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Summary 
 

This report gives a brief overview of data collected for a first year of T1 surveys conducted for a study of seabird 
distribution patterns in and around the Princess Amalia Wind Farm (in Dutch: Prinses Amaliawindpark PAWP), off 
Egmond aan Zee, Noord-Holland, carried out between April 2009 and February 2010. The aim of this study is to 

determine whether seabirds would be avoiding this wind farm, or be attracted to it, or be indifferent.  

Six full surveys were carried out, in and around the wind farm. Despite varying weather conditions and day length, 
survey effort was rather equal between surveys, and a set of data suitable for the (statistical) analysis of the 
effect of PAWP on local bird abundances was produced. In this report, maps of species distribution are presented 
for the main species encountered (taken from Leopold et al. 2010). A full analysis of the data is planned after the 
second year of T-1 surveys when the complete data set will be available. 
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Assignment 
This study has been commissioned by Prinses Amaliawindpark (PAWP). Jan Dam, Ecofys Netherlands BV, acted 
as liaison. 
 
The aim of these ship-based bird counts was to document the numbers and distribution patterns of local 

seabirds, and to record their behaviour in PAWP and in a larger area around this wind farm. In a final analysis of 
the results, envisaged after a second year of T-1 surveys (2012) possible differences in distributions or 
behaviours inside and outside the wind farm will be evaluated, and compared to the pre-construction period.   
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Introduction 

The Princes Amalia Wind Farm (PAWP) is located approximately 23 km west of Egmond aan Zee. The wind farm 
consists of 60 turbines on monopoles, and a transformer platform. The turbines used in this wind farm are Vestas 
V80 - 2 MW, at 59 m amsl, with a rotor diameter of 80 m, inter-turbine distance is ca. 550 m. 

A second wind farm, "Offshore Wind farm Egmond aan Zee" (OWEZ), is located closer to shore and in slightly 
shallower waters than PAWP. This wind farm has fewer turbines (36), but these are larger and more widely 
spaced, with inter-turbine distances of 640m. Construction of PAWP started shortly after OWEZ became 
operational, in October 2006. PAWP was fully operational by June 2008.  

Wind farms require regular maintenance, which involves frequent servicing using small, fast personnel ships and 
large maintenance and repair ships, barges and cranes; aerial supervision by the Dutch coastguard (by low-flying 
planes and helicopters) and scientific research visits (by various ships). Both the moving turbine blades and the 
aircraft and ships connected to the wind farm may impact local seabirds. These impacts may range from 
attraction to deterrence from the site and, in a worst case scenario (collisions), to the death of some individuals. 

Attraction is often easily recognized, e.g. when seabirds roost on wind farm installations. Avoidance is less easily 
observed and demonstrated. To demonstrate avoidance, specific seabird densities in the operation wind farms 
have to be compared to pre-construction densities and to densities at comparable sites outside the wind farm. 
Deciding what such ºcomparable sites» might be is not a simple task, as bird densities at sea are not uniform and 
do not always show clear spatial patterns. Avoidance and attraction are the main pointers of the fieldwork 
discussed in this report; flight patterns are considered elsewhere (Krijgsveld et al. 2009 and the final report in 
prep). 

The surveys transects traverse an area of approximately 725 km2 (ca 22 x 33 km), around the PAWP and OWEZ 
wind farms and the anchorage. The T-1 surveys were carried out from April 2009 to February 2010. Bad weather 
in September 2009 frustrated the planned autumn survey, which was postponed to October 2009. 
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Figure 1. Location of PAWP with 60 turbines (left) and OWEZ with 36 turbines (right), off the mainland coast of The 

Netherlands (see inset-right for general location). In addition to the turbines, PAWP has a transformer platform in the wind farm, 
while OWEZ has a 116 m high met-(meteo)mast situated on the seaward side of the wind farm (both indicated by red symbols). 
The broken lines running E-W are the principal survey lines (A-J, see methods section). 
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Figure 2. Transformer platform and three of the 60 turbines of PAWP. Photo: Hans Verdaat, IMARES. 

