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EIS avifauna at the northern part of "de Vlakte van de Raan"

1. BACKGROUND OF THE STUDY

In 2001 Fina Eolia, a branch of TOTALFINAELF, had submitted an application document for the 
domain concession and exploiting of a windfarm at the Vlakte van de Raan. Within this framework this 
licence request must contain an environmental impact study (EIS). As a result of this Fina Eolia NV 
had asked in 2001 the Institute of Nature Conservation (IN) to conduct a EIS in which:

(1) the reference situation of the avifauna (migrating, staging and foraging birds) at the Vlakte 
van de Raan were discribed,

(2) the potential effects during construction and exploitation phase based upon bibliography were 
discribed,

(3) the gaps in knowledge were cited and the mitigating measures were proposed and
(4) a description of the necessary monitoring before and after construction phase and during the 

operational phase.
This avifauna-part of the EIS had delivered begin April 2002 to incorporate into the entire EIS-report 
(Stienen e t at. 2002).

Fina Eolia had recent submitted a new request to obtain a consession for building and exploiting a 
windfarm just north of the Vlakte van de Raan. This modified project consist of the location of 36 turbines 
within a concession area like a parallelogram with sides of + 2,5 by + 3,7 km (total surface area 8711 km2). 
In compliance with the safety distance of 500 m the total area claimed would be 15 668 km2. The turbines 
are setted up in four lines perpendicular to the coastline, each line consist of 9 turbines. The distance 
between these 4 rows is + 720 m. Within one row the distance between the turbines is + 450 m. The 
distance from the coast is + 16 up to 20 km. The project are equiped with turbines of 3 up to 3,6 MW, the 
total capacity is minimal 108 and maximal 129,6 MW. The turbines have a pilon height of more or less 70 m 
above sea level and with a rotor diameter of 90 up to 100 m.

Within the scope of this new request the IN is asked to adapt the previous report (Stienen e t at. 2002) to 
the modified project and to complete it with new information (counts and literature).

2. METHODOLOGY

2.1. Target area and frame of reference

Because of the high mobility of seabirds it is not sufficient for an environmental impact assessment to 
focus on a relatively small area like the area in which the windfarm is planned. In addition, the limited 
number of counts of marine birds performed at the windfarm site might bias the data so that an 
unrealistic picture of the ornithological importance of the area could arise. Therefore, the report also 
takes account of a certain buffer zone in which seabird densities are considered. The buffer zone 
encloses the entire northern part of the Vlakte van de Raan on Belgian territorial waters as well as a 
segment of the deeper waters adjacent to this and partly extents to the Dutch Continental Shelf to the 
east (Figure 1). In the following part the term target area will designate this buffer zone. The 
demarcation of the target area was done in a way that the physiological and biological conditions 
resemble those at the windfarm site. The exact borders of the target area were, however, drawn 
arbitrary. It is not to be expected that small changes in the size or shape of the target area will 
strongly affect the results. The importance of the target area is considered for each bird species by 
comparing the on-site seabird densities to those on the entire Belgian Continental Shelf (BCS). As far 
as possible and if relevant, also the importance of the area for migrating seabirds is evaluated.
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Figure 1. Situation and demarcation o f the windfarm site (solid red area) and the target area (area 
dotted in red). The red lines delineate the Belgian Continental She/f.

2.2. Method of counting and data processing

In order to evaluate the importance of the site to the marine avifauna, an extensive database on the 
distribution of marine birds on the Belgian Continental Shelf and its immediately surrounding area was 
used. The database consists of standardised counts of the marine avifauna, carried out from ships in 
the period from January 1992 to October 2002 by the Institute of Nature Conservation. The counts 
were performed using the so-called transect method, in which all swimming birds present within a 
distance of 300 m from the vessel and in an angle of 90° from the bow of the vessel are counted 
during successive periods of 10 minutes (see Tasker et at. 1984 for a comprehensive description). For 
standardised counting of flying birds the snapshot method was used (Komdeur et at. 1992), in which 
all flying birds that are within a distance of 300 m and in an angle of 90° from the ship are counted 
every minute. Estimation of the distance was calibrated between observers. To calculate seabird 
density the numbers were corrected in accordance with internationally accepted correction factors 
(Offringa et at. 1996), which take account of the fact that some birds are difficult to see at greater 
distances. During the counts, birds that were seen at > 300 m from the ship were also noted. The 
latter observations were not used to determine densities, but for a number of uncommon species 
maps showing all sightings often provide a better picture of actual distribution than maps based on 
bird density.

5



EIS avifauna at the northern part of "de Vlakte van de Raan"

<7.

Figure 2. Positions on the BCS (red dots) where counts o f seabirds were performed.

The ship-based counts were performed from on board the vessels 'Belgica', 'Zeeleeuw', 'Zeehond', 
'Zeearend' and 'Ter Streep' and from ferries on the Zeebrugge-Dover and Ostend-Ramsgate routes. 
The counts give virtually complete coverage for the BCS (Figure 2). Only in the deep-water zone, 
along the Belgian-English boundary and the area bordering on the Dutch Continental Shelf were the 
counts less intensive. Also at the windfarm site the number of counts is relatively low. For this reason 
a rather large but homogeneous area was demarcated as a target area (Figure 1) so that a reliable 
picture of the use of the area by marine avifauna could be obtained.

For each bird species (or in some cases group of species) the average density (number of birds per 
km2) within each 1' x 1' -  square at the BCS was calculated. Since the occurrence of many seabirds 
varies strongly with the season, the average density per season is considered (whereby autumn = 
September -  November, winter = December -  February, spring = March -  May and summer = June -  
August). Next the densities of all 1' x 1' -  squares that partly or entirely belong to either the BCS or 
the target area were averaged to become a reliable figure for seabird density. By averaging the data 
twice (first per 1' x 1' -  square and next per area) possible outliers in the data {e.g. extremely high 
values because of clusters of birds that were found behind fishing vessels) do less affect the results.

This analysis is primarily intended to single out the species for which problems with regard to the 
windfarm might be expected. Flowever, the average densities per season do not always do justice to 
the actual densities that may be found at a particular moment. Many species are only temporary 
guests, the numbers of which show brief peaks in specific months. By using seasonal averages the 
numbers can be a gross underestimate of the peak values.
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3. DESCRIPTION OF REFERENCE SITUATION

3.1. General specification

In general, seabird densities in the target area are very much comparable to those on the BCS (Figure 
3). Both in the target area and on the BCS low densities were measured during summer (< 3.1 birds 
per km2), while during the remainder of the year average densities always exceeded 8.0 birds per 
km2. Compared to the BCS, the target area holds lower densities of seabirds during winter, while in 
the autumn on-site seabird density is higher than on the BCS. Note that the presented figures 
represent average densities. Maximum densities can be much higher and can reach more than 700 
birds per km2. Such high densities of more than 100 birds per km2 are usually the result of birds being 
attracted by fishing vessels. All species of gulls, for example, regularly forage in large groups behind 
fishing boats, where they pick up the fish and fish residue thrown overboard (Camphuysen 1993, 
1994, Offringa etal. 1996, Seys 2001).

□  W inter 
■  Spring
□  Summer
□  Autumn

Target area BCS

Figure 3. The average density o f marine birds in the target area and on the BCS during the various seasons.

