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1 Executive Summary and Recommendations 
In August 2008 COWRIE Ltd commissioned WWT to analyse the migration routes and flight heights of 
Whooper Swans between their breeding grounds in Iceland and the UK in relation to offshore wind 
farms, particularly those in the East Irish Sea and Greater Wash areas.  
 
Forty satellite transmitters were fitted to Whooper Swans in winter 2008/09: 20 at WWT Martin Mere 
(NW England), 15 at WWT Welney (SE England) and five at WWT Caerlaverock (SW Scotland). A 
further 10 transmitters were fitted and one transmitter redeployed in Iceland in August 2009 to provide 
information on the swans’ southbound tracks during autumn migration.  
 
Of the 40 Whooper Swans tagged in winter 2008/09, 35 (88%) were tracked to Iceland in spring 2009: 17 
from Martin Mere, 13 from Welney and all five birds from Caerlaverock.  
 
The first two satellite-tagged birds to depart on spring migration, LP7 (Sigrunn) and 91A (Finnur), left 
Martin Mere on 4–5 March 2009; the precise timing of their departure is not known because frequent 
(hourly) data downloads did not commence until 8 March. The three main departure periods thereafter 
were 10 – 13 March (5 birds, 12.5% departed), 16 – 20 March (17 birds, 42.5% departed) and 28 March – 
2 April (14 birds, 35% departed). The last bird to migrate, V9L, flew to Iceland on 14 May after spending 
six weeks staging at Loch Eye in NE Scotland. The main timing of arrival in Iceland was 18 – 22 March 
when eight birds (23%) made landfall and 30 March – 6 April when 22 birds (63%) reached Iceland. The 
main migration periods coincided with periods of increasing atmospheric pressure. 
 
Swans migrating from southeast England (Welney) generally migrated north along the east coast of 
Britain whereas those from northwest England and southwest Scotland (Martin Mere and Caerlaverock) 
followed the western coastline.   
 
As distance from the ringing site increased, the spread of the migration tracks (and thus the width of the 
migratory front followed by the satellite-tagged birds) also increased from 50 – 100 km when within 150 
km of the ringing site to about 200 km on passing the Outer Hebrides. Areas of higher ground (e.g. the 
North York Moors or the Scottish Highlands) represented “pinch points” where the migratory front 
narrowed as the birds funnelled along lower-lying corridors. Of the 35 birds tracked to Iceland, there was 
no significant overlap between the migratory corridors of the east coast (Welney) and west coast (Martin 
Mere/Caerlaverock) birds until a distance of 900 km from Welney, at >100 km from the NW coast of 
Scotland. Two exceptions to this were of a single Welney bird intersecting the Martin Mere/Caerlaverock 
tracks and a single Martin Mere bird intersecting the Welney tracks.  
 
The east coast versus west coast split in migration routes continued as the swans made landfall in Iceland, 
and also appeared to influence or be influenced by their summer distribution up until 1 July 2009. Welney 
birds tended to visit breeding areas in the east whereas Martin Mere birds tended to use more northerly, 
southerly or western areas with greatest overlap with the Caerlaverock birds. The area of greatest overlap 
between the Martin Mere and Welney birds was in the northeast.  
 
Most birds tended to begin their migrations from their wintering sites from 05:00 – 08:00 or from 17:00 - 
24:00. As the tags were off for re-charging during the period from 11:01 to 17:59 GMT (i.e. no location 
data were recorded for the hours of 12:00 to 17:00 GMT inclusive along the British coast) it was not 
possible to assess whether there was truly a bi-modal distribution in the swans’ movement patterns. 
Closer inspection of the timing of significant movements found no evidence for a bias in the results 
attributable to the timing of the transmitter cycles. 
 
Most of the tagged birds completed their migration through the UK within 14 days, although one bird 
from Welney, V9L, staged for up to six weeks at Loch Eye before completing the migration to Iceland in 
1.25 days. Once the birds had left the UK coast for Iceland, the 800 km (500 mile) sea crossing was 
completed in under three days, with two Welney birds completing the flight in just eight hours at speeds 
of 90-100 kph.  
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Swan location data and weather data were downloaded from the ARGOS satellite and UK meteorological 
weather stations, respectively, and imported into a GIS. Data on the swans’ migration patterns (i.e. the 
timing, altitude and direction of flight) at specific locations were then extracted for analysis in relation to 
the weather data that most closely matched the swans’ location (derived from the satellite fixes) in time 
and space.  
 
A digital terrain model (DTM) of the migratory flyway for the Icelandic Whooper Swan population was 
constructed within the GIS from GTOPO30 data, a high resolution orographic dataset derived from 
satellite measurements supplied by the U.S. Geological Survey. This DTM dataset, which has a resolution 
of approximately 1 km and an altitude error of ± 30 m, was found to be insufficiently fine enough 
resolution for an accurate assessment of Whooper Swan flight heights when flying over land. More 
precise estimates of terrain elevation (and thus flight height over land) therefore were calculated from 
Ordnance Survey data for a small number of satellite fixes in the vicinity of onshore windfarm areas. 
Some inaccuracy in flight height estimates remained for these areas because the satellite transmitters were 
only accurate to within ± 22 m of true height, although 75% of fixes are considered by Microwave 
Telemetry Inc to be within 10 m of true height.  
 
Generalized linear mixed models (GLMMs) were developed in Genstat 12 to determine which 
environmental variables (particularly weather conditions) had a significant influence on the Whooper 
Swans’ migration between the UK and Iceland. Data recorded from the swans’ departure from their 
wintering sites to their making land fall in Iceland were used in the analysis. Whether the bird was moving 
or not moving for each of its satellite tag transmissions was included as a binary response variable (1 = 
move; 0 = not move). GLMMs with binomial error distributions and logit link functions therefore were 
used to assess how environmental factors and covariates affected the swans’ onward movements from the 
ringing sites to Iceland. Pending more sophisticated statistical analysis of the data, bird identity was 
included as a random effect to control for heterogeneity in the data from individual birds. As a further 
measure to control for pseudoreplication, the analyses were also run on a sub-sample of data points, with 
every 10th location for each bird selected for inclusion in the analysis. Explanatory weather variables 
included in the initial analyses were: wind direction (classed as head, side or tail winds), wind speed, 
visibility, pressure and pressure change. In addition to the weather variables, the identity of each bird, 
light levels (i.e. whether daylight, moonlit or dark), whether migration was over land or water, and also the 
stage of migration (i.e. whether the swans were migrating along the British coast or heading over the 
ocean for Iceland) were included as potential explanatory variables in the models. 
 
The final models showed that, once migration had commenced, the swans’ onward movement was 
influenced by light conditions (i.e. whether daytime, moonlight or dark), wind direction, atmospheric 
pressure and the interaction of wind speed with wind direction. These variables were significant in all of 
the final fitted models. The swans were significantly less likely to continue migration under moonlit or 
dark conditions than during the day and they were more likely to continue migration with side winds or 
particularly tail winds, than when experiencing head winds. There was also a significant positive 
association between swan movement and atmospheric pressure. 
 
On including rainfall, cloud cover and the presence/absence of fog/mist in the model, only cloud cover 
proved significant, in addition to the variables mentioned in the previous paragraph. The swans seemed 
more likely to continue their migration under light cloud cover and to stop moving in overcast conditions, 
but this requires further investigation taking into account the distance from the meteorological stations 
from the swans’ actual position (those up to 50 km from the bird’s locations were included in the 
analyses). 
 
A negative association between onward movement and both the time since an individual started 
migration and migration stage (i.e. whether within Britain or crossing to Iceland), may reflect a tendency 
for the swans to continue moving shortly after leaving the wintering site then to spend more time resting 
during the later stages of migration. 
 
Analysis of the effect of weather conditions on the altitude of swan flight were limited by (1) the swans’ 
tendency to migrate at low altitudes (within the ± 22 m accuracy of altitude measures which resulted in 
“negative altitude” records for swans known from flight speed to be airborne), and (2) insufficient 
resolution (altitude error of ± 30 m with a resolution of 1 km) in the digital terrain model developed from 
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GTOPO30 data. Flights over land therefore were excluded from the analysis of the altitude of flight 
presented in this report. Ground clearance by swans migrating over both land and water will be analysed 
in further detail as part of a DECC-funded 1-year extension to the project, for which Ordnance Survey 
digital terrain data are being purchased.  
 
Mean altitude of flight was 9 m (s.d. ± 16.2, n = 140) for swans migrating over water along the British 
coast and 32 m (s.d. ± 55, n = 560) when crossing from Britain to Iceland (overall mean = 27 m, s.d. ± 
50.7, n = 700), with an additional margin of error of ± 22 m attributable to the accuracy of the altitude 
data recorded by the satellite tags. Flight altitude was higher for flights over land (mean altitude = 74 m, 
s.d. ± 123, n=1,016), but this did not control for variation in the terrain. There was no evidence for an 
association between weather conditions and the altitude of flight. 
 
The swans’ satellite tracks were inspected in relation to the distribution of the potential and actual 
footprint areas of individual windfarms in six key overlapping areas: the East Irish Sea, the Solway Firth, 
the North Channel/Inner Hebrides, the Greater Wash/North Sea, the Firth of Forth and the Moray 
Firth. A total of 48 Round 1 (R1), Round 2 (R2), Round 3 (R3) and Scottish Territorial Water (STW) 
offshore sites were considered in the analysis.  
 
Of 19 swans tagged at Martin Mere that flew across the East Irish Sea, up to seven flight lines (37% of 
birds tagged at Martin Mere) passed across or immediately adjacent to the existing or proposed R1 and R2 
windfarm sites of Barrow, Ormonde, Walney and West Duddon, with another eight tracks (42%) passing 
within 5 km of these sites. The remaining four tracks across the East Irish Sea were >5 km from the 
windfarm sites. No birds (except for the aberrant track of U7A that over-summered in Ireland) passed 
within 10 km of the Irish Sea (R3) site.  
 
Of 19 swans tagged at Martin Mere, for which 20 tracks were recorded crossing the Solway Firth (one 
bird having returned south), up to ten flight lines (50% of tracks recorded) passed across or immediately 
adjacent to the existing or proposed R1 or STW windfarm sites of Robin Rigg, Solway Firth and 
Wigtown, with another two (10%) passing within 5 km of these sites. Eight other tracks (40%) that 
crossed the Solway were not likely to have been within 5 km of the sites.  
 
Of 17 swans tagged at Martin Mere passing through the North Channel/Inner Hebrides area, mostly over 
land, no birds were likely to have flown within 50 km of the proposed Islay (STW) site and none were 
likely to have come within 15 km of the proposed Kintyre (STW) site. One bird came within 10 km of the 
proposed site of the Argyll Array (STW) although this bird had behaved aberrantly since departing Martin 
Mere and failed to complete the crossing to Iceland.  
 
All five Caerlaverock birds and 16 out of 17 Martin Mere birds were confined to a relatively narrow 
migratory corridor of c. 70 km wide on passing Coll and Skye and heading out to sea via either the 
southern half of Lewis or predominantly North Uist/Benbecula. Four Welney birds exited the UK via the 
northern half of Lewis with a further nine leaving from the northwest coast of mainland Scotland.  
 
Of 15 swans tagged at Welney, no birds flew within 30 km of any of the proposed R3 sites in the Greater 
Wash area, and it is unlikely that any of the flight paths crossed existing or proposed R1 or R2 sites either. 
The closest a track came was 4 km to the site proposed at Westermost Rough (R2).  
 
Of the 14 swans tagged at Welney reaching the Firth of Forth only one bird stopped and flew across a 
proposed windfarm area at Neart na Gaoithe (STW); no birds passed within 10 km of the Firth of Forth 
(R3) site.  
 
Of the 12 swans tagged at Welney reaching the Moray Firth (one bird took a more westerly route through 
Scotland), it is likely that only two birds came within 10 km of the proposed Moray Firth (R3) site, one of 
which was possibly within 1 km of the site, and none came within 20 km of the proposed Beatrice (STW) 
site.  
 
Most Whooper Swans from Martin Mere and Caerlaverock travelled during the day rather than the night 
by the time they reached the North Channel area; within the Irish Sea and the Solway Firth travel was 
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conducted equally under day and night and often without the aid of moonlight. Of 6,525 satellite fixes 
recorded throughout the migration period, the swans were flying on 17.6% of 2,960 day-time fixes, 13.4% 
of 1,239 moonlight fixes and 7.6% of 2,326 locations in the dark. 
 
Birds travelled predominantly through the windfarm areas of the west coast under tailwind conditions 
mainly at speeds of <30 kph.  
 
Birds travelled in visibility conditions as limited as 2 km, but it should be noted that fog can be very 
localised (more so than other weather variables) and that visibility may be excellent at just a few metres of 
altitude.  
 
The swans mostly travelled under conditions of high and rising atmospheric pressure, probably due to its 
association with better general weather conditions and lighter winds. Few birds made offshore migratory 
movements through the west coast windfarm areas during conditions of less than 1,010 hPa.  
 
For Martin Mere birds flying within the Irish Sea area, proximal to the windfarm sites, the median flight 
height was 12 m a.s.l. (n = 16) with 94% at or below 50 m and 63% at or below 20 m. Similarly in the 
Solway Firth area median flight height was 13 m (n = 11) with 91% at or below 50 m and 64% at or 
below 20 m. In the North Channel area, the median flight height increased to 100 m (n=14), with 43% at 
or below 50 m and 29% at or below 20 m. The increase in flight height over water in this area is likely to 
be due to the nature of the landscape, with the swan’s flight paths often intersecting the higher land areas 
of the Argyll and Inner Hebrides region.  
 
These altitude statistics exclude two outliers - birds 89251 and 89267. With the rotors of offshore 
windfarms generally sweeping the area from 20–120 m a.s.l., these two swans recorded flight heights of 
172 m and 160 m at 8.9 km and 3.8 km north of Barrow and Robin Rigg, respectively. The flight heights 
of these birds one hour previously had been 40 m above land of height c. 3 m and 55 m above land of 
height c.10 m, respectively. Albeit a small sample size, these two birds may have shown an avoidance 
response by ascending over the operational R1 windfarm site at Barrow, and the R1 site at Robin Rigg 
which was under construction at the time of the spring 2009 migration, with many of the turbines in 
place. The Barrow crossing was at dawn whereas the Robin Rigg crossing was at night under moonlit, 
although possibly cloudy, conditions. Although this suggests that Whooper Swans may fly over 
operational wind farms, because of the very small sample size it is recommended that radar studies should 
be carried out to confirm this finding particularly in an area such as the Solway Firth where for a period 
covering the first week in March to the first week in April a relatively large sample of radar observations 
could be gathered.  
 
Many more birds from Welney compared to Martin Mere chose to migrate through offshore areas during 
daylight hours. Migrations through offshore areas, as with west coast birds, were conducted 
predominantly under tail wind conditions or those with a side wind component, with all crossings being 
made under relatively calm conditions. As with west coast birds, Welney birds travelled under relatively 
low visibility conditions although this was possibly associated with the hazy conditions characteristic of 
high pressure systems with no birds travelling from Welney under prevailing atmospheric pressures of less 
than 1,010 hPa, with pressures generally high or falling slightly.  
 
In the Greater Wash/North Sea area the median offshore flight height was 30 m, with 89% at or below 
50 m. In the Firth of Forth area the median was 1 m (n = 5) with 100% at or below 50 m with the same 
for the Moray Firth (n = 6). The median value for the Firth of Forth excludes an outlying flight height of 
365 m. As seen with the North Channel offshore passage on the west coast, this increased flight height is 
likely to be due to the preceding position of the bird over an area of relatively high land with the bird at 
315 m above land of c. 280 m height one hour earlier.  
 
The birds from all areas appeared to travel under a variety of weather conditions, although many of these 
can be localised and may thus not represent the actual conditions at the location of the swan.  
 
Because of the southerly nature of key sites within the Whooper Swan’s wintering range, the birds tracked 
from the three WWT centres tended to stop off at or overfly other sites of national or international 
importance further north. These sites held from 57 to 1,673 swans on average in the peak winter periods 



 The Migration of Whooper Swans in Relation to Offshore Wind Farms 

  5 

from 1995/1996-1999/2000. Thus it is suspected that the tagged birds provide a good representation of 
the routes likely to be used by other Whooper Swans from the main UK wintering sites during migration.  
 
Of eight birds producing reasonably detailed tracks during the autumn migration, four made landfall in 
Ireland (after a brief pause for one in the Outer Hebrides) and thus birds appeared to arrive across a 
broader front than was apparent in the spring. Six of these birds passed within 10 km of offshore 
windfarm sites with five birds passing across or immediately adjacent to planned sites. One bird out of 
the two returning to Caerlaverock probably passed through three potential offshore STW sites including 
Argyll Array, Kintyre and Wigtown. The only bird returning to Martin Mere with a fully functional tag 
passed through the Argyll Array and Kintyre sites and within 1 km of Walney/West Duddon (R2). Of the 
only two birds heading for Welney, one passed across the proposed Neart na Gaoithe (STW) site and the 
other moving from Ireland in late December passed across the proposed Kintyre (STW) site. Thus 
despite the very small sample sizes, the swans could be more likely to pass across proposed windfarm 
sites, and to traverse a series of these sites in succession, during autumn migration.  
 
A “Super Whooper” website which described the project and provided live updates of maps showing the 
swans’ movements was launched on 10th March 2009. A total of 23,300 pages were viewed up to February 
2010 in 16,535 unique visits to the site (3% of all unique visits to the WWT website). Peaks in visitation to 
the site coincided with the swans’ migration period and also with PR coverage, such as WWT featuring on 
the BBC’s SpringWatch series in late March–early April 2009. The site features a “Home Page”, which 
provides an overview of the aims of the project and information on COWRIE with links to the 
COWRIE website. Other pages provided information on: (a) the aims of the study; (b) the life-histories 
of the satellite-tagged swans; (c) further information on COWRIE; (d) a Google Earth map of the swans’ 
movements; (e) information about Whooper Swans and their migration; (f) YouTube videos about the 
project; (g) a blog that provides regular descriptive updates of the swans’ progress. The public became 
involved by using the ‘Flickr’, ‘Twitter’ and ‘RSS’ links on the website, and by posting comments on the 
blog. A total of 60 blogs have been posted to date and many positive comments have been received.  
 
Nine of the satellite-tagged swans were followed closely, and named, by local schools; three each at 
Caerlaverock, Martin Mere and Welney. Information about the schools was provided on the website, 
together with contact details for the WWT Education Officers to enable other schools to become 
involved in the project.   
 
Information on the project has been disseminated via four articles in magazines and newsletters: one in 
Tracking News (Microwave Telemetry’s (MTI’s) Newsletter), two in WWT’s Waterlife magazine and one in 
Goose News. It will also feature in WWT’s Conservation Report, due to be published in 2010. Results of 
the study are to be presented at the British Ornithologists’ Union (BOU) meeting at the University of 
Leicester in April 2010, and a paper will be submitted for publication in Ibis thereafter.  
 
 
RECOMMENDATIONS 
 
Satellite tracking studies are generally limited by sample size, largely due to the cost of purchasing the 
satellite transmitters. The current study was exceptional in that it provided detailed information on the 
movements for 50 birds, of which 35 provided complete spring migration tracks and seven provided 
complete autumn migration tracks. The study described the migration routes for Whooper Swans along 
the east and west coasts of Britain, but obtaining detailed data on bird movement within or adjacent to 
wind farm sites remained difficult. The shortest duration between fixes provided by the tags is one hour; 
thus whether Whooper Swans flying at 60 kph pass around, through or over wind farm areas remains 
unclear. It is therefore recommended that MTI and other tag manufacturers adjust their software so that 
half hourly intervals at least can be specified. This will give the tags even greater application to fine-scale 
research projects, and ensure that their temporal resolution matches the exceptional spatial resolution 
provided by the GPS ability of the tags. 
 
Despite this limitation, the current study found that the potential for overlap between Whooper Swan 
migration routes and proposed offshore windfarm sites is greater for swans migrating along the west 
coast of Britain (e.g. to/from the Martin Mere SPA) than for those migrating along the east coast of 
Britain (e.g. to/from the Ouse Washes SPA, which includes WWT Welney). Potential differences in 
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collision risk arising from the installation of wind farms within these two migratory corridors could be 
assessed by continuing the long-term study of Whooper Swan survival rates for birds wintering at these 
WWT Wetland Centres over the next 5-10 years, during which time many of the proposed windfarms will 
become operational. An assessment could be made of any change in survival for birds that traditionally 
winter at Martin Mere, Welney and Caerlaverock over the next five years or more, in relation to the 20+ 
years prior to the construction of these windfarms. This longer-term, indirect approach to the study of 
potential collision risk could not only feed into the medium-term developmental decision making process 
but also into the longer-term decommissioning process in 20-25 years time. 
 
