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Summary 
 
Ten harbour seals (Phoca vitulina) caught on the Danish Wadden Sea 
island Rømø were equipped with satellite linked time depth recorders. The 
animals were caught on three separate occasions (Jan. 4th, Feb. 18th and 
May 6th, 2002). The transmitters worked between 49 and 100 days, 
relaying positional and dive information back via the ARGOS satellite 
service until beginning of July.  
Background for the studies is the construction of the Worlds largest off 
shore wind farm on Horns Reef. Based on previous studies using VHF-
transmitters, it was expected that the seals would spend considerable time 
on Horns Reef. The VHF-telemetry studies showed that the preferred 
direction for seals leaving the Danish Wadden Sea is NW from Grådyb 
tidal area outside Esbjerg, the direction directly towards the wind farm 
area. The previously used VHF-transmitters had a limited detection range 
and it was decided to equip a number of seals from the same area as before 
with satellite transmitters. This allows for positioning of the seals in the 
entire North Sea as well as providing dive summary information, as a 
transmitter with a depth transducer was chosen for the study. 
Positional information revealed that animals move about more extensively 
than previously believed. Substantial variation between animals was 
observed and each seal seemed to have adopted its own foraging strategy. 
Some animals travelled to the centre of the North Sea on foraging trips and 
spent considerable time close to the bottom at 30-70 meters depth. Other 
seals remained in the German Bight and yet others spent considerable time 
on and around Horns Reef. 
The area of Horns reef wind farm constitutes a negligible fraction of the 
total area visited by the tagged seals. The reef as a whole however, appears 
to be important to the seals both for foraging and as transit area to other 
feeding grounds further off shore. 
The resolution in positional information is not sufficiently high to allow 
for a detailed study of the effects of the construction phase on the tagged 
seals. It was observed however, that tagged seals moved across the reef 
also in the construction period. 
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Dansk resumé 
 
Ti spættede sæler (Phoca vitulina) blev i foråret 2002 fanget på det 
nordlige Rømø og udstyret med satellitsendere. Dyrene blev fanget af tre 
omgange (4. januar, 18. februar og 6. maj, 2002) og senderne sendte 
mellem 49 og 100 dage. Dette gav informationer om dyrenes bevægelser 
og dykkeaktiviteter frem til begyndelsen af juli. 
Baggrunden for undersøgelsen er bygningen af Verdens største offshore 
vindmøllepark på Horns Rev. Tidligere radiomærkningsstudier af sæler fra 
Rømø viste at sælerne ofte bevæger sig nordvest fra Grådyb ved Esbjerg 
når de tager til havs for at finde føde, dvs. med retning lige mod Horns 
Rev og mølleområdet. I de tidligere studier blev brugt VHF-sendere med 
begrænset rækkevidde og det blev derfor besluttet at gentage 
undersøgelsen med satellitsendere i stedet. Med satellitsendere kan 
dyrenes bevægelser følges i hele Nordsøen. Desuden blev anvendt en 
sendertype med dybdemåler, hvilket gav mulighed for at få information 
om sælernes dykkemønstre. 
Resultaterne viste at sælerne bevæger sig meget mere omkring end hidtil 
antaget. Der var meget stor variation imellem sælerne, der hver især synes 
at have haft sin egen strategi for at finde føde. Flere af sælerne mærket i 
januar bruget det meste af tiden på at søge føde ved bunden midt ude i 
Nordsøen, i områder med 30-70 meters dybde. Andre blev tættere ved land 
og søgte hovedsageligt efter føde i området lige vest for Rømø og Sild. 
Andre sæler igen bruge en stor del af tiden på og omkring Horns Rev, hvor 
de antageligt også søgte føde.  
Mølleparkens areal er forsvindende lille i forhold til de områder de 
mærkede sæler bevægede sig rundt i. Horns Rev som helhed derimod, 
synes at være et vigtigt område for sælerne, både som fødesøgningsområde 
og som gennemsvømningsområde til andre fødesøgningsområder længere 
mod nordvest i Nordsøen. Nøgagtigheden i informationerne om sælernes 
bevægelser er ikke høj nok til at lave en grundig analyse over hvorvidt 
bygningen af mølleparken har været til gene for dyrene, men det kan ses at 
dyrene har bevæget sig hen over Horns Rev også i den periode hvor 
møllerne blev bygget. 
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1. Introduction 
 
1.1 Background and purpose 
 
As part of a national action plan aimed at reducing CO2 emissions several 
large offshore wind farms were planned by the Danish government. Of the 
five farms  initially planned only two have reached the construction phase, 
of which the farm on Horn’s Reef (the reef in the following) with a 
capacity of 160 MW came in operation during winter 2002/2003. The 
wind farm is a part of a demonstration program, which include obligations 
to carry out environmental impact assessment (EIA) studies and monitor 
and document effects of construction and operation of the wind turbines on 
the environment, including marine mammals. Two species of marine 
mammals are common on the reef and surrounding waters: harbours seals 
(Phoca vitulina) and harbour porpoises (Phocoena phocoena). Grey seal 
(Halichoerus grypus) can also be seen. The present report deals with 
effects of construction of the turbines on harbour seals, evaluated by tag-
ging of 10 seals with satellite telemetry transmitters. Tagging occurred in 
three batches, with roughly half the transmitting time before construction 
of the park and the remaining time during construction phase. 
 
1.1.1. Offshore wind farm on Horns Reef 
 

 
Figure 1 Inner part of Horns Reef with the wind farm. Black line indicates the limits 
of the safety zone, referred to as the wind farm area in the text, q indicate 
individual turbines, D the transformer rig and the red line indicates the sub-sea 
power cable. 
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The wind farm (shown in Figure 1) consists of 80 turbines (Vestas V80, 
2MW), placed in 10 rows of eight turbines in an approximately rectangular 
area 4 x 4 km. The area is located approx. 15 km from the nearest land 
(Blåvandshuk) on position 7°52’25”E, 55°30’26”N (transformer rig in NE 
corner of park) and connected to land by a sub-sea power cable.  
 
Construction started in spring 2002 with ramming of the first steel 
monopile foundation into the seabed on 30th of March 2002. Ramming 
continued until 2nd of August 2002, the first turbine was mounted on May 
8th  and the last on August 21st. By December 2002 all turbines were 
connected to the mains power net and fully operational.  
 
1.1.2 Seals in the Danish Wadden Sea  - previous VHF- transmitter studies 
 
The harbour seals in the Danish Wadden Sea are considered part of a 
common population in the International Wadden Sea, stretching from Den 
Helder in the Netherlands to Blåvandshuk (Reijnders et. at, 1997). Remote 
and inaccessible sand banks in the Wadden Sea are used for haul out and 
breeding and these are the only areas along the coast of Jutland where the 
animals can haul out undisturbed.  
The Danish Wadden Sea population of harbour seals has increased with 
about 12% every year since hunting was completely abolished in 1976 
(Tougaard et al. 2002). Only exceptions were the 1988 and 2002 phocine 
distempter virus epizootic (Jensen et al., 2002). In 1988 estimated half of 
the Danish population was killed (Reinders et al. 1997). From 1989 and 
onwards the population has increased again with the same rate as before 
the epizootic, until 2002 where a new outbreak of the same virus reduced 
the numbers with (roughly) 45% (Dietz et al., 2003b). The population in 
August 2002 (before the 2nd epizootic) is estimated to have been 3.450 in 
the Danish Wadden Sea and 25.000 in the international Wadden Sea 
(Tougaard et al., 2002). 