3.2. Species composition

During winter, the species composition at the target area very much resembles that at the BCS 
(Figure 4). Most dominant species at the target area then is Guillemot/Razorbill (42% of all species), 
followed by Herring Guii (15%), Kittiwake (13%) and Common Guii (8%). In the spring there are 
remarkable differences in species composition between the target area and the BCS. The target area 
is then dominated by Herring Guii (39%) and Lesser Black-backed Guii (32%), while also Little Guii 
(9%) and Common Guii (9%) are common species. In the summer Lesser Black-backed Guii (42%), 
Great Black-backed Guii (21%) and Common/Arctic Tern (15%) are strongly represented in the target 
area. A strong dominance of Lesser Black-backed Guii (48%) is also found in autumn, while also 
Herring Guii (13%), Great Crested Grebe (11%) and Great Black-backed Guii (10%) are important 
species in this season.
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Vlakte Raan BCP

□  Guillemot/Razor bil i 

H  Co mmo n/A rct ie Tern

□  Sandwich Tern

□  Kit t i wake

□  Great B lack-backed Guii

□  Herring Guii

□  Lesser Black-backed Guii

□  CommonGull

□  Black-headed Guii

□  Little Guii

□  Skua spp.

□  Common/Velvet Scoter

□  Gannet

□  Fulmar

□  Great Crested Grebe

□  Diver spp.

Figure 4. The relative importance o f the various seabirds in  the target area compared w ith the BCS.

3.3. Potential problem species

3.3.1. General

The species composition in combination with the average densities of seabirds provides an indication 
for the possible impact of the windfarm and which species will probably be most affected. After all, 
studies at terrestrial wind turbines have shown that the number of casualties is related to the number 
of birds present at the site (among others Musterts et at. 1991, Evereart et al. 2002). However, only 
discussing the most numerous bird species at the site certainly does no justice to rare species, which 
can nevertheless be very important from the point of view of protection. Moreover, it does give no 
information on the relative importance of the site for a particular species. Although a specific species 
can reach high densities at the windfarm site, the impact of the windfarm on a species level can still 
be insignificant if for example the species is widely distributed over the BCS. On the other hand, if a 
species occurs strongly clustered in one or several areas (e.g. Common Scoter) one must be 
extremely careful to interfere with any bird activity in such areas.

For a reliable picture of the relative importance of the windfarm site one must therefore compare the 
local densities at the site to those on the BCS as a whole. The result of such analysis is shown in Table
2. By using these figures one can identify species that might cause potential problems. In this study 
potential problem species will be defined as follows:

1) species that in a particular season reach a higher density in the target area than on the BCS 
(figures given in red in Table 2),

2) species that are common or very common in the target area in one a particular season 
(figures underlined in Table 2) and

3) species that reach relatively high densities in the target area in the season of peak occurrence 
on the BCS (exclamation marks in Table 2).
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Table 2. The average density o f seabirds (num ber/knf)  and the number o f l 'x  1 squares used fo r averaging 
in  the target area and on the entire Belgian Continental Shelf (BCS) in  the summer, autumn, w inter 
and spring on the basis o f ship-based counts in the period 1992-2002. When in  a particular season the 
density o f a species in  the target area exceeds o r equals that on the BCS the density is indicated in  
red. I f  in  a particular season a species is common (0.5 b irds/krrf < density < 1.0 b irds/krrf) o r very 
common (> 1.0 b irds/krrf) in  the target area the figure is underlined either single o r double. An 
exclamation mark behind the target value denotes that the species occurs in the target area in  
relatively high densities ( value target area > 0.5 x  the value on the BCS).

W inter Spring Summer Autumn

Target
area

BCS Target
area

BCS Target
area

BCS Target
area

BCS

Diver spp.
Gavia stellata/arctica 0.41! 0.25 0.12! 0.12 0.00 0.00 0.04 0.02

Great Crested Grebe
Podiceps cristatus 0.48! 0.44 0.01 0.09 0.00 0.00 1JÛ 0.09

Fulmar
Fulmarus glacialis 0.04 0.14 0.00 0.15 0.00 0.10 0.02 0.12

Gannet 
Sula bassana 0.01 0.19 0.01 0.20 0.04 0.10 0.23 0.54

Common/Velvet Zee-eend
Melanitta nigra 0.29 0.95 0.15 1.50 0.00 0.03 0.09 0.34

Skua spp.
Stercorarius sp. 0.00 0.01 0.00 0.00 0.04! 0.04 0.07! 0.04

Little Guii
Larus m inutus 0.13 0.18 0.86! 0.45 0.01 0.05 0.33! 0.38

Black-headed Guii
Larus ridibundus 0.01 0.18 0.01 0.22 0.00 0.12 0.00 0.26

Common Guii 
Larus canus 0.70 1.67 0.80! 0.89 0.00 0.01 0.35 0.49

Lesser Black-backed Guii
Larus fuscus 0.18 0.21 2.98! 1.68 1.31! 1.29 4.80! 3.45

Herring Guii
Larus argentatus 1-751 1.43 3.6QI 1.35 0.14 0.62 13 5 0.68

Great Black-backed Guii
Larus marinus 0.35! 0.55 0.32! 0.47 0.54 0.08 0.98! 0.67

Kittiwake
Rissa tridactyla 1.11! 1.19 0.02 0.49 0.00 0.10 0.29 1.00

Sandwich Tern 
Sterna sandvicensis 0.00 0.00 0.02 0.06 0.12! 0.08 0.00 0.01

Common/Arctic Tern 
Sterna hirundo/paradisaea 0.00 0.00 0.00 0.20 0.38! 0.41 0.24 0.09

Guillemot/Razorbill
Uria aaige/Aica torda 3.60! 4.04 0.31 1.33 0.00 0.01 0.15 0.47

Total 8.56 11.43 9.21 9.20 2.58 3.05 10.04 8.65

Number of 1' X 1' - squares 52 1074 61 892 30 713 54 926
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In this section, for each species the importance of the target area is considered using the current 
knowledge on its temporal and spatial distribution pattern on the BCS. As the occasion arises a 
detailed distribution map is presented, showing the average density of a species in 1' x 1' -  squares 
(e.g. Figure 5). In each distribution map the density is classified into the following six categories: 
0.00-0.49, 0.50-0.99, 1.00-1.49, 1.50-1.99, 2.00-4.99 and > 5.00 birds per km2 for Great Crested 
Grebe, Gannet, Common/Velvet Scoter, Little Guii, Black-headed Guii, Common Guii and 
Guillemot/Razorbill and 0.00-0.09, 0.10-0.49, 0.50-0.99,1.00-1.99, 2.00-4.99 en > 5.00 birds per km2 
for all other species (an increasing colour intensity is related to increasing densities). For some species 
that occur in low densities at the BCS (e.g. skuas and terns) maps are shown on which all 
observations (including those outside the transect) can be seen, rather than the densities. These 
maps are strongly influenced by the number of counts performed at a particular site, but give a good 
general picture of the distribution of these scarce species.

3.3.2. Discussion of species/taxa 

■ Diver spp. Gavidae spp.

Since the determination of divers in the field is not easy, in the present document the entire taxon is 
discussed without making a distinction between the various species. Flowever, based on the 
specimens found dead along the Belgian coast and the divers that were determined to the level of 
species it can be assumed that the majority (86%) in this case were Red-throated Divers Gavia 
stellata (Seys 2001). Divers are generally found swimming on the water. All species of diver are 
extremely sensitive to disturbance. Indeed, they often fly off when an approaching ship is only more 
than a kilometre away (own observation IN).

Figure 5. D istribution 
o f divers on the BCS 
in  winter.

Divers are typical winter guests, which visit the BCS between November and March. On the BCS divers 
are typical inshore species, predominately occur within a small band located between 4 and 20 km 
from the coastline (Figure 5). During winter, lower densities can also be found further from the coast 
at the Flemish Banks, Hinder Banks and Goote Bank. The windfarm site is located within the band of
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highest densities and for this reason divers emerge as potential problem species from Table 2. During 
winter and autumn densities in the target area are much higher than on the BCS, whereas during 
spring densities in the two areas are very much comparable. However the density in autumn is low 
compared to the winter and spring period. The Vlakte van de Raan and its surroundings can be 
designated as an important wintering area for this taxon, although more extensive wintering areas 
with even higher densities are to be found on the western coastal banks and Flemish Banks.