We recommend that the information this study has provided on the Whooper Swans’ migration routes be 
used to provide a focus for more detailed localised studies, including radar studies, at current and 
proposed wind farm locations which fall within the swans’ migratory flyway. Priority areas for radar 
studies should include the potential “pinch points” described in the current study, where migratory 
corridors are relatively narrow and where birds are most likely to cross windfarm footprints in greatest 
numbers. For instance, a high proportion of Whooper Swans migrate along the islands off the west coast 
of Scotland, so environmental assessments undertaken for any large-scale wind farm proposals in these 
areas should be particularly rigorous. Depending on the capabilities of the radar equipment used, it would 
be useful to establish monitoring from at least the first week in March to the first week in April in the 
Irish Sea area encompassing the R1/R2 Barrow, West Duddon, Walney and Ormonde complex and/or in 
the Solway Firth to encompass the R1 Robin Rigg and STW Solway Firth sites. If coupled with detailed 
weather observations at those locations, this should provide a much larger sample size of observations 
describing how the birds actually respond to the presence of turbines.  
 
Whilst the study to date has provided valuable information on Whooper Swan migration routes in 
relation to offshore wind farm sites, the potential effect of the full series of wind farms (terrestrial as well 
as offshore) located along the swans’ migration routes has yet to be determined. Incorporating existing 
data on the location of onshore wind farm sites into the analysis would serve to provide a comprehensive 
assessment of the total number of wind farms potentially over-flown by Whooper Swans during their 
migration between the UK and Iceland, and thus increase the information available for environmental 
impact assessments for future wind farm developments. Purchase of Ordnance Survey contour data, 
which gives terrain elevation to an accuracy of +/- 5m would be beneficial both for the present study (for 
including flight heights over land as well as over water) and for a more detailed assessment of swan 
migration routes and flight heights in relation to all British wind farm sites. The inclusion of onshore as 
well as offshore wind farm sites in the analyses, together with Ordnance Survey contour data, will now be 
taken forward in a DECC-funded study to be completed in April 2011. 
 
The study focussed on Whooper Swans migrating to and from Iceland because of concern that their large 
body size would make them less manoeuvrable than other smaller species, especially as flying accidents 
are known to be the major cause of death for these birds. Yet the UK is the main wintering ground for a 
range of other migratory populations for which the UK has international responsibility and which can be 
tracked in the same way. These include protected goose populations (Greenland Barnacle Goose, 
Greenland White-fronted Goose, and Light-bellied Brent Goose) and quarry species (Pink-footed Goose 
and Icelandic Greylag Goose) which migrate to Iceland. A comparison of the tracks for those species 
migrating between Britain and Iceland would indicate whether the different species follow the same 
flight-paths, and thus the importance of these routes for a range of species. Other migration routes 
should also be investigated in greater detail, for instance for species arriving in southeast Britain from 
mainland Europe (e.g. Bewick’s Swan) and those arriving in Scotland from Norway (e.g. the Svalbard 
Barnacle Goose). WWT has previously collected data from GPS tags fitted to Svalbard Barnacle Geese, 
identifying the key migratory corridors for this flyway population, the main UK spring departure point for 
this population being the Firth of Forth. The data already collected will be analysed under the DECC-
funded contract to determine any overlap between flight paths and proposed offshore windfarm sites in 
that area, with particular reference to the STW Forth Array and the R3 Firth of Forth sites. More tags 
fitted to the geese would help to elucidate the overnight flight paths taken across the Firth of Forth by 
this relatively vulnerable population, which winters almost entirely within the Solway Firth. This study will 
be a useful precursor to detailed radar observations in that area. 
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2 Introduction 
In the Energy White Paper of 23 May 2007, the UK Government set out its strategy for tackling climate 
change and for securing the UK’s energy supplies through several initiatives, including the increased use 
of renewable energy sources. Renewable energy was a key part of the strategy, being scheduled to supply 
10% of the UK’s energy requirements by 2010, and the UK Government aims for this to double to 20% 
by 2020. This would also enable the UK Government to meet its international obligations by contributing 
to the EU target of 20% renewable energy by the year 2020. 

One of the main sources of renewable energy scheduled for development in the UK is wind power, 
generated by offshore and onshore wind farm sites. The Round 3 offshore wind farms sites launched in 
2008 are scheduled to delivery up to 25 Gigawatts (GW) by 2020, which together with the 8 GW from 
Rounds 1 & 2 would yield 33 GW of wind energy coming from offshore wind resources. The rapid 
development of wind farms has, however, caused concern regarding their potential impact on wildlife, 
particularly birds, because of the increased risk of these animals colliding with the turbines and associated 
infrastructure such as power lines. 

Whooper Swans from the Icelandic breeding population migrate south to winter in Britain and Ireland 
(Cranswick et al. 2002). Their large size makes them less manoeuvrable than other smaller species, and 
flying accidents are known to be the major cause of death for these birds (Rees et al. 2002). Moreover, 
several large-scale offshore wind farms are located on the migration routes of migratory swan and goose 
populations that winter primarily in the UK. 

Environmental Statements assessing the risk posed by wind farms to birds have relied mainly on counts, 
which in several cases have missed the main migration period, and on visual observations of the altitude 
and direction of flight. Recording such data is extremely time-consuming, however, and the data are also 
limited in that they tend to focus on observations made in daylight hours, in conditions of good visibility. 

On 27th August 2008 COWRIE Ltd therefore commissioned WWT to analyse the spring and autumn 
migration of Whooper Swans in relation to the routes taken by different groups within the population, 
the timing of migration, and environmental conditions. Flight heights were to be determined using the 
latest GPS satellite-tracking technology. The migration routes and flight heights were to be assessed in 
relation to current and proposed offshore wind farm sites, and in relation to weather conditions. 

2.1 Objectives 

Four specific objectives were described: 

1. To determine the migration routes and flight heights of Whooper Swans between their breeding 
grounds in Iceland and the UK in relation to offshore wind farms, particularly in relation to the East 
Irish Sea and Greater Wash areas. 

2. To publish the results on a website to provide up to date information on the Whooper Swans’ 
migration routes and flight heights and to provide easy access to all interested parties including the 
public. 

3. To assess potential impacts of weather during migration, particularly periods of poor or adverse 
weather conditions. 

4. To assess the potential risk to Whooper Swans from offshore wind farms. 

2.2 Specific Tasks 

Specific tasks were identified to achieve each of the objectives: 

Work Task 1. Fit up to 40 satellite transmitters (PTTs) during the winter. At least 20 Whooper Swans to 
be caught at WWT Martin Mere, Lancashire, up to 15 at WWT Welney, Norfolk, and up to 5 at WWT 
Caerlaverock, Dumfriesshire. Attachment methods (e.g. thickness of the elastic harness, neoprene base, 
and precise location of the unit on the swan’s back) to be those used and improved on during WWT’s 
previous satellite-tracking studies, to ensure minimum impact on the birds. 
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Work Task 2. Download data from the ARGOS satellite system from November 2008 onwards for 
swans caught on the wintering grounds, to determine any mid-winter movements, and to describe the 
spring 2009 migration. 

Work Task 3. Download data from the Argos satellite system from May–August 2009 for swans caught 
on the wintering grounds, to describe use of spring staging sites for website updates and to monitor the 
performance of the transmitters. 

Work Task 4. Catch Whooper Swans in Iceland during their annual moult in August, and fit transmitters 
on up to 10 swans known (from ring re-sightings) to winter at Martin Mere or at Welney. 

Work Task 5. Download data from the Argos satellite system from August 2009 onwards for (a) 
transmitters on Whooper Swans caught in Iceland, and (b) functioning transmitters fitted the previous 
winter, to describe the swans’ autumn migration route in relation to wind farm sites. 

Work Tasks 6, 7 and 8. Develop web pages on the WWT website to provide information on the project 
and the satellite-tagged swans to all interested parties including the public. Automatic updates of the 
swans’ movements to be provided on maps on the website, with regular descriptive updates of the birds’ 
progress. 

Work Tasks 9 and 10. Download data on wind speed and direction, rainfall, cloud cover and fog banks 
from appropriate websites and add to a GIS. Overlay the swan tracks in the GIS, and describe how 
weather variables (especially wind speed/direction and visibility) affect the speed, direction and altitude of 
swan flight. 

Work Task 11. Analyse flight speed, location and altitude in relation to prevailing weather conditions for 
all satellite-tracked birds. 

Work Task 12, 13 and 14. Produce an interim report to COWRIE Ltd describing the swans’ spring 
migration and altitude of flight in relation to offshore wind farm sites. Hold progress meeting with 
Project Officers. Synthesise data on swan location (satellite fixes) and altitude during migration in relation 
to the location of wind farms (and the height of the rotors) along the flyway, to determine the number of 
swans passing through one or more of the wind farm sites. Present a final report to COWRIE Ltd with 
full analysis in December 2009. 

Work Task 15. Following discussions with COWRIE Ltd, disseminate the results of the study to relevant 
agencies (NE, SNH, CCW, NIEA, SEERAD, BERR, DEFRA). 

Work Task 16. Disseminate results more widely, via articles published in WWT’s popular magazines 
“WaterLife” and “Goose News”, in which funding partners would be fully acknowledged. 

Work Task 17. Following the study, publish a scientific paper on the migration routes and altitude of 
flight of Whooper Swans, in relation to wind farm locations and weather conditions. 

Work Task 18. Present findings, with acknowledgement to funding partners, to at least one international 
conference or workshop, such as the British Ecological Society’s annual conference. 

Details of work covered within each of the Work Tasks are provided in Section 3 below and a summary 
of the work completed is provided in Section 4. 
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3 Work Completed 

3.1 OBJECTIVE 1: TO DETERMINE THE MIGRATION ROUTES AND FLIGHT HEIGHTS OF 

WHOOPER SWANS BETWEEN THEIR BREEDING GROUNDS IN ICELAND AND THE UK IN 

RELATION TO OFFSHORE WIND FARMS 

Five work tasks were identified under this objective. The work completed for each is described below. 

 
3.1.1 Work Task 1. Fit up to 40 satellite transmitters (PTTs) to Whooper Swans during winter 
2008/09, using improved attachment methods to ensure minimum impact on the birds. 

• A total of 40 Whooper Swans were caught and fitted with 70g GPS satellite-transmitters in winter 
2008/09: 20 at WWT Martin Mere, 15 at WWT Welney and five at WWT Caerlaverock (Table 1). 

• Two types of plastic housing, developed by an engineer in collaboration with WWT staff, were used 
to mount the transmitters. Two of the first housing type (Mark I), used for transmitters fitted to 
seven adult male Whooper Swans caught at WWT Martin Mere on 19 November 2008, showed signs 
of wear. The second (Mark II) housing, using thicker plastic, trialled on a single adult male on 9 
December 2008, showed no signs of any problems. The Mark II mount therefore was used to fit the 
remaining transmitters to the swans (Figure 1). Two swans with the Mark I mounts were recaptured 
and the transmitters redeployed with Mark II mounts. 

• The housing plus the satellite tag plus the elastic harness weighed, on average, 124g, representing 
1.5% of the typical body weight of an adult male Whooper Swan in winter. 

• The Mark I and Mark II plastic housings were both designed so that the satellite tags could be fitted 
to the swans without compromising their welfare whilst at the same time elevating the solar panel to 
enhance the charge rate of the tags and reducing the drag component of the tag. The housings were 
required in order to extend the length of the transmitter and attachment points for the harness to 
match the wing base width of the birds, so that attachment did not interfere with the wing joint and 
the patagium membrane. The elastic harness therefore was fitted smoothly fore and aft of the wing 
and in front of the thigh muscle in a continuous band so that the attachment would fall off if the 
harness broke in just one place. The housing was curved in shape to improve aerodynamics in flight 
(i.e. ensure a smooth airflow over the back of the bird), was white in colour to blend with the body 
feathers, and wide to spread the weight of the transmitter over the back of the bird, with a view to 
minimising pressure points and feather damage. 

• Swan locations were recorded at one hour intervals from 8th March–15th May (spring migration) with 
data downloads every two days, and at two hour  intervals from 15th October–25th November 
(autumn migration) when data downloads were made every five days (Table 2). Data downloads were 
less frequent from 16th May–14th October inclusive, to enable the batteries to recharge following the 
spring migration and to reduce data download costs during a quiescent stage of the study. 
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Table 1. Catch dates for Whooper Swans fitted with satellite-transmitters at WWT centres in 
winter 2008/09.  

Catch site Catch 
Date 

No. New 
Tags Fitted 

Type of 
Harness 

Notes 

WWT Martin Mere 19/11/2008 7 Mark I Rings: U6D, U6L, U7A, U7L, U7X, U7U and 
K5S 

WWT Martin Mere 09/12/2008 1 Mark II Ring: N5X 
WWT Caerlaverock 10/12/2008 2 Mark II Rings: K93 and U9D 
WWT Martin Mere 28/01/2009 12 Mark II Rings: 91A, 9HX, J4U, LP7, V3Z, V4C, V4L, 

V4P, V5N, V5Z, V6C and Z96  
WWT Caerlaverock 29/01/2009 3 Mark II Rings: 95S, C9Z and K9H (K93 and U9D 

recaptured; birds + transmitters were OK) 
WWT Welney 05/02/2009 11 Mark II Rings: DF7, DJ3, J9V, K6K, K7A, U5B, X3B, 

X3D, X3G, X3K and X3L 
WWT Welney 13/03/2009 4 Mark II Rings: A2387, U5H, U5V and V9L  
Note: Swan K5S (fitted with a transmitter with Mark I housing on 19th November) was recaptured and fitted with a 
new transmitter (with Mark II housing) on 28th January. Similarly, U7L was recaptured at Caerlaverock during 
northbound migration and had his transmitter (with Mark I housing) removed for redeployment in Iceland. 
 
 
Table 2. Seasonal duty cycles for the satellite transmitters deployed on swans at the WWT 
centres. 
 
Season Annual Start 

Date 
Annual End 

Date 
Receiver Start 

Hour (local time) 
Receiver End 

Hour (local time) 
Hour 
Step 

TX Cycle (transmit 
every “x” days) 

1 8th Mar 15th May 18 11 1 2 
2 16th May 31st Aug 8 20 6 9 
3 1st Sep 14th Oct 10 14 4 8 
4 15th Oct 25th Nov 6 20 2 5 
5 26th Nov 7th Mar 10 14 4 8 

 

 

Figure 1. Whooper Swan carrying satellite tag with Mark II housing. Photo: David Hickson. 
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3.1.2 Work Task 2. Download data from the ARGOS satellite system from November 2008 
onwards for swans caught on the wintering grounds, determine any mid-winter movements, and 
describe the spring 2009 migration. 

• WWT developed an automated data download system in preparation for the study. This involved: (1) 
downloading new data every hour, (2) decoding GPS data contained within the download, (3) 
importing data into the tracking database, and (4) regenerating maps plotting the movement of the 
birds, both for transfer to the maps on the “Super Whooper” web pages (see Section 3.2) and for 
internal use within WWT. Thus the ARGOS data were downloaded automatically from the outset and 
the swans’ movements were recorded throughout the winter. 

• The birds all remained in the vicinity of their ringing sites prior to migration. Maximum movements 
of up to 10 km occurred as the birds used different feeding areas. Generally they travelled much 
shorter distances, to use ponds and fields close to their roost sites at the WWT centres. 

• Of the 40 tagged Whooper Swans, 35 (88%) were tracked to Iceland: 17 from Martin Mere, 13 from 
Welney and all five birds from Caerlaverock (Table 3). 

• Of the three swans from Martin Mere not known to have made the crossing, one transmitter stopped 
working as the bird (U6D – Mark I) moved north to the Ribble Estuary on 14 April (the fate of the 
bird is unknown), one (U7L) had his Mark I transmitter removed (released with leg-ring only) whilst 
staging at WWT Caerlaverock on 29 March 2009, and one (U7A – Mark I) over-summered on Belfast 
Lough. This last bird (U7A) looked fit and well when visited by Dr Kendrew Colhoun on 8 May 2009 
and returned to Martin Mere in winter 2009/10. Although its fate is not clear, a further bird (U7U – 
Mark I) from Martin Mere is thought to have perished just south of Iceland between 17-27 April 
2009; its tag transmitted from the coast of S Iceland up to 30 October 2009. 

• Of the two Welney swans which did not migrate, one (U5V) died on colliding with power-lines in 
June 2009 at Rothes in NE Scotland. Observers had seen the bird flying and it looked in good 
condition. This bird was part of the 13 March catch cohort, when relatively few swans remained at 
Welney. The other bird (K7A) over-summered near Thirsk, North Yorkshire and was recaptured on 2 
September 2009 when the transmitter was removed. The unit was still in place, exactly as fitted with 
little sign of wear and tear on the plastic housing, and the bird’s feathering was in good condition 
having completed the summer moult. The bill had a dull yellow colouration which can suggest sub-
lethal lead poisoning. 

• The first two satellite-tagged birds to depart on spring migration, LP7 (Sigrunn) and 91A (Finnur), 
left Martin Mere on 4 – 5 March 2009; the precise timing of their departure is not known because 
frequent (hourly) data downloads did not commence until 8 March. The last bird to migrate, V9L, 
flew to Iceland on 14 May after spending six weeks staging at Loch Eye in NE Scotland. Three main 
departure periods were from 10 – 13 March (5 birds, 12.5% departed), 16 – 20 March (17 birds, 
42.5% departed) and 28 March – 2 April (14 birds, 35% departed; Table 3, Figure 2). Two birds 
departing after this showed aberrant behaviour and did not complete the migration to Iceland. The 
main timing of arrival in Iceland was 18 – 22 March when eight birds (23%) reached Iceland and 30 
March – 6 April when 22 birds (63%) reached Iceland (Table 3, Figure 2). 

• The main migration periods coincided with periods of increasing atmospheric pressure, with higher 
atmospheric pressures from 10th – 21st March, and again from 28th March – 5th April, coinciding with 
the two main departure periods from UK wintering sites and the UK coast (Figure 2). Thus although 
the broad migratory season is likely to be determined by day-length (Rees 1981), the precise timing of 
the swans’ departure on a day-to-day basis seems to be influenced by atmospheric conditions. 
Whereas Bewick’s Swans generally depart on migration on tail winds (Evans 1979), this was less 
evident for the Whooper Swans in this study. Of the 14 dates on which satellite-tagged Whooper 
Swan departed on migration from the wintering sites, 9 (64%) were classed as having mainly tail 
winds during the day, but 2 (14%) were mainly side winds and 3 (21%) were head wind days.    
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Table 3. Migration dates of the 40 Whooper Swans (37 adult males, two yearling males, one 
cygnet female) tracked in spring 2009. WWT ringing site codes: CK = Caerlaverock, MM = Martin 
Mere and WE = Welney. Swan names in bold indicate those supported by local schools. For ringing dates 
see Table 1. Summering site in Iceland considers fixes from arrival to 1 July 2009. With regard to 
departure/arrival times and dates italics signifies that extrapolation over a period of more than three hours 
between fixes was necessary. 
 