 

Figure 3. Great Cormorants and Lesser Black-backed Gulls roosting on the PAWP transformer platform (bottom). Photo: Hans 

Verdaat, IMARES. 
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Study Methods 

Seabird distribution was mapped using ship-based surveys. The study area encompasses the two wind farms, 
and covers an area between the coast and about 18 nm offshore (out to nearly 4ĊE), and from about 52Ċ30½N 
(IJmuiden) to about 52Ċ45½N (Hondsbossche Zeewering). The size of the study area is circa 725 km2 (ca 22 x 33 

km), which is some 18 times the surface area of the two wind farms combined (Figure 1). Ten equidistant (1.33 
nautical miles or 2.47 km apart) transect lines, running from East to West over the full width of the study area, 
were sailed during each survey. On each run, counts were done simultaneously in two parallel strips, each 300 m 
wide, at both sides of the ship (weather permitting) and if time allowed, all transects were sailed twice during a 
full survey. This quadrupled the effort compared to a single passage, single transect approach and made that a 
large relative surface area was studied in relation to the total study area. Transect orientation was deliberately 
chosen to be perpendicular to the main physical and ecological parameters, such as distance from the coast, 
water depth, temperature and salinity and from that, seabird community parameters. This, with the rather even 
coverage of the study area, should facilitate later spatial modelling of the results. 

To minimize effects of survey day (within surveys) and time of day, survey lines were sailed in this order: J-H-F-D-B-
A-C-E-G-I (twice if possible). This ensured that the greater survey area was covered several times and that 
nearshore and offshore parts were not always surveyed at similar times of day. 

The T-1 surveys were to be timed to match earlier T-0 surveys (for OWEZ, see Leopold et al. 2010). During this 
this set of T-1 surveys, more effort was dedicated to the winter period (as compared to the T-0 survey set-up), 
when more birds that might be susceptible to disturbance (divers, auks) were present. Also, more effort was 
directed towards the wind farms themselves by adding eight new survey lines running along presumed seabird 
density gradients and parallel to the isobaths (Figure 4). These eight extra lines (four for each wind farm) came at 
a cost, in that during the T-1 surveys no attempt was made to complete the principal survey lines twice, so that 
each survey could still be completed within one week. The ten principal lines were always covered, however. 

Seabirds were continuously counted along all lines included in the survey, if possible at both sides of the vessel, 
by two separate teams of two observers. Data on bird presence and bird densities were collected at sea, using 
strip-census techniques (Tasker et al. 1984; and see Leopold et al. 2004 for an extensive explanation of the 
particular techniques used in these wind farms studies). In summary, birds were counted in one or (mostly) two, 
300 m wide strips on either side of the survey vessel, while sailing through the area along fixed survey lines. 
Although considerable numbers of seabirds were also seen beyond the 300 m limits, or at close range but 
outside the snap-shots used in the strip counts (Tasker et al. 2004), only birds seen ¼in transect½ are suitable for 
density estimates. Transect lines were broken up into 5 minute (time) stretches and birds seen in each individual 
5 minute count were pooled (from t=0 to t=5 mins and for portside and starboard). At t=5 mins, the next count 
commenced, from t=5 mins to t=10 mins, etc. Area surveyed per count is the way length covered in that 

particular 5 minute period (depending on sailing speed, which was continuously monitored) and strip width (300 
or 600 m). The location of each count was taken as the mid-position between the positions at t=0 and t=5 mins, 
for each count, on the ship½s transect line. 
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Figure 4. The ten principal survey lines (in green, running E-W) and the eight extra lines through the two wind farms, running 

along the 20 m isobath, surveyed during T-1c. These extra lines are depicted for the first survey in the series; in later surveys 
these lines were extended to both the NE and to the SW to cover the full span of the survey area (see also Figure 6). 
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Between-observers variation is an important source of heterogeneity (van der Meer & Camphuysen 1996) and if 
different observers are used between surveys, data quality may be affected. It has not been possible to use 
exactly the same observers throughout, but we used three lines of defence against this source of heterogeneity. 
First, two observers always watched the counting strip. Two observers see more than one and therefore miss 
fewer birds, reducing error. Second, three principal observers (Leopold, Geelhoed and Verdaat) were used in 4-5 
of the surveys with substantial overlap. Each side of the ship thus always had a principal observer with ample 
experience, who was assisted by a second observer (reducing the number of birds missed). Finally, all observers 
contributing to this program had ample previous experience in marine ornithology and several observers were 
repeatedly engaged in this series of surveys (up to nine times; see Table 1 for details). 

