unfortunately only covered with part of one transect line, where there was no 
survey effort due to bad weather. The Gilles et al. (2016) model (Figure 2. 8) can however, be considered to get an 
overall view of the harbour porpoise distribution in the North Sea, bearing in mind that the coverage is low in some 
areas, that these data are 9-18 years old, and that the distribution may have changed over time. In the Danish North 
Sea, the Gilles et al. (2016) model predicted the Energy Island extended survey area to be located in the north-eastern 
corner of a larger area of high harbour porpoise density stretching from the extended survey area towards the Dogger 
Bank. Densities within the Energy Island extended survey area were predicted to be 0.8-2 individuals per km2. The model 
also predicted another high-density area in the south-eastern part of the Danish North Sea. Lower densities were pre-
dicted in Skagerrak and northeast of the extended survey area. 

The only available knowledge on movements of harbour porpoises in the Danish Part of the North Sea and Skagerrak, 
is from harbour porpoises incidentally caught in pound nets near Skagen (n=32) or actively caught in the Danish Wad-
den Sea (n=6). Once caught, the harbour porpoises are equipped with a satellite transmitter before being released 
again. This provides data on position and diving for up to 1.5 years. Seven of the harbour porpoises tagged near Skagen 
moved into the Energy Island pre-investigation area during their period of tracking (Figure 2. 9) (Kyhn et al. 2021). 
However, the nearest capture site is at Skagen, which is about 200 km from the Energy Island pre-investigation area, 
and use of the Energy Island pre-investigation area by these animals, may hence not be representative of the relative 
use of the area for harbour porpoises in the North Sea (compare with model output based on aerial survey data in 
Figure 2. 8). It is expected that harbour porpoises tagged along the Westcoast of Jutland may utilise different areas than 
harbour porpoises tagged at Skagen in Skagerrak, which was one of the reasons suggesting tagging of harbour 
porpoises for this program. 
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Figure 2. 8. Results of modelling by Gilles et al. 2016 based on SCANS I-III and German national monitoring data. Top 
figure shows a zoom in on the Energy Island extended survey area. Bottom left shows the data included, where red dots 
are sightings of harbour porpoises. Bottom right shows the entire model for Summer. Notice that only part of a transect 
line is placed in the Energy Island extended survey area, and that this part was not covered due to bad weather. 

Little is known about breeding areas for harbour porpoises in general, as well as in the North Sea. A German study in 
waters near Sylt (Sonntag et al., 1999) described a calving area based on two arial surveys one year apart where they 
found a calf ratio of 10-17%. The calf ratio is the ratio of mother-calf pairs to single harbour porpoises. This area was 
also confirmed as breeding area in later surveys (Gilles et al., 2009; Gilles et al., 2011; Gilles et al., 2016). Otherwise no 
breeding areas has been documented near the Energy Island pre-investigation area. 
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Figure 2. 9. Data from satellitte tagging of harbour porpoises (n=38) tagged at Skagen and the Danish Wadden Sea. Each dot 
represents the average position of a harbour porpoise for one day. Data courtesy Department of Ecoscience, Aarhus University. 
 

2.2.1.2 Vulnerable periods for harbour porpoises in the North Sea 
Newborn harbour porpoise calves are entirely dependent on their mother and continues to be for their first ten to 
eleven months of life, where they suckle and slowly learn to hunt before they become independent (Lockyer, 2003; 
Teilmann et al., 2007). They are therefore sensitive to disturbances that can lead to mother-calf separation in this period. 
In the North Sea, calves are born from April to September with a peak in June-July (Sonntag et al., 1999). Mating takes 
place in the first 1-2 months after the mother gives birth. The vulnerable period for porpoises, with respect to breeding 
and nursing is therefore year-round. 

Harbour porpoises are listed in annex IV of the Habitats Directive and evaluated as Least Concern in the North Sea by 
IUCN (Braulik, Minton et al. 2023). Threats according to the IUCN Red List categories are 1) Fishing: bycatch in nets, 
reduced food availability and habitat destruction, 2) Pollution from industry and agriculture, 3) Noise pollution, 4) Cli-
mate and habitat changes, 5) Recreational activities: physical disturbances and noise.  
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3. Methods and surveys  
The objectives of the marine mammal survey program were to collect site specific data to study the use of the extended 
survey area by marine mammals. Several different types of data are needed to get an in depth understanding of the 
use of an area by different species. Abundance and density of a species provides data on number of animals using the 
area along with some information on distribution, and can be obtained by aerial surveys (Hammond, Lacey et al. 2017). 
Traditional visual survey methods, while robust, are however limited by a wide variety of factors such as weather condi-
tions, daylight, and time animals spend at the surface making the days available for aerial surveys scarce at higher 
latitudes such as the Danish part of the North Sea. Further, the data only represents snapshots in time and does not 
provide yearly, seasonal or diurnal patterns of use. Therefore, passive acoustic monitoring (PAM) is used to detect 
cetaceans 24/7/365. PAM data provides in-depth information on presence/absence at the level of microseconds, rela-
tive abundance, diurnality and seasonality and the data is excellent in statistical analyses as n is usually very high (Carlén, 
Thomas et al. 2018). PAM can to some degree be used to differentiate between species. Neither PAM nor aerial surveys 
provide data on migration pattern and only to some degree on behaviour, therefore tagging was used to obtain move-
ment data informing on the use of the area relative to other areas, as well as behaviour such as foraging and migration 
(Heide-Jørgensen, Dietz et al. 2002). Seals cannot be separated to species from the air and was instead counted on 
their haul-outs to obtain abundance data (Hansen and Høgslund 2021). The seal counts provides data on number of 
animals potentially using the area, and the counts were also used to inform the habitat suitability model performed on 
the tagging data. 

Overall, in this environmental survey program for marine mammals (harbour seal, grey seal harbour porpoise, white-
beaked dolphin, minke whale and killer whale) aerial surveys (cetaceans and seal surveys) was used to obtain species, 
distribution, abundance and density data as well as presence of cetacean calves, passive acoustic monitoring was used 
to obtain patterns in presence throughout the day and year as well as species, and tagging surveys were chosen as 
methods to collect information migration pattens and use of the area for foraging. See Table 3. 1 for an overview of 
methods and the data these methods provide. 

All methods were recommended by DCE and NIRAS and was approved by Energinet in the scoping report before 
fieldwork commenced. Surveys lasted two years to try to get some impression of the temporal variation and to aid 
overall data redundancy as one month of data was required per season. However, to obtain a good impression of yearly 
variation, several years of data collection is needed. For the individual surveys, geographical scope, timing, data collec-
tion and data analysis is presented in the following subchapters. 
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Figure 3. 1. Location of seal haul-outs relevant to the pre-investigation area for the North Sea Energy Island. Haul-outs in the subar-
eas mentioned in the text are colour-coded with Wadden Sea areas in shades of blue and Nissum Bredning in red.  

 
In the Danish part of the Wadden Sea, survey counts during the harbour seal moulting season in August have been 
conducted as national monitoring since 1979. Surveys to assess harbour seal pup production during the pupping season 
in June were initiated in 1998 in the Wadden Sea. In the Limfjord, surveys of moulting harbour seals were initiated in 
1990, while pupping surveys were initiated in 2016. Surveys of moulting grey seals in March-April were initiated in the 
Danish Wadden Sea in 2015, while surveys for grey seal pups in November-January were initiated in 2014. Previous data 
from 2010 to 2014 were included in the report to provide a baseline for the results obtained during 2022, along with 
data since the initiation of each data series to document longer term abundance trends over larger areas. Previous data 
were collected with the same methodology as the 2022 data, apart from technical upgrades of photographic equipment, 
e.g., digital cameras. 