PTT 
(892) 

Ring Name Site Depart 
Winter 
Site (2009) 

Depart 
UK 
 (2009) 

Arrive 
Iceland 
(2009) 

Duration 
of UK 
Migration 

Duration 
of Sea 
Crossing 

Land-
fall 
Iceland 

Summer 
Site 
Iceland 

55 K93 Rocky CK 06:00 29/3 09:00 2/4 21:00 3/4 4.13 1.50 S NW 
57 U9D U9D CK 20:00 2/4 02:00 3/4 17:00 4/4 0.25 1.63 SE N? 7  
69 C9Z Supersonic Bill CK 14:00 28/3 13:00 31/3 14:00 1/4 2.96 1.04 S S 
81 95S Swanderful CK 18:00 19/3 08:00 31/3 13:00 1/4 11.58 1.21 S SW 
82 K9H K9H CK 19:00 1/4 09:00 2/4 05:00 4/4 0.58 1.83 SE N 
58 V4C V4C MM 18:00 19/3 06:00 2/4 07:00 4/4 13.50 2.04 E NE 
59 9HX Sherdley MM 14:00 19/3 14:00 30/3 19:00 1/4 11.00 2.21 SE NE 
60 V4P V4P MM 18:00 18/3 08:00 20/3 06:00 21/3 1.58 0.92 E NW 
61 91A Finnur MM 00:00 5/3 22:00 10/3 15:00 11/3 5.92 0.71 SE SE 
62 V3Z V3Z MM 18:00 19/3 18:00 28/3 22:00 30/3 9.00 2.17 SE SE 
63 LP7 Sigrunn MM 00:00 5/3 08:00 10/3 22:00 10/3 5.33 0.58 S S 
64 J4U J4U MM 01:00 20/3 21:00 29/3 18:00 31/3 9.83 1.88 S N 
65 V5Z V5Z MM 07:00 19/3 17:00 28/3 22:00 29/3 9.42 1.21 S NW 
66 V4L V4L MM 07:00 16/3 07:00 19/3 08:00 20/3 3.00 1.04 S NW 
67 V6C V6C MM 22:00 1/4 01:00 3/4 17:00 4/4 1.13 1.67 SE NW 
68 Z96 Lars MM 02:00 11/3 07:00 17/3 09:00 18/3 6.21 1.08 S SE 
75 V5N V5N MM 22:00 10/3 07:00 18/3 08:00 20/3 7.38 2.04 S NW 
48 U6D U6D MM 06:00 14/4 n.a. 1 n.a.  n.a. n.a. n.a. n.a. 
49 U6L Snowflakes MM 06:00 2/4 20:00 2/4 04:00 4/4 0.58 1.33 SE N 
50 U7A U7A MM 22:00 1/4 n.a. 2 n.a.  n.a. n.a. n.a. n.a. 
52 U7U U7U MM 22:00 1/4 04:00 13/4 n.a. 3 11.25  n.a. n.a. 
53 U7L U7L MM 17:00 28/3 n.a. 4 n.a.  n.a. n.a. n.a. n.a. 
54 U7X U7X MM 19:00 29/3 11:00 2/4 07:00 5/4 3.67 2.83 NE NE 
56 N5X N5X MM 20:00 2/4 09:00 19/4 19:00 20/4 16.54 1.42 E NE 
51 K5S Feathers MM 06:00 29/3 11:00 1/4 21:00 3/4 3.21 2.42 S N 
70 X3B Snow Cloud WE 05:00 1/4 08:00 6/4 16:00 6/4 5.13 0.33 SE NE 
71 X3L X3L (yearling) WE 02:00 11/3 00:00 3/4 16:00 5/4 22.92 2.67 SE E 
72 J9V J9V WE 14:00 20/3 18:00 2/4 14:00 5/4 13.17 2.83 NE N 
73 K6K K6K WE 14:00 17/3 16:00 31/3 15:00 1/4 14.08 0.96 SE NE 
74 U5B Baldur WE 22:00 13/3 16:00 17/3 13:00 18/3 3.75 0.88 E E 
76 DF7 Sky WE 17:00 17/3 08:00 29/3 17:00 31/3 11.67 2.38 SE E 
77 X3D X3D WE 07:00 16/3 11:00 19/3 09:00 20/3 3.17 0.92 E E? 8 
78 X3G X3G (yearling) WE 14:00 17/3 18:00 19/3 13:00 20/3 2.17 0.79 E NE 
79 K7A Tonverk WE 00:00 5/4 n.a. 5 n.a.  n.a. n.a. n.a. n.a. 
83 X3K X3K (yearling) WE 02:00 11/3 00:00 3/4 16:00 5/4 22.92 2.67 SE E 
84 DJ3 Edmund WE 19:00 29/3 10:00 6/4 18:00 6/4 7.63 0.33 SE SE 
80 A2387 A2387 WE 05:00 20/3 18:00 2/4 04:00 5/4 13.54 2.42 E NW 
47 V9L V9L WE 21:00 20/3 22:00 13/5 04:00 15/5 54.04 1.25 S NE 
85 U5V U5V WE 21:00 20/3 n.a. 6 n.a.  n.a. n.a. n.a. n.a. 
86 U5H U5H (♀cygnet) WE 17:00 17/3 08:00 29/3 17:00 31/3 11.63 2.38 SE E 

1 U6D tag stopped 14 April on River Ribble; 2 U7A over-summered at Belfast Lough; 3 U7U tag stopped 17 April 
just 100 km south of Iceland, reappeared on 27 April and was on coast by 1 May; 4 U7L tag removed when bird 
staged at CK on way north; 5 K7A over-summered near Thirsk, N Yorkshire; 6 U5V died in June (hit power lines) at 
Rothes, NE Scotland; 7 U9D tag stopped 14 May as bird was migrating north over central uplands; 8 X3D tag 
stopped 14 May. 
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Figure 2. Actual and extrapolated departure dates of Whooper Swans from the UK wintering sites 
and the UK coast, and the arrival date in Iceland, in relation to mean daily atmospheric pressure. 
The two birds which left their wintering grounds after 2 April over-summered in the UK. Mean daily 
atmospheric pressure was calculated from data recorded at the meteorological station closest to each 
swan. The increase in atmospheric pressure from 10th to 21st March, and again from 28th March to 2nd 
April coincides with the two main departure periods from the UK. 
 

• In preparing the data for Table 3 it was necessary to estimate the departure time and date for eight of 
the 40 birds departing their wintering grounds, one of 35 departing the UK coastline and five of 34 
birds arriving in Iceland. There were two types of gap in the data for which extrapolation was needed, 
firstly gaps of greater than three hours between GPS fixes during which a bird had migrated but 
where each fix was stationary - on these occasions the hour of the day midway between the two fix 
times (rounded down) was used. If either fix was associated with a speed reading showing that the 
bird was moving then there was an extrapolation backwards or forwards in time according to the 
speed recorded and the distance moved from or left to travel to the departure or arrival point, 
respectively. Thus on the time graph it should be noted that stationary GPS fixes at 11:00 and 18:00, 
either side of the gap in the period over which the tags were off for charging, resulted in an 
extrapolated time of 14:00. 

• Swans migrating from southeast England (Welney) generally migrated north along the east coast of 
Britain whereas those from northwest England and southwest Scotland (Martin Mere and 
Caerlaverock) followed the western coastline (Figure 3). There was a small amount of pseudo-
replication in the data because the female cygnet U5H (tag 89286) travelled with adult male family 
member DF7 (tag 89276) from Welney to Iceland (Table 3 gives the journey times and dates). 
Similarly, two male yearlings X3L (89271) and X3K (89283) travelled together to Iceland. Yearling 
male X3G (tag 89278) departed from Welney at the same time and along the same route as adult male 
K6K (tag 89273) but these two birds took independent routes north of the Humber. 

• As distance from the ringing site increased, the spread of the migration tracks (and thus the width of 
the migratory front followed by the satellite-tagged birds) also increased from about 50–100 km when 
within 150 km of the ringing site to about 200 km on passing the Outer Hebrides. Areas of higher 
ground such as the North York Moors or the Highlands can create “pinch points” where the 
migratory front narrows as the birds funnel along lower-lying corridors, with the front broadening 
again as the birds head over the Atlantic Ocean for Iceland (Figure 4). 
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Figure 3. Migration routes of 35 Whooper Swans tracked from the UK to Iceland in March–May 
2009 from WWT Wetland Centres at Welney (red lines), Martin Mere (blue lines) and 
Caerlaverock (green lines). Tracks for four birds that remained in the UK and one for a Martin Mere-
ringed bird whose tag was removed at Caerlaverock are not shown. 
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Figure 4. The width of the Whooper Swans’ migratory front perpendicular to the general 
direction of travel across the UK at successive regular distances from the three different ringing 
sites (see Figure 5). 
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• Of the 35 birds tracked to Iceland, there was no significant overlap between the migratory corridors 
of the east coast (Welney) and west coast (Martin Mere/Caerlaverock) birds until a distance of 900 
km from Welney, at >100 km from the NW coast of Scotland. Two exceptions were of a single 
Welney bird intersecting the Martin Mere/Caerlaverock tracks and a single Martin Mere bird 
intersecting the Welney tracks (Figure 5). 

• Overall, 24 of the satellite-tagged swans (69% of the 35 that migrated) departed from or over the 
Outer Hebrides on setting off for Iceland, including all five birds from Caerlaverock, 16 from Martin 
Mere and, perhaps more surprisingly, four of those from Welney. The Welney swans were more likely 
to head up the east coast, with eleven (73% of all Welney-tagged swans) passing over the Firth of 
Forth and nine (60%) continuing via the Moray Firth to depart over the north coast of Scotland. 

• On the western flight path, there appeared to be links between particular staging sites. Eight of the 
nine swans recorded on or over Coll/Tiree stopped on or passed over the Uists, with only one 
tracking a little further north to the Isle of Harris. Similarly the more northerly routes of 10 swans 
migrating via the Isle of Skye took them to the more northern Hebridean islands of Harris and Lewis. 

 

UK
Martin Mere birds
Welney birds
Caerlaverock birds
100km distance intervals

0 100 Kilometers

 

Figure 5. Whooper Swan migration tracks, illustrating the width of the migration front for swans 
migrating from different sites. Dashed lines indicate 100 km intervals, perpendicular to the general 
direction of travel across the UK, from WWT Welney to just south of the Faeroes. 

• The east coast versus west coast split in migration routes continued as the swans made landfall in 
Iceland, and also appeared to influence or be influenced by their summer distribution up until 1 July 
2009. From 1st July onwards failed breeders or non-breeding birds may move elsewhere to moult. 
Welney birds tended to visit breeding areas in the east whereas Martin Mere birds tended to use more 
northerly, southerly or western areas with greatest overlap with the Caerlaverock birds. The area of 
greatest overlap between the Martin Mere and Welney birds was in the northeast (Figure 6). 
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Figure 6. Summering sites of the Whooper Swans within Iceland from arrival to 1st July 2009.  

• Most birds tended to begin their migrations from the wintering sites from 05:00 – 08:00 or from 
17:00 -24:00 h. As the tags were off for re-charging during the period from 11:01 to 17:59 GMT (i.e. 
no location data were recorded for the hours of 12:00–17:00 GMT inclusive along the British coast) it 
is not possible to assess whether there was a truly bi-modal distribution in the swans’ departure 
patterns during the day (Figure 7). Only eight birds made a significant movement away from the 
wintering grounds and only five left the UK during the transmitters’ 7-hour “off” period. Moreover, 
the proportion of movements vs non-movements recorded at 18:00 h (42.4%, n=84) was similar to 
the average recorded per hour for all hours of the day (41.8%, s.d. = 11.15, n=1,620) across the 
whole day. This suggests that the proportion of migratory flights missed during the 7-h re-charging 
period was about average in comparison with the other hourly records, indicating that there was no 
particular bias in the data resulting from the timing of the “off” period for the satellite transmitters. 
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Figure 7. Actual and extrapolated departure times of Whooper Swans from UK wintering sites, 
the UK coast, and their arrival time in Iceland. Note that the tags are off for charging from 11:01 – 
17:59 GMT, and thus any data for this period are extrapolations. 
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• Most of the tagged birds completed their migration through the UK within 14 days (median = seven 
days), although one bird from Welney, V9L, staged for up to six weeks at Loch Eye before 
completing the migration to Iceland in 1.25 days (Figure 8). 

• All birds exiting the UK coast for Iceland, except for one bird that probably died just 100 km from 
Iceland, completed the sea crossing of c.800 km (~500 miles) in under three days (median crossing = 
36 hours), with two Welney birds, DJ3 and X3B, completing the crossing in just eight hours on 6 
April 2009 departing at different times, but with consistent speeds of 90-100kph (Figure 9). 
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Figure 8. The number of days taken by tracked Whooper Swans from all WWT centres to migrate 
through the UK from their wintering sites to their UK departure points. The outliers include two 
yearlings X3L and X3K that travelled together from Welney and staged in Fife from 13 March to 2 April, 
and Welney bird V9L which staged for six weeks at Loch Eye. 
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Figure 9. Minimum number of hours taken by tracked Whooper Swans from WWT centres to 
cross the c. 800 km (c. 500 miles) of open ocean between the UK departure points in NW 
Scotland and Iceland. 
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 3.1.3 Work Task 3. Download data from the Argos satellite system from May–August 2009 for 
swans caught on the wintering grounds, to describe use of spring staging sites for website 
updates and to monitor the performance of the transmitters. 

• Of the 35 tags that reached Iceland, the tags on 32 birds continued to provide good data on the 
swans’ locations until 1 July 2009.  

• During May-August 2009, two tags stopped transmitting in Iceland on 14 May, those on swan U9D 
(in central Iceland) and swan X3D (in east Iceland). The reason for this is unknown, but may reflect 
transmitter failure after a change in the duty cycle at that time (Table 2). The tag on U7U probably 
floated to the south coast of Iceland, possibly on a dead swan, from where it continued to transmit. 
 

3.1.4 Work Task 4. Catch Whooper Swans in Iceland during their annual moult in August, and fit 
transmitters on up to 10 swans known (from ring re-sightings) to winter at Martin Mere or at 
Welney. 

• An expedition to catch Whooper Swans in Iceland took place from 27 July to 10 August 2009 
(Figure 10). Eleven transmitters were fitted to the birds including two redeployed units (tags 89285 
and 89253, originally on swans ringed U5V and U7L, respectively; Table 4). Permission to undertake 
the work was granted by the Icelandic Post and Telecommunications Authority, the Icelandic Bird 
Ringing Centre and the Icelandic Science Council.  

• The rings of recaptured swans were checked against a list of ringed male swans that regularly winter 
at Welney and Martin Mere, to determine whether the birds were likely to migrate to these more 
southerly parts of Britain and thus be suitable for fitting with satellite transmitters. 

• The schedule of fixes for transmitters fitted in Iceland was altered slightly to be more frequent during 
the autumn migration period than those for transmitters already deployed on the wintering grounds 
(Table 5; Season 4). The tags deployed in winter were programmed to record a GPS fix every two 
hours from 06:00 – 20:00 (i.e. eight fixes per day) with upload to ARGOS every five days from 15 
October to 25 November. The new tags deployed in Iceland were programmed to take fixes every 
hour from 04:00 – 14:00 (i.e. 11 fixes per day) with upload to ARGOS every four days from 18 
October to 25 November. This was to cover as broad a range of possible migration dates in as much 
detail as possible whilst not draining too much power from the tags at a time when light levels (and 
thus battery re-charge rates) would be decreasing rapidly. 
 

Table 4. Details of the adult male Whooper Swans caught on the breeding and moulting grounds 
in Iceland, August 2009.  
 

Catch site Catch Date PTT Type of Harness Ring 
Glaumbaer, Skagafjörður 01/08/2009 89285 Mark II NA3 
Sandvatn, Mývatnsheiði 05/08/2009 89287 Mark II Y5N 
Sandvatn, Mývatnsheiði 05/08/2009 89288 Mark II Y5L 
Sandvatn, Mývatnsheiði 05/08/2009 89289 Mark II Y6G 
Sandvatn, Mývatnsheiði 05/08/2009 89290 Mark II Y5T 
Sandvatn, Mývatnsheiði 05/08/2009 89291 Mark II A9F 
Brennitjorn, Mývatnsheiði 05/08/2009 89292 Mark II Y6K 
Brunnavatn, Fljótsheiði 06/08/2009 89253 Mark II BBL 
Kalfborgarvatn, Fljótsheiði 07/08/2009 78373 Mark II B3F 
Kalfborgarvatn, Fljótsheiði 07/08/2009 78374 Mark II BV5 
Anavatn, Jökuldalsheiði 08/08/2009 78375 Mark II DP5 
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Table 5. Seasonal duty cycles for satellite transmitters deployed on Whooper Swans in Iceland. 
 
Season Annual Start 

Date 
Annual End 

Date 
Receiver Start 

Hour (local time) 
Receiver End 

Hour (local time) 
Hour 
Step 

TX Cycle (transmit 
every “x” days) 

1 5th Mar 5th May 18 11 1 2 
2 6th May 31st Aug 8 20 6 9 
3 1st Sep 17th Oct 10 14 4 8 
4 18th Oct 25th Nov 4 14 1 4 
5 26th Nov 4th Mar 10 14 4 8 

 

 

Figure 10. Fitting satellite transmitters to Whooper Swans in Iceland. 

 

3.1.5 Work Task 5. Download data from the Argos satellite system from August 2009 onwards for 
(a) transmitters on Whooper Swans caught in Iceland, and (b) functioning transmitters fitted the 
previous winter, to describe the swans’ autumn migration routes in relation to wind farm sites.  

• As soon as the tags were fitted in Iceland, the data were downloaded automatically by WWT from the 
ARGOS website. The data were then displayed on the WWT “Super Whooper” website from 1 
September 2009.  

• Because of the phasing of the transmission of data to the ARGOS satellite, the data included in the 
downloads ranged from being a few hours old to five days old, compared with the data being up to 
two days old during spring migration. 

• Unfortunately due to the mild autumn in Iceland with only short periods of snow at lower levels 
before November 2009, many birds delayed their departure from Iceland, with counts being slow to 
rise at monitored sites in the UK. With rapidly decreasing light levels after October at Icelandic 
latitudes, all remaining tags struggled to retain battery power and many ceased to function.  

• Information on the swans’ autumn migration routes in relation to wind farm sites is presented in 
Section 3.4.
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Table 6. Status of transmitters for Whooper Swans that migrated to Iceland or were fitted in Iceland (‘Ringing site’ = ICE) and for those that over-
summered in the UK. Dates and times in italics are extrapolations, based either on the proximity of the bird to Iceland (V4L, U5H, Y6K and C9Z) or on a mean 
date/time for fixes which were static either side of the time period in which the bird moved (U5B and K9H). Dates without times are visual sightings reported by 
ring readers. Duration of autumn migration (in hours) could be calculated accurately in only seven cases. The ‘Tag/Bird Status’ column represents current 
knowledge (March 2010) regarding the fate of the tag/bird. ‘Unknown’ indicates that the bird was moving at the time of the last fix, so tag failure can be attributed 
to lack of charge. Where tags are static in Iceland it is often not known if the bird is dead or the tag has been shed; both outcomes have been recorded when tags 
stopped moving. Sometimes a stronger assertion can be made as to whether the bird died or the tag was shed, although again unless a carcass or the tag is found 
there is still an element of doubt.  

PTT Ring 
Ringing 

Site 
Deployed 

Last 
Upload 

Last Fix 
Iceland 

Last Fix on 
Migration 

Last Fix 
Location 

Migration  
Duration 

Tag/Bird Status 

78373 B3F ICE 07/08/09 25/10/09 25/10/09 n.a. Iceland n.a. Unknown 
78374 BV5 ICE 07/08/09 18/02/10 07:14 14/11/09 11:03 30/11/09 Coll Unknown On/Alive 

78375 DP5 ICE 08/08/09 19/02/10 14:35 03/11/09 20/11/09 Shetland Unknown Dead 
89247 V9L WE 13/03/09 20/02/10 20/02/10 n.a. SE Iceland n.a. Shed?/Dead? 
89249 U6L MM 19/11/08 09/10/09 09/10/09 n.a. SW Iceland n.a. Unknown 
89250 U7A MM 19/11/08 11/01/10 n.a. 02/01/10 MM n.a. On/Alive 

89251 K5S MM 28/01/09 07/09/09 07/09/09 04/12/09 MM Unknown Removed/Alive 
89252 U7U MM 19/11/08 30/10/09 30/10/09 n.a. S Iceland n.a. Dead? 
89253 BBL ICE 06/08/09 17/02/10 17/02/10 n.a. N Iceland n.a. On/Alive 

89254 U7X MM 19/11/08 11/01/10 07:00 22/10/09 14:35 10/12/09 Lewis Unknown Recovered/Dead 
89255 K93 CK 10/12/08 20/02/10 20/02/10 n.a. W Iceland n.a. On/Alive 

89256 N5X MM 09/12/08 10/10/09 10/10/09 n.a. NE Iceland n.a. Unknown 
89257 U9D CK 10/12/08 14/05/09 14/05/09 n.a. N Iceland n.a. Dead? 
89258 V4C MM 28/01/09 25/10/09 25/10/09 n.a. E Iceland n.a. Unknown 
89259 9HX MM 28/01/09 25/10/09 15/10/09 n.a. NE Iceland n.a. Shed?/Dead? 
89260 V4P MM 28/01/09 12/08/09 12/08/09 n.a. W Iceland n.a. Shed?/Dead? 
89261 91A MM 28/01/09 04/11/09 04/11/09 n.a. SE Iceland n.a. Recovered/Dead 
89262 V3Z MM 28/01/09 01/10/09 01/10/09 29/11/09 MM Unknown Shed/Alive 
89263 LP7 MM 28/01/09 11/01/10 22:25 15/10/09 13:48 04/11/09 N Ireland Unknown Shed/Alive 
89264 J4U MM 28/01/09 01/10/09 01/10/09 n.a. N Iceland n.a. Shed?/Dead? 
89265 V5Z MM 28/01/09 30/10/09 30/10/09 n.a. NW Iceland n.a. Unknown 
89266 V4L MM 28/01/09 24/11/09 08:00 16/11/09 09:00 18/11/09 N Ireland 49 h Dead 
89267 V6C MM 28/01/09 19/11/09 19/11/09 n.a. NW Iceland n.a. Unknown 
89268 Z96 MM 28/01/09 20/02/10 20/02/10 n.a. S Iceland n.a. Shed?/Dead? 
89269 C9Z CK 29/01/09 19/11/09 08:00 01/11/09 21:00 01/11/09 CK 13 h Dead? 
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PTT Ring 
Ringing 