Harbour seals are generally considered to move little between haul out 
banks and exchange between populations in the three Wadden Sea 
countries is thus also considered to be limited. Previous studies in the 
period November 1990 to October 1993, where 48 seals were equipped 
with VHF-transmitters, showed that 56% of the tagged seals remained 
connected to the same haul out bank where they were caught and tagged 
(Bollertsand, Koresand or Lammelægger). Ten percent moved to banks in 
Schleswig-Holstein (about 75 km away) and a single animal was found in 
Niedersachsen, German Wadden Sea (about 150 km away). The rest 
remained on banks within a radius of 25 km from the bank where they 
were tagged (Nørgaard, 1996). 
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Figur 2 Harbour seal haul out banks in the Danish Wadden Sea. Circles indicate 
number of hauled out animals counted on an arial survey conducted on August 14th 
2002. Red square indicate wind farm area. 

The range of the VHF-transmitters was limited to 50 km. In winter 
(October 24th to February 21st) the seals spent 31% of the time outside the 
receiving range, compared to 7% in summer (Feb. 21st to Oct. 24th). On 
average they spent 8 days outside receiving range at a time in winter, with 
a maximum period of 31 days, compared to a maximum of 6 days in 
summer. Seals also spent significantly more time on land in summer (27%) 
compared to winter (14%). No correlation between amount of time outside 
receiving range and sex or age of animals was found. In 96% of the cases, 
the direction taken by the seals when they left the receiving range was 
NW, i.e. the direction of the Horns Reef area. This was the main reason 
why it was thought to be important to investigate the open sea foraging 
behaviour of the Danish Wadden Sea seals in connection with the wind 
farm, as it was believed that they spend considerable time on and around 
Horn’s Reef (Nørgaard, 1996). 
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1.2 What can be learnt from tagging studies? 
 
Marine mammals, including seals, are notoriously difficult to study in the 
wild. They move over extensive areas and spend a significant proportion 
of their time submerged and are generally very difficult to observe and 
track from ships at sea. For these reasons, data loggers and VHF-radio or 
satellite tagging techniques has become the most important tools for 
answering questions on marine mammal behaviour at sea. By equipping a 
selected number of animal with suitable sensors and recording electronics 
and assuring a way of retrieving the data, important and detailed 
information can be obtained on migration and movement, foraging and 
other types of behaviour. 
 
1.3. Questions asked 
 
Some of the questions raised from the VHF-telemetry studies can be 
addressed by means of satellite-linked tags. Most important is the question 
of where the seals move to when they leave the Wadden Sea on foraging 
trips. Other telemetry studies of harbour seals have indicated that this 
species forage close to haul-out banks and move only short distances 
between banks (Brown and Mate, 1983; Stewart et al, 1989; Thompson et 
al, 1996; Lowry et al, 2001; Dietz et al, 2003a). Satellite telemetry data 
should help answer whether this is also true for harbour seals in the Danish 
Wadden Sea, as well as provide data on exchange between populations in 
surrounding countries. 
The central questions in relation to the wind farm on Horns Reef are 
whether the seals spend time on the reef and more specifically in the wind 
farm area, what they are doing in these areas, and whether a partial or 
complete exclusion from the wind park area will affect the population.  
The original project was planned as a baseline study to be completed 
before construction activities began. For reasons outside control of the 
project the tagging was delayed and the period with data collection in 2002 
partly overlapped with the construction activities on Horns Reef. Although 
not intended from the beginning, this overlab allows for an evaluation of 
possible short-term effects of the construction phase on the distribution 
and behaviour of the seals. 
 
1.4 Choice of tagging technique 
 
1.4.1 Types of equipment 
 
There are currently three main types of telemetry equipment available for 
studies of marine mammals: Data loggers, VHF-transmitters and satellite 
transmitters. A fourth type based on GSM telephones is under 
development. Each type has its strengths and weaknesses and whether one 
or the other is a suitable solution depends on both the questions asked and 
the behaviour of the animal. 
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1.4.1.1.Dataloggers 

Data loggers are self-contained units consisting of one or more sensors 
connected to a memory module and mounted on the animal. Sensors 
almost always include depth, but also temperature, salinity, light, sound 
and acceleration may be logged. The logged data are stored in the memory 
module and access to the data thus requires that the entire unit be retrieved 
after its functional lifetime on the animal. As computer memory has 
increased tremendously in capacity, while at the same time has become  
very cheap, a large amount of data can be stored in the logger, which is 
usually the reason why a data logger is chosen over radio linked systems, 
which all have limited capacity for information transfer. The major 
weakness of the data logger is the need to retrieve the unit again. Data 
loggers have not been deployed on harbour seals in the Danish Wadden 
Sea. 
 
1.4.1.2 VHF-redio transmitters 

These tags combine a limited number of sensors with a VHF transmitter, 
allowing short range tracking of the animals and transmission of sensor 
data to a permanent receiver. Their main advantage is low price, small size 
and long battery life. Downsides are limited detection range, effectively 
limited by the line of sight, and the difficulties involved in locating the 
transmitter on an automatic basis. VHF-transmitters have been used 
extensively to study harbour seals (e.g. Thompson et al, 1996; Ries et al, 
1997), including the Danish Wadden Sea population (Nørgaard, 1996). 
The Danish studies provided detailed descriptions of movement and haul-
out behaviour of the animals inside the Danish Wadden Sea area, but could 
not provide information on long-range migration and foraging behaviour 
in the North Sea. 
 
1.4.1.3. Satellite linked systems 

Satellite linked tags have been available since the 1980'ties, but only in 
recent years has transmitters of a size suitable for smaller marine mammals 
like harbour seals, been available. Satellite linked tags communicate 
through satellites in polar orbits and allow for a fairly accurate positioning 
of the tagged animals and thus allow in principle for a continuous tracking, 
in principle anywhere on earth. However, to reduce tag size and power 
consumption, the number of transmissions by the tag is often limited. The 
transmitters can also transmit a limited amount of sensor data, such as 
depth. The amount of data, which can be transmitted in any single 
transmission, is however, limited in the current systems available (and 
limited by the satellites, not the transmitters). This, together with the 
reduced accurracy and number of locations and the price of the tags and 
ARGOS fees are the most important downsides to satellite linked systems.  
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1.4.1.4 GSM-linked systems 

One of the newest developments in telemetry techniques are transmitters 
combining a GPS-receiver for very accurate positioning and a GSM 
telephone link for uplink of position data. Such a system has some great 
advantages, as well as some serious drawbacks. First of all do they offer a 
two-way communication channel of high bandwidth, which allows for 
uploading large quantities of data as well as reprogramming of the unit 
after deployment. Drawbacks include limited coverage for uploading 
(restricted to near-shore area) and long response time of GPS-receiver. 
 