The two haul-out areas have similar characteristics, with the availability of haul-outs being heavily influenced by the tide. 
Both in Nissum Bredning and the Wadden Sea, the haul-outs are mainly tidal flats sheltered by Harboøre Tange and 
Agger Tange in the Limfjord and the Danish Wadden Sea islands in the Wadden Sea. In the former area, Rønland Sandø 
is mostly available at high tide although it has been eroded much in recent years. In the Wadden Sea, some sandbanks 
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Figure 3. 2. Aerial survey transects covering the Energy Island pre-investigation area.  
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Figure 3. 4. Grid of Passive Acoustic Monitoring Stations (PAM) in the pre-investigation area and extended with five stations (NSE-15 
to NSE-19) east of the pre-investigation area from August 2022. 

 



https://www.chelonia.co.uk/fpod_specifications.htm
https://www.chelonia.co.uk/fpod_specifications.htm
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in the region, including killer whales, long-fined pilot whale (Globicephala melas), bottlenose dolphin (Tursiops trunca-
tus), white-beaked dolphin, and potentially Atlantic white-sided dolphin (L. acutus). As discussed in Griffiths et al. (2023), 
white-beaked dolphins have the only vocalizations in the North Sea that can be readily classified by semi-automated 
methods. Presently, not enough is known about other dolphin vocalizations in this area to reliably discern and classify 
autonomously collected acoustic data. Furthermore, because white-beaked dolphins produce such a wide array of vo-
calizations (Calderan et al., 2013), it is possible that detection events were missed by the classification methods used in 
this analysis. Lastly, the vocal repertoire for white-beaked and white-sided dolphins overlaps considerably. However, the 
presence of white-sided dolphins in Danish waters would be very rare, therefore it was assumed all detections were true 
white-beaked dolphin events. 

For the events that were confidently identified as white-beaked dolphin, the bioacoustic behavior was also documented, 
and defined as such: typical clicks only (broadband energy between 25-140 kHz); typical clicks and burst pulses; typical 
clicks and whistles; typical clicks, burst pulses, and whistles; high-frequency clicks (broadband data between 90-120 kHz, 
described in Rasmussen & Miller, 2002), and low-frequency clicks (broadband clicks between 10-45 kHz, with peak 
energy around 35 kHz, described by Simard et al., 2008).   

Since daylight varies dramatically throughout the year in the North Sea, we needed to normalize the time between dusk 
and dawn, which is defined here as when the sun is at a 6° below the horizon, to understand if there was a diurnal 
pattern in white-beaked dolphin detections. Dusk and dawn times were extracted using the suncalc() package in R 
(Thieurmel & Elmarhraoui, 2022). Daylight was normalized between 0 (dawn) and 1 (dusk), while nighttime was normal-
ized between -1 (dusk) and 0 (dawn) per day around the centre of the extended survey area (station NSE05). To test if 
there was a strong diurnal pattern with white-beaked dolphin positive hours, a binomial generalized additive mix model 
(GAMM) was employed, with station being treated as a random effect, using the mgcv() package in R (Wood, 2011). 

3.2.3.3.2 Minke whale analysis 
The North Sea is a known habitat for minke whales (Balaenoptera acutorostrata), and there exists published methods to 
detect and classify minke whale pulse trains from autonomous recordings (Risch et al., 2013; Risch et al., 2014; Risch et 
al., 2019). These methods have been used to help monitor minke whale migration and seasonal use of western North 
Atlantic waters and have been successfully applied to the Moray Firth along the east coast of Scotland, which is adjacent 
to the pre-investigation area in the North Sea. The original acoustic survey design for minke whales in the survey pro-
gram was to employ the methods developed by Risch et al. in Danish waters, which targets the minke whale pulse train 
(Risch et al., 2019). The vocal repertoire of minke whales is not well described, especially not in terms of context specific 
behaviour. It is for example not known when and why minke whales produce sounds, so it is not for certain that minke 
whales produce sound in the pre-investigation area. It has not previously been studied in this part of the North Sea. 
Absence of sounds should however not be taken as evidence of absence of the species in the pre-investigation area. 

Previously, we have reported that using the Risch minke whale detector was not feasible for this report due to issues 
with the XBAT (Figueroa & Robbins, 2008) platform no longer being supported or maintained. In the past year, however, 
the tool has been redesigned and integrated into the ketos python framework (MERIDIAN 2020). While this revised tool 
is still in beta development, we have been granted access to test the tool on this data. Therefore, it should be noted 
that results from this detector are not absolute. Using the same periodic subsampling from the odontocete analysis, we 
ran the new minke whale detector on 25% of all stations, ensuring that at least one 10-12 minute file would be analysed 
per hour for full temporal coverage of the survey. The output of the detector is a csv file which contains times minke 
whale vocalizations may have been detected. Additionally, the detector generates clips for each detection, as well as a 
jpg file of each clip. This allows for the results to be manually audited and verified. 





http://www.wildlifecomputers.com/
https://www.argos-system.org/about-argos/
https://wildlifecomputers.com/our-tags/extras/wildlife-computers-mote/
https://my.wildlifecomputers.com/data/map/?id=6276f28d2c72b054ab72cb91
https://my.wildlifecomputers.com/data/map/?id=62728ba0e9b35157a7651e5a
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seals and 13 grey seals were tagged. In September 2022, 12 harbour seal and three grey seals were tagged. In Octo-
ber/November no seals were tagged due to unfavourable weather conditions. On 28 March 2023, 11 harbour seals and 
one grey seal were tagged Table 3. 3.  

The harbour and grey seals were caught and tagged along the sand banks in Nissum Bredning in the western part of 
the Limfjord east of Thyborøn in Northwest Jutland, Denmark (Figure 3. 8). The period of tagging was at low tide so 
that the sand banks were exposed and available for the seals to haul-out, and further restricted to weather conditions 
with limited rain and wind less than 10 m/s.  

 

 

Figure 3. 8. Map of localities where search and capture was attempted for seals and cetaceans. For harbour porpoises large areas 
were searched over full days, but capture was not successful. HSE requirements restricted search to within 50 km from the shore. 
White-beaked dolphins were searched for during two PAM service trips in the pre-investigation area and east hereof. 
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Figure 3. 9. Correlation plot for the variables included 
in the habitat suitability model for harbour seals. It is 
the same variables as is shown in Figure 4. 11 to Fig-
ure 4. 12. ssc is sea surface current. sss is sea surface 
salinity. sst is sea surface temperature. ssh is sea    
surface height. mld is mixed layer thickness. 
dist.to.home is distance to haul-out.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. 10. Correlation plot for the variables included 
in the habitat suitability model for grey seals. It is the 
same variables as is shown in Figure 4. 11 to Figure 4. 
12. ssc is sea surface current. sss is sea surface salinity. 
sst is sea surface temperature. ssh is sea surface 
height. mld is mixed layer thickness. dist.to.home is 
distance to haul-out. 
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4. Results  

In this chapter, results from all surveys are presented. The chapter is structured based on species groups, namely pin-
nipeds and cetaceans, since the only method shared by the two groups is tagging. Tagging was only successful for 
pinnipeds and results are therefore presented under pinnipeds. For pinnipeds, aerial surveys at haul-outs and tagging 
was conducted. For cetaceans aerial surveys and passive acoustic monitoring surveys were conducted in the extended 
survey area. 

4.1 Pinnip eds 
Seals were counted Sea for this survey program on their haul-outs in Nissum Bredning and in the Wadden during 2022. 
Seals were sporadically encountered during line transect aerial surveys for cetaceans (chapter 3.2.1) and birds (please 
see method in technical background report for birds). The seal observations are reported in Table 4. 1 below and in 
Figure 4. 18 further below. As expected, there were too few observations from the line transects aerial surveys to estimate 
abundance and density and the two seal species could not be separated from the air. 