Site 
Deployed 

Last 
Upload 

Last Fix 
Iceland 

Last Fix on 
Migration 

Last Fix 
Location 

Migration  
Duration 

Tag/Bird Status 

89270 X3B WE 05/02/09 20/02/10 20/02/10 n.a. S Iceland n.a. Shed?/Dead? 
89271 X3L WE 05/02/09 30/10/09 30/10/09 n.a. SE Iceland n.a. Unknown 
89272 J9V WE 05/02/09 12/02/10 12/02/10 n.a. N Iceland n.a. Shed? 
89273 K6K WE 05/02/09 12/08/09 12/08/09 n.a. NE Iceland n.a. Shed?/Dead? 
89274 U5B WE 05/02/09 25/10/09 03:00 07/10/09 01:00 08/10/09 Scotland n.a. Recovered/Alive 
89275 V5N MM 28/01/09 04/11/09 04/11/09 n.a. NW Iceland n.a. Recovered/Alive? 
89276 DF7 WE 05/02/09 25/07/09 25/07/09 n.a. E Iceland n.a. Shed?/Dead? 
89277 X3D WE 05/02/09 14/05/09 14/05/09 n.a. E Iceland n.a. Shed?/Dead? 
89278 X3G WE 05/02/09 01/10/09 01/10/09 n.a. N Iceland n.a. Unknown 
89279 K7A WE 05/02/09 02/09/09 02/09/09 n.a. England n.a. Removed/Alive 
89280 A2387 WE 13/03/09 19/11/09 19/11/09 n.a. NW Iceland n.a. Unknown 
89281 95S CK 29/01/09 09/11/09 09/11/09 n.a. SW Iceland n.a. Unknown 
89282 K9H CK 29/01/09 04/02/10 11:00 07/10/09 01:00 10/10/09 Lewis 62 h Removed/Alive 
89283 X3K WE 05/02/09 24/11/09 14:56 09/11/09 08:00 24/11/09 Atlantic n.a. Unknown 
89284 DJ3 WE 05/02/09 20/02/10 20/02/10 n.a. S Iceland n.a. Shed?/Dead? 
89285 NA3 ICE 01/08/09 20/02/10 15:00 03/11/09 09:00 04/11/09 S Uist 18 h On/Alive 

89286 U5H WE 13/03/09 19/01/10 02:00 12/11/09 02:00 14/11/09 Lewis 48 h Shed?/Dead? 
89287 Y5N ICE 05/08/09 19/02/10 19/02/10 n.a. N Iceland n.a. Shed?/Dead? 
89288 Y5L ICE 05/08/09 25/01/10 00:57 10/11/09 15:00 29/12/09 Atlantic n.a. Dead? 
89289 Y6G ICE 05/08/09 18/11/09 31/01/10 n.a. N Iceland n.a. Shed/Alive 
89290 Y5T ICE 05/08/09 18/02/10 13:00 01/11/09 10:00 02/11/09 N Ireland 21 h On/Alive 

89291 A9F ICE 05/08/09 10/02/10 14:05 02/11/09 21:03 24/12/09 N Ireland n.a. On/Alive 

89292 Y6K ICE 05/08/09 18/02/10 00:00 01/11/09 18:00 01/11/09 N Ireland 8 h On/Alive 
 
‘Last upload’ gives the date on which the tag last made contact with the ARGOS satellite. ‘Last fix Iceland’ gives the date (and time for birds that migrated) of the last known fix 
from the tag in Iceland. ‘Last fix on migration’ gives the time and date of the last fix on arrival in the UK with the ‘Last fix location at which it arrived’ (given as Iceland) if the bird 
did not move. 
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3.2 OBJECTIVE 2: TO PUBLISH THE RESULTS ON A WEBSITE TO PROVIDE UP TO DATE 

INFORMATION ON THE WHOOPER SWANS’ MIGRATION ROUTES AND FLIGHT HEIGHTS AND 

TO PROVIDE EASY ACCESS TO ALL INTERESTED PARTIES INCLUDING THE PUBLIC 

Three work tasks were identified under this objective and were completed as follows: 

 
3.2.1 Work Tasks 6, 7 and 8. Develop web pages on the WWT website to provide information on 
the project and the satellite-tagged swans to all interested parties including the public. 
Automatic updates of the swans’ movements to be provided on maps on the website, with 
regular descriptive updates of the birds’ progress. 

 

 

Figure 11. Homepage of the WWT “Super Whooper” website.  

 
• The “Super Whooper” website (http://www.wwt.org.uk/flywiththeswans) was launched on the 

WWT website on 10th March 2009. A total of 23,300 “Super Whooper” pages were viewed up to 
February 2010 in 16,535 unique visits to the site. Peak viewing was during spring migration (5,179 
page views in March and 6,218 views in April), with 800–1,200 views per month from May–
September inclusive, before increasing again during the autumn migration period (1,963 in October, 
2,909 in November and 1,608 in December). Peaks in visitation to the site coincided not only with 
the swans’ migration period but also with PR coverage, such as WWT featuring on the BBC’s 
SpringWatch series in late March–early April, which affected both direct traffic and links from other 
sites.  

• The site features a “Home Page”, which provides an overview of the aims of the project and 
information on COWRIE with links to the COWRIE website (Figure 11).  

• Other pages within the “Super Whooper” website provide information on: (a) the aims of the study; 
(b) the life-histories of the satellite-tagged swans; (c) further information on COWRIE; (d) a Google 
Earth map of the swans’ movements; (e) information about Whooper Swans and their migration; (f) 
YouTube videos about the project; (g) a blog that provides regular descriptive updates of the swans’ 
progress. 
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• Nine of the satellite-tagged swans were followed closely by local schools; three each at Caerlaverock, 
Martin Mere and Welney. Information about the schools was provided on the website, together with 
contact details for the WWT Education Officers to enable other schools to become involved in the 
project. School visitor statistics recorded by WWT suggest that the project will have been described to 
at least 7,000 children, teachers, and parent helpers at WWT Welney, Martin Mere and Caerlaverock 
over the course of the study, from March 2009–February 2010. During most school visits to the 
centres it was possible to show the schools their own championed swans and also to demonstrate 
how the website worked or how to navigate to it when back in the classroom. 

• The public also became involved by using the ‘Flickr’, ‘Twitter’ and ‘RSS’ links on the website, and by 
posting comments on the blog. A total of 60 blogs have been posted to date and many positive 
comments have been received. Some recent examples of comments on the website are as follows: 

Hey, I read a lot of blogs on a daily basis and for the most part, people lack substance but, I just wanted to make a 
quick comment to say GREAT blog!.....I"ll be checking in regularly now....Keep up the good work! :) By: Mr Barns 
on 02/02/10. 

This post helped me a lot with my college assignment. Thanks for your information. By: WP Themes on 
19/01/10. 

Hi do you know what has happened to Snow Cloud I notice that his tag has now dropped of the map! Thanks. By: 
Tina on 10/01/10. 

Snow Cloud last gave a fix from Iceland on 10 December. His tag was suffering from poor battery charge at the time 
and only charged because the bird flew from the north of Iceland at Myvatn to the south coast probably on 2 December 
thus exposing the tag to daylight. The site he is currently at often has over 1,000 overwintering swans so we hope we will 
hear from him again in the spring as the light levels in Iceland improve. Alternatively, during the cold spell he may have 
continued south to the UK. By: WWT's Dr Larry Griffin on 19/01/10. 

Hi there, I am located in Gardabaer Iceland and I am watching Rocky K93 outside of my window on the sea with 12 
other Swans. We are feeding him now. By: Hrafn Agustsson on 10/12/09. 
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3.3 OBJECTIVE 3: TO ASSESS THE POTENTIAL IMPACTS OF WEATHER DURING MIGRATION, 
PARTICULARLY PERIODS OF POOR OR ADVERSE WEATHER CONDITIONS 

Three work tasks were identified under this objective and were completed as follows: 

 
3.3.1 Work Tasks 9 and 10. Download data on wind speed and direction, rainfall, cloud cover and 
fog banks from appropriate websites and add to a GIS. Overlay the swan tracks in the GIS, to 
describe how weather variables (especially wind speed/direction and visibility) affect the speed, 
direction and altitude of swan flight. 

• Onshore observations at 49 weather stations within the swans’ migratory range across the UK, 
recorded in the months of March, April, May, October, November and December 2009 (i.e. during 
spring and autumn migration) were downloaded from the Met Office website archive at: 
http://www.metoffice.gov.uk/education/teachers/latest_weather_data_uk_rolling_archive.html. The 
HTML files were converted into text files and imported into Excel for further manipulation before 
being imported into the GIS as monthly shapefiles. These weather stations provide hourly data on 
wind direction (from one of eight cardinal quadrants), mean wind speed (knots), visibility (km; used 
to assess the presence of fog or mist), temperature (°C), pressure (hPa), the trend in pressure change 
(i.e. falling, steady or rising) and in most cases a written description of the prevailing weather (i.e. 
whether there was precipitation as rain, hail or snow, cloud cover, and mist or fog conditions). 

• Daily rainfall radar GIF images giving information on cloud cover and estimated rainfall rates 
(mm/hr) every 15 minutes covering north-west Europe for March, April, May, October, November 
and December were downloaded from the archive at: http://www.meteox.co.uk/hist.aspx?URL 
converted to JPEGs and then imported into the GIS for geo-referencing. Although it was originally 
envisaged that these images would provide useful information on cloud cover and rainfall rates over 
the ocean, the extent of their coverage off the UK coast in relation to the distance between the swans’ 
GPS fixes meant that they had little utility beyond the information provided by the coastal weather 
station data.  

• Daily morning and afternoon measures of wind speed (m/s) and direction (degrees) were obtained 
for the months of March, April, May, October, November and December from: 
http://coastwatch.noaa.gov/interface/interface.html. Zipped shapefiles giving global coverage of 
wind speeds at 10m above the ocean surface remotely derived via the QuickSCAT satellite network 
with a spatial resolution of 25 km and an accuracy of ± 2 m/s were downloaded from this site and 
imported into the GIS where they were “clipped” to the area of interest extending from the UK to 
Iceland. This provided data on wind speed and wind direction for a further 147 swan locations 
(satellite fixes) during the sea crossing, for which UK Meteorological Office data were not available. 

• The swan track data and environmental variables were imported into the GIS. Data on the swans’ 
migration patterns at specific locations (i.e. the time, altitude and direction of flight) were then 
extracted for analysis in relation to the weather data that most closely matched the swans’ location 
(derived from the satellite fixes) in time and space. 

• A digital terrain model (DTM) of the migratory flyway for the Icelandic Whooper Swan population 
was constructed within the GIS from GTOPO30 data, a high resolution orographic dataset derived 
from satellite measurements and supplied free by the U.S. Geological Survey at: 
http://edc.usgs.gov/products/elevation/gtopo30/w060n90.html. This DTM dataset, which has a 
resolution of approximately 1 km and an altitude error of ± 30m, was not at a fine enough resolution 
for an accurate assessment of Whooper Swan flight heights when flying over land.  

• More precise estimates of terrain elevation (and thus flight height over land) were made for a small 
number of satellite fixes in the vicinity of onshore windfarm areas, firstly by converting the GPS fix 
Lat/Long values into O.S. grid references using the TM_LL Excel macro Workbook v.2.0 supplied 
by Alan Morton (at http://www.dmap.co.uk), then pasting this into the O.S. “Get-a-map” website (at 
http://www.ordnancesurvey.co.uk/oswebsite/getamap), where 1:25,000 scale maps of the site can be 
examined to determine land height at that location and thus probably accurate to within ± 5 m. Some 
inaccuracy in flight height estimates remained for these areas because the satellite transmitters 
themselves were only accurate to within ± 22 m of true height, although 75% of fixes are considered 
by Microwave Telemetry Inc to be within 10 m of true height.  
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3.3.2 Work Task 11. Analyse flight speed, location and altitude in relation to prevailing weather 
conditions for all satellite-tracked birds  

• Generalized linear mixed models (GLMMs) developed in Genstat 12 were used to determine which 
environmental variables (particularly weather conditions) had a significant influence on the Whooper 
Swans’ migration between the UK and Iceland (Table 7). Data recorded from the swans’ departure 
from their wintering sites to their making land fall in Iceland were used in the analysis. Movement was 
classed as occasions where a swan was at least 5 km from its previous location. Most data points (88% 
of 4,270 locations used in the analysis) were recorded at ~1-h intervals. Whether the bird was moving 
or not moving for each of its satellite tag transmissions was included as the binary response variable 
(1 = move; 0 = not move) in the model. GLMMs with binomial error distributions and logit link 
functions therefore were used to assess how environmental factors and covariates affected the swans’ 
onward movements from their ringing sites to Iceland. 

• Given that the data comprises repeated measures made for the same individual, and that the data 
points are at short (1-hour) intervals, there is substantial pseudoreplication (and thus lack of 
independence) in the dataset, particularly when the swans are staging and therefore not moving to 
new conditions further along the migration route. Pending more sophisticated statistical analysis of 
the data, bird identity was included as a random effect to control for heterogeneity in the data from 
individual birds. 

• As a further measure to control for pseudoreplication, the analyses were also run on a sub-sample of 
data points, with every 10th location for each bird selected for inclusion in the analysis. GLMMs with 
binomial error distributions and logit link functions were again used to assess how environmental 
factors and covariates affected the swans’ movements from their ringing sites to Iceland. 

• A range of potential explanatory variables were included in the models (Table 7). This included the 
stage of migration, classed either as migration along the British coastline (1), or heading over the 
ocean for Iceland (2), and also whether migration was over land (location <400m from the UK) or 
water (location >400m from the UK). Point of origin (i.e. ringing site) was grouped according to 
whether the birds were ringed on the east coast (i.e. 1=Welney) or the west coast (2=Martin Mere or 
Caerlaverock). The distance flown (km) and also the number of hours (h) since the swan embarked 
on migration were included as continuous variables to provide finer measures of migration stage for 
determining whether the point that a swan had reached on its migration influenced its response to 
prevailing weather conditions. 

• Diurnal light levels were also included as a factor in the analysis. For this a freeware Excel macro 
“sunmoon.xls” (provided on the internet by Keith Burnett at http://www.bodmas.org/kepler) was 
revised so that the altitude of the sun and moon (in degrees relative to the horizon), and also the 
percentage of the moon’s disk illuminated, could be determined for the swans’ locations at specific 
dates and times of day. Light levels were grouped into three categories: daylight (when sun altitude 
was >-4º), moonlight (when moon altitude was >-4º and >40% of the moon’s disk was illuminated) 
and dark (sun and moon <-4º; or moon >-4º but moon disk <40%), thus giving an indication of the 
light levels available to swans for navigating during migration. 

• Weather data included as explanatory weather variables in the initial analyses were: wind direction, 
wind speed, visibility, pressure and pressure change (Table 7). Although wind direction was available 
in degrees it was included as a factor with four categories (head winds, side winds, tail winds and 
calm) in the model. Swan migration was in a NNW direction (i.e. 337.5º) for all birds heading for 
Iceland through the UK: in spring, winds of 271-360º and 0-45º therefore were classed as head winds, 
226-270º and 46-90º as side winds, and 91-225º as tail winds, with the direction of head winds and tail 
winds being switched for autumn migration. Pressure change was also included as a categorical 
variable: 1 = falling, 2 = steady and 3 = rising pressure.  

• A reduced dataset, for which data on precipitation (mainly rainfall but also snowfall), cloud cover and 
the presence/absence of fog/mist were available was analysed in the same way. 

• Only locations where the swans were <50 km from the nearest UK meteorological station (i.e. the 
source of weather data for that particular location) were included in the analyses, to ensure that the 
weather data (as far as possible) reflected the conditions being experienced by the birds. 
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• Table 7. Source and treatment of explanatory variables included in the generalised linear 
mixed models used to analyse Whooper Swan spring migration patterns. 

Variable Type No. 
classes 

Source Notes 

Swan identity Categorical 40 WWT records Based on PTT code 

Hours since individual 
commenced migration (h) 

Continuous 1 Satellite tracking data  

Distance flown (km) Continuous 1 Satellite tracking data  

Ring site Categorical 2 WWT records Martin Mere and Caerlaverock 
grouped as west coast; Welney as 
east coast 

Light levels (i.e. Day, 
Moonlit and Dark) 

Categorical 3 Keith Burnett 
freeware 

See Section 3.3.1 for further details 
on source and treatment of the data 

Migration stage (i.e.  British 
coast and sea crossing to 
Iceland) 

Categorical 2 Satellite tracking data  

Over land or water Categorical 2 Satellite tracking data  

Wind Dir Code (i.e. head, 
tail, side, calm) 

Categorical 4 UK Met Office and 
NAOO website 

See Section 3.3.1 for further details 
on source and treatment of the data 

Wind speed (kph) Continuous 1 UK Met Office and 
NAOO website 

See Section 3.3.1 for further details 
on source and treatment of the data 

Temperature (oC) Continuous 1 UK Met Office See Section 3.3.1 for further details 
on source and treatment of the data 

Visibility (km) Continuous 1 UK Met Office See Section 3.3.1 for further details 
on source and treatment of the data 

Pressure (hPa) Continuous 1 UK Met Office See Section 3.3.1 for further details 
on source and treatment of the data 

Pressure change code (i.e. 
falling, steady and rising) 

Categorical 3 UK Met Office See Section 3.3.1 for further details 
on source and treatment of the data 

Precipitation (none, light, 
medium, heavy) 

Categorical 4 UK Met Office  

Cloud cover (none, partly 
cloudy, medium cloud and 
overcast)  

Categorical 4 UK Met Office  

Fog (not present, 
mist/light fog and foggy) 

Categorical 3 UK Met Office  

 

• The significance of variables in influencing swan movements during spring migration were first tested 
in the full model: Movement = + Light levels + Hours_since_ind_start + Distance flown + Wind 
direction + Land or water + Migration stage + Pressure change code + Pressure + Temperature + 
Visibility + Ring site + Wind speed + Migration stage * Pressure +  Migration stage * Pressure 
change code + Migration stage * Temperature + Migration stage * Visibility + Migration stage * 
Wind direction + Migration stage * Wind speed + Wind direction * Wind_speed + Migration stage * 
Wind direction * Wind speed. The same full model, with + precipitation + cloud cover + fog also 
added to the model, was used for locations where precipitation, cloud cover and fog data were 
available, to assess whether precipitation, cloud and fog affected the timing of the swans’ migration. 
Movement was treated as a binary response variable and the logit link function used to ensure 
linearity, as described above. Non-significant variables were then omitted sequentially so that the final 
models were parsimonious. The interactions between migration stage and weather conditions were 
tested to determine whether the swans’ response to weather differed once they had left Britain and 
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started heading for Iceland. The Wind direction * Wind speed interaction was also included to assess 
whether wind speed is more important in influencing flight when from one direction or another.  

• The final models showed that, once migration had commenced, the swans’ onward movement was 
influenced by light conditions (i.e. whether daytime, moonlight or dark), wind direction, atmospheric 
pressure and the interaction of wind speed with wind direction (Table 8). These variables were 
significant in all of the final fitted models, whether using all locations or every 10th location per bird.  

• Negative estimates derived for swan movement under (1) moonlight versus daytime conditions and 
(2) dark versus daytime conditions showed that the swans were significantly less likely to continue 
migration in moonlight or the dark than in the day. Conversely, positive estimates for onward 
movement in relation to wind direction indicated that they were more likely to continue migration 
with side winds, or particularly tail winds, than when experiencing head winds. The combined effect 
of wind speed with wind direction (i.e. the interaction term) was also significant (Table 8). There was 
also a significant positive association between swan movement and atmospheric pressure (Table 8). 

• On including rainfall, cloud cover and the presence/absence of fog/mist in the model, only cloud 
cover proved significant, and this only when every 10th location per bird was included in the model 
(Model 2 in Table 8). This indicated that the swans were more likely to continue their migration 
under light cloud cover and to stop moving in overcast conditions, but this needs further 
investigation. 

• The negative association between hours since the individual started migration with onward 
movement (for all locations) and between migration stage and onward movement (for every 10th 
location) (Table 8) may both reflect a tendency for the swans to continue moving on leaving the 
wintering site but to spend more time resting during the later stages of migration. 

• There were no significant associations found between the swans’ onward movements and other 
explanatory variables included in the models, namely: ringing site (i.e. a proxy for migrating along the 
east or west coast), whether the birds were on land or water, pressure change code 
(falling/steady/rising), temperature, visibility, precipitation, fog, and the interaction of migration stage 
with the weather variables. 



 The Migration of Whooper Swans in Relation to Offshore Wind Farms 

  29 

 
Table 8. Variables associated with onward movement by Whooper Swans on spring migration, 
for locations where the swans were within 50 km of the meteorological station.  
Model 1 includes wind direction, wind speed, temperature, atmospheric pressure and visibility data as 
explanatory variables. 
Model 2 also includes rainfall, cloud cover and fog/haze as explanatory variables for a smaller number of 
occasions where these data were available. 
Explanatory variables in bold font were significant both for all locations and for every 10th location; those 
in italics were significant either for all locations of for every 10th location, but not for both.  
 