 

 

Figure 5. View of the anchorage area at IJmuiden Approach, January 2010. Photo: Martin Poot, Bureau Waardenburg. Some 

20 anchored ships were normally present, during the surveys, with few new arrivals or departures during survey weeks. 
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Results 

Effort and weather condition s 

In the T-1, six surveys were conducted (Table 1). These were carried out in April, June, October and November 
2009 and January and February 2010. The surveyed area was more or less the same in all surveys, except April 
when the extra survey lines were relatively short. During this first survey, the length of these lines were kept on 
the safe side in relation to the available daylight period, so that completion within a single survey day could be 
guaranteed. As it turned out, sufficient time was available to lengthen these lines, to cover the full size of the 

study area (N-S) in later surveys (compare Figures 4 & 6). The minimum requirement that during each survey 
each transect line should be covered at least once, was met in every survey, including the April 2009 survey. The 
total area surveyed during the six surveys sums up to 2177 km2. 

Seastate conditions varied between surveys. Seastates ranged from seastate 0 Bft (completely flat) to seastate 6 
and above (large waves with lots of white foam). Generally, seastate conditions were best close to the shore, 
where the sea is more shallow and where the coast gives some protection from easterly winds. The distribution 
of effort over seastates is presented in Table 2 and Figure 7. The spatial distribution of encountered seastates is 
shown on the following page in Figure 6. 

 

Table 1 . Details of the conducted T-1 surveys during 2009-2010. Dates (FromµTo) represent the start and end date of the 

survey. Area surveyed gives the sum of strip area (300 wide times transect length times number of repetitions), summed for 
the whole survey, in km2 (excluding transit lines from and to port, outside the main study area). 

Survey Month Year From To Area surveyed  (km2) Observers1 Ship 

T-1 4 2009 6 9 293.79  ML, HV, RF, RvB, MC Vos Northwind 

T-1 6 2009 22 25 381.95  ML, HV, SG, MC Vos Northwind 

T-1 10 2009 5 9 376.37  ML, HV, SG, RF Oil Express 

T-1 11 2009 2 6 370.62  HV, SG, RvB, MC Oil Express 

T-1 1 2010 18 22 378.36  ML, HV, MP, SG Vos Northwind 

T-1 2 2010 22 26 375.75  ML, MP, RF, SG Vos Baltic 

1 ML Mardik Leopold; HV Hans Verdaat; RF Ruben Fijn; RvB Rob van Bemmelen; MC Mark Collier; SG Steve 

Geelhoed; MP Martin Poot 

 

Table 2 . Total area (km2) and km travelled in the study area, per survey. The summed km travelled has been split up in km 

travelled per Beaufort seastate (Columns 0 to Ĵ6). The column ¼avg½ gives unweighted average seastates. These figures are 
not exact measures for average windspeed, as the Beaufort scale is logarithmic; but provide an impression of conditions 
during various surveys. 