Table 4. 1. Seal observations during offshore surveys in the extended survey area. The surveys were conducted for birds and ceta-
ceans. 

 

 

4.1.1 Aerial surveys  
All planned surveys under the NOVANA and MSFD programmes were successfully conducted in 2022. Two further 
surveys of the Wadden Sea area were extended to cover Nissum Bredning, while two additional surveys of both areas 
were conducted resulting in seven surveys of both areas completed on March 4th, April 11th, June 21st, August 5th and 
22nd (Nissum Bredning only surveyed on the 22nd 2022, due to unforeseen adverse weather on the NOVANA Limfjord 
survey of August 26th) and October 5th (Wadden Sea) (Table 4. 2). During the latter survey, we encountered unforeseen 
adverse weather in Nissum Bredning again. As a consequence, a replacement survey of Nissum Bredning was conducted 
on October 29th. December surveys were conducted on the 15th in Nissum Bredning and on the 16th in the Wadden sea.   

 

Survey DateSurvey type Seal sp. White-beaked dolphin Minke whale Unid. whale
02/03/2022 Bird 12
01/04/2022 Bird 6
27/04/2022 Bird 1
27/04/2022 Marine mammal
29/07/2022 Marine mammal 1 6 1
30/07/2022 Bird
11/09/2022 Bird 2
23/12/2022 Bird 1
21/01/2023 Bird 3 2
02/03/2023 Bird 3
03/04/2023 Bird 1 8
08/07/2023 Bird 1 35
31/07/2023 Marine mammal 9
27/09/2023 Bird
10/11/2023 Bird 3
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Figure 4. 2. Counts of hauled out grey seals from the Wadden Sea (shades of blue for four subareas) and Nissum Bredning (red) from 
January to August 2022. Y-axis is number of counted seals. 

 

4.2 Results of the tagging surveys 
Only seals were caught and tagged during the tagging surveys (Table 4. 3), and the results is shown in the following 
chapters. There is little available tag data from harbour porpoises, white-beaked dolphin, minke whale and killer whale 
in general. Relevant existing tag data from these species is already described or shown in the chapter on existing data 
above. There is therefore no new results to present for cetaceans in this chapter. 

Table 4. 3. Overview of tagged animals per species. 

Species Attempted tagged Result 

Grey seal Yes 15 animals tagged 
Harbour seal Yes 27 animals tagged 
Harbour porpoise Yes 0 
White-beaked dolphin Yes 0 
Minke whale No (not observed) 0 

 

4.2.1 Tagging results for seals  
The results of the four seal capture events near Thyborøn in Nissum Bredning included in this report are from May 3-
4th, September 5th, September 28th 2022 and March 28th 2023. Out of the 45 tagged seals, sufficient data were generated 
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from 42 seals including 27 harbour seals and 15 grey seals used in the present report. In addition, data from 36 grey 
seal pups tagged at Helgoland were obtained from TIHO (Table 4. 4), but three had to be excluded from analysis 
bringing the sample size to a total of 48 grey seals tagged either in Thyborøn/Nissum Bredning or Helgoland. Animals 
were excluded due to missing metadata or too short duration of the data collection period. The average lifetime of the 
harbour seal tags was 105 (max 179) days. The corresponding average lifetime for the grey seal tags was 132 (max 280) 
days for grey seals tagged at Thyborøn and 141 (max 456) days for grey seal pups tagged at Helgoland. The difference 
in duration is due to deployment date relative to the moulting period. For example, the majority of the harbour seals 
tagged in spring already lost their tags during start of the moulting period in July or earlier (See Table 4. 4).  
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Table 4. 4. Tagging and biological information as well as lifetime of the included tags.

 

Tag ID Number
Tagging 
location Tagging date

Last 
transmission 

 date

Tag 
lifetime,  

 days Species Sex Age group Length (cm) Weight (kg)

233502 1 Thyborøn 04-05-2022 09-07-2022 66 Harbour seal M Adult 154 110
233503 2 Thyborøn 04-05-2022 13-07-2022 70 Harbour seal M Adult 144 100+
233504 3 Thyborøn 04-05-2022 03-06-2022 30 Harbour seal M Adult 143 101
233505 4 Thyborøn 04-05-2022 27-07-2022 84 Harbour seal M Adult 137 100+
233506 5 Thyborøn 04-05-2022 12-07-2022 69 Harbour seal M Adult 148 100+
237343 6 Thyborøn 05-09-2022 13-01-2023 130 Harbour seal M Adult 144 71
237344 7 Thyborøn 05-09-2022 10-01-2023 127 Harbour seal F Yearling 89 21
237345 8 Thyborøn 05-09-2022 26-01-2023 143 Harbour seal M Adult 144 75
237346 9 Thyborøn 28-09-2022 30-01-2023 124 Harbour seal M Adult 152 92.5
237347 10 Thyborøn 27-09-2022 17-03-2023 171 Harbour seal M Adult 138 75.5
237348 11 Thyborøn 27-09-2022 25-03-2023 179 Harbour seal M Adult 144 68
237349 12 Thyborøn 28-09-2022 15-02-2023 140 Harbour seal M Adult 165 94
237350 13 Thyborøn 28-09-2022 30-01-2023 124 Harbour seal M Adult 156 87
237351 14 Thyborøn 28-09-2022 09-02-2023 134 Harbour seal M Adult 147 74.5
237352 15 Thyborøn 28-09-2022 19-12-2022 82 Harbour seal M Adult 142 78.5
237353 16 Thyborøn 28-09-2022 05-02-2023 130 Harbour seal F Adult 137 57
237354 17 Thyborøn 28-09-2022 11-02-2023 136 Harbour seal F Yearling 106 32.5
233507 18 Thyborøn 28-03-2023 03-07-2023 97 Harbour seal M Adult 145 90
233508 19 Thyborøn 28-03-2023 31-05-2023 64 Harbour seal M Adult 151 95
233509 20 Thyborøn 28-03-2023 01-05-2023 34 Harbour seal M Adult 153 102
233510 21 Thyborøn 28-03-2023 13-07-2023 107 Harbour seal F Adult 141 101
233516 22 Thyborøn 28-03-2023 02-07-2023 96 Harbour seal M Adult 147 91
237355 23 Thyborøn 28-03-2023 12-08-2023 137 Harbour seal M Adult 147 91
237356 24 Thyborøn 28-03-2023 08-08-2023 133 Harbour seal M Adult 128 99
237357 25 Thyborøn 28-03-2023 02-08-2023 127 Harbour seal M Adult 155 82
237361 26 Thyborøn 28-03-2023 10-05-2023 43 Harbour seal M Adult 142 68,5
237362 27 Thyborøn 28-03-2023 05-06-2023 69 Harbour seal M Adult 146 80
Average 105