Final Fitted Model 1: Excluding precipitation, cloud and fog 
 All locations  Every 10th location 

 estimate s.e. d.f. F P  estimate s.e. d.f. F P 

Light levels (Moonlight vs day) -0.3095 0.1187 2, 384719.46<0.001  -1.06140.48512, 399 6.43 0.002 
Light levels (Dark vs day) -0.7343 0.1563   -0.87730.2819   
Distance_flown (km) -0.0012 0.0003 1, 138812.91<0.001  -0.00400.00071, 361 34.87<0.001 
Migration stage (Coast vs sea crossing)    n.s.  1.90571.90571, 280 4.03 0.046 
Hours since individual started migration -0.0013 0.0004 1, 1591 8.22 0.004      n.s. 
Wind direction (side vs head) 0.2651 0.1218 2, 4225 8.49<0.001  0.70990.33032, 395 4.37 0.013 
Wind direction (tail vs head) 0.844 0.2051   1.78790.8046   
Pressure (hpa) 0.0363 0.006 1, 286535.17<0.001  0.049850.01431, 326 12.15<0.001 
Wind direction (side vs head) * Wind speed 0.0024 0.0133 2, 425111.04<0.001  -0.004050.04072, 407 5.03 0.007 
Wind direction (tail vs head) * Wind speed 0.0564 0.02    0.114670.0756   

 
Final Fitted Model 2: Including precipitation, cloud and fog 
 All locations  Every 10th location 

 estimate s.e. d.f. F P  estimate s.e. d.f. F P 

Light levels (Moonlight vs day) 0.3075 0.2657 2, 1963 6.65 0.001 -0.9788 0.3759 2, 306 4.04 0.018
Light levels (Dark vs day) -0.9682 0.3276  -0.9875 0.4917  
Cloud (light v none) n.s. 0.5245 0.4300 2, 312 5.48 0.005
Cloud (heavy v none) n.s. -1.181 0.5663  
Migration stage n.s. -3.875 -3.8750 1, 268 9.14 0.003
Hours since individual started migration -0.0034 -0.0034 1, 257 20.57 <0.001    n.s.
Pressure (hpa) 0.0319 0.0119 1, 936 7.24 0.007 0.0724 0.0235 1, 311 9.5 0.002
Temp n.s. -0.2324 0.0657 1, 308 12.52 <0.001
Wind direction (side vs head) * Wind 
speed 

0.0268 0.0302 2, 3263 3.7 0.025 -0.1438 0.1389 1, 294 3.28 0.039

Wind direction (tail vs head) * Wind 
speed 

0.0906 0.0503       

Note: Variables included in the full initial model but excluded from final Model 1 because they were not 
statistically significant were: Land or water, Ring site, Pressure change code, Temperature, Visibility, and 
the interaction of Migration stage with these weather variables. For Model 2, Precipitation and Fog also 
were not significant. 

  

• Analysis of the effect of weather conditions on the altitude of swan flight were limited by (1) the 
swans’ tendency to migrate at low altitudes, within the ± 22 m accuracy of altitude measures recorded 
by the satellite transmitters (resulting in “negative altitude” records for swans known from the speed 
of flight to be airborne), and (2) insufficient resolution (altitude error of ± 30m to a resolution of 1 
km) in the digital terrain model developed from the US Geological Survey’s GTOPO30 data. Flights 
over land therefore were excluded from analyses of the altitude of flight presented here. Ground 
clearance by swans migrating over both land and water will be analysed in further detail as part of a 
DECC-funded 1-year extension to the project, for which Ordnance Survey digital terrain data are 
being purchased.  
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• Swans flying over water at altitudes of >22 m, and those at <22 m but flying at speeds of ≥20 kph, 
were selected for a preliminary analysis of whether weather conditions influenced the altitude of 
flight. The ≥20 kph flight speed threshold was selected on the basis that there was a clear division in 
the altitude of flight for swans recorded at ≥20 kph versus those travelling more slowly. This 
provided 45 altitude records (including 7 “negative altitude” records) for 23 swans known from their 
speed of flight to be flying within 100 km of a meteorological station (see below). There were few 
replicate measures (range = 1 – 4 altitude records per bird, except for 1 individual with 8 records), 
indicating that the data were relatively independent. Nevertheless, if a record was recorded ~1h from 
the previous record it was excluded from the analysis, which reduced the sample size to 41 locations. 
The speed of flight ranged from 0 – 6 kph for a further 194 locations, but at those low speeds and 
low altitudes we could not be confident that the birds were not swimming on the water. 

• Mean altitude of flight was 9 m (s.d. ± 16.2, n = 140) for swans migrating over water along the 
British coast and 32 m (s.d. ± 55.1, n = 560) when crossing from Britain to Iceland (overall mean = 
27 m, s.d. ± 50.7, n=700), with an additional margin of error of ± 22 m attributable to the accuracy of 
the altitude data recorded by the satellite tags. Flight altitude was higher for flights over land (mean 
altitude = 74 m, s.d. ± 122.7 n = 1,016), but this did not control for variation in terrain elevation. 

• Altitude of flight increased as the swans reached >500 km from Welney or Martin Mere, which was 
about the time that they started crossing from Britain to Iceland, but decreased again on approaching 
the Icelandic coast (Figure 12). 
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Figure 12. Altitude of flight in relation to distance from the wintering site. Distances of >500 km 
represent the crossing from Britain to Iceland. 
 

• Weather variables included in the analyses were limited to wind speed, wind direction, pressure and 
temperature data recorded at meteorological stations <100 km from the swans’ location; these data 
are relatively broad-ranging and therefore were taken as being valid of conditions experienced by the 
birds at distances of up to 100 km. As visibility, precipitation, cloud and fog conditions can be 
localised, these were not included in the altitude of flight analyses. 
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• Probability plot estimation of the altitude data found that these were not normally distributed but 
indicated that they followed a Weibull distribution. Of the 41 records considered, 37% were of <10 
m, but seven outliers (17% of locations) were of birds at >50 m, including five (12%) at >100 m. 
Spearman rank correlations therefore were used to determine whether there was a significant 
association between the continuous weather variables (i.e. wind speed, temperature and pressure) with 
a Kruskall-Wallis test used to compare altitude of flight under head, tail and side winds and also calm 
conditions.  

• There was no evidence from the Spearman rank correlations for an association between the 
continuous weather variables and altitude of flight (r s= 0.023, 0.040 and 0.009 for wind speed, 
temperature and pressure, respectively; d.f. = 39, n.s. in each case). Similarly, although all high 
altitudes (i.e. swans at >50 m) were recorded when the birds were flying with tail winds, there was no 
significant association between wind direction and the altitude of flight (Kruskall-Wallis H = 0.734, 
d.f. = 1, n.s. for a side wind versus tail wind comparison; head wind and calm omitted because n = 1 
in each case). 

• Assessment of the altitude of flight was limited by the exclusion of records when the swans were 
flying over land, but these data will be included in further analyses being undertaken in 2010. The 
future analyses will also consider adopting a probabilistic approach for identifying birds flying at low 
altitudes, as use of wind speed as a filter may have removed valid data for birds flying relatively slowly 
and may thus have biased the results. 
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3.4 OBJECTIVE 4: TO ASSESS THE POTENTIAL RISK TO WHOOPER SWANS FROM OFFSHORE 

WIND FARMS PARTICULARLY PERIODS OF POOR OR ADVERSE WEATHER CONDITIONS 

Three work tasks were identified under this objective and were completed as follows: 

 
3.4.1 Work Tasks 12, 13 and 14. Produce an interim report to COWRIE Ltd. describing the swans’ 
spring migration and altitude of flight in relation to offshore wind farm sites. Hold progress 
meeting with Project Officers. Synthesise data on swan location (satellite fixes) and altitude 
during migration in relation to the location of wind farms (and the height of the rotors) along the 
flyway, to determine the number of swans passing through one or more of the wind farm sites. 
Present a final report to COWRIE Ltd. with full analysis in December 2009. 

• The interim report was produced in July 2009 and presented to COWRIE Ltd. at a meeting on 
August 21 2009. During the meeting it was agreed that the Whooper Swan data should be analysed in 
relation to all offshore windfarm sites proposed in Round 1, Round 2, Round 3 and Scottish 
Territorial Waters (Table 9, Figure 13). This section of the report describes the Whooper Swans’ 
flight patterns through these specific windfarm areas. 
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Figure 13. The developmental status of offshore windfarms around the UK as of February 2010 
(ESRI shapefiles provided by the Crown Estate). Details of the current status of the windfarm sites 
are given in Table 9. The boxes show the areas within which there is possible overlap between Whooper 
Swan flight lines and the potential or actual footprints of the individual windfarms. Area ‘A’ includes the 
East Irish Sea, area ‘B’ the Solway Firth, area ‘C’ the North Channel/Inner Hebrides, area ‘D’ the Greater 
Wash/North Sea, area ‘E’ the Firth of Forth, area ‘F’ the Moray Firth. Note, two proposed R3 sites to the 
south at West Isle of Wight and Hastings are not shown. 
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Table 9. UK offshore Round 1 (R1), Round 2 (R2), Round 3 (R3) and Scottish Territorial Water 
(STW) windfarms sites as of February 2010. Site locations are illustrated in Figure 13. 

ID Name No. 
turbines 

Capacity 
(Mw) 

Status Round Area ( km2) 

1 Barrow 30 90 Operational R1 10 
2 Gwynt Y Mor 250 750 Consented R2 124 
3 Westermost Rough 80 240 Application R2 35 
4 West Duddon 140 500 Consented R2 67 
5 Walney 102 450 Consented R2 73 
6 Triton Knoll 286 1,200 Application R2 207 
7 Thanet 60 300 Under construction R2 35 
8 Sheringham Shoal 108 315 Consented R2 35 
9 Scroby Sands 30 60 Operational R1 9 
10 Robin Rigg 60 216 Under construction R1 18 
11 Rhyl Flats 30 100 Operational R1 10 
12 Race Bank 100 500 Application R2 75 
13 Ormonde 30 108 Consented R1 10 
14 North Hoyle 30 60 Operational R1 10 
15 Lynn 27 90 Operational R1 10 

16 London Array 271 1,000 
Consent for full wind 
farm  subject to Phase 1 R2 246 

17 Lincs 120 250 Consented R2 35 
18 Kentish Flats 30 90 Operational R1 10 
19 Inner Dowsing 27 90 Operational R1 10 
20 Humber Gateway 70 300 Application R2 35 
21 Gunfleet Sands (2) 20 64 Under construction R2 6 
22 Gunfleet Sands (1) 30 108 Under construction R1 10 
23 Inner Gabbard 100 360 Under construction R2 112 
24 The Galloper 40 140 Under construction R2 34 
25 Dudgeon 60 300 Application R2 35 
26 Burbo Bank 25 90 Operational R1 10 
27 Teeside 30 90 Consented R1 10 
28 Scarweather Sands 30 108 Withdrawn R1 10 
29 Docking Shoal 100 500 Application R2 75 
30 Moray Firth    R3 522 
31 Firth of Forth    R3 2,859 
32 Dogger Bank    R3 8,551 
33 Hornsea    R3 4,741 
34 Norfolk    R3 5,872 
35 Hastings    R3 271 
36 West Isle of Wight    R3 724 
37 Bristol Channel    R3 950 
38 Irish Sea    R3 2,161 
39 Argyll Array  1,500  STW 361 
40 Solway Firth  300  STW 61 
41 Wigtown Bay  280  STW 51 
42 Islay  680  STW 95 
43 Kintyre  378  STW 69 
44 Beatrice  920  STW 121 
45 Bell Rock  700  STW 93 
46 Neart na Gaoithe  360  STW 105 
47 Inch Cape  905  STW 150 
48 Forth Array  415  STW 128 
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• The migratory route characteristics of 35 solar GPS satellite tagged Whooper Swans (17 from Martin 
Mere (MM), 13 from Welney (WE) and 5 from Caerlaverock (CK)) were analysed in relation to the 
distribution of the potential and actual footprint areas of individual windfarms in six key overlapping 
areas: the East Irish sea, the Solway Firth, the North Channel/Inner Hebrides, the Greater 
Wash/North Sea, the Firth of Forth and the Moray Firth. A total of 48 Round 1 (R1), Round 2 (R2), 
Round 3 (R3) and Scottish Territorial Water (STW) offshore sites were considered in the analysis 
(Figure 13). Two tables are presented in the Appendices for the East Irish Sea and the Solway Firth 
areas –for birds whose tracks either did or did not pass across proposed and existing windfarm 
footprints. 

• Of 19 swans tagged at Martin Mere that flew across the East Irish Sea, up to seven extrapolated flight 
lines (37% of birds tagged at Martin Mere) passed across the existing or proposed R1 and R2 
windfarm sites of Barrow, Ormonde, Walney and West Duddon, with another eight tracks (42%) 
passing within 5 km of these sites. For the 15 tracks passing across or within 5 km of the windfarm 
sites, the tracks were extrapolated from GPS fixes just one hour apart in 12 cases and from GPS fixes 
> six hours apart in three cases. No birds (except for the aberrant track of U7A that over-summered 
in Ireland) passed within 10 km of the Irish Sea (R3) site (Figure 14, Appendices 1 & 2). 
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Figure 14. The migratory routes across the East Irish Sea of 19 Whooper Swans tagged at WWT 
Martin Mere. GPS fixes are shown as are the extrapolated flight lines between these points. 
 
• Of 19 swans tagged at Martin Mere, for which 20 tracks were recorded crossing the Solway Firth (one 

bird having returned south), up to ten extrapolated flight lines (50% of tracks recorded) passed across 
the existing or proposed R1 or STW windfarm sites of Robin Rigg, Solway Firth and Wigtown, with 
another two (10%) passing within 5 km of these sites. These tracks were extrapolated between GPS 
fixes that were one hour apart except in one case where the fixes were seven hours apart. Eight other 
tracks (40%) that crossed the Solway were not likely to have been within 5 km of the sites (Figure 15, 
Appendices 3 & 4). 
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Figure 15. The migratory routes across the Solway Firth of 19 Whooper Swans tagged at WWT 
Martin Mere in relation to the R1 windfarm site under construction at Robin Rigg (10) and the 
proposed STW sites of Solway Firth (40) and Wigtown (41). GPS fixes are shown as are the 
extrapolated flight lines between these points. 
 
• Of 17 swans tagged at Martin Mere passing through the North Channel/Inner Hebrides area (mostly 

over land) no birds are likely to have flown within 50 km of the Islay (STW) site and none are likely to 
have come within 15 km of the Kintyre (STW) site. One bird came within 10 km of the Argyll Array 
(STW) although this bird had behaved aberrantly since departing MM and failed to complete the 
crossing to Iceland (Figure 16, Appendix 5).  
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Figure 16. The migratory routes across the North Channel/Inner Hebrides of 17 Whooper Swans 
tagged at WWT Martin Mere in relation to the STW windfarm sites at Kintyre (43), Islay (42) and 
the Argyll Array (39). GPS fixes are shown as are the extrapolated flight lines between these points. 
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• All five Caerlaverock birds (green tracks) and 16 out of 17 Martin Mere birds (dotted tracks) were 
confined to a relatively narrow migratory corridor of c. 70 km wide on passing Coll and Skye and 
heading out to sea via either the southern half of Lewis or predominantly North Uist/Benbecula. 
Four Welney birds (red tracks) exited the UK via the northern half of Lewis with a further nine 
leaving from the north or northwest coast of mainland Scotland (Figure 17). 
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Figure 17. The exit points of 22 satellite tagged Whooper Swans departing from the UK on spring 
migration. 
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• Of 15 swans tagged at Welney, no birds flew within 30 km of any of the proposed R3 offshore 
windfarm sites in the Greater Wash area, and it is unlikely that any of the flight paths crossed existing 
or proposed R1 or R2 sites either. The closest a track came was 4 km to the site proposed at 
Westermost Rough (R2) (Figure 18, Appendix 6). Track extrapolations are between GPS fixes just 
one hour apart. The flight paths of the swans generally go to the east or west of the high ground of 
the North York Moors with most taking a landward route to the west. 
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Figure 18. The migratory routes up the east coast of Britain across the Greater Wash/North Sea 
of 15 Whooper Swans tagged at WWT Welney in relation to the cluster of R1 operational sites at 
Lynn (15), Inner Dowsing (19) and Scroby Sands (9), and the consented site at Teeside (27), R2 
application sites at Docking Shoal (29), Race Bank (12), Dudgeon (25), Triton Knoll (6), Humber 
Gateway (20), Westermost Rough (3), and consented sites at Lincs (17) and Sheringham Shoal 
(8), and the R3 windfarm sites proposed at Dogger Bank (32), Holderness (33) and Norfolk (34). 
GPS fixes are shown as are the extrapolated flight lines between these points.  
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• Of the 14 swans tagged at Welney reaching the Firth of Forth, only one bird stopped and flew within 
the proposed windfarm area at Neart na Gaoithe (STW) and no birds passed within 10 km of the 
Firth of Forth (R3) site (Figure 19, Appendix 7).  

• The route details of eight birds making significant over sea crossings within 20 km of the STW sites 
are given in Appendix 7. All extrapolated flight tracks over the sea past the windfarm areas are 
between GPS fixes just one hour apart except for tags 89274 and 89280 where the GPS fixes were 
seven hours apart (although a conventional fix gave an indication of the bird’s location in between 
these fixes), tag 89283 where on the second leg of the flight the fixes were 12 hours apart, and tag 
89247 where on the first leg of the flight the fixes were seven hours apart. Note that track 89285 
shows a bird which was rarely recorded flying after it was tagged at Welney (except when crossing 
high ground to the north of the Firth of Forth area). It over-summered in Strathspey where the tag 
was recovered after it was found dead having collided with power lines. 
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Figure 19. The migratory routes up the east coast of Britain and across the Firth of Forth of 14 
Whooper Swans in relation to the cluster of STW sites at Forth Array (48), Neart na Gaoithe (46), 
Bell Rock (45) and Inch Cape (47) and the proposed R3 site of Firth of Forth (31). GPS fixes (plus 
two conventional fixes) are shown as are the extrapolated flight lines between these points.  
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• Of the 12 swans tagged at Welney reaching the Moray Firth (one bird took a more westerly route 
through Scotland), it is likely that only two birds came within 10 km of the Moray Firth (R3) site, one 
of which was possibly within 1 km of the site, and none came within 20 km of the Beatrice (STW) site 
(Figure 20, Appendix 8). 

• The route details of seven birds making significant sea crossings over the Moray Firth within 50 km 
of the sites are given in Appendix 8. All extrapolated flight tracks over the sea past the windfarm 
areas were between GPS fixes just one hour apart except for the second leg of tag 89274 and 89278 
where the GPS fixes were seven hours apart. Bird 89279 over-summered near Thirsk, and bird 89285 
remained near Rothes, Strathspey, where the tag was recovered after the swan was found dead having 
collided with power lines. Bird 89285 was rarely recorded flying after it was tagged at Welney (except 
when crossing high ground to the north of the Firth of Forth area). 
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Figure 20. The migratory routes through Scotland and across the Firth of Forth of 13 Whooper 
Swans tagged at WWT Welney in relation to the STW site at Beatrice (44) and the R3 site 
proposed at Moray Firth (30). GPS fixes are shown as are the extrapolated flight lines between these 
points.  
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• It is likely that most Whooper Swans from Martin Mere and Caerlaverock were migrating through the 
Irish Sea/Solway Firth/North Channel offshore areas between 19 – 21 March and 29 March – 2 April 
mainly from 06:00 – 11:00 and 18:00 - 20:00 (and probably in between as the tags were off for 
charging from 11:01 to 17:59 GMT (Figures 21 & 22). 
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Figure 21. The dates on which Martin Mere Whooper Swans made significant sea crossings 
through or adjacent to proposed or existing windfarms in three core areas along the west coast of 
Britain. 
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Figure 22. The time of day at which Martin Mere Whooper Swans made significant sea crossings 
through or adjacent to proposed or existing windfarms in three core areas along the west coast of 
Britain. Tags off for recharging from 11:01-17:59 GMT. 
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• Most Whooper Swans from Martin Mere and Caerlaverock travelled during the day rather than the 
night by the time they reached the North Channel area, within the Irish Sea and the Solway Firth 
travel was conducted equally under day and night and often without the aid of moonlight (Figure 23). 
Of 6,525 satellite fixes recorded throughout the migration period, the swans were flying on 521 
(17.6%) of 2,960 day-time fixes, 166 (13.4%) of 1,239 moonlight fixes and 177 (7.6%) of 2,326 
locations in the dark. 
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Figure 23. The prevailing light levels for Martin Mere Whooper Swans making significant sea 
crossings through or adjacent to proposed or existing windfarms in three core areas along the 
west coast of Britain. 
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• Birds travelled through the windfarm areas of the west coast mainly under tailwind conditions of less 
than 30 kph (Figures 24 & 25). 
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Figure 24. The prevailing wind direction relative to the direction of travel for Martin Mere 
Whooper Swans making significant sea crossings through or adjacent to proposed or existing 
windfarms in three core areas along the west coast of Britain. 
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Figure 25. The wind speeds at which Martin Mere Whooper Swans made significant sea 
crossings through or adjacent to proposed or existing windfarms in three core areas along the 
west coast of Britain (for reference, 28 kph = Beaufort 4, moderate breeze). 
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• Most birds travelled in visibility conditions of 2 – 16 km (73%, n=96), or 18 – 30 km (25%, n=96), 
but as limited as 2 km (Figure 26). However, the relevance of these weather data depend on the 
distance of the bird to the nearest weather station and in relation to how localised the weather 
conditions were, e.g. mist and fog banks can be localised to an area of just a few kilometres or 
visibility can be excellent at just a few meters of altitude. 
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Figure 26. The visibility conditions under which Martin Mere Whooper Swans made significant 
sea crossings through or adjacent to proposed or existing windfarms in three core areas along the 
west coast of Britain. 