1.4.2 Choice of system for the current project 
 
A satellite-linked system was chosen as the most appropriate for the 
current system. Previous experience with VHF-transmitters had shown 
great difficulties in following and locating the animals outside the Wadden 
Sea, properties central for the current project. Data loggers were not 
considered, as retrieving would be very difficult and commercially 
available systems does not allow for accurate tracking of the position of 
the animals. As the National Environmental Research Institute have 
previously equipped harbour seals at Rødsand with Wildlife Computers 
SDR-T16 tags (Dietz et al, 2003a), it was decided also to use this type for 
the present study. This makes data readily comparable to the Rødsand 
study. As GPS/GSM transmitters are still experimental this type was not 
considered for the present study. 
 

Fisheries and Maritime Museum, Esbjerg 10



Tougaard et al. : Harbour seals on Horns Reef. 

2. Materials and Methods 
 
A total of 36 harbour seals were caught on three separate occasions. Of 
these 10 were selected and equipped with satellite dive recorders. Data on 
the individual seals are shown in Table 1. The two first batches were 
caught, tagged and released on a haul-out site on the northern tip of the 
island Rømø (Bollert Sand, 55°12,733''N 08°30,838''E). On the last 
occasion, no animals were hauled out on Bollert and the animals were 
instead caught on a site on the northern side of Juvredyb (Koresand, 
55°13,359''N 08°29,846''E). They were then taken by boat to Bollert, 
tagged and released. 

Figure 2. Outer part of Juvre tidal area between Rømø and Mandø with 
capture and tagging locations indicated by blue stars. 
 Table 1. Data on individual animals tagged. ARGOS ID is the unique number used 
as identification in the Argos system by the transmitters. 
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Animal ARGOS ID Date Sex Length (cm) Weight (kg) Age class 
Elsam01 8372 2002-1-4 Male 141 33 Sub adult 

Elsam02 8373 2002-1-4 Female 107 24 Pup 
Elsam03 8374 2002-1-4 Female 111 26 Pup 

Elsam04 8375 2002-1-4 Male 116 25 Pup 
Elsam05 8376 2002-2-18 Male 172 > 110 Adult 

Elsam06 8377 2002-2-18 Female 143 43 Subadult 
Elsam07 8378 2002-2-18 Male 164 >110 Adult 

Elsam08 8379 2002-5-6 Female 134 44 Subadult 
Elsam09 8380 2002-5-6 Male 139 47 Subadult 

Elsam10 8381 2002-5-6 Female 150 52 Subadult 
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2.1 Capture and tagging procedure. 
 
The seals were approached by boat, the rescue vessel from Havneby, 
Rømø. This boat is equipped with two strong hydro jet engines, which 
enables fast sailing in very shallow waters. The lack of propellers 
furthermore minimizes the risk of injury should a seal accidentally come 
too close to the boat and eliminate the risk of entangling gear in propellers.  
 

 

 
 
Figure 3. Animals were caught with a long net (floats visible at edge of 
water), transported in net bags and strapped to benches for mounting of the 
transmitter. Photos: Fimus/Lars Brinck and DMU/Pernille Haarders. 
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The boat approached the hauled-out seals close and parallel to the coast 
until the point where the seals fled into the water. The seals generally 
remained in the immediate vicinity of the bank and one man was put on 
shore with the tail end of a long net (100m long, 6m high, 100 mm mesh 
size). The boat then sailed in an arc along the beach and around the seals, 
encircling a substantial number of animals with the net. The other end of 
the net was taken ashore and the entire net hauled up on the beach 
including the caught seals. The required number of seals were taken from 
the net and strapped to stretchers for mounting of transmitters. The 
remaining animals were released. 
 

 
Figure 4. Transmitter glued onto the head of a seal. Photo: Svend Tougaard. See also 
photo on cover. 

The transmitters were glued to the fur on top of the head of the animals 
(figure 4 and front cover) with fast hardening two-component epoxy glue 
(Araldite 2012). Prior to attachment the fur was thoroughly washed with 
water, acetone and alcohol and dried with hairdryer. After hardening, 
which took up to 20 minutes due to the low air temperature, the seals were 
released. 
As is normally the case, there was an overweight of young animals and 
males in the catches. The selection of animals for tagging aimed at 
distributing tags evenly over sexes and age classes. 
 
2.2 Dive computer 
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Figure 5. SDR-T16 dive computer and satellite transmitter. This unit (ELSAM01) 
washed up on the beach of Föhr in Germany and was recovered. Note the fur 
moulted on the underside. Photos: Svend Tougaard. 

 
SDR-T16 satellite-linked dive recorders from Wildlife Computers, Seattle, 
USA were used. This unit is equipped with two sensors: a depth transducer 
and a salt-water switch and is controlled by a microcomputer. It transmits 
signals to a number of weather satellites operated by ARGOS and placed 
in sun-synchronous polar orbits.  
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The transmitter continuously reads the current depth from the depth sensor 
(every 10th second), with a resolution of 1 meter, and checks from the 
saltwater switch whether the unit is submerged or not. The ARGOS 
satellite system limits the amount of data transmitted per transmission 
(uplink) to 32 bytes and does not allow more than one uplink per 45 
seconds. This limits the amount of data, which can be transmitted 
substantially, and pre-transmission reduction of the data is needed. 
Detailed dive information is thus reduced to summated information of 6 
hour periods. As the satellites circulates the earth in polar orbits, there is 
no guarantee that an uplink transmitted by the unit is received by a satellite 
and the same data package thus needs to be transmitted several times in 
order to provide reasonable guarantee for reception. 
The computer collects data and divides them into three types of messages 
(dive histograms, timelines and status messages), which are described in 
details below. When the unit has been submerged and is cleared of the 
water it will transmit every 45 sec., or every 90 sec. when the seal is on 
land (sequencing through all messages stored in the memory). After 1 hour 
of haul-out, the transmitter was set to shut down until the seal re-enters the 
water, in  order to increase battery life. 
Batteries used in this study (four M1-cells) were specified to deliver power 
for 30.000 transmissions, equal to 75 days of operation with an average of 
400 transmissions per day. 
 
2.2.1. Dive histograms 
 
Dive data are summarised in three types of histograms: dive depth, dive 
duration and time-at-depth. Maximum depth and duration for each dive is 
recorded and summated over 6 hours into separate histograms with 14 
classes. The third histogram is slightly different, in that the unit 
continuously monitors depth and collects the number of 10 second periods 
at each of 14 depth classes, thus providing information on the total time 
spent at different depths over the 6 hour period. The 6-hour periods were 
3.00-9.00; 9.00-15.00; 15.00-21.00 and 21.00-3.00 Danish winter time 
(UTC+1h).  The bins are listed for the three histograms in Table 2. 
 
Table 2. Settings of bins for dive depth, dive duration and time at depth histograms. 
The first bin for time at depth histograms, labeled “dry” is used to acummulate time 
where the slatwater swith were dry (i.e the animal had the head out of the water or 
was hauled out) 
Type 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Depth 0-5 6-7 8-10 11-12 13-15 16-17 18-20 21-25 26-30 31-35 36-40 41-45 46-50 >50 

Duration 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 >13 
 

Time at depth Dry 0-2 3-5 6-7 8-10 11-12 13-15 16-17 18-20 21-25 26-30 31-40 41-50 >50 

 
The choice of bin sizes were based on a wish for comparability with data 
from seals tagged at Rødsand (Dietz et al., 2003a) where intervals of 5 
meters were used. We chose a maximum dive depth of 50 meters as we did 
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not expect the seals to reach deeper areas of the North Sea and used the 
remaining bins to increase resolution at shallow depths.  
The computer stores the three histogram types of the four most recently 
completed periods as well as the period currently being collected. One 
transmission can contain one histogram and on subsequent transmissions 
the 12 completed histograms from the previous 24 hours are transmitted 
sequentially. 
 