■ Great Crested Grebe Podiceps cristatus

The Great Crested Grebe is a typical winter visitor at the BCS, found here particularly between 
November and May. Like divers, Great Crested Grebes are also mostly found swimming on the water. 
However, they are less sensitive to disturbance than divers and, when a vessel approaches, usually 
move away at a distance of less than 100 m (own observation IN). Even more than divers, Great 
Crested Grebes are typically inshore species of which highest densities are found within 12 km from 
the coastline (Figure 6).

In autumn and in winter the densities in the target area are higher than the densities on the BCS. 
From the distribution map it can be deduced that the Vlakte van de Raan and the surrounding areas 
are important for wintering Great Crested Grebes (Figure 6). Similar concentrations can found along 
the entire coastline. In 2001, this species reached extremely high numbers off the Belgian coast. On 
30 January 2001 4945 individuals were counted from land (own observation IN), which is 3.3% of the 
total northwest-European population. The most important concentrations were then found close to the 
coast between Ostend and De Panne (4788 individuals). However, the numbers at sea can 
substantially differ between years, because severe winters force grebes to move from fresh water to 
the sea.

Figure 6. D istribution 
o f Great Crested 
Grebe on the BCS in  
winter.
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■ Skua spp. Stercorarius spp.

Although skuas occur in low densities at the BCS (Table 2), the area is of international significance for 
the Great Skua Stercorarius skua in particular (Seys 2001). Like Arctic Skua Stercorarius parasiticus, 
Pomarine Skua Stercorarius pomarinus and Long-tailed Skua Stercorarius longicaudus, also Great 
Skuas are seen here primarily during the autumn (Spanhove 2001). In the autumn more than 1% of 
the biogeographical population of Great Skua is found in Belgian marine waters (Seys 2001). The 
great majority (80-100%) of the flyway population of Arctic Skua uses the southern North Sea as a 
migration corridor (Seys 2001). Great Skuas are kleptoparasites that steal fish from other birds. On 
the BCS they are often found in association with large gulls and Gannets or behind fishing boats, 
where they kleptoparasitise on gulls or forage for fish and fish remains thrown overboard.

In summer and autumn the average densities in the target area are equal to or exceed those at the 
BCS (Table 2). For scarce species like skuas the use of densities may not be the best method to 
interpret the importance of the area. For this reason a map showing all records (including those at 
larger distance from the ship) of Great Skua is included in this section (Figure 7). It is obvious that 
such maps are biased by the number of times an area is visited (see Figure 2). Nevertheless, Figure 7 
clearly shows that in particular during autumn and winter Arctic Skuas are widely scattered over the 
BCS. Somewhat elevated densities are found on the Flemish Banks, the Hinder Banks and to a lesser 
extent the Zeeland Banks (Goote Bank). In summer, most Arctic Skuas were seen further from the 
shore in particular on the Hinder Banks. The few records in spring stress the importance of the 
Flemish Banks during this season. Apart from Great Skuas, also other skuas are frequently observed 
on the Hinder Banks and the Zeeland Banks (Spanhove 2001). One can conclude that the target area 
seems of minor importance to skuas. The fact that Table 2 still shows relatively high densities in some 
seasons is probably the result of the low number of counts performed here in combination with the 
scarcity of the species.

Figure 7. AH sightings 
o f Great Skua on the 
BCS in  w inter (blue 
dots), spring (green), 
summer (yellow) and 
autumn (red). The 
size o f the dots 
denotes the numbers 
o f individuals spotted 
(1-5).
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■ Little Guii Larus minutus

Little Gulls are typical migrants at the BCS. The densities show strong peaks in March-April and 
September-October. The southern North Sea plays a crucial role as a migration corridor for the 
species. An estimated 40-100% of the total biogeographical population passes through the southern 
North Sea each autumn (Seys 2001). Except for the area between the Thornton Bank and the Goote 
Bank, in autumn most Little Gulls migrate within 15 km from the coastline. A smaller number of birds 
is present on the BCS during winter. The birds then concentrate around the Goote Bank, the western 
Flemish Banks and the entrance of the harbour of Ostend. During spring migration the species is less 
tied to the coast and most Little Gulls are then found scattered within 30 km from the coast.

In the target area too there is a strong influx of Little Gulls in autumn and spring (Table 2). Very high 
densities were found here in spring, when migration is situated further from the coast than in autumn. 
In spring highest densities occurred in the area north of the Vlakte van de Raan, but also the Goote 
Bank and the Flemish Banks (Figure 8). During the remainder of the year the target area is less 
important, although it holds relatively high densities also during autumn.

Figure 8. D istribution 
o f L ittle  Guii on the 
BCS in spring.

■ Common Guii Larus canus

The Common Guii is encountered on the BCS virtually exclusively in the period November-March. 
Common Gulls are widespread across a large part of the BCS, but hardly at all on open sea. They 
frequently forage behind fishing boats. On the BCS 31% of all birds are found behind fishing vessels 
(Offringa eta!. 1996).

Both in winter and spring there are no clear areas of concentrated use, although in both seasons the 
eastern coastal area holds higher densities than the western part of the BCS. In the target area, too, 
the species is common (average density up to 0.8 birds/km2) in winter and spring, but in neither 
season the densities did exceed those on the BCS. Although the target area can accommodate large
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numbers of Common Guii, it is not a marked area of concentration for this species. Therefore, the 
target area can be labelled as moderately important for this species.

■ Lesser Black-backed Guii Larus fuscus

The Lesser Black-backed Guii is found in high densities on the BCS throughout the year except from
December-February. Except during winter it is the most numerous species on the BCS (Figure 4, Table
2). The densities peak in March-April and in July-September, indicating migration from and to the 
wintering areas. In the autumn an estimated 28% of the total biogeographical population migrates 
through the southern North Sea to the wintering areas in southern Europe and northern Africa (Seys
2001). On the BCS 50% of all birds are found behind fishing vessels (Offringa etal. 1996).

The species is much less tied to the coast than the closely related Herring Guii. Particularly in spring, 
Lesser Black-backed Gulls are found relatively far from the coast. They are then found scattered over 
the entire BCS with no marked areas of concentrated use (Figure 9). In the summer months the 
coastal area in front of the harbour of Zeebrugge is important as a result of the presence of a large 
breeding colony (3400 pairs in 2002; own data IN) in the outher harbour. Highest densities are then 
found within a radius of 30 km from the colony. During autumn migration Lesser Black-backed Gulls 
are more tied to the coast than in the spring and most are found within 20 km from the coast (Figure 
10).

The figures shown in Table 2 stress the numerical dominance of this species in the target area 
throughout large parts of the year (see also Figure 4). Average densities recorded in the target area 
can reach 4.8 birds per km2. Nevertheless the area is not of marked importance for the species. It lies 
at the border of the foraging area during the breeding season and has no major importance as a 
migration corridor.

Figure 9. D istribution 
o f Lesser Black- 
backed Guii on the 
BCS in spring.
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Figure 10.
D istribution o f Lesser 
Black-backed Guii on 
the BCS in autumn.

■ Herring Guii Larus argentatus

The Herring Guii is encountered in high densities throughout the year on the BCS, with highest 
densities measured in winter and spring (Table 2). As with the Lesser Black-backed Guii, the 
distribution of this species depends strongly on the presence of fishing vessels. On the BCS more than 
one third of all birds are encountered behind fishing vessels (Offringa et al. 1996), where they 
scavenging for fish and fish residue thrown overboard.