233492 1 Thyborøn 03-05-2022 24-08-2022 113 Grey seal F Juvenile 172 95
233493 2 Thyborøn 03-05-2022 01-10-2022 151 Grey seal M Juvenile 100 34
233494 3 Thyborøn 03-05-2022 28-07-2022 86 Grey seal M Adult 165 100+
233495 4 Thyborøn 03-05-2022 07-09-2022 127 Grey seal M Juvenile 159 74
233497 5 Thyborøn 03-05-2022 26-08-2022 115 Grey seal M Adult 157 100+
233498 6 Thyborøn 03-05-2022 24-08-2022 113 Grey seal M Juvenile 141 64
233499 7 Thyborøn 03-05-2022 25-09-2022 145 Grey seal M Juvenile 138 ??
233500 8 Thyborøn 03-05-2022 31-08-2022 120 Grey seal M Juvenile 136 56
233501 9 Thyborøn 03-05-2022 01-08-2022 90 Grey seal M Adult 150 100+
233511 10 Thyborøn 03-05-2022 13-08-2022 102 Grey seal F Juvenile 142 88
233512 11 Thyborøn 03-05-2022 10-10-2022 160 Grey seal M Juvenile 139 65
233513 12 Thyborøn 03-05-2022 07-02-2023 280 Grey seal M Adult 163 100+
237358 13 Thyborøn 05-09-2022 19-01-2023 136 Grey seal F Yearling 108 32.5
237359 14 Thyborøn 05-09-2022 04-01-2023 121 Grey seal M Adult 194 200+
237360 15 Thyborøn 05-09-2022 05-01-2023 122 Grey seal M Juvenile 128 47
Average 132

43643 1 Helgoland 04-02-2018 06-05-2018 91 Grey seal M Juvenile 111 31.7
43644 2 Helgoland 04-02-2018 18-06-2018 134 Grey seal F Juvenile 110 29.1
43648 3 Helgoland 04-02-2018 22-08-2018 199 Grey seal M Juvenile 110 36.4
43652 4 Helgoland 04-02-2018 17-08-2018 194 Grey seal M Juvenile 121 37.3
43655 5 Helgoland 04-02-2018 30-09-2018 238 Grey seal M Juvenile 129 33.1
65935 6 Helgoland 07-01-2020 19-08-2020 225 Grey seal F Juvenile 120 46.6
65937 7 Helgoland 10-01-2019 05-03-2019 54 Grey seal F Juvenile 127 51.1
65938 8 Helgoland 07-01-2020 04-07-2020 179 Grey seal M Juvenile 120 45
65940 9 Helgoland 10-01-2019 05-03-2019 54 Grey seal F Juvenile 107 32.9
65942 10 Helgoland 07-01-2020 06-05-2020 120 Grey seal M Juvenile 116 38.6
65946 11 Helgoland 10-01-2019 16-09-2019 249 Grey seal F Juvenile 129 47.1
65955 12 Helgoland 10-01-2019 20-05-2019 130 Grey seal F Juvenile 58.6
65962 13 Helgoland 10-01-2019 30-06-2019 171 Grey seal M Juvenile 125 44.3
208807 14 Helgoland 09-01-2021 12-06-2021 154 Grey seal F Juvenile 118 44.1
208808 15 Helgoland 09-01-2021 27-06-2021 169 Grey seal F Juvenile 121 29.5
208809 16 Helgoland 09-01-2021 31-05-2021 142 Grey seal F Juvenile 121 39.2
208810 17 Helgoland 09-01-2021 29-06-2021 171 Grey seal F Juvenile 120 36.9
208811 18 Helgoland 09-01-2021 27-05-2021 138 Grey seal M Juvenile 128 48.4
208812 19 Helgoland 09-01-2021 09-07-2021 181 Grey seal M Juvenile 112 34.4
208813 20 Helgoland 09-01-2021 02-03-2021 52 Grey seal M Juvenile 110 27.2
208815 21 Helgoland 09-01-2021 17-07-2021 189 Grey seal M Juvenile 117 33.8
208816 22 Helgoland 09-01-2021 17-05-2021 128 Grey seal F Juvenile 126 40.3
227525 23 Helgoland 11-01-2022 04-04-2022 83 Grey seal M Juvenile 131 38
227526 24 Helgoland 11-01-2022 28-02-2022 48 Grey seal M Juvenile 126 44.6
227527 25 Helgoland 11-01-2022 23-05-2022 132 Grey seal M Juvenile 135 39.8
227528 26 Helgoland 11-01-2022 01-03-2022 49 Grey seal M Juvenile 120 27.6
227529 27 Helgoland 11-01-2022 05-03-2022 53 Grey seal F Juvenile 129 50.2
227531 28 Helgoland 11-01-2022 01-03-2022 49 Grey seal F Juvenile 116 41.6
227532 29 Helgoland 11-01-2022 17-03-2022 65 Grey seal F Juvenile 116 40.7
227533 30 Helgoland 11-01-2022 13-06-2022 153 Grey seal F Juvenile 115 37.9
227534 31 Helgoland 11-01-2022 16-05-2022 125 Grey seal M Juvenile 105 35.1
43644b 32 Helgoland 07-01-2020 07-04-2021 456 Grey seal F Juvenile 124 40.1
65936b 33 Helgoland 09-01-2021 25-03-2021 75 Grey seal M Juvenile 129 51
Average 141
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Figure 4. 4. All filtered positions from included grey seals based on both DEA (Danish Energy Agency) and TIHO (Stiftung 
Tierärztliche Hochschule Hannover) data from Thyborøn and Helgoland, respectively. TIHO data is from grey seal pups 
and was bought for this project. Data includes ARGOS and GPS data. Maps are based on the UTM zone 32N projection. 

 
4.2.2.1 State-space models (SSM) 
State-space models (SSM) showed the best fit using a correlated random walk model, as it yielded unbiased estimates 
of the next position in the movement track (based on one-step-ahead residuals), so this was used throughout rather 
than a random walk model. One example of a fitted SSM is shown in Figure 4. 5. All fitted SSMs are shown in appendix 
1. The SSMs were then used to calculate how much time individual seals spent in the phase 1 area, on land or at the 
haul-out (see Table 4. 5). Time in the phase 1 area is based on one position per hour as predicted in the SSM. 
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Figure 4. 5. Example of a fitted state-space model (SSMs) that allows prediction of hourly positions along the movement tracks of indi-
vidual seals. Here grey seal 43643 tagged by TIHO at Helgoland is shown. All fitted tracks are shown in Appendix 1. The black circle is 
the phase 1 area of the proposed plan for the program North Sea Energy Island. 
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Table 4. 5. Number and positions and time spent on land, in water and in water in the phase 1 area of the proposed plan for the pro-
gram North Sea Energy Island. Hours used in the phase 1 area was calculated based on hourly positions predicted using the state-
space model. TIHO is Stiftung Tierärztliche Hochschule Hannover. DEA is Danish Energy Agency.

 