2.2.2. Timelines 
 
Simultaneously with the histogram collection a timeline is collected. 
Timelines provide information on dive behaviour in 20-minute intervals 
and will record whether the animal spent most of the time above or below 
a certain depth limit. A depth limit of 2 meters was used in the current set-
up. One complete timeline contains information collected over 24 hours 
and the computer memory holds 4 completed timelines as well as the one 
currently being collected. 
Every 30th transmission was reserved for a timeline transmission. 
 
2.2.3. Status messages 
 
Every 20th transmission was reserved for a status message. This message 
contains various information useful for evaluating the state of sensors and 
the battery voltage.  
 
2.3. The ARGOS system 
 
Satellite transmitters rely on the ARGOS telemetry and positioning 
system. Receivers are placed on National Atmospheric and Ocean 
Administration (NOAA) weather satellites.  
 
2.3.1. Satellite passages and coverage 
Satellites operate in sun-synchronous, polar orbits. One orbit last about 
100 minutes and from a fixed point on earth the pass duration (time the 
satellite is visible on the sky) is between 8 and 15 minutes. Each satellite 
will have about 8 passes per 24 hours at 55 degrees northern latitude and 
with 5 satellites in total, this means that at best there is a visible satellite 
approx. 30% of the time (several satellites may be visible at the same time, 
reducing the effective coverage). Due to poor coverage in night hours, the 
transmitters were set to cease transmissions in the period 22.00-3.00 to 
extend battery life. No positions are thus be available in this interval but 
dive data were logged throughout the period. 
 
2.3.2. Positioning 
 
The transmitters transmit a signal of constant frequency. When received by 
the satellite, the frequency will be shifted either up or down due to the 
movement of the satellite (Doppler-shift). This Doppler-shift is measured 
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by the satellite and is an expression of the angle between the flight path of 
the satellite and the line of sight to the transmitter. The larger the Doppler-
shift, the smaller the angle:  At zero Doppler shift, the transmitter is 
located on a line perpendicular to the flight path. A given Doppler shift 
thus provides the information that the transmitter is located somewhere on 
a cone extending from the satellite along the flight path. If a second uplink 
is received during the same passage a second, different Doppler-shift is 
measured and a corresponding second cone can be constructed. The 
transmitter is now known to be positioned on a circle where the two cones 
intersect. When dealing with marine mammals, the altitude of the 
transmitter is known (0 meters) and the position thus narrows down to the 
two points on the earth's surface where the circle passes through. Based on 
where the transmitter was located on the previous localisation and general 
knowledge of the behaviour of the animal, one position can in almost all 
cases be excluded as unlikely and only one position is left. Better accuracy 
can be obtained if more than two uplinks are received on a single pass and 
locations are assigned by ARGOS into 7 location classes: 3, 2, 1, 0, A, B 
and Z. The first four classes are based on at least four uplinks and are 
grouped by precision of the fix. Accuracy is expressed as the 68% 
percentile of location errors. 
3: Accuracy better than 150 m (i.e. 68% of positions expected to be within 
150 m of true position). 
2: Accuracy between 150 m and 350 m. 
1: Accuracy between 350 m and 1000 m. 
0: Accuracy above 1000 m. 
Locations classified A and B are based on 3 and 2 uplinks, respectively 
and the precision can thus not be assessed. The last position class, Z is 
reserved for positions, which fail on Argos´ internal quality assessment 
algorithm. 
A transmitter on a diving animal, transmitting only one uplink at each 
surfacing will produce few positions of location class 0-3, as the 
probability of receiving 4 uplinks or more during a 10-minute passage is 
small. It is thus to be expected that most positions at sea will be of location 
class A and B. It should be noted that A and B positions can be very 
accurate, but additional information is needed to evaluate it. A recent study 
(White and Sjöberg, 2002) demonstrated that the average precision of 0 
and A class positions from a grey seal (Halichoerus gryphus) at sea was 
better than 5 km, whereas the average precision for B class positions were 
close to 50 km. Class 0, A and B positions should not just be discarded, 
but their accuracy needs to be evaluated by other means. This is usually 
done by comparing with previous and subsequent positions and assessing 
whether it is probable that the animal could move the distance to the point 
in question in the available time between positions. A second, recent study 
on the precision of Argos transmitters on captive, but diving grey seals 
(Vincent et al., 2002) demonstrates that appropriate filtering can increase 
precision for class 0, A and B positions considerably. 
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2.4 Data analysis 
 
Positions and sensor data (histograms, timelines and status messages) are 
downlinked to earth stations and placed on a central server. From this 
server the data are accessible almost real-time through the Internet. Delays 
from uplinks are received until downlinked and processed by ARGOS is 
around 20 minutes. All sensor data contains a checksum byte and all data 
transmissions with checksum error were discarded from the dataset. 
 
2.4.1 Location information 
 
Most positions from diving marine mammals are based on few uplinks and 
are thus predominantly of location class 0, A and B, i.e. with low accuracy 
or no accuracy information at all. Two filtering algorithms were used 
sequentially to remove unrealistic positions.  
 
Distance filter (Keating, 1994). 

This filter removes positions based on calculation of the index ξ. ξ is 
calculated from three sequential positions (i-1, i0, i+1) and is given as: 
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where d1 and d2 are distances |i-1i0| and |i0i+1| respectively and β is the 
angle i-1i0i+1. Large values of ξ results for large and identical distances d1 
and d2 and a small angle β, corresponding to a large apparent movement in 
one direction (i-1 to i0), followed by an equally large movement in the 
approximately opposite direction (i0 to i+1). Position i0 is removed if ξ 
exceeds a predefined threshold. In the current study ξ =25 km was used as 
threshold, following Lowry et al. (2001). This fairly conservative threshold 
was chosen to remove only the more distant and most improbable 
locations, since these locations had a large detrimental effect on the 
performance of the second filtering algorithm. 
 
RMS velocity filter (McConnell et al., 1992). 

This filtering algorithm calculates an RMS swimming velocity, Vi for each 
position i, based on the velocities calculated from the time and distance to 
the two previous and the two following positions. Vi is given as: 
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where vi,j is the calculated velocity from point i to point j. 
If Vi exceeds what is considered the maximum sustained swimming speed 
of the seal the point i is removed. A criterion of 2.7 m/s was employed on 
the data. 
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The dataset was inspected following filtering and all data points, which 
were clearly on land, were removed individually. Filtering procedures 
reduced the dataset to 75% of the original (range 60-84% for the 10 
animals). All further analysis was performed on the reduced dataset. 
 
Kernel analysis. 