In general the species is more tied to the coast than the closely related Lesser Black-backed Guii. This 
is most obvious during summer and autumn when the majority of the birds is found within 20 km 
from the coast. An important breeding colony is established in the outer harbour of Zeebrugge in the 
summer (maximum of 1184 pairs in 2001, Van Waeyenberge e t a i 2001a and b). In spring (majority 
within 30 km from the coast, Figure 11) and in particular in winter (within 45 km) the species is also 
found further at sea. Throughout the year there are no clear areas of concentrated use within the 
borders given above, although in winter the deeper waters in the eastern part of the BCS hold fewer 
Herring Gulls than the remaining parts.

The target area may hold large numbers of Herring Gulls with highest densities recorded in spring (on 
average 3.6 birds per km2), but is still of minor importance for the species. The species is widely 
scattered over large parts of the BCS (Figure 11). Also during the breeding season there are no clear 
indication that the area has an important function as a foraging area for the gulls breeding in 
Zeebrugge.

15



EIS avifauna at the northern part of "de Vlakte van de Raan"

Figure 11. 
Distribution o f 
Herring Guii on the 
BCS in  spring.

■ Great Black-backed Guii Larus marinus

The Great Black-backed Guii is a common winter visitor on the BCS, the highest densities are recorded 
in December. In winter the species is widely distributed across the entire BCS with no areas of 
concentration use. In autumn and at the beginning of winter the species is rather more tied to the 
coast, with concentrations around Zeebrugge and in the western corner. Great Black-backed Gulls are 
frequently encountered behind fishing vessels (46% according to Offringa et a I. 1996). In the case of 
this species of guii, too, although a relatively large number of the birds is found in the target area 
(Table 2), the area is not of marked importance for the species. The relatively high densities found 
here in summer are probably the result of a bias caused by the small sample size in the target area.

Kittiwake Rissa tridactyla

Kittiwakes are real seabirds that visit the BCS between late autumn and the onset of spring. Except for 
the surroundings of the Zeebrugge harbour, the species largely avoids the coastal waters (Figure 12). 
Otherwise the birds are widely distributed over the entire BCS with no marked areas of concentrated 
use, although somewhat higher densities are found on the Hinder Banks. Kittiwakes are common as 
scavengers behind commercial trawlers. In the southern North Sea nearly half (48%) of all recorded 
birds is found behind fishing vessels (48% volgens Offringa eta!. 1996).

Although the target area holds relatively large numbers of Kittiwakes in winter (Table 2), the scattered 
occurrence on the BCS gives no rise to designate this area as important for the species.
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Figure 12. 
Distribution o f 
Kittiwake on the BCS 
in  winter.

Sandwich Tern Sterna sandvicensis

The Sandwich Tern is present on the BCS from March to October, but markedly higher densities are 
recorded in the period April-July. An estimated 67% of the total biogeographical population uses the 
southern North Sea as a migration corridor (Seys 2001). In spring, migration takes place along a 
relatively wide area that stretches from the coast to the Hinder Banks, although the majority migrates 
within 25 km from the coast (Figure 14). In autumn, migrating birds are found much closer to the 
coast (largest distance recorded 27 km, but majority within 15 km). The individuals found on the BCS 
in May-June on the BCS (Figures 13 and 14) are from the breeding colonies in the outer harbour of 
Zeebrugge (maximum of 1650 pairs in 1993, Van Waeyenberge et ai. 2001a), at the Hooge Platen in 
the Dutch Delta area (3100 pairs in 2001, De Kraker & Derks 2002) and Oye-Plage in France (770 
pairs in 2001, De Kraker & Derks 2002). The foraging area of the Zeebrugge Sandwich Terns extends 
from over the Dutch border as far as the French border. Particularly to the north and west of 
Zeebrugge, on both sides of the Scheur, to the north of the Wenduine Bank, on the western coastal 
banks, on the Flemish Banks and on the Goote Bank individuals are regularly seen foraging in the 
summer (Figures 13 and 14).

The target area is an important foraging area for Sandwich Terns breeding in Zeebrugge and at the 
Hooge Platen (own observation IN, Arts & Meininger 1995, Offringa & Meire 1997). In summer, local 
densities in the target area average much higher than those on the BCS (Table 2). Although the 
figures shown in Table 2 suggest otherwise - but these are probably biased by the scarceness of the 
species - Figure 14 stresses the importance of the area as a migration corridor especially during 
autumn migration.
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Figure 13. 
Distribution o f 
Sandwich Tern on 
the BCS in summer.

Figure 14. AH 
sightings o f Sandwich 
Tern on the BCS in 
spring (green dots), 
summer (yellow) en 
autumn (red). The 
size o f the dots gives 
an indication fo r the 
number o f birds seen 
(1-5).

P7T
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■ Common/Arctic Tern Sterna hirundo/paradisaea

Under normal field conditions it is difficult to distinguish Common Terns from Arctic Terns. However, it 
is highly probable that in more than 80% of the cases these are Common Terns (Offringa eta!. 1996). 
On the BCS Common/Arctic Terns are observed from April to November, with peaks in density in May 
and July as a result of migration. The southern North Sea is extremely important as a migration 
pathway for Common Terns. An estimated 56% of the total flyway population passes through the 
southern North Sea each spring and autumn (Seys 2001). In spring concentrated migration takes 
place closely inshore (majority within 10 km from the shoreline), while in autumn migrating 
Common/Arctic Terns are also found somewhat further at sea (but still the majority is found within 20 
km from the coast, Figure 16). Around the harbours of Ostend and Zeebrugge, particularly in May, 
large groups are present, but at that time many passing individuals are also seen elsewhere in the 
coastal zone. In the summer months the outer harbour of Zeebrugge supports one of Europe's largest 
colonies (maximum of 2450 pairs in 2002, own data IN). Research into the foraging activity of 
Common Terns shows that a significant proportion of the Zeebrugge breeding population forages in 
the port itself or in its immediate vicinity (Rossaert et a I. 1993, Manhout 1999, Van Waeyenberge et 
al. 2000). Foraging Common Terns are often encountered behind ferries and to a less extent behind 
other vessels. The western side of the harbour in particular is an important foraging area (Figure 15). 
However, concentrations of foraging Common Terns have also frequently been observed on and 
around the Vlakte van de Raan (Arts & Meininger 1995, Offringa & Meire 1997). Most birds were, 
however, seen within 10 km from Zeebrugge (Figure 15), although some individuals might perform 
foraging flights of up to 15 km (Beijersbergen 1980, Stienen & Brenninkmeijer 1992, Arts & Meininger 
1995).

Figure 15. 
Distribution o f 
Common/Arctic Tern 
on the BCS in 
summer.

In the target area high densities were found in summer and autumn (Table 2). The importance of the 
windfarm site as a foraging area for terns breeding in Zeebrugge and Het Zwin is not entirely clear, 
but seems negligible because it is located at more than 15 km from the colonies. On the other hand, 
the area is very important for migrating Common/Arctic Terns in particular during autumn when 
migration occurs somewhat further from the shore (Figure 16).
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Figure 16. 
Distribution o f 
Common/Arctic Tem 
on the BCS in 
autumn.

■ Guillemot/Razorbill Uria aalge/AIca torda

Both Guillemots and Razorbills are winter guests, which visit the BCS between October and March. 
The highest densities are recorded in January-February, when this taxon is the most common seabird 
present in the area. More than 75% of all records refer to Guillemots. Guillemots and Razorbills 
generally avoid the immediate coastal waters (Figure 17). Except for the west coast, where high 
densities are also found closer to the shoreline, Guillemot/Razorbill were primarily found at more than 
10 km from the coast. Important wintering areas are found on the Flemish Banks, Hinder Banks as 
well as the Zeeland Banks, but also in the gullies and deeper waters Guillemots/Razorbills are 
frequently encountered.
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Figure 17. 
Distribution o f 
Guillemot/Razorbill 
on the BCS in winter.