ID Data provider Species Start time End time Positions in 
track

Positions  % Positions % Positions % Hours % Hours % Hours %

233496 DEA Harbour seal 28-03-2023 17:00 17-04-2023 11:16 214 211 99      3 1 0 0 452 94,958 24 5,04 0 0
233502 DEA Harbour seal 04-05-2022 21:24 09-07-2022 11:04 1998 1998 100    0 0 0 0 1575 100 0 0 0 0
233503 DEA Harbour seal 11-05-2022 12:57 13-07-2022 15:24 1355 1340 99      15 1 0 0 1444 95,251 72 4,75 0 0
233504 DEA Harbour seal 04-05-2022 18:19 22-06-2022 10:11 1249 1243 100    6 0 0 0 1139 97,434 30 2,57 0 0
233505 DEA Harbour seal 05-05-2022 20:50 30-06-2022 11:44 1136 1131 100    5 0 0 0 1316 98,503 20 1,5 0 0
233506 DEA Harbour seal 04-05-2022 18:09 11-07-2022 17:56 860 777 90      83 10 0 0 1410 86,344 223 13,7 0 0
233507 DEA Harbour seal 28-03-2023 20:02 03-07-2023 22:18 3667 3621 99      46 1 0 0 2229 95,583 103 4,42 0 0
233508 DEA Harbour seal 27-03-2023 20:00 31-05-2023 20:31 2191 2184 100    7 0 0 0 1489 95,327 73 4,67 0 0
233509 DEA Harbour seal 27-03-2023 20:00 01-05-2023 09:51 1198 1158 97      40 3 0 0 768 92,419 63 7,58 0 0
233516 DEA Harbour seal 27-03-2023 21:42 02-07-2023 12:42 3809 3690 97      119 3 0 0 2200 94,828 120 5,17 0 0
237343 DEA Harbour seal 06-11-2022 05:36 13-01-2023 18:25 1151 1134 99      17 1 0 0 1429 91,838 127 8,16 0 0
237344 DEA Harbour seal 05-09-2022 18:27 10-01-2023 06:21 1791 1784 100    7 0 0 0 2849 93,81 188 6,19 0 0
237345 DEA Harbour seal 21-09-2022 06:38 26-01-2023 08:02 2314 2146 93      168 7 0 0 2596 85,087 455 14,9 0 0
237346 DEA Harbour seal 27-09-2022 10:41 30-01-2023 19:02 5040 4896 97      59 1 0 0 2859 94,983 113 3,75 38 1,262
237347 DEA Harbour seal 27-09-2022 11:00 17-03-2023 21:05 4533 3706 82      698 15 0 0 3217 78,158 812 19,7 87 2,114
237348 DEA Harbour seal 27-09-2022 11:00 25-03-2023 12:36 4402 4373 99      29 1 0 0 3689 89,582 429 10,4 0 0
237349 DEA Harbour seal 28-09-2022 13:00 15-02-2023 21:13 4153 4067 98      86 2 0 0 2997 88,932 373 11,1 0 0
237350 DEA Harbour seal 28-09-2022 13:00 30-01-2023 12:03 4835 4692 97      143 3 0 0 2796 93,92 181 6,08 0 0
237351 DEA Harbour seal 28-09-2022 13:00 09-02-2023 10:27 4703 4553 97      150 3 0 0 2881 89,611 334 10,4 0 0
237352 DEA Harbour seal 04-10-2022 19:54 19-12-2022 04:57 2393 2361 99      32 1 0 0 1670 92,214 141 7,79 0 0
237353 DEA Harbour seal 29-09-2022 03:22 05-02-2023 12:05 4345 4297 99      48 1 0 0 2794 89,955 312 10 0 0
237354 DEA Harbour seal 29-09-2022 06:01 08-02-2023 21:00 4761 4652 98      109 2 0 0 3032 95,226 152 4,77 0 0
237355 DEA Harbour seal 27-03-2023 17:26 12-08-2023 03:18 3161 3075 97      86 3 0 0 3023 93,766 201 6,23 0 0
237356 DEA Harbour seal 27-03-2023 17:12 08-08-2023 18:45 3183 3171 100    12 0 0 0 3075 95,527 144 4,47 0 0
237357 DEA Harbour seal 28-03-2023 17:39 02-08-2023 06:10 4721 4493 95      228 5 0 0 2885 94,964 153 5,04 0 0
237361 DEA Harbour seal 27-03-2023 17:00 06-05-2023 09:00 256 249 97      7 3 0 0 742 77,859 211 22,1 0 0
237362 DEA Harbour seal 28-03-2023 22:39 05-06-2023 07:41 2313 2260 98      53 2 0 0 1515 92,209 128 7,79 0 0
Average 2.804,9        2.713,4    97,1   83,6       2,7 0,0 0,0 2.150,8       92,2    191,9      7,7   4,6        0,1   
Sum 75.732         73.262     2.256     0 58.071        5.182      125       

233492 DEA Grey seal 05-05-2022 07:20 28-08-2022 09:34 1566 1513 97      45 3 0 0 2587 93,596 159 5,75 18 0,651
233493 DEA Grey seal 03-05-2022 19:23 01-10-2022 18:09 1415 1374 97      41 3 0 0 3262 92,408 268 7,59 0 0
233494 DEA Grey seal 03-05-2022 19:22 28-07-2022 11:04 1206 1165 97      41 3 0 0 1929 93,777 128 6,22 0 0
233495 DEA Grey seal 04-05-2022 09:10 06-09-2022 21:00 1612 1510 94      102 6 0 0 2697 89,512 316 10,5 0 0
233497 DEA Grey seal 04-05-2022 10:55 26-08-2022 20:06 1492 1438 96      38 3 0 0 2467 89,807 267 9,72 13 0,473
233498 DEA Grey seal 04-05-2022 20:14 24-08-2022 18:17 1377 1211 88      166 12 0 0 2190 84,621 398 15,4 0 0
233499 DEA Grey seal 03-05-2022 18:25 25-09-2022 10:49 2183 2122 97      61 3 0 0 3117 89,724 357 10,3 0 0
233500 DEA Grey seal 04-05-2022 09:18 21-08-2022 16:02 660 623 94      33 5 0 0 1946 90,428 192 8,92 14 0,651
233501 DEA Grey seal 03-05-2022 16:01 31-07-2022 20:48 1660 1543 93      117 7 0 0 1871 87,348 271 12,7 0 0
233511 DEA Grey seal 03-05-2022 20:39 13-08-2022 19:43 1168 1101 94      67 6 0 0 2171 88,648 278 11,4 0 0
233512 DEA Grey seal 06-05-2022 15:00 10-10-2022 07:03 1997 1597 80      400 20 0 0 3145 83,599 617 16,4 0 0
233513 DEA Grey seal 04-05-2022 17:04 06-02-2023 21:58 3821 3496 91      325 9 0 0 5800 86,852 878 13,1 0 0
237358 DEA Grey seal 26-09-2022 19:04 02-01-2023 22:22 642 610 95      32 5 0 0 2088 88,587 269 11,4 0 0
237359 DEA Grey seal 05-09-2022 21:30 04-01-2023 10:09 1671 1638 98      25 1 0 0 2813 97,201 58 2 23 0,795
237360 DEA Grey seal 06-09-2022 05:50 06-01-2023 11:12 1316 1253 95      62 5 0 0 2797 95,298 135 4,6 3 0,102
Average 1.585,7        1.479,6    93,8   103,7     6,0 0,0 0,0 2.725,3       90,1    306,1      9,7   4,7        0,2   
Sum 23.786         22.194     1.555     0 40.880        4.591      71         