The area used by the seals was estimated for each seal as 50%, 75% and 
95% fixed kernels, least squares cross validation, as recommended by 
Seaman and Powell (1996). Kernels were calculated with the ArcView 
extension Animal Movement. As the number of positions for each seal 
varied from day to day a mean position was calculated for each day to 
avoid bias towards days with many positions.  
 
2.4.2 Time spent in wind farm area 
 
To assess the seals use of the wind farm area a comparison between kernel 
areas and wind farm area was performed. Based on the area of the kernels 
and the placement of the wind farm area relative to the kernels, a rough 
estimate of time spent in the wind farm could be calculated. 
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where A95, A75 and A50 are areas of the 95%, 75% and 50% kernels, 
respectively, Awf area of the wind farm and ο95, ο75 and ο50 the fraction of 
the wind farm located inside the 95%, 75% and 50% kernel, respectively. 
This calculation provides an estimate of the time in which the seals can be 
expected to have been in the wind farm area during the time the transmitter 
was operational. An important assumption for this estimate is that animals 
are uniformly distributed within each of the three kernel areas, which is at 
the same time not entirely safe to assume, yet difficult to test with the 
relatively few positions on which the kernels are based. 
 
2.4.3 Dive summary information 
 
Data from 6-hour histograms were referred to geographical position by 
comparing with positions for the same animal at the time around histogram 
collection. Accurate positioning of where the dive data were recorded is 
not possible, both because of substantial movement of the animal is 
possible within each 6-hour period and the number of precise positions per 
day is too low to guarantee a position in the 6-hour period. Histograms 
where thus referred only to the numbered ICES-squares (1 degree of 
longitude times 30” of latitude). 
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Dive depth and time at depth histograms were averaged across all seals, 
separated on ICES squares. Dive duration histograms were divided into 
three age groups: pups, sub-adults and adults (cnf. table 2) and mean dive 
depths were compared between individuals and groups. 
 
2.4.4 Timelines 
 
Each timeline contains information on dive activity over 24 hours, 
separated in 20-minute periods. For each period it is indicated whether the 
majority of depth transducer readings were above or below 2 meters depth. 
Twenty-minute intervals from timelines recorded on days where the seal 
was at sea (west of 8°E) were averaged for each seal. 
 
2.4.5 Dive data from retrieved transmitter 
 
One transmitter (Elsam01) washed up on the beach of  the German island 
Föhr and was returned to Fiskerimuseet. The unit was in good condition 
(see figure 5) and the content of the memory could be salvaged. In the 
memory were detailed depth recordings from the first 5 days following 
deployment (i.e. dates Jan. 4th to Jan 8th.) with depth readings every 10 
seconds. 
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3. Results 
 
3.1 Evaluation of transmitter performance 
 
The transmitters in general met expectations. Data were received from all 
transmitters on the day of deployment and they continued to transmit daily 
up to the end of their functional lifetime. All transmitters provided position 
data and dive data. 

Deployment periods

                

ELSAM01

ELSAM02

ELSAM03

ELSAM04

ELSAM05

ELSAM06

ELSAM07

ELSAM08

ELSAM09

ELSAM10

Construction
phase

Feb Mar Apr May JunJan
Figure 6. Deployment periods. Top line indicates start of construction phase 
(ramming of wind turbine foundations and mounting of the wind turbines). 
 
3.1.1. Lifetime 
 
Median lifetime was 77 days (range 49-100) and median number of 
transmissions was 28,500 (range 14,100-37,600). Individual performances 
are shown in Table 3. 
 
Table 3. Transmissions delivered from the 10 transmitters deployed. 

Animal ID Tagging date Last transmission Transmission days Tr. after deploym. Average tr/day
Elsam01 04-01-02 28-03-02 84 32484 387 
Elsam02 04-01-02 19-03-02 75 33367 445 
Elsam03 04-01-02 25-03-02 81 37612 464 
Elsam04 04-01-02 13-03-02 69 31897 462 
Elsam05 18-02-02 20-05-02 92 29158 317 
Elsam06 18-02-02 06-05-02 78 27824 357 
Elsam07 18-02-02 28-05-02 100 26955 270 
Elsam08 06-05-02 24-06-02 50 21174 423 
Elsam09 06-05-02 06-07-02 62 21639 349 
Elsam10 06-05-02 23-06-02 49 19233 393 
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Seven transmitters (Elsam1-Elsam07) delivered the approximate 30,000 
transmissions expected from battery lifetime. Three transmitters (Elsam08 
- Elsam10) delivered around 20,000 transmissions, which is significantly 
less than expected. From battery readings during deployment it is 
concluded that the batteries were still good at the time when the 
transmitters stopped (Figure 7). These three transmitters stopped within 
two weeks, the most likely explanation is that they fell off due to the seals 
moulting their fur. 
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Figure 7. Battery voltage in four transmitters, two which delivered approximately 
30,000 uplinks (ELSAM01 and ELSAM03) and two which probably fell of 
prematurely due to the seals moulting their fur (ELSAM09 and ELSAM10). 

 
3.1.2. Positions 
 
2,578 positions were received from the 10 transmitters, with a median of 
268 positions per transmitter (range 114-355). When transmitter lifetime is 
taken into account this corresponds to a median of 3.8 positions per 
transmitter per day (range 1.5-4.6 per day for the different seals). These 
figures may seem low, but should be compared with a median of 16.7 
uplinks received per transmitter per day (range 9-21). Thus on average 4.5 
uplinks were needed to produce one position. A median 3.8% of all 
transmissions sent by the transmitters were intercepted by the satellites. 
 
Of the positions received 331 or 13% were of class 1-3 (i.e. position 
accuracy better than 1,000 m), corresponding to on average one class 1-3 
position per transmitter every other day.  
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Table 4. Summary information on positions received from the 10 transmitters.  

Animal B A 0 1 2 3 Total Pos/day Class 1-3 Uplinks/pos 
Elsam01 141 45 38 20 7 4 255 3.1 31 4.5 
Elsam02 187 90 28 24 9 6 344 4.6 39 4.2 
Elsam03 163 74 25 36 5 2 305 3.8 43 4.3 
Elsam04 141 44 13 19 5 5 227 3.3 29 4.4 
Elsam05 215 66 35 10 7 3 336 3.7 20 4.6 
Elsam06 190 89 24 21 22 9 355 4.6 52 4.5 
Elsam07 90 26 17 12 6 3 154 1.5 21 5.9 
Elsam08 63 26 13 9 2 1 114 2.3 12 5.6 
Elsam09 171 53 19 26 7 4 280 4.5 37 4.5 
Elsam10 110 45 6 22 19 6 208 4.2 47 4.5 

Mean        3.6 33 4.7 
SD        1.0 12.8 0.57 

Median        3.8 34 4.5 
Total 1471 558 218 199 89 43 2578 - 331 - 

 
3.1.3. Histograms and timelines received 
 
3954 histograms and 445 timelines were received, corresponding to 
median 365 histograms (range 251-560) and median 42 timelines (range 
28-68) per transmitter. Twelve different histograms were transmitted per 
transmitter per day and a median of 43% of these were recovered (range 
30%-62% for individual seals).  
 
3.1.4 Status messages 
 
349 status messages were received with a median of 34 per transmitter 
(range 16-62). This corresponds to a median of one status message per 
transmitter every other day. 
 