.

Notwithstanding the fact that the average density at the target area is very high in winter (Table 2) 
and Guillemot/Razorbill make up 42% of all species (Figure 4), the area is not of exceptional 
importance for this taxon because both Guillemots and Razorbills are widespread over large parts of 
the BCS.

3.4. Importance of southern North Sea for migrating birds

3.4.1. General

Many migratory birds use the coastline for orientation during migration to and from their breeding 
grounds. In spring and autumn this results in high densities of migratory birds along the coast. Both 
along the Belgian and Dutch coasts migration has been intensively monitored by seabird watchers for 
many years (incl. Camphuysen & Van Dijk 1983, Borrey et a!. 1986, Van Westrienen 1988, Platteeuw 
e t a i 1994), thus we know that typical coastal species and waders are dominant during migration 
along the coasts of the southern North Sea.

For most migratory species these counts show clear patterns throughout the year. Depending on the 
species there may be a concentrated spring or autumn migration. A few species also show a moulting 
migration (for example Shelduck). In addition to these patterns, the migration of birds along the coast 
often depends on wind direction and strength. In certain weather conditions a strongly propelled 
migration along the coast can take place. In autumn for instance, a strongly concentrated migration 
can be observed when there is a strong wind from the north-west. At times of strong north-westerly 
wind, also offshore birds are driven closer to the coast.
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3.4.2. Seawatches

Depending on the season and the species the number of birds migrating along the coast can be very 
high. During observations at Ostend (1978-1983) the following species (or groups of species) reached 
peak averages of more than 10 birds per hour: Greylag Goose, Brent Goose, Wigeon, Common Scoter, 
Wader spp., Oystercatcher, Lapwing and Sterna spp. (Borrey et a i 1986). In particular Common 
Scoters (maxima of 266 birds per hour) and Common Terns/Arctic Terns (maxima of 52 birds per 
hour) can reach very high averages per hour. Typical offshore species (like e.g. Fulmar, Kittiwake and 
Auk) are seen only in low numbers along the coast. The more common Laridae-species (Black-headed 
Guii, Common Guii, Herring Guii, Lesser Black-backed Guii and Great Black-backed Guii) have not 
been counted systematically, so no good data exists on their migratory movements.

Generally, counts of the number of birds passing along the coast of South Holland (The Netherlands) 
give the same results of the predominant species (Camphuysen & Van Dijk 1983, Platteeuw e t a l 
1994). However, in contrast to the observations at Ostend, some species (Great Crested Grebe, 
Gannet, ducks, Little Guii and Kittiwake) did reach peak numbers of more than 10 birds per hour 
along coast of South Holland. Here the number of migratory movements of Laridae was recorded and 
Black-headed Guii, Common Guii, Herring Guii and Lesser Black-backed Guii all achieved peak 
averages of more than 10 passing birds per hour, running up to a maximum of 140 birds per hour 
(Camphuysen & Van Dijk 1983, Platteeuw et al. 1994). The total number of birds that migrate along 
the Dutch coastline in spring is in the order of 3.5 million and in the autumn in the order of 2.5 
million. Approximately the same migration intensity will occur along the Belgian coast.

3.4.3. Radar studies

Knowledge of migratory movements of birds further offshore is very limited (Lack 1960,1963, Louette 
1971a, 1971b, Buurma 1987). Generally it can be stated that in autumn during the daytime migration 
takes place close to the coast, with the highest densities of migratory birds being located in a narrow 
band along the coast. The few sea migration observations from oil platforms and ships confirm that a 
much lower density of migratory birds is found over the open sea (Report of the Club of Sea migration 
observers, quoted in Buurma & Van Gasteren 1989).

However, it appears from a radar study of the spring and autumn migration of birds along the Belgian 
coast that the north-south oriented migration can also still be very intensive far from the coast 
(Louette 1971a). In addition, strong movements in an east-west direction were sometimes visible on 
the radar, indicating migration to and from England. Since the width of the migration zone is not 
accurately known, on the basis of radar observations (Louette 1971a, Buurma 1987, Buurma & Van 
Gasteren 1989) a distance of 15 to 20 km from the coast could be the estimated zone within which 
concentrated migration occurs. Not only is the distance from the coast at which the various species 
pass by virtually unknown, there is also a virtual no information on flying height and nocturnal 
migration. A radar study near the Maasvlakte (The Netherlands) shows that in the autumn, migration 
takes place throughout the night in the lower strata of the air (< 150 m; Buurma & Van Gasteren 
1989). Also during night numerous species use the coast as a guideline at night, although strong 
concentrations of birds seem to occur less than at daytime. Still this results in relatively high densities 
of migratory birds in the lower air layers over a zone the width of a few kilometres (Lack 1960, 1963, 
Buurma 1987, Buurma & Van Gasteren 1989). A radar study of the intensity of nocturnal bird 
migration along the Belgian coast (Louette 1971a, 1971b) confirms this picture.

3.4.3. Im portance o f BCS as m igration route

The southern North Sea, including the BCS, has an important function as a migration route for a 
number of marine birds. Looking at the map of the southern North Sea it is clear that cuneiform
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entrances to the Strait of Dover may act as a fyke net within which seabirds become temporarily 
concentrated when they leave or enter the southern North Sea (Stienen et al. in prep). An estimated 
1-1.3 million marine birds use this narrow corridor as a migration route each year (Seys 2001). For a 
number of seabirds a very significant percentage of the total biogeographical population migrates 
through this area (Seys 2001, 2002). For Great Skua and Little Guii in particular this is a very 
important migration route (40-100% of the total biogeographical population). An estimated 30-70% of 
the total flyway population of the Lesser Black-backed Guii and summer resident terns (Little, 
Common and Sandwich Tern) migrate via the Channel. In addition, 10-20% of the flyway population 
of Red-throated Diver and Great Crested Grebe may pass this bottleneck, and 3-10% of the Larus- 
gulls (excepte Little Guii), Northern Gannets and Common Scoters. The majority of these species are 
very much tied to the coast (except Great Skua and Northern Gannet) and migrate at less than 20 km 
from the coast (Offringa et al. 1996, Seys 2002, Stienen et a!, in prep.). A number of species 
(including Red-throated Diver, terns and possibly also some other species) are also known to migrate 
during night or during crepuscular hours (Cramp & Simmons 1977, Camphuysen & Van Dijk 1983, 
Allein & Boudolf 1998).

All seabirds are known as k-strategists (long life span, small clutch size and delayed maturity), making 
them extremely sensitive to changes in the mortality of adult birds. A small increase in adult mortality 
rate can have disastrous consequences for the population as a whole. Because of their longevity the 
impact on the population may only become evident after a number of years (and sometimes after 
more than 20 years). For this reason and because of the international importance of southern North 
Sea as a migration pathway for many seabirds, particularly in this area one must be very careful to 
situate constructions that might affect survival probabilities of seabirds.

3.5. Conclusions

In order to draw conclusions on the importance of the target area and the expected effect for the 
various species/taxa one must weigh up several factors of importance. In this report the following 
factors were considered:

whether or not the species/taxon is included in the highest priority lists of European 
legislative instruments, being the EC-Birds Directive (Annex I species), the Bern 
Convention (appendices I or II) and the Bonn Convention (appendices I or II). 
whether or not the species/taxon has a threatened status either in Europe or in Belgium, 
the importance of Belgian marine waters as a migration pathway for the species 
concerned.
whether or not the numbers found in Belgian marine waters are of international 
importance (i.e. they exceed the 1% level of their respective biogeographical population)

- the importance of the target area for the species, which is a weighing up of (1) the local 
densities compared to those on the BCS, (2) the area being a specific area of 
concentrated use and (3) the importance of the area as a migration corridor for the 
species.