Year Month km
2
 km  0 1 2 3 4 5 Ó 6 avg 

2009 4 293.79 979.3 59.5 144.3 447.2 199.5 36.5 89.2 3.1 2.30 

2009 6 381.95 1273.2     111.0 519.1 535.7 107.4   3.50 

2009 10 376.37 1254.6     31.4 461.4 501.4 231.5 28.8 3.81 

2009 11 370.62 1235.4     163.2 310.4 667.4 94.4   3.56 

2010 1 378.36 1261.2 74.4 74.9 147.5 401.6 471.8 91.1   3.11 

2010 2 375.75 1313.8   22.8 255.3 181.2 327.2 256.1 271.1 4.03 
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Figure 6. Seastate conditions (broken up in 5 minute counts) for all T-1c surveys. 
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Figure 7. The distribution of travelled distance over encountered seastates per survey. From left to right: darkest shades 

(corresponding to red in Figure 6) represent seastates of 6 or higher, and the palest shades (corresponding to green in Figure 
6) represent seastae 0.  
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Species accounts  

Only the main species of seabirds occurring in the study area are discussed in the following section. All seabirds 
concerned are only present during a part of the year. All seabirds breed on land, often in other parts of Europe. 

Such seabirds are not present in the study area during their breeding seasons, but might pass through (often 
foraging on the way) during migration or might take up temporary residence in the non-breeding season. Local 
breeders, e.g. seabirds breeding in The Netherlands may use the study area year-round (e.g. Herring Gull) or only 
during part of the year (e.g. Lesser Black-backed Gull, terns). Numbers of local breeders are added to by birds of 
the same species breeding further abroad, shortly before and after their breeding seasons. It is not usually 
possible to ascertain whether or not a given bird is a local breeder or a visitor from other (breeding) areas.  

Birds are dealt with in taxonomic order, starting with the divers and ending with the auks. For each species, a 
short introduction is presented and a brief summary of the data gathered during the six separate surveys. A table 
showing the number of observed individuals (both inside and beyond the counting strips) gives a first indication  
of seasonal presence. Next, distribution maps per survey are shown (surveys without sightings have been 

omitted). These maps show presence of birds within the counting strips (circles). These data have been 
summarised into presence/absence data (per five minute counting periods) for modelling purposes.  These 
presence/absence data have been subjected to Generalised Additive Mixed Models (GAMM) or, in case of small 
sample sizes, more simple Generalised Additive Models (GAM), using ºRº (R Development Core Team 2009. 
These models take into account geographical position (northing and distance to coast), and a specific location 
parameter: wind farm PAWP, wind farm OWEZ, Anchorage area, or ºFree» area (the remainder of the study area. 
Modelling results, in terms of probabilities of finding a particular species present at any given location, are 
presented as yellow to brown coloured backgrounds of the maps. For more details on the statistics, see Leopold 
et al. (2010). 
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Common Scoter Melanitta nigra  (Zwarte Zee-eend) 

Common Scoters (and Velvet Scoters M. fusca and Eiders Somateria mollissima) have used the coastal waters 
off Noord-Holland at times in large numbers (up to circa 100,000; Leopold et al. 1995) and because of this, the 

coastal waters north of the town of Bergen have been designated as a Natura 2000 site (Lindeboom et al. 2005). 
In recent years however, the staple food of these ducks, Spisula subtruncata, was largely absent and no large 
flocks of seaducks have been using the area since 1999 (Craeymeersch & Perdon 2006; Goudswaard et al. 
2008; Baptist & Leopold 2009). When Spisula stocks were large off Noord-Holland, these shellfish occurred over 
a wide area, and the ducks, feeding on this resource were also found quite far offshore in these parts. OWEZ, but 
not PAWP, was within the range of these ducks when Spisula were plentiful, but after numbers dwindled, the area 
around the wind farm was no longer of interest to the ducks. No significant numbers of seaduck were 
encountered during any of the T-1 surveys in the entire study area, but this may, of course, change again in future 
years. Scoters still migrate through the study area in large numbers (www.trektellen.nl). Most of these birds 
follow the coastline and pass through the corridor between the shore and PAWP. Surveys at sea, such as our own 

or aerial surveys have not found any offshore concentrations lately and at present, the offshore waters around 
the wind farms appear unattractive for seaducks. 