3.2. Location data 
 
When looking at positional data, two animals deviated substantially from 
the rest: Elsam07 and Elsam09. Elsam07 provided very few positions at 
sea and it was thus not possible to establish its movements reliable. It was 
therefore excluded from further positional analysis. Probable reasons for 
this behaviour are considered in the discussion. The transmissions from 
Elsam09 were good. The animal however, travelled south immediately 
after tagging and remained in the western  part of the Dutch Wadden Sea 
for the remaining lifetime of the transmitter. This animal was probably a 
visitor from the Dutch population and since it was never close to the reef 
anyway, it was also excluded from further analysis. 
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3.2.1. Haul-out 
 
A total of 38 haul out 
bouts by the 8 seals 
analysed were registered 
(range 4-7 haul out bouts 
per seal). Twenty-one, or 
55% occurred in the 
Juvre Dyb tidal area 
(Bollert, Koresand and 
perhaps other, minor 
banks), the area where 
the seals were caught and 
tagged. The remaining 17 
haul-out bouts were 
distributed over 6 other 
haul-out areas, as 
illustrated in Figure 8. 
All seals came back to 
Juvre Dyb tidal area for 
haul-out at least once 
after tagging, with the 
exception of Elsam09, 
which took off to the 
Netherlands immediately 
upon release. One seal 
(Elsam05) used banks in 
Juvre Dyb tidal area 
exclusively during the three-month transmission period. 

Figure 8. Thirty-eight haulout bouts for 8 of the
tagged seals, separated on tidal  areas. Fifty-five
percent were in the Juvre Dyb tidal area. A few
rests on the coast north of Blåvandshuk are
omitted, as these areas are not regular haul out
banks. 

 
3.2.2. Foraging trips 
 
Substantial variation was seen in foraging behaviour, both between seals 
and within each seal. Some variation is undoubtly also attributable to 
different transmitter deployment times, but the data material is not 
sufficiently large to separate time of year from individual differences 
between seals.  
Some main types of foraging behaviours were observed, illustrated with 
examples on figure 9. One type (Figure 9, magenta line) were long trips far 
out into the North Sea, predominantly in the direction northwest and most 
clearly seen in the three pups (Elsam02, Elsam03 and Elsam04). These 
trips were of long duration, up to three weeks. A second type of foraging, 
predominant in the subadult animals, were shorter, less focused trips to the 
area around the reef (Figure 9, blue line) or into the German Bight (Figure 
9, red line). The third type were short and frequent trips to nearshore areas 
(not shown). The latter type of trips are difficult to quantify due to the 
limited spatial and temporal resolution of the positional data, but was the 
predominant behaviour of one of the two adult animals (Elsam05).  
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Elsam07

Elsam05

Elsam02

Esbjerg

 
Figure 9. Selected examples of foraging trips. Purple: Elsam02 on an 18-day trip to 
the deeper parts of the North Sea. Note the visit to Holmslands Klit and Vejers on 
return journey. Red: Elsam05 on a 15-day trip to the German Bight. Blue: Elsam08 
on a 10-day trip to Horns Reef.  

 
3.2.3. Area used by the seals, including park area and the reef 

 
The kernel analysis revealed large differences between individual seals. 
Maps in figure 10 shows 50%, 75% and 95% kernels areas for the eight 
seals analysed. These kernel areas are often referred to as homeranges, 
although the meaning of this concept for a marine mammal is debatable. 
Only positions are shown for animals Elsam07 and Elsam09. Some, most 
notably the three pups tagged in January (Elsam02-04), used very large 
areas and swam to the centre of the North Sea, far from the haul out sites. 
Others remained closer to shore, but all seals, including Elsam07 and 
Elsam09 spent considerable time outside the Wadden Sea.  
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Figure 10 (previous pages). Locations received from the 10 seals, indicated by dots and connected by 
lines. Shaded areas represents 95%, 75% and 50% fixed kernel estimates (increasing shades of grey). 
Kernels were not calculated for two animals (Elsam07 and Elsam09), due to poor positioning and 
relocation to the Netherlands, respectively. 
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The areas used by the seals differed greatly in size and location.  Three of 
the seals never visited the reef (Elsam05, Elsam07 and Elsam09) The 
remaining seals either crossed Horns Reef on one occasion (Elsam01), 
spent considerable time on or near the reef (Elsam03, Elsam06, Elsam08 
and Elsam10) or passed over the reef numerous times to reach more distant 
foraging areas (Elsam02 and Elsam04). A single uplink was received from 
within the wind farm area.  
The kernel areas shown in Figure 10 are rough estimates of the areas most 
likely visited by the seals during the transmission period and their 
individual sizes are listed in Table 5, together with calculation of expected 
time spent in the wind farm area. 
 
Table 5. Kernel areas (A), fraction of wind farm overlapping kernel (o) and 
estimated proportion time spent in wind farm area for eight of the 10 tagged seals.  

Animal 

 
 

Period A50 (km2) o50 A75 (km2) o75 A95 (km2) o95 

Proportion  
time in 

wind farm
Elsam01 4.1-28.3 2,190 0 4,847 0 12,289 1 0.0009
Elsam02 4.1-19.3 4,458 0 16,630 0.75 41,229 1 0.0006
Elsam03 4.1-25.3 1,953 0 3,741 0.5 12,098 1 0.0027
Elsam04 4.1-13.3 6,457 0 20,629 1 67,898 1 0.0006
Elsam05 18.2-20.5 319 0 573 0 3,379 0 0
Elsam06 18.2-6.5 407 0 953 0 2,338 0.1 0.0005
Elsam08 6.5-24.6 850 0 2,213 0.8 4,645 1 0.0053
Elsam10 6.5-23-6 2,340 0 6,254 1 15,189 1 0.0021

 
3.2.4. Use of the reef before and during construction phase 
 
To investigate whether the construction of the wind turbines had an effect 
on the distribution of the seals, maps of the reef area were constructed 
where all traffic of seals are illustrated, one for the three months before 
construction began (Figure 11, top), and one for the first three months of 
the construction phase (Figure 11, bottom). Movement is shown as straight 
lines connecting positions from uplinks and they thus do not represent the 
actual route taken by the seal. This, together with the inheren inaccuracy in 
the positions themselves makes it difficult to invensitigate the detailed 
movements of the animals. The general direction of movement over 
subsequent positions however, is a good measure. Whith this in mind, the 
primary information to gain from figure 11 is that the majority of traffic 
was across the reef, moving either NW or SE. This happened 
irrespectively of whether contruction was undergoing or not. Several track 
lines pass trhough the wind farm area, but as stated above, we cannot 
know whether the seals in fact swam through the park or close by. In this 
connection it should be mentioned that on a recent harbour porpoise ship 
survey in March 2003 a single seal (the only one observed on the survey)  
was observed inside the wind farm area (Tougaard et al., 2003).  
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Figure 11. Traffic on the Horns Reef and adjacent areas. Top: period January 4th to 
March 28th, before ramming starts. Bottom: Period March 29th to July 7th, 
ramming ongoing. Individual positions are connected with straight lines, different 
coclours indicate different seals. 