The results of this exercise are listed in Table 3. Note that the analysis is made on a species-specific 
basis. If the case that in the above sections the entire taxon was described (e.g. diver spp., skua spp. 
etc.) Table 3 only treats the most dominant species within this taxon. A summary of the most 
important issues evident from this table and from the above is given below.

The importance of the windfarm site for wintering Red-throated Diver is not to be neglected. 
Relatively high densities are found here in autumn, winter and spring. The BCS and in particular 
the coastal zone including the target area plays an important role as a migration corridor for the 
northwest-European flyway population. Since the species migrates in relatively high densities in a
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narrow band close to the coastline, the impact of a windfarm within this migration pathway might 
be large. Since the species is also highly sensitive to disturbance, is listed as vulnerable within 
Europe, is included in Europe's highest priority lists for conservation and the maximum numbers 
recorded in Belgian marine waters exceed the 1%-level of the total flyway population the 
integrated importance of the windfarm site can be judged as very high.

The windfarm site is very important for wintering Great Crested Grebes. The coastal zone of 
the BCS is an important corridor for migrating Great Crested Grebes. Even more than is the case 
in Great Crested Grebe this species migrates in a narrow band close to the coast. The windfarm 
site is situated at the northern border of this band. The species is not considered as threatened 
within Europe or in Flanders and is not included in Europe's highest priority lists for conservation, 
but the maximum numbers wintering in Belgian marine waters well exceed the 1%-level. 
Weighing up these considerations the importance of the windfarm site for Great Crested Grebes 
can be judged as high.

The site is very important for the Little Guii during the spring and autumn migration. Especially 
in autumn when concentrated migration occurs close to the coast, the windfarm site constitutes a 
relatively large part of the migration corridor of Little Gulls. The species' sensitivity for collision 
and disturbance is, however, unknown. The total European population of this species is showing a 
decline, the species is listed on Europe's highest priority lists for conservation, the BCS forms a 
very important migration corridor for Little Gulls and the numbers on the BCS well exceed the 1%- 
level of the total flyway population. For those reasons the importance of windfarm site is 
considered as very high.

During the breeding season the site is important as a foraging area for Sandwich Terns 
breeding at the out port of Zeebrugge and at the Hooge Platen (The Netherlands). Although the 
BCS as a whole is an important migration route for Sandwich Terns, certainly during spring 
passage when Sandwich Terns are widely distributed over large parts of the BCS, the windfarm 
site constitutes only a small part of the species' migration corridor. A more significant impact 
might be expected during autumn migration when the species is more tied to the coast, but the 
species' sensitivity for collision is unknown. The Sandwich Tern is included in Europe's highest 
priority lists for conservation, the European population is declining, the species is threatened with 
extinction in Flanders and the numbers in Belgian marine waters exceed the 1%-level of the total 
flyway population. This leads to an integrated importance of the windfarm site that can be judged 
as m oderate.

The windfarm site is situated outside the normal foraging range of Common Terns breeding 
along the Flemish coast. Still the site holds significant numbers of Common Terns during summer 
and autumn, stressing its importance as a migration corridor. If consideration is also given to 
inclusion into the highest priority lists for conservation in Europe, the threatened status in 
Flanders, the importance of BCS as a migration pathway for the flyway population and the 
numbers in Belgian marine waters exceeding the 1%-level of the total flyway population, the 
integrated importance of the windfarm site is judged as moderate.

The most common seabirds present at the windfarm site are Guillemot/Razorbill (winter), 
Lesser Black-backed Guii (spring through autumn) and Herring Guii (spring). Only for the 
Lesser Black-backed Guii the area is an important migration corridor. In particular during autumn 
passage when the latter species is more tied to the coast, the windfarm site constitutes a 
significant part of the migration corridor of this species. Since none of the three species or species 
groups are listed on European highest priority lists for conservation or are considered threatened 
within Europe and the site is not of particular importance for any of these species the integrated 
importance of the windfarm site is judged as m inor.
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Table 3. Schematic representation o f the inclusion o f a species in  European legislative instruments (the species 
is represented in  red i f  it  is included as an Annex I  species in  the EC-Birds Directive, appendices I  o r I I  
o f the Bern o r Bonn Convention), the international status (according to Heath e t a i 2000, localized = 
population larger than 10,000 breeding birds, o f which 90% a t less than 10 locations), the status 
within Flanders (derived from  the Red List o f breeding birds in Flanders, Kuijken 1999), the importance 
o f the BCS as a m igration corridor (- = o f little  o r no importance, + = o f some importance, + + =  o f 
great importance, +++ = o f very great importance), the proportion o f the to ta l biogeographical 
population present on the BCS (given in  red i f  more than 1% o f the species is  present on the BCS in  a 
particular season, according to Seys 2001) and the importance o f the target area relative to the BCS (- 
= o f little  orno importance, + = o f some importance, ++ = o f great importance, +++ = o f very great 
importance). For each species the function o f the target area as foraging (F), resting (R) o r m igration 
(M) area is denoted.

Species Status 
in  Europe

Status 
in  Flanders

Function 
as a 

m igration 
corridor

Maximum 
% observea 

on BCS

Importance 
o f target 

area

Function o f 
target area

Red-throated Diver vulnerable not breeding ++ 2.5% +++ FMR

Great Crested Grebe secure not threatened ++ *3.2% +++ FMR

Fulmar secure not breeding - 0.0% - F

Gannet localized not breeding + 0.4% - FR

Common Scoter secure not breeding + 1.0% - FR

Great Skua secure not breeding +++ 1.6% + FMR

Little Guii declining not breeding + + + 4.9% +++ FMR

Black-headed Guii secure not threatened + 0.1% - F

Common Guii declining rare + 0.4% + FR

Lesser Black-backed Guii secure vulnerable + + 3.5% + + FMR

Herring Guii secure vulnerable + 1.4% + FR

Great Black-backed Guii secure not breeding + 1.2% + FR

Kittiwake secure not breeding - 0.1% - F

Sandwich Tern declining
threatened 

with extinction
+ + + 2.2% + + FM

Common Tern secure threatened +++
*
2.7% + + FMR

Little Tern declining
threatened 

with extinction
+ + 2.5% + M

Guillemot secure not breeding 0.7% - FR

Razorbill secure not breeding - 0.8% - FR

* = figures of Seys 2001 were amended according to the new data collected by the IN
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The report did not account for a possible impact of the windfarm on Little Terns because this 
species is hardly ever encountered at sea. The windfarm is located well outside the foraging range 
of Little Terns breeding along the Flemish coast. However, the southern North Sea including the 
BCS could be of high  importance for the species as a migration pathway. There are indications 
that this species predominantly migrates during night, which would explain why it is hardly ever 
encountered during daytime. Also other seabirds might show nocturnal migration but the extent 
of it remains unknown (see also paragraph 3.5.3.).

4. AUTONOMOUS DEVELOPMENT

It is to be expected that, if wind turbines are not installed, the ornithological value of the northern 
part of the Vlakte van de Raan will remain essentially the same. Apart from natural variations in 
numbers that can be sometimes very large (for example Great Crested Grebes that are mainly found 
in high numbers at sea during strong winters), there are no indications that major shifts in species 
composition or numbers are taking place in the area. Only the number of Herring Guii, Lesser-Black- 
backed Guii, Sandwich Tern and Common Tern present in the area during summer were undoubtedly 
strongly linked to the number of birds breeding in the outer harbour of Zeebrugge and will remain 
doing so in the future. It is possible that the significance of the site as a foraging area for Common 
Terns and/or Sandwich Terns may fluctuate somewhat from year to year since annual changes and 
movements occur in their food stocks (Herring, Sprat and Sandeel).