208807 TIHO Grey seal 18-01-2021 08:15 12-06-2021 07:55 3405 3398 100    7 0 0 0 3409 97,932 72 2,07 0 0
208808 TIHO Grey seal 09-01-2021 15:59 27-06-2021 06:23 2321 2310 100    11 0 0 0 3407 98,639 47 1,36 0 0
208809 TIHO Grey seal 24-01-2021 09:55 31-05-2021 09:34 3006 3002 100    4 0 0 0 2991 98,098 58 1,9 0 0
208810 TIHO Grey seal 09-01-2021 10:05 28-06-2021 14:46 2553 2541 100    12 0 0 0 4027 98,556 59 1,44 0 0
208811 TIHO Grey seal 09-01-2021 10:59 27-05-2021 12:02 2716 2685 99      31 1 0 0 3136 94,6 179 5,4 0 0
208812 TIHO Grey seal 09-01-2021 11:49 09-07-2021 09:29 4557 4524 99      33 1 0 0 4231 97,421 112 2,58 0 0
208813 TIHO Grey seal 09-01-2021 16:00 02-03-2021 12:19 1207 1204 100    3 0 0 0 1217 97,673 29 2,33 0 0
208815 TIHO Grey seal 09-01-2021 17:41 17-07-2021 02:23 2446 2432 99      14 1 0 0 4258 98,633 59 1,37 0 0
208816 TIHO Grey seal 09-01-2021 17:52 16-05-2021 21:54 2708 2705 100    3 0 0 0 2932 98,754 37 1,25 0 0
227525 TIHO Grey seal 11-01-2022 11:54 03-04-2022 20:25 2071 2043 99      2 0 0 0 1941 98,129 11 0,56 26 1,314
227526 TIHO Grey seal 11-01-2022 09:29 28-02-2022 11:14 1345 1341 100    4 0 0 0 1152 99,74 3 0,26 0 0
227527 TIHO Grey seal 11-01-2022 10:16 16-05-2022 19:26 2323 2317 100    6 0 0 0 2963 98,406 48 1,59 0 0
227528 TIHO Grey seal 16-01-2022 07:05 01-03-2022 21:04 894 891 100    3 0 0 0 972 90,756 99 9,24 0 0
227529 TIHO Grey seal 11-01-2022 10:58 05-03-2022 17:42 1384 1368 99      16 1 0 0 1257 98,203 23 1,8 0 0
227531 TIHO Grey seal 17-01-2022 11:33 28-02-2022 21:00 683 680 100    3 0 0 0 998 97,939 21 2,06 0 0
227532 TIHO Grey seal 11-01-2022 16:36 17-03-2022 07:00 1485 1479 100    6 0 0 0 1521 98,003 31 2 0 0
227533 TIHO Grey seal 11-01-2022 18:15 13-06-2022 21:13 3420 3413 100    7 0 0 0 3542 98,883 40 1,12 0 0
227534 TIHO Grey seal 17-01-2022 03:13 16-05-2022 04:09 3228 3223 100    5 0 0 0 2832 99,09 26 0,91 0 0
43643 TIHO Grey seal 04-02-2018 15:29 06-05-2018 05:15 1956 1949 100    7 0 0 0 2156 99,126 19 0,87 0 0
43644 TIHO Grey seal 08-01-2020 04:54 05-04-2021 11:12 3690 3278 89      412 11 0 0 9001 84,019 1712 16 0 0
43644a TIHO Grey seal 04-02-2018 08:59 18-06-2018 08:11 3197 3196 100    1 0 0 0 3203 99,565 14 0,44 0 0
43648 TIHO Grey seal 04-02-2018 18:50 11-08-2018 04:19 3341 3321 99      20 1 0 0 4333 98,165 81 1,84 0 0
43652 TIHO Grey seal 04-02-2018 18:42 17-08-2018 11:59 2432 2379 98      53 2 0 0 4505 98,47 70 1,53 0 0
43655 TIHO Grey seal 04-02-2018 17:34 30-09-2018 08:29 3471 3455 100    16 0 0 0 5407 96,039 223 3,96 0 0
65935 TIHO Grey seal 07-01-2020 11:12 19-08-2020 10:34 7917 7553 95      364 5 0 0 5155 95,445 246 4,55 0 0
65936 TIHO Grey seal 09-01-2021 17:37 26-02-2021 15:51 628 611 97      17 3 0 0 1140 98,958 12 1,04 0 0
65937 TIHO Grey seal 10-01-2019 17:26 04-03-2019 11:12 774 717 93      57 7 0 0 1210 95,501 57 4,5 0 0
65938 TIHO Grey seal 07-01-2020 09:59 03-07-2020 10:45 3635 3347 92      273 8 0 0 4042 94,572 221 5,17 11 0,257
65940 TIHO Grey seal 11-01-2019 11:10 05-03-2019 02:17 693 676 98      17 2 0 0 1241 98,103 24 1,9 0 0
65942 TIHO Grey seal 07-01-2020 15:21 06-05-2020 20:08 1501 1436 96      65 4 0 0 2724 96,836 89 3,16 0 0
65946 TIHO Grey seal 11-01-2019 16:51 16-09-2019 12:52 5959 5696 96      263 4 0 0 5743 96,521 207 3,48 0 0
65955 TIHO Grey seal 10-01-2019 14:05 14-05-2019 10:19 1982 1909 96      73 4 0 0 2870 96,503 104 3,5 0 0
65962 TIHO Grey seal 10-01-2019 20:39 30-06-2019 07:11 4232 4227 100    5 0 0 0 4066 99,365 26 0,64 0 0

Average 2.641,2        2.585,0    98,1   54,9       1,8 0,0 0,0 3.138,8       97,2    123,0      2,8   1,1        0,05 
Sum 87.160         85.306     1.813     0 103.582      4.059      37         

Water Land Phase 1 areaMeta data Phase 1 areaWater Land
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The time spent in the phase 1 area of the proposed plan for the program North Sea Energy Island was calculated. For 
the harbour seals tagged at Nissum Bredning/Thyborøn only two of the 27 seals passed through the phase 1 area of 
the proposed plan for the program North Sea Energy Island, and only 125 hours of the 63,378 predicted hourly positions 
were from this area (0.1%). This equalled five hours on average for the 27 seals (Table 4. 5). For the grey seals tagged 
at Nissum Bredning/Thyborøn, five of the 16 seals passed through the phase 1 area, and 71 of the 49,023 hourly positions 
were from this area (0.2%). This was equivalent to four hours on average for the 16 grey seals (Table 4. 5). Of the grey 
seals tagged at Helgoland, only two of the 33 seals spent time in the phase 1 area (37 of the 105,754 hourly positions; 
0.04%). This is less than the percentual time used for the Nissum Bredning/Thyborøn seals with only one hour on 
average for the 33 grey seals from Helgoland (Table 4. 5). Likewise, accumulated time per individual and time spent in 
the phase 1 area was also calculated (Figure 4. 7) and per month (Figure 4. 8). Winter months are under-represented 
for grey seals tagged at Nissum Bredning/Thyborøn, as most seals were captured in spring and summer. For grey seal 
pups captured at Helgoland in January-February, late fall is under-represented. It is evident from these figures that the 
phase 1 area was used little by the tagged seals. 

 

Figure 4. 7. Accumulated time with data per individual. Time spent in the phase 1 area of the proposed plan for the program North 
Sea Energy Island is shown in turquoise. DEA is data from this project owned by Danish Energy Agency and TIHO is data bought 
from Stiftung Tierärztliche Hochschule Hannover, for this project. Notice that the scale of the Y-axis differs. 
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the graphs that areas as distant as the phase 1 area of the proposed plan for the program North Sea Energy Island is 
used less by both harbour and grey seals than the more shallow areas closer to land and the haul-out sites. 

 
 

Table 4. 6. Statistical measures for seals that spent time (hours), in the phase 1 area of the proposed plan for the program North Sea 
Energy Island. Based on analysis of convolution, where a radius of 1 km or 5 km from the tracks where used.  

 

 

 

Table 4. 7. Predictive values used to find the model with the lowest AICc, here, model 1. Top grey seals and bottom harbour seals.