 
3.3. Dive data 
 
Dive data are summarized in 6-hour histograms, providing information on 
maximum depth of each dive, dive duration and time spent at different 
depths. A much more detailed information on dive behaviour was obtained 
from the recovered transmitter Elsam01, where dive depth logged for 
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every 10 seconds for the first 5 days following deployment was stored in 
the memory and retrieved.  
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Figure 12. Dive profiles recovered from memory of transmitter on ELSAM01, a 
subadult male. Top trace shows characteristic V-shaped dives, typical for travelling 
behaviour. Bottom trace shows U-shaped dives, separated by short surface periods, 
typical of foraging behaviour. Note that the V-dives are to different depths, whereas 
the U-dives are all to the same depth, presumably the bottom. The increased dive 
depth in the end of the trace is most likely due to the seal gradually moving to deeper 
waters. Dives were recorded on a position west of Rømø. 

 
3.3.1. Types of dive behaviour 
 
Most of the detailed dive data recovered from Elsam01 shows movement 
and short frequent diving activity in very shallow water, interrupted by 
periods on land. Two characteristic types of diving behaviour, however, 
could also clearly be seen in some parts on the data. The first type, 
illustrated in figure 12 (top panel) are short dives to various depths, 
connected by longer intervals at the surface. Based on the shape of the dive 
profile, this type is usually termed V-dives and is commonly associated 
with travelling behaviour (Thompson et al, 1996). The other dive type, 
illustrated in Figure 12 (bottom panel) consists of longer dives, all to the 
same depth and with most time spent at depth. Intervals between dives are 
short. This type of dives, termed U-dives is commonly associated with 
foraging behaviour. 
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Figure 13. Summated dive activity from the two 2-hour periods shown in Figure 12. 
Left column corresponds to Figure 12-top, right column to Figure 12-bottom.  

The histograms in Figure 13 were generated from the dive data in Figure 
12 by employing the same algorithms used by the satellite transmitters for 
summating dive activity into histograms. This was done to illustrate how 
V- and U-dives can be separated. It can be seen that V-dives are much 
shorter and by far the most time is spent at the surface, whereas a U-diving 
seal spends a significant proportion of the time at the maximal depth of the 
dives. Less clear is the difference in dive depths, where the distribution of 
dive depths is more focused for U-dives than for V-dives. 
 
Figure 14 shows examples of 6-hour dive histograms collected from the 
seals, illustrating behaviour which can be interpreted as U-dive activity 
(Figure 14, central North Sea) and V-dive activity (Figure 14, close to 
Rømø). 
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Figure 14. Sample dive summary histograms. Histograms to the left are from a 
position  in the central North Sea, histograms to the right from a position close to the 
haulouts west of Rømø.  

 
3.3.2. Dive duration 
 
No clear correlation between dive time and geographic position was found, 
except for a higher proportion of short dives in shallow waters (east of 
8°E). When all dives were pooled, a pronounced difference between age 
groups emerged. This is shown in Figure 15.  
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Figure 15. Cumulated dive times for all 10 seals, separated in age classes. Dives 
shorter than 1 minute were excluded from the analysis. Lines are best fitting logistic 
growth functions. 

 
Pups had the shortest average divetimes, with 95% fractiles at approx. 3 
minutes. Subadults and full-grown animals had 95% fractiles of 5 and 6.5 
minutes, respectively. 
 
3.3.3. Dive depth 
 
There was large variation in dive depth between animals, but when 
separated on basis of position, a strong correlation between maximum dive 
depth and depth to bottom in the particular area was seen (Figure 16). 
Deepest dive recorded was 72 meters (Elsam04 in ICES square 42F4). A 
pronounced focussing of dives to particular depths was seen, especially for 
ICES squares in the deeper parts of the area visited by the seals.  
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Figure 16. Maximum dive depths for 8 seals, separated on geographical position 
(ICES squares). Averaged across all dives in each square. Lines indicate 10, 20, 30 
and 40 meters depth contours (solid, broad hatching, fine hatching and dotted, 
respectively).  
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3.3.4. Time at depth 
 
When at sea, the seals spent most of their time submerged and often at 
depth. This is seen in figure 17, where time spent in depth intervals is 
averaged across animals, separated on ICES squares.   

65
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Figure 17. Fraction of time spent in depth intervals and separated on geographical 
position (ICES squares). Data from all dives from 8 seals pooled.  
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3.3.5. Diurnal rhythms 
 
When the animals were at sea, there was a pronounced diurnal rhythm in 
dive activity, especially in winter months. This is shown in Figure 18, 
where a peak in time spent below 2 meters is seen in the period between 
sunrise and sunset. 
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Figure 18. Diurnal rhythm in dive activity for four seals for periods where the 
animals were at sea (west of 8°E). Each line shows the fraction of 20-minute intervals 
where the majority of depth readings were deeper than 2 meters. Red lines indicate 
range of sunrise and sunset in the period. 

 

Fisheries and Maritime Museum, Esbjerg 37



Tougaard et al. : Harbour seals on Horns Reef. 

4. Discussion 
 
The following discussion is separated into two parts: one part dealing 
specifically with seals in the wind farm area and a second part dealing with 
contributions to general knowledge on harbour seals in the Danish Wadden 
Sea.  
 
4.1. Relation to the wind farm area 
 
When this study was initiated it was expected that harbour seals from 
Rømø would spend considerable time foraging on and in the immediate 
vicinity of Horns Reef. This assumption was based on the previous VHF-
studies (Nørgaard, 1996) and thus placed the wind farm area on what was 
considered a central foraging area for the seals in the Danish Wadden Sea. 
With the data of the current study, we can conclude that this was not the 
case, at least for the 10 seals tagged in the present study in the period 
January to June. A rough estimate, based on the predicted area of presence 
for the animals (kernel areas) indicate that the seals spent significantly less 
than 1% of their time in the wind farm area. This does not however, mean 
that seals are rare in the wind farm area. As there are about 3500 seals in 
the Danish Wadden Sea, a significant number of seals are probably 
continuously present on Horns Reef and also within the wind farm area. 
Seals are consistently observed on ship-based surveys, both within and 
outside the wind farm area (Tougaard et al, 2003).  
The most significant result of the present study in relation to Horns Reef is 
probably that our view of the seal’s use of the reef must be revised. The 
reef seems to be a central corridor for movements between foraging areas 
and haul out banks and of lesser importance as foraging area, compared to 
previous expectations. The limited extent of the present wind farm, 
compared to the entire reef makes it unlikely that it will function as a 
barrier to movement. In case of future extensions of the Horns Reef wind 
farm or other constructions in the area, the possibility of barrier effects 
should be considered, however. 
 
4.1.1. Disturbance from construction 
 
In the environmental impact assessment on the Horns Reef wind farm it 
was anticipated that seals would leave the area during construction and 
return again following completion of the wind farm. No firm conclusions 
can be reached on this issue from the present data. This is mainly due to 
the fact that the study was designed as a baseline study on the general 
behaviour and abundance of the seals and only because tagging was 
delayed for outside reasons was there a temporal overlap in transmission 
time with construction phase.  
The animals in general spent little time in or immediately around the park 
area, both before and during the construction phase. Considerable traffic 
across the reef by most of the seals was recorded however, both before and 
during construction. Some animals also spent shorter or longer periods in 
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the reef area, presumably foraging, both before and during construction. 
There is thus no reason to believe that construction - most notably the 
highly noisy ramming of monopiles into the seabed - had any large-scale 
influence on the seals in the area. As accurate tracking of the animals with 
high temporal resolution was not possible with the type of transmitter 
chosen, it is not possible to evaluate whether the mitigations employed in 
order to reduce the risk of hearing damage in seals and harbour porpoises 
were effective. 
 