5. ASSESSMENT OF POTENTIAL EFFECTS

5.1. Descriptive bibliography

5.1.1. Introduction

Throughout Europe wind turbines have been mainly installed on land and in semi-offshore areas 
nowadays. Research on the effects of wind turbines on birds has therefore largely been limited to the 
land or coastal situation (see Winkelman 1989, 1992a, 1992b, 1992c, Musters eta!. 1991, Everaert et 
al. 2002). Virtually no research is available on the offshore situation (Cristensen et al. 2001, 2002, 
Guillemette et al. 1998, 1999). However, parts of the terrestrial studies are also relevant for the 
offshore situation. The following paragraphs provide a summary of the main results of research 
relating to medium-sized and large wind turbines. A summary overview of the current understanding 
appeared in Spaans eta!. (1998a,b, 1999) and Van der Winden eta!. (1999).

Research projects were recently started in Flanders studying the effects of windfarms on land and in 
coastal areas on birds (Everaert et a/., 2000, 2001a, 2001b, 2001c, 2002, Seys et al. 1999b). The 
study focussed on the two largest wind-turbine locations in Flanders, namely in the outer harbour of 
Zeebrugge (23 small to medium-sized wind turbines on the eastern jetty and the transverse dam) and 
along the Boudewijn canal in Bruges (14 medium-sized turbines). In May 2001, a third location in 
Schelle (3 large turbines) is added to the study. The situation along the eastern jetty at Zeebrugge 
(see Everaert et at. 2001b, 2001c, 2002, Seys et at. 1999b) resembles most to the situation at the 
Vlakte van de Raan and will be discussed in more detail in the next sections. However large 
differences exist in size of windturbines, rotation speed, distance between the turbines, density of bird
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population and the different areal caracteristics of the area compared to the offshore site north of the 
Vlakte van de Raan.
5.1.2. Description o f potentia l effects

Birds can be troubled in two ways by wind turbines. First they can collide with parts of the turbines 
(primarily the rotor blades) resulting in being killed or injured (collision aspect). In addition, birds can 
be disturbed by the turbines, where a distinction has to be made between direct effects like loss of 
suitable breeding, foraging and resting areas as a result of direct use of the space or restriction of the 
birds' flying and migration routes, and indirect effects resulting from disturbance by the presence, 
movement or sound of the turbines (disturbance aspect).

5.1.3. Collision 

General

Birds collide with wind turbines virtually exclusively at night and at twilight (Crockford 1992, 
Winkelman 1985, 1992a). Casualties occurring during the daytime are largely restricted to birds of 
prey, heron and pigeons, the numbers of which at sea are negligibly small. During the day, in certain 
weather conditions (such as fog, strong wind, spray or rain) birds' sight is limited to such an extent 
that the probability of a collision increases substantially (Winkelman 1995). Although visibility 
conditions play an important part, illuminating the obstacles is more likely to have a negative effect. 
In conditions of poor visibility many birds are in fact attracted by illumination. There are various 
examples in the literature in which massive collisions with obstacles have taken place in a single night, 
so-called disaster nights (summary in Winkelman 1992a). However, real disaster nights only occur in 
the case of high obstacles. Low towers and masts (less than 150 m) only result in disaster nights on 
very incidental occasions (Winkelman 1992a, 1995).

Collision risk

Only a small proportion of the birds present run the risk of colliding with a wind turbine. Research at 
the windfarm in Oosterbierum (The Netherlands) shows that an average of 0.10-0.22% of the 
nocturnal migrants collide with a turbine (Winkelman 1992a). If movements during daylight are also 
considered, an average of 0.01-0.02% of passing birds become casualties. For resident birds the 
number of casualties averaged 0.06-0.12 birds per day. The large-scale research at Oosterbierum was 
based on the number of birds present at a distance of 500 m around the windfarm and related to 18 
medium-sized wind turbines (35 m high, three rotor blades and a maximum power of 300 kW), 
positioned at intervals of 150-300 m. In the operational phase an average of 0.02-0.12 birds per day 
per wind turbine are killed as result of a collision. The variation in the data from Oosterbierum 
(Winkelman 1992a) is the result of including or not including the number of possible collision 
casualties {i.e. taking account of the fact that a number of casualties were not found because they 
were taken away by predators). At a windfarm in the Noordoostpolder (The Netherlands) the number 
of casualties was of the same order of magnitude as at Oosterbierum (Winkelman 1989). In the case 
of the windfarm near the Kreekrak locks (the Netherlands) the number of collision casualties was 
almost ten times lower (Musters et ai. 1991). Such differences can be associated among other things 
with the vicinity of other landscape elements, such as high-voltage cables, roads, spinneys and rows 
of trees (Van der Winden et ai. 1999). So the number of collision casualties can differ clearly by 
location. The maximum rate at any windfarm site in North America was 0.005 birds/day/turbine 
(Strickland et ai. 1998, Dillon Consulting Ltd. 2000). In big windfarms in the United States (California) 
with more than 2000 turbines between 0.03 and 0.15 birds/year/turbine are killed by collision (Dillon 
Consulting Ltd. 2000). The studies at Oosterbierum and in the Noordoostpolder both refer to an open 
landscape with only small lightening of the horizon, which is more comparable with the offshore 
situation.
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Follow Winkelman (1992b) some birds were swept down during night throught the wake behind the 
rotor of the wind turbines. These accidents seems to happen only with birds approaching the turbine 
with tailwind and therefore direct after passage dealing with unexpected air turbulences. Only some of 
these accidents are mortal.

Number o f casualties

The mean number of casualties per kilometre of small to medium sized wind turbines is comparable 
with the number of casualties per kilometre of a busy road or power transmission line (Winkelman 
1992a, 1995). 1000 MW of installed wind-turbine capacity in land and coastal locations would in the 
case of small to medium-sized wind turbines cause an average of approximately 21,000 to 46,000 
casualties annually (Winkelman 1992a). ). The same study compares this to other annual total 
human-related bird-mortality in the Netherlands: road kills 2.000.000 - 8.000.000, power line kills 
1.000.000 - 2.000.000 and hunting kills: 650.000. For 1000 MW of installed capacity of medium-sized 
wind turbines Koop (1997) arrived at a higher estimate of approximately 60,000 to 100,000 casualties 
a year. Less casualties are currently being recorded in the case of a number of large wind turbines (0- 
10/year/turbine), but additional research at several locations is still required to confirm this figure 
(Musters etaI. 1996, Percival 1999).

Belgian research results

The research results of the number of collision casualties along the eastern jetty at Zeebrugge during 
the spring and autumn migration (March-April and October-November) give a similar estimate 
(average 0.10 casualties/day/turbine) to the research carried out by Winkelman (1992a) and Van der 
Winden et ai. (1999). A higher risk of collision for the cluster on the seaward side compared to 
landward cluster exists at this location. The number of casualties is related to the number of flight 
movements at a particular wind turbine. Collisions along the eastern jetty occur particularly among 
gulls (Everaert eta!. 2001b, 2001c, 2002), which are present at Zeebrugge in high numbers (eg. 8260 
breeding individuals in 2000, based upon Van Waeyenberge et ai. (2001b); average wintering 
numbers not known and also non-breeding birds during breeding season not included).