 

 

Species Radius from track, m. Median, hr Mean, hr Std, hr
Harbour seal 5000 16,4 41,0 78,8
Harbour seal 1000 2,8 5,7 9,8
Grey seal 5000 13,0 26,1 39,6
Grey seal 1000 2,2 4,1 5,5

Species Model # Dist.  homeDist. home x depthMixed layer Current Sea surf. hgt.Salinity Temperature Depth Substrate df logLik AICc delta AICweight R^2 delta R^2
1 + + + + + + + + + 56 -62085 124284 0 1.00 0.48  -
2 + + + + NA + + + + 52 -62108 124322 38 0.00 0.48 0.00
3 + + + NA + + + + + 52 -62159 124422 138 0.00 0.48 0.00
4 + + + + + + + NA + 53 -62169 124446 162 0.00 0.48 0.00
6 + + + + + NA + + + 52 -62181 124468 184 0.00 0.48 0.00
9 NA + + + + + + + + 50 -62210 124522 238 0.00 0.48 0.00

15 + + + + + + + + NA 53 -62238 124583 299 0.00 0.48 0.00
65 + + + + + + NA + + 52 -62634 125374 1090 0.00 0.48 0.00
68 + + NA + + + + + + 53 -62693 125494 1210 0.00 0.48 0.00

230 + NA + + + + + + + 30 -63862 127786 3502 0.00 0.47 0.01
1 + + + + + + + NA + 51 -13761 27625 0 0.66
2 + + + + + + + + + 48 -13772 27640 14 0.00 0.66 0.00
4 + + + + NA + + + + 44 -13785 27659 33 0.00 0.66 0.00
6 + + + NA + + + + + 46 -13793 27679 54 0.00 0.66 0.00

11 NA + + + + + + + + 47 -13803 27702 77 0.00 0.66 0.00
16 + + + + + + + + NA 45 -13820 27730 104 0.00 0.66 0.00
34 + + + + + NA + + + 46 -13943 27979 354 0.00 0.66 0.00
38 + + NA + + + + + + 41 -13967 28016 391 0.00 0.66 0.00

129 + NA + + + + + + + 29 -14340 28738 1113 0.00 0.66 0.00
141 + + + + + + NA + + 39 -14479 29039 1413 0.00 0.66 0.00
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Figure 4. 11. Relative probability of occurrence in the habitat suitability model for harbour seals tagged at Thyborøn. 

 

 

 
Figure 4. 12. Relative probability of occurrence in the habitat suitability model for grey seals tagged at Thyborøn. 
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4.3 Cetaceans  
Cetacean presence in the pre-investigation area was investigated with the following methods; aerial surveys, passive 
acoustic monitoring surveys for harbour porpoises and passive acoustic monitoring surveys for other cetaceans (white-
beaked dolphins, mike whales and unidentified delphinids, including killer whales) and tagging. Tagging was however 
not successful for cetaceans and no results can be reported in this chapter.  

4.3.1 Aerial survey s   
In 2022, only two surveys were conducted in the extended survey area due to poor survey weather. There were too few 
observations to conduct abundance analysis for other species than harbour porpoises. Instead, the observations are 
presented in separate tables and maps. As part of this large survey, the extended survey area was surveyed on the 31st 
of July 2023 and is directly comparable to the survey results of July 2022. 

On the survey 27th of April 2022, all transects were covered (Table 4. 8). Observations were conducted in Beaufort Sea 
State 1-3. Beaufort Sea State is a definition of wave height and used here to determine when the waves were too high 
for observing harbour porpoises (>sea state 3). The subjectively assessed sightability for each observer is displayed in 
Figure 4. 13. Here, 87% of the effort was conducted in either good or moderate conditions, while 13% were conducted 
with lower sightability. Variation in sightability is included and adjusted for in the Distance sampling analysis for calcu-
lating the abundance. 
 

Table 4. 8. Data and results from the three aerial surveys conducted during the North Sea Energy Island surveys in 2022 and 2023 in 
the extended survey area. CV = Coefficient of Variation.  

Survey date 
Completed 
effort (km) 

Abundance 
(95% Confi-
dence Inter-

val) 

Density 
(95% Confi-
dence inter-

val) 

Mean 
group 
size 

# of harbour 
porpoises 
observed 
(incl. calves) 

# of calves 
observed 

Calf 
ratio 

CV 

 

27-04-2022 504 
2642             

(1362-4431) 
0.74                       

(0.38-1.24) 
1.12 46 0 0% 0.30  

29-07-2022 506 
7011                         

(3728-11327) 
1.96                           

(1.04-3.16) 
1.44 138 22 16% 0.27  

31-07-2023 503 
3154                         

(1845-5177) 
0.88                            

(0.52-1.45) 
1.33 77 12 16% 0.26  
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Figure 4. 13. Harbour porpoise observations during the aerial survey on the 27th April 2022. The size of the dots indicates the group 
size at each observation. The observer assessed sightability is indicated in colours from green to red. 

 

In total, 46 adult harbour porpoises were observed (Table 4. 8). There were no observations of calves, defined by a 
much smaller individual next to a large individual. It was not possible to determine if any of the porpoises seen in pairs 
were a mother with a large and nearly weaned calf. The harbour porpoise observations were distributed across the 
aerial survey area. The abundance of harbour porpoises in the extended survey area was estimated to 2642 harbour 
porpoises (95% CI = 1362-4431; CV = 0.30). The average density within the area was 0.74 individuals/km² (95% CI = 
0.38-1.24) (Table 4. 8). 

On the 29th of July 2022 survey, all transects were covered in Sea State 1-2. The subjective sightability was similar to 
the April survey with 89% of the effort being conducted with Good or Moderate sightability (Figure 4. 14). During this 
survey, 138 harbour porpoises were observed in total and 22 of these were calves (small animal next to a large animal), 
which gave a mother-calf pair ratio of 16% (Table 4. 8). Unlike the April survey, the observations were mainly distributed 
in the North-eastern part of the extended survey area (Figure 4. 14). The abundance of harbour porpoises in the 
extended survey area was estimated to 7011 harbour porpoises (95% CI = 3728-11327; CV = 0.27) with a density of 1.96 
individuals/km² (95% CI = 1.04-3.16) (Table 4. 8). This is 2.6 times as many as compared to the April survey and 2 to 7 
times higher than harbour porpoise densities estimated from the SCANS-III in 2016 (Hammond et al. 2021) and SCANS 
IV in 2021 (Gilles et al. 2023) for the two blocks to the south and north, respectively (J, I, see Figure 2. 7) that geograph-
ically overlap with the extended survey area. For comparison, the densities from the Danish national aerial surveys in 
Skagerrak and the Southern North Sea was on average for the period 2017-2021 0.54 individuals/km2 and maximum 
0.85 individuals/km2 in 2017 for Skagerrak, and on average 0.75 individuals/km2 (2011-2021) and maximum 1.22 indi-
viduals/km2 in 2014 in the southern North Sea. In German North Sea waters, however, similar and higher densities to 
the Energy Island extended survey area have been estimated particularly at the German Dogger Bank (Nachtsheim, 
2021) indicating that there may be several high-density areas (or hot spots) in the North Sea and the Energy Island 
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extended survey area may be one of them. These hot-spots were also predicted in a spatial density surface model by 
Gilles et al. (2016) described in section 2.2.1.1, Figure 2. 8. The modelling by Gilles et al. 2016 indicated that this may be 
a recurring trend for the area, which is why the entire Danish part of the North Sea was surveyed in 2023.  
 

 

 
Figure 4. 14. Harbour porpoise observations during the aerial survey on 29th July 2022. The size of the dot indicates the group size at 
each observation and a star indicates one or more harbour porpoise calves. The observer assessed sightability is indicated in colours 
from green to red. 

 

On the 31st of July 2023 survey, the weather was overall good and 95% of transects were covered in Sea State 1. Further-
more, 76% of the effort was conducted in Good or Moderate sightability (figure 4.15). During this survey, 77 harbour 
porpoises were observed in total and 12 of these were calves (small animal next to a large animal), which gives a mother-
calf pair ratio of 16% (Table 4. 8). This is identical to the ratio found in the survey on July 29th 2022. The observations 
were fairly evenly distributed in the survey area (Figure 4. 15).  
 