Scoters were seen in nearly all T-1 surveys (Table 3), but very few were seen on the water. Most scoters were 
seen on the move, flying up or down the coast, in groups ranging in size from several individuals to circa 100 
birds. Such groups are mostly quite wary, and avoid obstacles at sea, including wind farms (Krijgsveld et al. 
2009) but also survey ships. Most groups, and particularly the larger groups, were seen at rather large distances 
from the ship and mostly in nearshore waters (Figure 8). However, a second component of flight directions (ca 
15% of all Scoters seen across all survey) was towards the West and Southwest, most likely birds flying to the 
UK. Such a course would take the birds offshore, and into the longitude of PAWP. 

 

Table 3. Total numbers of Common Scoters seen during the surveys. All birds seen are included, both inside 

transects and outside transects. 

 
 
 

Month Year N 

1 2010 157 

2 2010 933 

4 2009 496 

6 2009 33 

10 2009 131 

11 2009 91 

http://www.trektellen.nl/
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Figure 8. Distribution maps of Common Scoter, for the only month in which some birds were seen in transect.  The map 

shows the coastline of Noord-Holland, the outlines of the two wind farms and the anchorage area. Counts without Scoters 
indicated by -. 
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Divers Gadidae (duikers)  

Two species of divers were noted during these T-1 surveys. The vast majority were certain or probable Red-
throated Divers Gavia stellata. Some Black-throated Divers G. arctica were seen, during their spring migration in 
April (cf seawatching data; see: Camphuysen & van Dijk 1983; Platteeuw et al. 1994; www.trektellen.nl), but also 
in mid-winter (Table 4). Some 9% of the two smaller species (Red- or Black-throated) could not be identified to 
species. Divers were absent in summer and most numerous during the winter surveys. 

Diver distribution patterns were mostly rather coastal, from autumn through winter, with OWEZ situated at the 
offshore fringe of the area occupied by divers and PAWP offshore of these parts. PAWP was always outside the 
main range of the divers during all T-1c surveys (Figure 9).  

 

Table 4. Total numbers of divers seen during the T-1 surveys. All birds seen are included, both inside transects and outside 

transects. 

Month Year Red-throated Black-throated Red-thr/Black-thr 

4 2009 4 8 2 

6 2009 0 0 0 

10 2009 56 0 2 

11 2009 102 6 14 

1 2010 244 0 16 

2 2010 66 2  0 

 

 

http://www.trektellen.nl/
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Figure 9. Distribution maps of divers (Red- and Black-throated combined), for months in which they were present (no divers 

were seen in June). All maps show the coastline, the outlines of the two wind farms and the anchorage area. Circle sizes 
correspond to the number of divers within the transect in a 5-minute count. Counts without divers indicated by ¼-¼. Colours 
represent smoothed probabilities of occurrence. Note that the modelling of the distribution pattern crashed for the January 
dataset, preventing the presentation of background colours. Clearly, however, the divers had a rather nearshore distribution 
pattern. 



Report Number ~number~ 19 of 47 

 

Great Crested Grebe Podiceps cristatus  (Fuut) 

Since the turn of the century, Great Crested Grebes have been wintering in increasing numbers in North Sea 

coastal waters off the Dutch mainland coast. Total numbers have been estimated at 28,000 birds, with significant 
numbers due east of the wind farms (Leopold et al. in press.). Grebes were only seen in good numbers during the 
mid-winter surveys (Table 5); low numbers were seen during spring and autumn surveys; no grebes were seen in 
summer. 

The distribution patterns were always very similar. High numbers were found closely inshore, tapering off very 
quickly to zero a few kilometres into the sea. The location of PAWP is clearly beyond the normal realm of the 
Grebes (Figure 10). 

 

Table 5. Total numbers of Great Crested Grebes seen during the surveys. All birds seen are included, both inside transects 

and outside transects.  

 
 

Month Year  N 

4 2009 0 

6 2009 0 

10 2009 0 

11 2009 18 

1 2010 912 

2 2010 510 
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Figure 10 . Distribution maps of Great Crested Grebes, for the mid-winter surveys (January/February). Maps show the 

coastline, the outlines of the two wind farms and the anchorage area. Circle sizes correspond to the number of divers within 
the transect in a 5-minute count. Counts without divers indicated by ¼-¼. Colours represent smoothed probabilities of 
occurrence. 