4.2 General behaviour of the animals 
 
At the time this study was initiated, harbour seals in the International 
Wadden Sea were considered to be coastal and with limited exchange 
between subpopulations (e.g. Nørgaard, 1996, Ries et al, 1997). This view 
on harbour seals is in accordance with other studies from other parts of the 
North Sea (Thomson et al 1996), inner Danish waters (Dietz et al 2003a) 
as well as Alaska (Lowry et al., 2001). Although the sample size of 10 
animals in the current study is relatively small the present data 
nevertheless calls for a revision of this view on harbour seals. The seals 
moved deeper into the North Sea than previously believed and the 
exchange with especially the German Wadden Sea population was larger 
than expected.  
 
4.2.1. Foraging behaviour 
 
There was considerable variation in foraging behaviour of the 10 animals 
tagged, both among animals and among individual foraging trips of the 
same animal. The three pups tagged in January moved considerably further 
away from the haul out areas than did the other seven older animals, of 
which 6 were tagged later in the year. As no pups were tagged later in the 
year, it cannot be concluded whether the difference is due to the age of the 
animals or the time of year. The VHF-radio taggings demonstrated a 
strong variation in foraging behaviour over the year, with significantly 
longer foraging trips in winter (Nørgaard, 1996). At the same time, no 
difference between age groups was seen, which indicates that the observed 
variation in the present data is more seasonal than determined by age. 
It is noteworthy that the seals tagged on Rømø travelled over considerably 
larger distances than what is seen in harbour seals from the southwestern 
Baltic (Rødsand, Dietz et al., 2003a).  
 
4.2.2. Haul out behaviour 
 
Substantial variation in haul out behaviour was observed. Nine of the 10 
tagged animals returned at least once to Juvre Dyb tidal area to haul out 
after being released, and one seal used Juvre Dyb tidal area exclusively 
throughout the transmission period. One seal (Elsam09) left the Danish 
Wadden Sea immediately following release and relocated to the Dutch 
Wadden Sea. The number of haul out bouts per animal are low, preventing 
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firm conclusions on use of haul out banks. The general picture, however, is 
consistent with previous studies (Nørgaard 1996), which indicates a 
preference for one or a few haul out sites, combined with occasional visits 
to other banks. However, a higher number of visits to the German Wadden 
Sea, compared to previous studies (Nørgaard 1996) indicate that the 
change between the Danish and German populations may be more 
extensive than previously believed. This has important implications for the 
population structure of the entire Wadden Sea, as well as obvious 
importance for understanding the spread of diseases, such as the phocine 
distemper virus.  
In accordance with previous studies (Nørgaard, 1996) an increase in time 
spent hauled out was observed in spring and early summer months, 
compared to winter. 
For many years it has been observed that disproportionally many 
exhausted pups beach on the coast north of Blåvandhuk in their first 
winter. This has so far been a puzzling observation, as there are no regular 
haul out banks this far north. The present data however, immediately 
revealed a very likely explanation: Such pups are returning from foraging 
trips deep into the North Sea, and go on land on the first coast they reach 
upon return in order to reconstitute. Some, as the three pups tagged in this 
study, are in good conditions and continue southwards quickly. Others 
may have been unsuccessful in their foraging or weakened for other 
reasons and are those later found dead or dying on the beach. 
 
4.2.3. Dive behaviour 
 
Dive data confirms previous pictures of diving in pinnipeds in general and 
harbour seals in particular. Most dive summary records from the 10 seals 
tagged are consistent with extensive U-shaped dives, commonly associated 
with foraging. Dive depths are furthermore consistent with foraging near 
the seabed. Harbour seals are opportunistic in their choice of prey and may 
feed on both benthic and pelagic fish. Stomach analyses of Scottish 
harbour seals indicate periods of the year where the prey is almost 
exclusively pelagic (clupeids), whereas gadoids and flatfish dominate at 
other times of the year (Pierce et al., 1991). Other studies also indicate that 
sandeels (Ammodytes spp.) are also an important part of harbour seal diet 
(Pierce et al, 1990). From our dive summary information we have no 
information on types of prey. The predominance of dives to the bottom 
however, is consistent with a diet mainly consisting of bottom dwelling 
fish. 
Dives of harbour seals are generally of short duration. Most dives recorded 
in this study lasted less than 5 minutes and only 112 dives out of 182,429 
dives recorded lasted longer than 13 minutes. This is consistent with 
previous studies on harbour seals from the Wadden Sea (Nørgaard, 1996; 
Ries et al, 1997).  
When at sea, the seals spent most of their time submerged. On average 
80% and up to 95% of the time was spent diving when the seals were at 
sea, west of 8°E. 
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5. Conclusions and recommendations 
 

The foraging area of Danish Wadden Sea harbour seals covers a vast 
area, extending from the northern German Bight and covering most of the 
Danish North Sea territory, stretching to the central North Sea (including 
the oil fields) and into the southern Norwegian North Sea sector. 

Substantial variation between individuals and time of year was 
observed, with some animals, especially the pups, exploiting areas of more 
than 10,000 square kilometres (maximum 72,000 km2), whereas others 
remained more local in the area just west of the Wadden Sea. 

Horns Reef was visited by 7 of the 8 seals considered representative 
(two of the total 10 tagged animals were excluded: one travelled south to 
the Netherlands immediately after release and another seal yielded 
insufficient positions at sea to allow firm conclusions on its whereabouts). 
Some animals passed over the reef only to reach foraging positions further 
to the northwest, whereas others remained on the reef and the immediate 
vicinity for foraging. The wind farm area or the immediate surrounding 
area was visited by 7 of the 8 seals, evidenced by actual positions received 
from within the park or track lines passing through the park area. None of 
the seals, however, seemed to spend considerable time around the farm 
area.  

Based on the area visited by the seals and the area of the farm it is 
judged that the seals spend less than 0.1% of their time in the farm area 
and the area as such thus seems insignificant to the seals. The potential 
habitat loss is thus considered minimal, though the area in general may be 
an important corridor to the feeding grounds further offshore. Furthermore, 
it should be stressed that these conclusions are based on only a limited 
number of seals tracked for a limited time of the year (Jan-June). 

No clear evidence could be found for a large scale displacement of the 
seals from the farm area or the reef as a whole during the months of 
construction (ramming), although the spatial and temporal resolution of the 
data limits the strength of this conclusion. Based on this there is no reason 
for serious concern about loss of the farm area from the seal’s normal 
habitat.  

It is recommended that monitoring of the seals continue in the coming 
years with the wind farm in full operation in order to obtain more 
information on use of the reef by the seals and reactions to the wind 
turbines, especially at other times of the year than in the rpsent study. This 
will assist in strengthening the conclusion so far that seals are not 
substantially affected by the wind turbines and also provide information on 
seal behaviour on the remaining reef, especially the areas laid out for 
future enlargements of the park.  
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