The abundance of harbour porpoises in the survey area was estimated to 3154 harbour porpoises (95% CI = 1845-5177; 
CV = 0.26) with a density of 0.88 individuals/km² (95% CI = 0.52-1.45) (Table 4. 8). This is comparable to the porpoise 
abundance and density estimated in April 2022, but less than half of the abundance and density estimated for the July 
2022 survey. Potential explanations for this difference are covered in the discussion. 
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The total area was surveyed in the period 31st of July to 1st of September 2023 (Table 4. 9). All strata were surveyed with 
the majority of effort in good to moderate conditions and with good coverage (Figure 4. 16). 

The estimated abundances varied from 2934 porpoises in strata 6 (density = 0.38 ind./km2) to 9226 porpoises in strata 
5 (density = 1.55 ind./km2). Since the strata varied in size it is more meaningful to compare densities instead of abun-
dances, which is shown in Figure 4. 17. The two highest densities were found in strata 5 (Dogger Bank) and strata 2 
(southern part of the Energy Island extended survey area) (Table 4. 9). The average density in the Danish North Sea and 
Skagerrak was 0.63 porpoises per km2 and the total abundance was 36.916 porpoises. The highest calf ratios were found 
in strata 1 (Northern part of the Energy Island extended survey area) and strata 3.  

 

 
Figure 4. 16. Harbour porpoise observations during the aerial surveys in July and August 2023 in strata 1-6 in the Danish North Sea. 
The size of the dot indicates the group size of each observation and a star indicates one or more harbour porpoise calves. The ob-
server-assessed sightability from each side of the plane is indicated in colours from green to red. Strata not funded by this project has 
white background and the observations are faded.  
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and coverage between the two types of surveys are different, the results regarding harbour porpoises from the bird 
surveys are not comparable and is not included in the analysis. For larger whales and dolphins, where the main aim is 
to note whether or not they are present in the area, the results from both types of surveys are usable. 

 
Table 4. 10. Dates of the bird surveys and the marine mammal surveys in 2022 and  2023 as well as number of counted cetaceans, 
other than harbour porpoises.  

   
 

Survey DateSurvey type Seal sp. White-beaked dolphin Minke whale Unid. whale
02/03/2022 Bird 12
01/04/2022 Bird 6
27/04/2022 Bird 1
27/04/2022 Marine mammal
29/07/2022 Marine mammal 1 6 1
30/07/2022 Bird
11/09/2022 Bird 2
23/12/2022 Bird 1
21/01/2023 Bird 3 2
02/03/2023 Bird 3
03/04/2023 Bird 1 8
08/07/2023 Bird 1 35
31/07/2023 Marine mammal 9
27/09/2023 Bird
10/11/2023 Bird 3

Survey DateSurvey type Seal sp. White-beaked dolphin Minke whale Unid. whale
02/03/2022 Bird 12
01/04/2022 Bird 6
27/04/2022 Bird 1
27/04/2022 Marine mammal
29/07/2022 Marine mammal 1 6 1
30/07/2022 Bird
11/09/2022 Bird 2
23/12/2022 Bird 1
21/01/2023 Bird 3 2
02/03/2023 Bird 3
03/04/2023 Bird 1 8
08/07/2023 Bird 1 35
31/07/2023 Marine mammal 9
27/09/2023 Bird
10/11/2023 Bird 3
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Figure 4. 18. Observations of white beaked dolphins, minke whales and seals sp. during the bird and the marine mammal line tran-
sect aerial surveys in 2022. 

 

4.3.3 Passive Acoustic Monitoring (FPODs)  
In November 2021, fourteen PAM stations were deployed in the extended survey area (Figure 3. 4). In spring 2022, it 
was decided to add PAM coverage in the eastern part of the extended survey area. Therefore, an additional five PAM 
stations were deployed there in August 2022 (Figure 3. 4). Metadata for all nineteen PAM positions is shown in Table 4. 
11. 
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Figure 4. 19. Detection positive days in percent of total deployed days that the instrument was also recording, i.e. days where the 
FPOD was recording and harbour porpoises were detected for deployment period A to H. Left: Shown per station. Right: Shown per 
month. Note that station NSE15-19 were only deployed during deployment D-H. 

 

In Figure 4. 20, detection positive minutes (DPM, i.e. number of minutes per day with minimum one porpoise click 
detected) are shown as averages per month per station, based on sums of detection positive minutes per day, and as 
average per month for all stations. It is apparent that there is considerable variation in harbour porpoise presence at 
the different stations, as well as marked seasonal changes in presence with the period June-August having high levels 
of harbour porpoise presence in both years. These data indicate that the extended survey area is used more by harbour 
porpoises during the summer than in the rest of the year. For harbour porpoises within the Danish part of the North 
Sea, there are relative recent CPOD data available from the Danish Oil and Gas sector (Clausen et al. 2020), the Thor 
OWF (Vilela and Schütte, 2021), the Horns Rev 3 OWF (Nehls et al. 2014), as well as from the Gule and Store Rev in 
Skagerrak (Griffiths et al. 2023). Due to differences in method of analysis between these studies for example use of 
CPODs and measurement unit, only a very broad comparison (DPM/day/year) with the Energy Island data can be made. 
Compared to data from the Energy Island extended survey area, higher levels of DPM/day/year were detected in the 
Danish oil and gas sector (2013-2015). The level at Thor OWF (2019-2020) were about half of the extended survey area 
and the levels were comparable between Horns Reef 3 (2012-2013) and the extended survey area, whereas the levels in 
Skagerrak at the reefs was much lower. This is a very general comparison of levels of relative abundance and therefore 
does not capture the variation among individual stations and seasons. For the Belt Sea Population in inner Danish waters, 
six of the Natura 2000 sites appointed due to their high density of harbour porpoises are monitored with CPODs (Teil-
mann et al. 2008). The yearly variation observed in data from the Energy Island extended survey area falls within the 
yearly variation (maximum and minimum) in mean number of detection positive minutes per month observed in the six 
Natura 2000 sites (2011-2021) (Høgslund et al. 2023).  

It is noteworthy that the two stations NSE05 and NSE06 spaced only 3 km apart and situated in the shallower part of 
the extended survey area, have very different levels of DPMs, where NSE06 is high and NSE05 consistently is low (Figure 
4. 20). This may be related to small-scale variation in prey availability. 
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In Figure 4. 21, DPM/day is shown as an average per season per station to illustrate the change across the year in level 
of detections at each station. In the first year, the total number of detections across stations were spread across seasons 
with 20% winter, 21% spring, 44% summer and 26% fall. In the second year, the winter and fall were similar to year one 
with 19% winter and 24% fall. The two last seasons were however different from year one with 29% spring and 30% 
summer. The detections were not evenly distributed across stations. The high level of DPM/day in June-August both 
years was statistically tested against the rest of the year. The analysis showed a statistically significant higher mean 
number of DPM/day during summer compared to the other seasons (Figure 4. 22) (Gamm model, p< 0.001, see ap-
pendix 2, table A2-2). 

 

Figure 4. 20. Detection Positive Minutes (DPM) per day averaged pr month. Top: Number of detection positive minutes (DPM) per 
day, calculated as average per month for each of the nineteen FPOD stations. Middle: Mean number of DPM per month across all 
stations per year. The letters denote results of the statistical analysis (see appendix 2, table A2-1). Identical letters signify that the 
months are statistically similar. Different letters denote that the months are statistically different. The months July and August have 
significantly higher numbers of DPM per day in both years, than during the rest of the year. Bottom: Mean (standard deviation) num-
ber of DPM per month for each of the two years. A detection positive minute is a minute where at least one harbour porpoise click 
train has been recorded. 
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Figure 4. 21. Overview of PAM data divided by season (average DPM/day/season). Top: Data collected during Nov 2021 to Nov 2022 
(Deployment A-D). Bottom: Data collected during Nov 2022 to Nov 2023 (deployment E-H).  
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