• The swans mostly travelled under conditions of high and rising atmospheric pressure, probably due 
to its association with better general weather conditions and lighter winds. Few birds made offshore 
migratory movements through west coast windfarm areas during conditions of less than 1,010 hPa 
(Figures 27 & 28). 
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Figure 27. The atmospheric pressure conditions under which Martin Mere Whooper Swans made 
significant sea crossings through or adjacent to proposed or existing windfarms in three core 
areas along the west coast of Britain. 
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Figure 28. The change in atmospheric pressure at the times when Martin Mere Whooper Swans 
made significant sea crossings through or adjacent to proposed or existing windfarms in three 
core areas along the west coast of Britain. 

 
• For Martin Mere birds flying within the Irish Sea area, proximal to the windfarm sites, the median 

flight height was 12 m a.s.l. (n = 16) with 94% at or below 50 m and 63% at or below 20 m (Figure 
29). Similarly in the Solway Firth area median flight height was 13 m (n = 11) with 91% at or below 
50 m and 64% at or below 20 m. In the North Channel area, the median flight height increased to 100 
m (n = 14), with 43% at or below 50 m and 29% at or below 20 m. The increase in flight height over 
water is likely to be due to the nature of the landscape in that area, with the swan’s flight paths often 
intersecting the higher land areas of the Argyll and Inner Hebrides region. For example, tag 89262 
just north of the Argyll Array (STW) site recorded a height over water of 262m for a GPS fix located 
centrally within the c.3km wide sea inlet of Loch Sunart between land areas to the north and south of 
300+m. 

• These summary statistics exclude two outliers, birds 89251 and 89267. With the rotors of offshore 
windfarms generally sweeping the area from 20–120 m a.s.l., these two swans recorded flight heights 
of 172 m and 160 m at 8.9 km and 3.8 km north of Barrow and Robin Rigg, respectively. The flight 
heights of these birds one hour previously had been 40 m above land of height c.3 m and 55 m above 
land of height c.10 m, respectively. Albeit a very small sample size, that these two birds may have 
shown an avoidance response by ascending over the operational R1 windfarm site at Barrow, and the 
R1 site at Robin Rigg which was under construction at the time of the spring 2009 migration, with 
many of the turbines in place. The Barrow crossing was at dawn whereas the Robin Rigg crossing was 
at night under moonlight, although possibly cloudy, conditions. 
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Figure 29. The flight heights of Martin Mere Whooper Swans over sea and land (corrected for 
land height) through or adjacent to proposed or existing windfarms in three core areas along the 
west coast of Britain.  

 
• The dates and times at which Welney birds crossed east coast offshore windfarm areas were similar to 

those seen on the west coast although sample sizes were smaller as more birds migrated over land. 
Welney birds did, however, migrate in the period from 02:00 – 04:00 although flights through 
offshore areas were few from 21:00 – 04:00 (Figures 30 & 31). 
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Figure 30. The dates on which Welney Whooper Swans made significant sea crossings through 
or adjacent to proposed or existing windfarms in three core areas along the east coast of Britain. 
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Figure 31. The time of day at which Welney Whooper Swans made significant sea crossings 
through or adjacent to proposed or existing windfarms in three core areas along the east coast of 
Britain. Tags off for recharging from 11:01-17:59 GMT. 
 
• Many more birds from Welney compared to Martin Mere chose to migrate through offshore areas 

during daylight hours (Figure 32). 
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Figure 32. The prevailing light levels for Welney Whooper Swans making significant sea 
crossings through or adjacent to proposed or existing windfarms in three core areas along the 
east coast of Britain. 
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• Migrations through offshore areas, as with west coast birds, were conducted predominantly under 
tailwind conditions or those with a sidewind component, with all crossings being made under 
relatively low wind speeds (Figure 33 & 34). 
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Figure 33. The prevailing wind direction relative to the direction of travel for Welney Whooper 
Swans making significant sea crossings through or adjacent to proposed or existing windfarms 
in three core areas along the east coast of Britain. Spring migration was in a NNW direction (i.e. 
337.5º) for all birds heading for Iceland through the UK. Head winds therefore were winds of 271-360º 
and 0-45º, side winds were from 226-270º and 46-90º, and tails winds were from 91-225º. The direction 
of head winds and tail winds were switched for autumn migration. 
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Figure 34. The wind speeds at which Welney Whooper Swans made significant sea crossings 
through or adjacent to proposed or existing windfarms in three core areas along the east coast of 
Britain. 
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• As with west coast birds, Welney birds travelled under relatively low visibility conditions although this 
was possibly associated with the hazy conditions characteristic of high pressure systems with no birds 
travelling from Welney under prevailing atmospheric pressures of <1,010 hPa, with pressures 
generally high or falling slightly (Figures 35, 36 & 37). 
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Figure 35. The visibility conditions under which Welney Whooper Swans made significant sea 
crossings through or adjacent to proposed or existing windfarms in three core areas along the 
east coast of Britain. 
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Figure 36. The atmospheric pressure conditions under which Welney Whooper Swans made 
significant sea crossings through or adjacent to proposed or existing windfarms in three core 
areas along the east coast of Britain. 
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Figure 37. The change in atmospheric pressure at the times when Welney Whooper Swans made 
significant sea crossings through or adjacent to proposed or existing windfarms in three core 
areas along the east coast of Britain. 
 
In the Greater Wash/North Sea area the median offshore flight height was 30 m, with 89% at or below 
50 m and 22% at or below 20 m (Figure 38). Excluding an outlying flight height of 365 m, the median 
flight height in the Firth of Forth area was 1 m (n = 5), with 100% at or below 50 m and 80% at or below 
20 m. As seen with the North Channel offshore passage on the west coast, the increased flight height of 
the outlier was likely to be due to the preceding position of the bird over an area of relatively high land 
with the bird at 315 m above land of c.280 m height one hour earlier. For the Moray Firth area, the 
median flight height was 1 m (n = 6), with 100% at or below 50 m and 83% at or below 20 m.  
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Figure 38. The flight heights of Welney Whooper Swans over sea and land (corrected for land 
height) through or adjacent to proposed or existing windfarms in three core areas along the west 
coast of Britain.  
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• The birds from all areas appeared to travel under a variety of weather conditions, although weather 
conditions can be localised and may thus not represent the actual conditions at the location of the 
swan (Figure 39). 
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Figure 39. The weather observations at the nearest Met stations to all GPS fixes given in 
Appendices 1–9. 
 
• Because of the southerly nature of the WWT sites, Whooper Swan from these sites tended to stop off 

at or overfly sites of national or international importance further north (as defined in the Waterbird 
Review Series (Robinson et al. 2004). These sites held from 57 to 1,673 swans on average in the peak 
winter periods from 1995/1996-1999/2000. Thus it is suspected that the migration routes of the 
tagged birds provided a good representation of the routes likely to be used by most UK wintering 
Whooper Swans (Figure 40). 

• Within England and Scotland (excluding Orkney and Shetland) there are 25 sites of national or 
international importance including those at Welney (No. 27), Martin Mere (26) and Caerlaverock (4). 
Welney birds stopped off at or overflew within 5 km of ten sites including: Humber Estuary (24), 
Lower Derwent Valley (25), Druridge Bay (23), the River Tweed flocks at Baron’s Folly (17), 
Rutherford (19) and Kelso to Coldstream (18), Loch of Lintrathen (9), River Spey/Insh Marshes (16), 
Cromarty Firth/Loch Eye (2), Dornoch Firth (3); and came within 10 km of the two sites at Loch 
Leven (8) and Tyninghame Estuary (21). Martin Mere and Caerlaverock birds stopped off at or 
overflew within 5 km of five sites including: River Nith/Islesteps (5), Threave (20), Wigtown (22) 
Black Cart Water (1) and Loch a’Phuill (6); and came within 10 km of the two sites at 
Merryton/Carbarns (13) and River Clyde/The Meetings (15). 
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Figure 40. The migratory routes of the tagged Whooper Swans in relation to recognised sites of 
national or international importance for this species within Britain and Ireland (as defined in the 
Waterbird Review Series (Robinson et al. 2004).  
 
• Of eight birds producing reasonably detailed tracks during the autumn migration, four made landfall 

in Ireland (after a brief pause by one in the Outer Hebrides) and thus birds arrived across a broader 
front than was apparent in the spring. Six of these birds passed within 10 km of offshore windfarm 
sites, with five birds passing through or immediately adjacent to planned sites. One bird out of the 
two returning to Caerlaverock probably passed through three the potential offshore STW sites of 
Argyll Array, Kintyre and Wigtown. The only bird returning to Martin Mere with a fully functional tag 
passed through the Argyll Array and Kintyre sites and within 1 km of Walney/West Duddon (R2). Of 
the only two birds heading for Welney, one passed through the proposed Neart na Gaoithe (STW) 
site and the other moving from Ireland in late December passed through the proposed Kintyre 
(STW) site. Despite the very small sample sizes, Whooper Swans on autumn migration may be more 
likely to pass through windfarm sites (Figures 41 & 42, Appendix 9). 
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Figure 41. Migration routes of the eight Whooper Swans that produced reasonably detailed tracks 
during the autumn migration period.  
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Figure 42. Autumn migration routes of eight Whooper Swans from Iceland to the UK in 2009 in 
relation to offshore wind farm areas. Where tracks passed within 10 km of proposed windfarm areas, 
details are provided in Appendix 9. 

• Five coastal reference points: two on the west coast (East Irish Sea coast and Kintyre) and three 
on the east coast (Humber, Firth of Forth and Moray Firth), were chosen to examine the 
influence of wind direction on the tracks taken by the swans in the vicinity of the main offshore 
windfarm areas (Figure 43). As in other parts of this study, wind data was taken from the 
meteorological station closest to the swans’ locations. The reference points were chosen on the 
basis that there were close to main windfarm areas, but some distance from the initial catch sites, 
to improve the likelihood of weather conditions influencing the routes taken by the swans. Only 
swans migrating from Welney and Martin Mere were considered as Caerlaverock swans would 
pass only the Kintyre reference point.   

• The distance from these coastal reference points to each extrapolated track between the GPS 
points on passing south to north past these reference points was calculated.  Distances were 
calculated only where the GPS fixes were 1 h apart; extrapolations between points more >1 h 
apart were excluded from further analysis.  Tracks for birds which did not complete the journey 
to Iceland or over-summered in the UK or Ireland were also excluded, as were those for two 
birds which accompanied other tagged birds from Welney (to avoid pseudo-replication).  By 
choosing coastal reference points some distance apart but proximal to the main windfarm areas 
autocorrelation in the data should be minimal as the swans often stopped for a few hours to a 
few days between these sites.   

• The distance from the tracks to the reference points was given as positive for birds passing to the 
east of them and negative for birds passing to the west of them.  Figure 44 shows the 
relationship between wind direction and the relative location of these birds in relation to the 
coastal reference points during spring migration, with increasingly negative values on the y-axis 
indicating birds following a more westerly track.  As expected for birds generally trying to head in 
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a NNW direction (337.5°) towards Iceland, a curvilinear pattern is seen in the tracks, showing 
signs of drift.  With winds from a more easterly direction (<157.5° but >0°) swans would be 
expected to drift in a more westerly direction (i.e. a negative direction in Figure 44).  Winds from 
the west (>180° and <337.5°) would be expected to have the opposite effect.  On the west coast 
for birds of Martin Mere origin, winds from the east mean that the swans have more chance of 
passing through the offshore windfarm areas, and vice versa on the east coast.   

• The effects of wind speed and the choices a swan makes during migration with regard to 
topography have not been taken into account in this preliminary analysis. More detailed analysis 
of the influence of wind direction on drift in the swans’ migration tracks is planned for the 
future. 
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Figure 43.  Location of five coastal reference points used for assessing the direction of swan 
flight in relation to wind direction.   
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Figure 44. Swan location in relation to the coastal reference points for varying wind directions, 
for swans on spring migration from Martin Mere.  Negative values indicate a westerly track; winds 
between 180o – 337.5o are from a westerly direction (i.e. would be expected to push the birds eastwards). 
The curvilinear pattern is indicative of birds aiming NNW towards Iceland on westerly winds. 

 

3.4.2 Work Task 16. Disseminate results more widely, via articles published in WWT’s popular 
magazines “WaterLife” and “Goose News”, in which funding partners would be fully 
acknowledged. 

• A full colour article describing the study was featured in a special edition of Tracker News (Vol. 10, 
Issue 1, Spring 2009). The magazine is produced for the scientific animal-tracking community by 
Microwave Telemetry Inc.  

• During 2009, the project was featured in one news item and one feature article in WWT’s “Waterlife” 
magazine. 

• An article was also published in Goose News (Vol. 8), which is published by WWT/JNCC for those 
involved in goose and swan research and conservation, and which is also posted on the WWT 
website. 

• The project will be featured in WWT’s Conservation Report, due to be published in spring 2010. 

• Results of the study are to be presented at the British Ornithologists’ Union (BOU) meeting at the 
University of Leicester in April 2010, and a paper will be submitted for publication in the scientific 
journal Ibis thereafter. 
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4 Summary of Progress 
The table below summarises the progress to date and the milestones achieved with regard to the 
objectives and work tasks outlined in the tender, with those shaded in dark grey having been completed 
since the interim report: 

Objective Work 
Task 

Deadline Milestone Work completed 

1) Nov 2008 – 
Feb 2009 

Whooper Swans caught at 
wintering sites in Britain (up 
to 40 birds carrying GPS 
tags) 

40 Whooper Swans fitted 
with GPS tags by mid-
March 2009 

2) Nov 2008 – 
April 2009 

ARGOS data down-load. 
Mid-winter movements and 
spring migration from 
Britain to Iceland described 

ARGOS data down-
loaded throughout spring 
migration from Britain to 
Iceland 

3) May 2009 ARGOS data down-load. 
Use of spring staging sites 
in Iceland described 

ARGOS data down-
loaded during the swans’ 
spring staging period in 
Iceland and the 
subsequent breeding 
season 

4) End August 
2009  

Whooper Swans caught at 
moult sites in Iceland (up to 
10 birds caught in Iceland 
carrying GPS tags) 

Eleven tags fitted to 
Whooper Swans in 
Iceland in August 

1. To determine the 
migration routes and 
flight heights of 
Whooper Swans between 
their breeding grounds in 
Iceland and the UK in 
relation to offshore wind 
farms 

5) Sep-Nov 
2009 

ARGOS data down-load 
(for all functioning 
transmitters). Autumn 
migration routes from 
Iceland to wintering sites in 
southern Britain determined 

ARGOS data down-
loaded throughout 
autumn migration from 
Iceland to Britain 

6) Nov 2008 Templates in place for 
swans to be added and 
content developed. 

Website development 
from Nov 2008- Feb 
2009 

7) Feb 2009 Website goes live Website launched in 
March 2009 

2. To publish the results 
on a website to provide 
up to date information 
on the Whooper Swans’ 
migration routes and 
flight heights and to 
provide easy access to all 
interested parties 
including the public 

8) Feb-Dec 
2009 

Automatic updates of the 
swans’ movements on the 
maps, with regular 
descriptive updates of the 
birds’ progress 

Blogs and updates of the 
swans’ satellite tracks 
added to the “Super 
Whooper” website 
throughout the year and 
into 2010 

9) June-July 
2009 

Download archive weather 
data, for the swans’ 
locations during spring 
migration, from appropriate 
websites. Add to a GIS and 
overlay with swan location 
and flight height data 

Weather data sourced, 
downloaded and added 
to the GIS 

3. To assess potential 
impacts of weather 
during migration, 
particularly periods of 
poor or adverse weather 
conditions 

10) November 
2009 

Download archive weather 
data, for the swans’ 
locations during autumn 
migration, from appropriate 
websites. Add to a GIS and 
overlay with swan location 
and flight height data 

Weather data during 
autumn migration period 
also downloaded and 
added to the GIS; 
overlaid with swan 
location and flight height 
data 
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Objective Work 
Task 

Deadline Milestone Work completed 

 11) End Feb 
2010 

Analyse flight speed, 
location and altitude in 
relation to prevailing 
weather conditions for all 
satellite-tracked birds 

Data analysis undertaken 

12) End July 
2009 
 

Present an interim report to 
COWRIE Ltd. describing 
the swans’ spring migration 
and altitude of flight in 
relation to offshore wind 
farm sites. Progress meeting 
with Project Officers 

Interim Report 
submitted to COWRIE 
in July 2009 and 
presented at a meeting 
on 21 August 2009 

13) End Feb 
2010 

Synthesis of data on swan 
location (satellite fixes) and 
altitude recorded during 
migration, in relation to the 
location of wind farms and 
the height of the rotors 
along the flyway, to 
determine the number of 
swans passing through one 
or more of the wind farm 
sites. 

Data collated and 
altitude of migration 
assessed in the vicinity of 
the wind farm sites 

14) End Feb 
2010 

Present final report to 
COWRIE Ltd, with full 
analysis of both spring and 
autumn swan migrations 

Draft final report 
submitted to COWRIE 

15) End Feb 
2010 

Detailed data analyses. 
Results reported to relevant 
agencies (EN, SNH, 
SEERAD, BERR, DEFRA) 
for consideration 

Meeting to present the 
data to be held in mid 
March 

16) End Dec 
2009 

Popular articles prepared 
for publication in 
“Waterlife” and/or “Goose 
News” 

Popular articles have 
been published in 
Tracker News, Waterlife, 
Goose News and in the 
WWT Conservation 
Report 

17) End July 
2010 

Draft paper produced using 
data obtained; possibly 
leave to 2010 if tags 
continue to function 

A paper will be prepared 
and submitted for 
publication in Ibis 

4. To assess the potential 
risk to Whooper Swans 
from offshore wind 
farms 

18) April 2010 
BOU 

Results presented at 
international conference or 
workshop (e.g. the British 
Ecological Society’s annual 
conference) 

Results of the study are 
to be presented at the 
British Ornithologists’ 
Union (BOU) meeting at 
Leicester University in 
April 2010 and at the 5th 
International Swan 
Symposium in Chile in 
November 2010 
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7 Appendices 
In the Appendices, the following definitions are used: 

• ‘Sun alt.’ and ‘Moon alt.’ refer to the distance of the sun or moon above or below the horizon in 
degrees from the point of view of the GPS position given by the tag at the specific date and time 
recorded.  

• ‘Wind dir.’, ‘Wind speed’, ‘Vis.’, ‘Pressure’, ‘Pressure change’ and ‘Weather’ refer to the wind 
direction and speed, the visibility, pressure and pressure change (at the height of the weather 
station) and the weather observation made at the closest weather station (in the Met Office 
network) to the tag fix at the date and time recorded.  

• Spring migration was in a NNW direction (i.e. 337.5º) for all birds heading for Iceland through 
the UK. Head winds therefore were winds of 271-360º and 0-45º, side winds were from 226-270º 
and 46-90º, and tails winds were from 91-225º. The direction of head winds and tail winds were 
switched for autumn migration. 

• Some weather stations did not record observations of the prevailing weather conditions and for 
some automated stations there were occasionally gaps in the sequence of data. The distance to 
the closest weather station, ‘Met Stn dist’, gives an indication of its relevance to the prevailing 
conditions at the actual location of the bird.  

• ‘Last fix dist.’ refers to the distance of the final GPS fix of a migratory leg compared to the 
previous fix which, in combination with the bird’s speed, and the weather data, allows for a 
subjective assessment of when the bird migrated or whether it stopped in between the two fixes.  

• ‘Bird alt.’., ‘Bird speed’ and ‘Bird dir.’ refer to the bird’s altitude above sea or ground level, and to 
the speed and direction as recorded by the tag at the time of the GPS fix. The value of Bird alt. 
was corrected for the land height recorded at that position if the bird was flying over land – these 
values are shown in italics with the actual height recorded by the tag being given in the footnotes 
to each table.  

• ‘Light level’ during migration was classified as ‘Daylight’ if the sun was more than -4° above the 
horizon for the majority of the migratory leg between two fixes, ‘Darkness’ if the sun and moon 
were both below this level and ‘Moonlight’ if the moon was above the horizon with more than 
40% of its disc illuminated. This interpretation does not take into account the potential effects of 
prevailing weather conditions on local light levels. 

 
In summarising the data the following rules were used:  

• If there was a gap of between two to seven hours between stationary fixes then the weather data 
were averaged between the two points.  

• If the bird was moving at the time of one of the fixes then the weather data associated with that 
point only were used.  

• If the time period between fixes was longer then only the data related to the date of earliest 
possible departure and the average pressure data were used.  

• To avoid pseudo-replication, only light level data referring to each leg of a journey were included.  
• If a bird continued along a route under a different light regime it was assumed that the bird had 

made a decision to continue navigation under these changed conditions and the data were 
included.  

• Flight altitude data only includes bird locations over the sea when the birds were moving; flight 
heights over land will be analysed in a DECC-funded extension of the study. 
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Appendix 1. Details of the seven Whooper Swans shown in Figure 14 whose extrapolated tracks passed across the Round 2 Consented (R2 – C) site of West 
Duddon/Walney or the Round 1 Operational (R1 – O) site of Barrow or Consented (R1 – C) site at Ormonde.  
Tag 
(89) 

GPS Fix Relative to 
Windfarm 

Date 
(2009) 

Time Sun 
Alt. 
(°) 

Moon 
Alt. (°) 

Wind 
Dir. 
(°) 

Wind 
Speed 
(kph) 

Vis 
(km) 

Pressure 
(hPa) 

Pressure 
Change 

Weather Met Stn 
Dist. 
(km) 

Wind 
Farm 
Dist (km) 

Last 
Fix 
Dist (km) 

Bird 
Alt 
(m) 

Bird 
Speed 
(kph) 

Bird 
Dir 
(°) 

Light level 

261 
S of West Duddon 
/Walney (R2 - C) 04/03 14:00 26.8 34.3 270 13.0 15 981 Rising Mostly cloudy 18.6 51.1  14 0 278  

261 
N of West Duddon 
/Walney (R2 - C) 05/03 10:00 21.4 -2.8 315 31.5 21 993 Rising No data 64.1 133.8 209.0 71 1 120 Unknown 

263 
S of West Duddon 
/Walney (R2 - C) 04/03 14:00 26.8 34.3 270 13.0 15 981 Rising Mostly cloudy 17.1 48.0  1 0 341  

263 
N of West Duddon 
/Walney (R2 - C) 05/03 10:00 21.4 -2.8 315 31.5 21 993 Rising No data 64.1 133.8 206.1 60 0 335 Unknown 

265 
S of West Duddon 
/Walney (R2 - C) 19/03 08:00 14.1 7.7 90 1.9 1.2 1029 Rising Fog 28.5 30.6  4 1 309  

265 
In West Duddon 
/Walney (R2 - C) 19/03 09:00 21.6 4.3 90 14.8 3.4 1029 Rising Hazy 58.5 0.0 34.7 1 2 300 Daylight 

265 
In West Duddon 
/Walney (R2 - C) 19/03 10:00 28.2 -0.5  0.0 4.1 1030 Rising No data 57.3 0.1 7.0 1 70 313 Daylight 

265 
N of West Duddon 
/Walney (R2 - C) 19/03 11:00 32.8 -6.6 135 7.4 6 1030 Rising No data 38.2 10.4 24.1 1 3 316 Daylight 

249 
S of West Duddon 
/Walney (R2 - C) 02/04 06:00 1.7 -11.5 90 7.4 5 1023 Falling Mist 28.1 31.9  20 2 265  

249 
In West Duddon 
/Walney (R2 - C) 02/04 07:00 10.3 -10.5 135 11.1 14 1024 Falling No data 50.7 0.0 45.7 17 67 329 Daylight 

249 
N of West Duddon 
/Walney (R2 - C) 02/04 08:00 18.2 -7.7 135 14.8 22 1024 Falling No data 50.2 73.0 83.4 22 89 322 Daylight 

256 
South of Ormonde 
(R1 - C) 02/04 11:00 39.1 8.8 90 11.1 12 1023 Falling Overcast 18.8 61.6  7 0 212  

256 
North of Ormonde 
(R1 - C) 03/04 06:00 1.8 -12.6 180 16.7 2.7 1017 Falling No data 32.0 18.8 84.6 1 2 2 Daylight 

251 
South of Barrow 
(R1- O) 29/03 06:00 0.3 -2.7 135 7.4 13 1012 Rising Clear 20.4 42.4  401 67 314  

251 
North of Barrow 
(R1- O) 29/03 07:00 8.9 4.5 135 9.3 29 1012 Rising No data 52.1 8.9 55.5 172 51 324 Daylight 

251 
South of Ormonde 
(R1 - C) 29/03 08:00 17.5 12.6 135 9.3 21 1012 Rising No data 51.8 1.2 0.5 8 1 57  

251 
North of Ormonde 
(R1 - C) 29/03 09:00 25.1 21.0 135 16.7 24 1012 Steady No data 10.6 38.5 43.9 11 75 347 Daylight 

267 
South of Barrow 
(R1- O) 19/03 19:00 -6.2 -62.1 90 13.0 5 1030 Rising Hazy 25.1 34.1  2 1 345  

267 
North of Barrow 
(R1- O) 19/03 20:00 -14.3 -60.3  0.0 6 1030 Rising No data 31.1 29.4 68.1 4 90 324 Darkness 

1 tag height 43 m. 
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Appendix 2. Details of 12 Whooper Swans shown in Figure 14 that crossed from south to north across the East Irish Sea (plus bird 89267 which crossed from North to 
South) that probably did not cross any of the windfarm footprints proposed or located within that area. 

Tag 
(89) 

Position Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist (km) 

Closest 
windfarm 

Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) 

Light level 

260 South 19/03 05:00 -12.1 5.9 90 7.4 1.7 1028 Falling Mist 46.2 Barrow (R1 - O)   4 3 272  
260 North 19/03 06:00 -3.6 8.0 90 9.3 9.0 1029 Rising No data 35.1 Barrow (R1 - O) 0.2 39.9 5 68 322 Moonlight 
262 South 19/03 19:00 -6.2 -62.1 90 13.0 5.0 1030 Rising Hazy 25.1 Barrow (R1 - O)   3 0 353  
262 Mid 19/03 20:00 -14.5 -60.4  0.0 6.0 1030 Rising No data 57.8 Barrow (R1 - O) 1.2 39.8 2 3 325 Darkness 
262 North 20/03 00:00 -35.7 -32.5 135 20.4 7.0 1031 Rising No data 25.5 Barrow (R1 - O) 2.8 32.8 35 76 323 Darkness 
264 South 20/03 07:00 5.8 10.6 135 18.5 4.1 1031 Falling Hazy 37.2 Barrow (R1 - O)   31 75 352  
264 North 20/03 08:00 14.0 10.4 135 16.7 3.2 1032 Rising No data 26.9 Barrow (R1 - O) 1.8 56.7 13 92 311 Daylight 
259 South 19/03 19:00 -6.0 -61.8 90 13.0 5.0 1030 Rising Hazy 53.4 Barrow (R1 - O)   1 1 16  
259 North 19/03 20:00 -14.3 -60.2  0.0 6.0 1030 Rising No data 18.3 Barrow (R1 - O) 2.0 47.8 3 60 339 Darkness 
266 South 16/03 07:00 4.4 3.2 135 9.3 9.0 1031 Falling Hazy 42.0 Barrow (R1 - O)   6 71 357  
266 North 16/03 08:00 12.5 -2.8 225 24.1 7.0 1030 Rising No data 15.7 Barrow (R1 - O) 3.0 62.8 2 71 338 Daylight 
253 South 29/03 08:00 17.7 12.7 135 7.4 11.0 1013 Rising Clear 41.9 Barrow (R1 - O)   1 25 173  
253 Mid 29/03 09:00 25.5 21.2 135 16.7 24.0 1012 Steady No data 57.2 Barrow (R1 - O) 3.2 20.8 78 66 338 Daylight 
253 North 29/03 10:00 32.1 29.8 135 24.1 23.0 1012 Falling No data 45.2 Barrow (R1 - O) 5.7 12.3 1 6 23 Daylight 
267 South 02/04 00:00 -31.1 18.5 135 3.7 5.0 1024 Rising Mist 41.6 Barrow (R1 - O)   11 4 10  
267 North 02/04 01:00 -30.2 10.9 135 18.5 12.0 1024 Falling No data 37.8 Barrow (R1 - O) 4.6 41.2 551 62 313 Moonlight 
268 South 11/03 07:00 2.7 -6.7 90 7.4 13.0 1021 Rising Rain 26.8 Barrow (R1 - O)   5 0 252  
268 North 11/03 08:00 10.9 -14.9 180 24.1 9.0 1020 Rising No data 45.9 Barrow (R1 - O) 4.7 50.9 6 1 357 Daylight 
275 South 11/03 07:00 2.7 -6.7 90 7.4 13.0 1021 Rising Rain 27.1 Barrow (R1 - O)   1 0 115  
275 North 11/03 08:00 10.9 -14.9 180 24.1 9.0 1020 Rising No data 45.9 Barrow (R1 - O) 5.2 51.8 1 2 351 Daylight 
254 South 29/03 19:00 -3.5 32.1 180 20.4 14.0 1012 Rising Clear 18.9 Barrow (R1 - O)   192 69 347  
254 North 29/03 20:00 -11.6 23.9 180 29.6 20.0 1011 Rising No data 43.4 Barrow (R1 - O) 7.5 64.9 15 3 338 Darkness 
267 North 24/03 00:00 -34.1 -41.1 315 27.8 24.0 1019 Rising Clear 17.4 Barrow (R1 - O)   13 84 153  
267 South 24/03 01:00 -34.1 -35.4 315 27.8 14.0 1019 Rising Clear 34.4 Barrow (R1 - O) 8.6 73.8 673 61 225 Darkness 
258 South 20/03 00:00 -36.2 -32.3 135 16.7 4.0 1032 Rising Hazy 42.0 Barrow (R1 - O)   1 1 122  
258 North 20/03 06:00 -3.0 8.1 135 13.0 3.8 1031 Rising No data 55.0 Barrow (R1 - O) 9.2 26.6 33 60 36 Darkness 
1 tag height 65 m; 2 tag height 20 m; 3 tag height 93 m.
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Appendix 3. Details of seven Whooper Swans shown in Figure 15 whose extrapolated tracks may have passed through the proposed STW sites of Wigtown or 
Solway Firth, or the Round 1 site Under Construction (R1 – UC) at Robin Rigg.  

Tag 
(89) 

GPS fix relative to 
windfarm 

Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist (km) 

Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird
alt 
(m) 

Bird 
speed 
(kph) 

Bird
dir 
(°) 

Light level 

260 S of Wigtown (STW) 19/03 07:00 4.9 8.3 135 5.6 6.0 1029 Rising Fog 19.0 26.8  4 4 280  
260 N of Wigtown (STW) 19/03 08:00 13.0 6.8  0.0 2.7 1029 Rising No data 56.4 6.4 42.0 10 75 298 Daylight 
265 S of Wigtown (STW) 19/03 11:00 32.8 -6.6 135 7.4 6.0 1030 Rising Hazy 38.0 63.2  1 3 316  
265 N of Wigtown (STW) 19/03 18:00 3.3 -58.3  0.0 6.0 1030 Steady No data 55.3 9.9 80.8 1 0 264 Daylight 
262 S of Wigtown (STW) 20/03 00:00 -35.7 -32.5 135 20.4 7.0 1031 Rising Hazy 25.0 62.2  35 76 323  
262 N of Wigtown (STW) 20/03 01:00 -34.9 -24.6 135 18.5 6.0 1031 Rising No data 46.8 1.9 68.6 14 64 311 Darkness 
252 S of Solway Firth (STW) 06/04 01:00 -28.4 27.2 90 9.3 19.0 1014 Falling Overcast 4.0 18.5  4 1 318  
252 N of Solway Firth (STW) 06/04 02:00 -25.2 19.1 135 11.1 17.0 1013 Falling No data 33.0 4.6 31.4 4 0 216 Moonlight 
266 S of Solway Firth (STW) 16/03 09:00 19.9 -9.6 225 24.1 7.0 1030 Rising Mostly cloudy 19.0 4.5  2 0 215  
266 N of Solway Firth (STW) 16/03 10:00 26.3 -17.3 225 20.4 7.0 1031 Rising No data 36.1 7.2 22.2 3 0 354 Daylight 
264 S of Solway Firth (STW) 20/03 08:00 14.0 10.4 135 16.7 3.2 1032 Rising Hazy 27.0 46.1  13 92 311  
264 N of Solway Firth (STW) 20/03 09:00 21.4 8.3 180 13.0 3.6 1032 Rising No data 34.7 6.2 61.3 12 61 38 Daylight 
251 S of Solway Firth (STW) 29/03 09:00 25.1 21.0 135 16.7 24.0 1012 Steady Clear 11.0 26.6  11 75 347  
251 N of Solway Firth (STW) 29/03 10:00 31.3 29.4 135 24.1 23.0 1012 Falling No data 50.5 21.5 58.6 2001 71 260 Daylight 
259 S of Solway Firth (STW) 19/03 21:00 -21.8 -55.5 180 14.8 6.0 1030 Rising Hazy 6.0 14.7  3 3 321  
259 In Solway Firth (STW) 19/03 22:00 -28.2 -48.8 135 14.8 7.0 1030 Rising No data 25.2 0.0 20.5 10 3 312 Darkness 
259 In Solway Firth (STW) 19/03 23:00 -32.9 -41.0 180 18.5 7.0 1031 Rising No data 28.0 0.0 3.1 8 3 322 Darkness 
259 N of Solway Firth (STW) 20/03 00:00 -35.2 -32.7 135 20.4 7.0 1031 Rising No data 30.7 2.2 2.8 5 3 315 Darkness 
256 S of Solway Firth (STW) 05/04 10:00 34.3 -22.2 135 22.2 12.0 1022 Rising Partly cloudy 17.0 7.1  1 2 284  
256 N of Solway Firth (STW) 05/04 11:00 39.0 -19.1 135 27.8 14.0 1022 Rising No data 32.1 3.6 16.8 2 2 285 Daylight 
267 S of Robin Rigg (R1 - UC) 02/04 01:00 -30.2 10.9 135 18.5 12.0 1024 Steady Mostly cloudy 38.0 57.8  552 62 313  
267 N of Robin Rigg (R1 - UC) 02/04 02:00 -26.7 4.4 135 13.0 12.0 1024 Falling No data 30.5 3.8 67.9 160 72 307 Moonlight 
 

1 tag height 259 m; 2 tag height 65 m. 
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Appendix 4. Details of nine Whooper Swans shown in Figure 15 that crossed from south to north across the Solway Firth (including bird 89267 that crossed 
twice) that probably did not cross any of the windfarm footprints proposed or located within that area. 

Tag 
(89) 

Position Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist (km) 

Closest windfarm Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) 

Light level 

261 South 04/03 14:00 26.8 34.3 270 13.0 15 981 Rising Mostly cloudy 18.6 Wigtown (STW)   14 0 278  
261 North 05/03 10:00 21.4 -2.8 315 31.5 21 993 Rising No data 64.1 Wigtown (STW) 18.8 209.0 71 1 120 Unknown 
263 South 04/03 14:00 26.8 34.3 270 13.0 15 981 Rising Mostly cloudy 17.1 Wigtown (STW)   1 0 341  
263 North 05/03 10:00 21.4 -2.8 315 31.5 21 993 Rising No data 64.1 Wigtown (STW) 19.3 206.1 60 0 335 Unknown 
249 Mid 02/04 08:00 18.2 -7.7 135 14.8 22 1024 Falling Hazy 50.2 Wigtown (STW)   22 89 322  
249 North 02/04 09:00 25.9 -3.5 135 14.8 27 1024 Falling No data 77.4 Wigtown (STW) 9.2 31.7 28 1 163 Daylight 
267 Mid 19/03 20:00 -14.3 -60.3  0.0 6 1030 Rising Hazy 31.1 Wigtown (STW)   4 90 324  
267 North 19/03 21:00 -21.5 -55.5 180 14.8 6 1030 Rising No data 42.5 Wigtown (STW) 4.5 69.8 50 55 338 Darkness 
267 North 23/03 23:00 -31.3 -44.5 315 42.6 25 1017 Rising Clear 44.5 Solway Firth (STW)   2 2 169  
267 Mid 24/03 00:00 -34.1 -41.1 315 27.8 24 1019 Rising No data 17.4 Solway Firth (STW) 1.2 61.5 13 84 153 Darkness 
253 South 29/03 11:00 36.7 38.1 135 24.1 22 1012 Falling Hazy 24.1 Robin Rigg (R1 - UC)   1 3 342  
253 North 29/03 18:00 5.7 40.3 180 29.6 30 1010 Falling No data 43.1 Robin Rigg (R1 - UC) 8.6 65.1 1 0 260 Daylight 
254 South 29/03 20:00 -11.6 23.9 180 29.6 20 1011 Rising Rain 43.4 Robin Rigg (R1 - UC)   15 3 338  
254 North 30/03 09:00 25.2 16.2 225 20.4 19 1016 Rising No data 45.7 Robin Rigg (R1 - UC) 9.6 85.8 60 82 35 Unknown 
258 South 21/03 19:00 -5.2 -50.3 315 38.9 17 1033 Rising Hazy 35.4 Robin Rigg (R1 - UC)   12 0 326  
258 Mid 21/03 22:00 -27.5 -52.2 315 9.3 40 1034 Rising Clear 45.7 Robin Rigg (R1 - UC) 17.4 14.9 1 0 234 Darkness 
258 Mid 21/03 23:00 -32.0 -47.0 270 9.3 60 1034 Rising Clear 45.7 Robin Rigg (R1 - UC)  0.0 1 0 309 Darkness 
258 North 22/03 06:00 -2.4 6.7 180 3.7 3.6 1031 Falling Drizzle 42.1 Robin Rigg (R1 - UC)  3.9 3 0 105 Darkness 
275 South 13/03 11:00 29.9 -36.0 180 25.9 11 1017 Falling Mostly cloudy 39.4 Robin Rigg (R1 - UC)   1 3 9  
275 North 13/03 18:00 1.0 -32.5 180 18.5 3.5 1012 Falling Drizzle 37.9 Robin Rigg (R1 - UC) 18.8 19.2 24 0 160 Daylight 
268 South 11/03 11:00 29.0 -34.3 180 13.0 4.8 1020 Falling Drizzle 41.9 Robin Rigg (R1 - UC)   61 68 72  
268 North 11/03 18:00 0.4 -10.6 225 24.1 12 1016 Falling Rain showers 35.2 Robin Rigg (R1 - UC) 33.4 10.7 14 0 273 Daylight 
 

1 tag height 14 m.
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Appendix 5. Details of ten Whooper Swans shown in Figure 16 that crossed from south to north across the North Channel and Inner Hebrides area and that 
probably did not cross any of the windfarm footprints proposed or located within that area.  

Tag 
(89) 

Position Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist (km) 

Closest windfarm Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) 

Light level 

261 South 05/03 14:00 26.5 24.1 315 27.8 18 996 Rising No data 64.2 Kintyre (STW)   68 0 310  
261 North 06/03 10:00 20.0 -7.2 180 27.8 14 999 Rising Rain showers 35.7 Kintyre (STW) 16.7 211.8 1 0 216 Daylight 
263 South 05/03 14:00 26.5 24.1 315 27.8 18 996 Rising No data 64.2 Kintyre (STW)   68 0 241  
263 North 06/03 10:00 20.0 -7.2 180 27.8 14 999 Rising Rain showers 35.6 Kintyre (STW) 16.6 211.8 60 0 265 Daylight 
262 South 21/03 08:00 13.0 12.2 225 14.8 2 1032 Rising No data 16.1 Kintyre (STW)   1 43 304  
262 North 21/03 09:00 20.6 12.3 270 24.1 1.8 1032 Rising No data 13.4 Kintyre (STW) 16.4 8.7 1 2 248 Daylight 
262 South 24/03 09:00 21.2 22.3 225 22.2 12 1017 Falling Rain 76.3 Argyll Array (STW)   1 3 321  
262 North 24/03 10:00 27.3 25.0 225 27.8 9 1015 Falling Rain showers 61.1 Argyll Array (STW) 64.5 44.3 262 55 347 Daylight 
252 South 10/04 11:00 40.5 -46.6 180 22.2 17 1000 Rising No data 80.3 Kintyre (STW)   54 0 350  
252 North 10/04 18:00 10.0 -25.0 270 9.3 26 1000 Rising No data 21.1 Kintyre (STW) 22.7 89.4 98 0 70 Daylight 
252 South 11/04 05:00 -4.7 1.5 225 22.2 29 1000 Rising Rain 35.7 Argyll Array (STW)   180 0 39  
252 North 11/04 06:00 3.2 -5.0 225 31.5 23 1001 Rising Rain 11.5 Argyll Array (STW) 16.2 27.2 155 64 309 Daylight 
260 South 19/03 18:00 3.7 -57.7 135 22.2 4.7 1029 Falling No data 51.2 Kintyre (STW)   87 3 333  
260 North 19/03 19:00 -4.7 -60.1 135 27.8 4.9 1029 Rising No data 42.1 Kintyre (STW) 43.8 42.7 96 84 339 Darkness 
260 South 19/03 21:00 -19.7 -55.0 135 22.2 4.4 1028 Steady Hazy 59.8 Argyll Array (STW)  57.0 1471 99 308  
260 North 19/03 22:00 -25.7 -49.1 135 29.6 5 1028 Rising Hazy 35.1 Argyll Array (STW) 40.2 53.1 10 26 222 Darkness 
265 South 20/03 10:00 27.3 4.9 135 25.9 3.6 1030 Rising No data 74.7 Kintyre (STW)   52 75 300  
265 Mid 20/03 11:00 31.4 -0.1 135 22.2 4.3 1030 Rising No data 30.9 Kintyre (STW) 31.9 79.0 105 87 13 Daylight 
265 North 20/03 18:00 4.6 -49.8 180 24.1 3.4 1028 Rising Hazy 29.5 Argyll Array (STW) 33.0 115.1 22 86 333 Daylight 
249 South 02/04 10:00 32.2 2.1 135 22.2 8 1023 Falling No data 57.5 Kintyre (STW)   1833 87 316  
249 Mid 02/04 11:00 36.6 8.5 135 27.8 16 1022 Falling No data 30.5 Kintyre (STW) 30.7 59.9 3 77 5 Daylight 
249 North 02/04 18:00 8.7 55.0 180 24.1 17 1016 Falling Clear 77.5 Argyll Array (STW) 44.1 251.4 1 0 262 Daylight 
256 South 17/04 18:00 11.5 -54.8 90 24.1 15 1018 Rising No data 45.3 Kintyre (STW)   264 60 300  
256 North 17/04 19:00 3.5 -55.2 90 35.2 14 1018 Rising No data 44.6 Kintyre (STW) 37.9 53.9 294 52 22 Daylight 
256 South 18/04 10:00 36.6 7.1 135 22.2 18 1023 Rising Clear 40.8 Argyll Array (STW)   1 1 196  
256 North 18/04 11:00 41.4 1.6 135 24.1 15 1023 Rising Clear 33.2 Argyll Array (STW) 38.3 28.7 55 62 294 Daylight 
275 South 17/03 08:00 12.0 0.0 180 1.9 0.4 1037 Rising Fog 59.8 Kintyre (STW)   2606 80 324  
275 North 17/03 09:00 19.0 -5.5 90 29.6 15 1036 Rising No data 48.0 Kintyre (STW) 48.3 70.8 246 71 317 Daylight 
275 South 17/03 10:00 24.6 -11.9 135 29.6 19 1035 Steady Mostly Cloudy 39.6 Argyll Array (STW)  90.6 134 101 324  
275 North 17/03 11:00 29.1 -19.0 135 33.3 21 1035 Rising Clear 32.3 Argyll Array (STW) 35.7 32.9 1 0 346 Daylight 
266 South 17/03 10:00 26.5 -12.2  0.0 16 1036 Rising No data 54.2 Kintyre (STW)   56 0 322  
266 North 17/03 18:00 3.0 -61.3 135 9.3 35 1035 Falling Mostly Cloudy 39.7 Kintyre (STW) 57.8 94.0 17 83 326 Daylight 
266 South 17/03 19:00 -4.9 -57.9 135 35.2 9 1033 Falling Hazy 74.0 Argyll Array (STW)  91.3 50 90 307  
266 North 17/03 20:00 -12.4 -52.4 135 35.2 6 1032 Falling Hazy 53.2 Argyll Array (STW) 50.2 87.7 113 109 342 Darkness 

1 tag height 317 m; 2 tag height 17 m; 3 tag height 208 m; 4 tag height 174 m; 5 tag height 25 m; 6 tag height 440 m.
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Appendix 6. Details of three Whooper Swans shown in Figure 18 that crossed from south to north across the Greater Wash/North Sea area and that probably 
did not cross any of the windfarm footprints proposed or located within that area. 

Tag 
(89) Posn 

Date 
(2009) Time 

Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change Weather 

Met Stn 
dist (km) 

Closest windfarm Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) Light level 

274 South 15/03 01:00 -37.6 10.2 270 13.0 19 1023 Rising No data 6.2 Humber Gateway (R2 - A)   1 4 334  
274 Mid 15/03 02:00 -33.6 13.2 225 13.0 20 1024 Rising No data 18.0 Humber Gateway (R2 - A) 7.9 23.4 21 46 341 Moonlight 
274 North 15/03 03:00 -27.5 14.0 225 13.0 20 1024 Rising No data 67.2 Westermost Rough (R2-A) 3.9 49.6 30 63 347 Moonlight 
274 South 15/03 04:00 -20.1 12.8 270 13.0 30 1026 Rising No data 71.4 Teeside (R1 - C)  42.9 30 37 341  
274 North 15/03 05:00 -11.9 9.8 270 9.3 20 1026 Rising Part Cloudy 81.7 Teeside (R1 - C) 35.4 39.1 26 47 323 Moonlight 
272 South 21/03 02:00 -31.5 -18.0 180 16.7 5 1030 Falling No data 15.4 Westermost Rough (R2-A)   901 88 3  
272 North 21/03 03:00 -25.3 -10.1 180 18.5 8 1030 Falling No data 54.3 Westermost Rough (R2-A) 10.1 69.2 87 64 334 Darkness 
272 South 21/03 04:00 -17.8 -3.1  0.0 1.3 1029 Falling No data 71.1 Teeside (R1 - C)   7 60 343  
272 North 21/03 05:00 -9.7 2.8 270 13.0 2.5 1029 Falling Mist 79.7 Teeside (R1 - C) 34.8 59.1 8 58 350 Darkness 
284 South 03/04 18:00 5.3 52.8 135 7.4 6 1014 Falling No data 67.0 Teeside (R1 - C)   43 90 338  
284 North 03/04 19:00 -2.8 54.9 270 7.4 5 1012 Falling Hazy 46.1 Teeside (R1 - C) 20.0 84.5 39 77 303 Daylight 

 

1 tag height 94 m.
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Appendix 7. Details of eight Whooper Swans shown in Figure 19 that crossed from south to north across the Firth of Forth area, with one bird crossing and 
stopping within the Neart na Gaoithe (STW) windfarm footprint. 

Tag 
(89) 

Posn Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist 
(km) 

Closest windfarm Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) 

Light level 

274 South 15/03 11:00 30.1 -31.2 270 20.4 20 1028 Rising Clear 46.4 Forth Array (STW)   1 2 277  
274 Mid 15/03 17:381          Forth Array (STW) 3.7 84.1    Daylight 
274 North 15/03 18:00 1.2 -49.7 225 18.5 40 1028 Rising Mostly Cloudy 22.4 Bell Rock (STW) 6.7 23.2 1013 64 8 Daylight 
2832 South 13/03 08:00 11.8 -12.3 225 14.8 17 1018 Rising Mostly Cloudy 26.9 Forth Array (STW)   1154 61 315  
283 Mid 13/03 09:00 18.7 -20.4 270 7.4 25 1017 Rising Mostly Cloudy 54.6 Forth Array (STW) 11.0 56.9 2 2 350 Daylight 
283 North 13/03 21:00 -23.2 -8.7 180 20.4 40 1008 Falling Overcast 15.9 Forth Array (STW) 11.0 40.4 39 0 327 Unknown 
284 South 04/04 05:00 -5.0 -8.3 225 5.6 1.3 1010 Falling Fog 32.5 Forth Array (STW)   1 0 257  
284 Mid 04/04 06:00 3.2 -12.5  0.0 1.1 1009 Falling Rain 62.0 Forth Array (STW) 8.4 40.7 1 64 296 Daylight 
284 Mid 04/04 07:00 11.4 -15.2 90 3.7 1.5 1009 Falling Rain 35.8 Neart na Gaoithe (STW) 0.0 32.2 4 3 355 Daylight 
284 Mid 04/04 08:00 19.4 -16.1 135 5.6 2.5 1008 Falling Rain 30.9 Neart na Gaoithe (STW) 0.0 22.9 1 68 7 Daylight 
284 North 04/04 09:00 26.6 -15.0 90 9.3 4.2 1007 Falling No data 44.2 Bell Rock (STW) 1.2 31.3 1 0 83 Daylight 
278 South 19/03 08:00 14.1 5.7 N/A N/A N/A N/A N/A No Data 21.5 Forth Array (STW)   305 67 353  
278 Mid 19/03 09:00 21.0 2.1 90 11.1 9 1032 Rising Hazy 47.1 Forth Array (STW) 9.4 66.8 6 77 318 Daylight 
278 North 19/03 10:00 26.5 -2.7 90 9.3 20 1032 Rising Clear 22.4 Bell Rock (STW) 7.8 65.3 1696 62 338 Daylight 
272 South 30/03 08:00 18.1 9.7 225 16.7 22 1012 Rising Partly Cloudy 41.7 Forth Array (STW)   9 3 336  
272 Mid 30/03 09:00 25.1 17.2 225 27.8 50 1011 Rising Mostly Cloudy 41.5 Neart na Gaoithe (STW) 8.1 52.4 1 52 346 Daylight 
272 North 30/03 10:00 30.9 25.1 225 31.5 40 1011 Rising Mostly Cloudy 16.0 Bell Rock (STW) 4.2 44.5 1 0 96 Daylight 
247 South 29/03 11:00 36.2 38.7 225 16.7 26 1010 Falling Clear 6.0 Forth Array (STW)   1 2 318  
247 Mid 29/03 18:00 5.0 39.2 225 33.3 70 1007 Falling Mostly Cloudy 31.8 Neart na Gaoithe (STW) 6.3 110.9 38 58 305 Daylight 
247 North 29/03 19:00 -2.9 31.8 225 27.8 75 1007 Rising Mostly Cloudy 18.5 Neart na Gaoithe (STW) 6.3 47.8 1387 36 284 Daylight 
277 South 17/03 18:00 1.6 -61.1 90 14.8 23 1036 Falling Rain showers 48.8 Neart na Gaoithe (STW)   3158 97 352  
277 Mid 17/03 19:00 -6.7 -56.9 135 9.3 35 1036 Falling Mostly Cloudy 30.4 Neart na Gaoithe (STW) 9.8 82.9 365 83 351 Darkness 
277 North 17/03 20:00 -14.2 -51.2 90 5.6 35 1036 Falling Overcast 35.8 Neart na Gaoithe (STW) 9.8 66.2 2099 70 291 Darkness 
280 South 01/04 11:00 36.9 19.1 135 11.1 20 1025 Rising Mostly Cloudy 45.1 Forth Array (STW)   1 3 10  
280 Mid 01/04 17:371          Forth Array (STW) 18.3 63.5    Daylight 
280 North 01/04 18:00 6.2 59.4 225 9.3 50 1024 Falling Mostly Cloudy 20.4 Neart na Gaoithe (STW) 26.0 18.7 2410 56 282 Daylight 

 

1 non-GPS, conventional fixes. 

2 swan 89283 was part of the same family as swan 89271, the yearling birds travelling together throughout the spring migration north from Welney. Only the track details from tag 89283 are 
considered here to avoid pseudo-replication and because it uploaded a more complete set of GPS fixes. 

3 tag height 231 m; 4 tag height 200 m; 5 tag height 60 m; 6 tag height 279 m; 7 tag height 308 m; 8 tag height 595 m; 9 tag height 259 m; 10 tag height 54 m. 
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Appendix 8. Details of six Whooper Swans shown in Figure 20 that crossed from south to north across the Moray Firth area, with one bird (89247) crossing 
from east to west past the windfarm areas. It is likely that only one track (89272) came very close to the proposed R3 Moray Firth site. 

Tag 
(89) 

Posn Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist (m) 

Closest windfarm Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) 

Light level 

247 East 30/03 07:00 9.4 4.0 225 25.9 40 1006 Rising Showers 64.2 Moray Firth (R3)   1 55 332  
247 Mid 30/03 09:00 23.8 17.4 225 22.2 50 1008 Rising Mostly Cloudy 29.5 Moray Firth (R3) 9.2 51.2 1 35 234 Daylight 
247 West 30/03 10:00 29.8 24.9 225 20.4 40 1008 Rising Showers 1.9 Moray Firth (R3) 9.2 28.0 1 0 158 Daylight 
272 South 31/03 08:00 17.3 5.8 225 31.5 50 1015 Rising Mostly Cloudy 31.4 Moray Firth (R3)   44 57 329  
272 Mid 31/03 09:00 23.9 12.0 225 37.0 18 1013 Rising Mostly Cloudy 41.7 Moray Firth (R3) 0.8 57.6 7 40 319 Daylight 
272 North 31/03 10:00 29.7 19.0 225 37.0 18 1014 Rising Mostly Cloudy 38.7 Moray Firth (R3) 16.1 10.1 198 0 227 Daylight 
274 South 15/03 23:00 -31.8 -13.5 225 31.5 50 1025 Falling Mostly Cloudy 13.8 Moray Firth (R3)   1 0 295  
274 Mid 16/03 00:00 -33.8 -7.1 225 25.9 50 1025 Falling Mostly Cloudy 13.5 Moray Firth (R3) 21.4 21.8 1 3 218 Darkness 
274 Mid 16/03 11:00 28.3 -26.0 225 3.7 10 1025 Rising Drizzle 18.3 Moray Firth (R3)   1 1 289  
274 North 16/03 18:00 1.7 -55.0 270 22.2 17 1028 Rising Partly Cloudy 25.8 Moray Firth (R3) 13.6 50.2 182 0 339 Daylight 
278 South 19/03 11:00 30.4 -8.8 135 11.1 27 1032 Rising No data 2.1 Moray Firth (R3)   4671 83 351  
278 North 19/03 18:00 2.8 -55.1 135 20.4 6 1030 Falling Hazy 53.2 Moray Firth (R3) 16.0 181.4 1936 63 314 Daylight 
280 South 02/04 09:00 25.0 -0.8 180 11.1 25 1023 Falling Partly Cloudy 6.1 Moray Firth (R3)   5002 0 99  
280 North 02/04 10:00 30.5 4.4 180 9.3 25 1022 Falling Partly Cloudy 47.6 Moray Firth (R3) 20.6 53.6 703 58 66 Daylight 
270 South 05/04 19:00 -0.4 35.6 225 13.0 55 1015 Rising Mostly Cloudy 7.1 Moray Firth (R3)   9 0 357  
270 Mid 05/04 20:00 -7.7 39.4 225 11.1 50 1015 Rising Mostly Cloudy 31.7 Moray Firth (R3) 31.7 33.9 1 61 308 Moonlight 
270 North 05/04 21:00 -14.3 41.2 225 7.4 50 1015 Rising Mostly Cloudy 42.6 Moray Firth (R3) 32.7 17.4 1 1 326 Moonlight 
283 South 02/04 18:00 6.6 56.2 180 16.7 27 1018 Falling Clear 29.8 Moray Firth (R3)   5654 87 349  
283 Mid 02/04 19:00 -1.1 55.7 180 3.7 25 1018 Falling Mostly Cloudy 23.6 Moray Firth (R3) 32.1 80.4 1 67 310 Daylight 
283 North 02/04 20:00 -8.2 52.7 135 13.0 12 1018 Falling Clear 74.4 Moray Firth (R3) 32.1 64.8 4405 78 3 Moonlight 

 

1 tag height 497 m; 2 tag height 502 m, error on speed possibly due to bird circling; 3 tag height 113 m; 4 tag height 1,070 m; 5 tag height 562 m; 6 although over water this bird is not in the 
Moray Firth, the fix actually coming from 400 m north of the north coast of Scotland proximate to land of height 80 m. 
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Appendix 9. Details of six Whooper Swans shown in Figure 42 that crossed from Iceland to the UK in the period from October to December 2009 and that 
probably passed within 10 km of proposed offshore windfarm sites. All distances to windfarms refer to the closest distance to the extrapolated tracks between the GPS 
fixes except for tag 89285 which actually gave a fix from within the proposed Argyll Array area. Unlike the spring tracks, the data presented are not summarised in graphs 
for the different windfarm areas because sample sizes are too small. Unlike in the spring, track extrapolations presented below were often over a two hour period due to the 
reduced frequency of GPS fixes in the autumn. Exceptions include tag 89269 where one leg was completed over nine hours and tags 89292 and 89274 where the period was 
20 hours.  

 
Tag 
(89) 

Posn Date 
(2009) 

Time Sun 
alt 
(°) 

Moon 
alt (°) 

Wind 
dir (°) 

Wind 
speed 
(kph) 

Vis 
(km) 

Pres-
sure 
(hPa) 

Pres-
sure 
change 

Weather Met Stn 
dist (km) 

Closest windfarm Wind 
farm dist 
(km) 

Last 
fix dist 
(km) 

Bird 
alt 
(m) 

Bird 
speed 
(kph) 

Bird 
dir 
(°) 

Light level 

66 North 17/11 17:00 -5.6 -6.6 250 28.8 26 990 Rising No data 92.1 Argyll Array (STW) 31.8  5 59 139  
66 Mid 17/11 19:00 -22.3 -21.5 - - - - - No data 44.0 Islay (STW) 5.6 114.1 6 70 129 Darkness 
66 South 17/11 20:00 -30.9 -29.6 - - - - - No data 31.0 Islay (STW) 0.3 15.8 3 5 165 Darkness 
69 North 01/11 21:00 -34.3 40.0 337.5 40.2 11 985 Falling Rain 53.6 Argyll Array (STW) 0.0  30 112 160  
69 South 02/11 06:00 -12.5 8.6 270 35.4 22 992 Rising Cloudy 17.8 Kintyre (STW) 0.0 285.0 99 0 136 Moonlight 
69 East 02/11 08:00 4.1 -6.2 270 45.1 23 991 Rising Cloudy 5.4 Wigtown (STW) 0.0 66.1 106 114 84 Daylight 
69 North 02/11 10:00 15.9 -15.5 247.5 38.6 35 993 Rising Sunny 38.7 Solway Firth (STW) 7.2 37.2 97 0 105 Daylight 
85 North 04/11 09:00 7.3 8.4 270 11.3 30 974 Rising Cloudy 55.7 Argyll Array (STW) 41.2  11 54 196  
85 Mid 04/11 10:00 13.0 1.7 225 1.6 35 975 Rising Cloudy 19.9 Argyll Array (STW) 0.0 53.4 36 73 130 Daylight 
85 North 05/11 08:00 1.9 23.2 270 27.4 4.4 985 Falling Cloudy 21.8 Kintyre (STW) 9.7  19 82 119  
85 South 05/11 10:00 14.3 7.6 247.5 29.0 16 987 Falling Cloudy 38.1 Kintyre (STW) 0.0 66.5 18 64 127 Daylight 
85 North 05/11 16:00 3.4 -8.7 90 14.5 12 990 Rising Cloudy 41.7 Irish Sea (R3) 7.1  9 55 157  
85 South 05/11 18:00 -13.4 0.1 315 25.7 21 991 Rising Cloudy 18.7 Walney/W Duddon (R2) 1.1 87.4 4 0 90 Daylight 
82 West 31/10 16:00 5.2 3.7 202.5 16.1 28 1013 Falling Sunny 33.6 Kintyre (STW) 20.5  60 0 269  
82 East 31/10 18:00 -10.9 20.9 135 11.3 23 1013 Steady Sunny 18.4 Kintyre (STW) 9.9 38.4 20 0 119 Moonlight 
92 South 21/12 14:00 8.8 18.3 247.5 16.1 28 984 Falling Sunny 36.2 Kintyre (STW) 49.9  1501 79 39  
92 North 22/12 10:00 5.4 -11.7 90 8.0 65 980 Falling Cloudy 15.8 Kintyre (STW) 0.0 72.3 46 0 275 Daylight 
74 North 11/10 10:00 21.8 35.9 280 25.2 40 1006 Rising No data 43.8 Bell Rock (STW) 26.9  6 0 245  
74 Mid 11/10 14:00 21.4 4.7 320 14.4 60 1010 Rising No data 31.9 Bell Rock (STW) 1.3 32.0 472 88 154 Daylight 
74 South 12/10 10:00 22.9 39.8 300 18.0 11 1025 Rising No data 12.0 Neart na Gaoithe (STW) 0.0 136.0 1 0 304 Daylight 
1 tag height 150 m, no correction could be made for the land surface height of this bird flying over land in N Ireland as O.S. ‘Get-a-map’ site does not provide good contour coverage there. 