Collision casualties

A positive relationship between the number of birds present and the number of collision casualties 
was also found in the windfarm near the Kreekrak locks (The Netherlands) (Musters et ai. 1991). So 
there is ample evidence that the number of collision casualties primarily depends on the number of 
birds present in the area around a windfarm (see also Musters et ai. 1996, Winkelman 1995). Several 
studies have shown, however, that the risk of collision can differ by species (Musters et ai. 1991, 
Winkelman 1992a, Still et ai. 1995, Everaert et ai. 2002). During the daytime most casualties are 
found among birds of prey, heron and pigeons. At night it is primarily songbirds and ducks that are 
lost, but also Lesser Black-backed Gulls and Great Black-backed Gulls have a relatively high risk of 
collision. Research in England has shown that the risk of collision for Eider Ducks can also be relatively 
high (Still et ai. 1995, Van der Winden et ai. 1999). In this English study Cormorants, Herring Gulls 
and Black-headed Gulls had a relatively low probability of collision. Several foreign researchers noted 
only common birds are casualties of wind turbines (Winkelman 1992a, Van der Winden et ai. 1999). 
In recent studies in Germany and at Zeebrugge also rare species like White-tailed Eagle, Peregrine 
Falcon, Red Kite and Little tern are identified as collision victims (Harte 2001, Everaert et ai. 2002, 
Ostsee-Zeitung 2002). Information on species-specific collision risk is, however, scarce and sometimes 
confusing, so that no general conclusions can be drawn yet. Especially for seabirds there is very 
limited information on this subject.

Flight altitude
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It seems inevitable that collision risk of a bird very much depends on its flying altitude. The majority 
of nocturnal and local daylight flight movements that have been recorded took place between 50 and 
150 metres, which corresponds with the height of the current generation of wind turbines (pile height 
up to 80-100 m, rotor diameter up to 100 m). These studies include local flight movements of diving 
ducks and Spoonbills between resident (ducks) or breeding (Spoonbills) areas and foraging grounds 
(Dirksen et al. 1996b, 1998, Van der Winden et al. 1998), migration of waders along the coast 
(Dirksen et a!. 1995, 1996a), flight movements of waders and ducks related to the tide (Van der 
Winden et al. 1997, 1998, 1999, Spaans et al. 1996, 1998a, 1998b), local flight movements of geese 
(Spaans et al. 1998a, Van der Winden et al. 1998) and seasonal migration (Buurma & Van Gasteren 
1989). At night birds seem to fly higher than during daylight (Spaans e ta I 1996, Dirksen eta!. 1998).

5.1.4. Disturbance

Habitat loss and disturbance distance

Various studies have shown that wind turbines can cause disturbance among foraging and resident 
birds, both on land (Petersen & Nohr 1989, Winkelman 1989,1992b, Bach eta!. 1999, Kruckenberg & 
Jaene 1999, Schreiber 1999) and in wetlands (Winkelman 1989, 1992b). Here too, there are 
substantial differences between species and groups of species in terms of the distance and the degree 
to which the disturbance occurs (van den Bergh et ai. 2002). In open agricultural area ducks, waders 
and gulls in particular felt a clearly disturbing effect, in contrast to Corvidea and Starlings. Depending 
on the species, the distance at which disturbance occurred varied between 100 and 800 meters 
(Osieck & Winkelman 1990, Winkelman 1992d, Schreiber 1993, 1999, Percival 1998, Kruckenberg & 
Jaene 1999). Within these zones the reduction in numbers of the different species in relation to the 
reference situation (i.e. before installation of the windfarm) was between 60 and 95% (Winkelman 
1992d, Van den Bergh et ai. 1993). The number of resident and foraging birds that use an area can 
decline substantially after installation of wind turbines. The disturbing effect is greatest when the 
windfarm is operational, but is already measurable in the non-operational phase.

In a recent study in Germany a clearly disturbing effect on White-fronted Geese was found. Before 
installation of the wind turbines large numbers of White-fronted Geese rested in the area. After 
installation of the turbines no White-fronted Geese were observed in a zone of 400 m around the 
turbines, and in a zone of 400 to 600 m around the turbines a reduction of 50% was recorded 
(Kruckenberg & Jaene 1999). Large windfarms with small wind turbines in Denmark caused 
disturbance distances of 400 m for the Pink-footed Goose (Osieck & Winkelman 1990). Birds staying 
on the water are also disturbed by wind turbines standing on the edge of or in the water. Disturbance 
distances for various species of waterbirds (primarily ducks) extend to 400 metres (Winkelbrandt eta!. 
2000, Van der Winden et ai. 1999, Winkelman 1989). For resident and feeding Common Pochards, 
Tufted Ducks and Goldeneyes an average reduction of 80% was recorded in a zone of 150 m around 
the turbines. In the case of the Mallard and most other swimming ducks a reduction in numbers of 
60% in a zone 300 m around the turbines could be establised. Most waders show a reduction in 
numbers of approximately 90% within a zone 100 m around the turbines; for the Curlew this is the 
case up to 500 m from the turbines (Van der Winden et a i 1999, Winkelman 1989, 1992d). Similar 
disturbance distances were also measured for water birds near large windfarms in Denmark.

There are also differences of disturbance between breeding and non-breeding birds around windmill 
parks about their distribution and numbers at the site (van den Bergh et ai. 2002). For most of the 
studies there are no clear indications so far for a disturbed influence on breeding birds, despite the 
size of the wind turbines (Vauk 1990, Winkelman 1992b, Meek et ai. 1993, Bach et ai. 1999, Thomas 
2000, Everaert et ai. 2002, van den Bergh et ai. 2002). Only Handke et al. (1999) and Sachslehner & 
Kollar (1997) found significant negative effects on Lapwings breeding close to wind turbines, even 
also for Meadow Pipits and Sky Larks. These results indicate that during the breeding period birds are 
less sensitive to disturbance for windmills. In contrast to the situation outside the breeding season, 
local breeding birds might get used to this obstacles (van den Bergh et ai. 2002). Little if any
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information is known about the effect on songbirds that sometimes also resident in large groups 
outside the breeding season.

Behavioural response to and barrier effect o f wind turbines

Also passing birds respond to wind-turbine farms. During the day the birds' response depends on 
whether or not the turbines are operating and the density of wind turbines (Winkelman 1992c). When 
the wind turbines were not operating 2% of the passing birds reacted to the wind-turbine farm in 
Oosterbierum. When the wind turbines were turning 11-18% of the birds responded. Again substantial 
differences between species were found. The larger birds, such as ducks and gulls, respond more 
strongly to wind turbines than smaller birds (like songbirds). When spacing is less than five times the 
rotor diameter the proportion of birds showing a response is much greater than when spacing is more 
than eight times the diameter. Also the research in the out port of Zeebrugge provided indications 
that the behavioural response to the presence of wind turbines is related to the wingspan of the birds 
(Everaert et ai. 2001b, 2001c, 2002). Nevertheless, terns such as the Common Tern and Sandwich 
Tern seemed to be more sensitive to disturbance than the larger gulls (Everaert et ai. 2001b, 2001c, 
2002). In the Netherlands, two short line-up of wind turbines at a coastal breeding site (Maasvlakte) 
of gulls and terns showed that during the breeding period almost no reaction could be observed from 
these breeding birds (van den Bergh et ai. 2002).

With long line-up or clusters of wind turbines a serious barrier effect can be caused by turbines (van 
den Bergh et ai. 2002). This is the case during migration or for local movements as well as for birds 
flying above land or water (Karlsson 1987, Winkelman 1992a, 1992b, van der Winden et ai. 1996, 
Spaans eta!. 1998a, Tulp eta!. 1999, Brauneis 2000, Poot eta!. 2001). Two types of response can be 
identified, namely changing flight direction in order to avoid the windfarm and temporarily adjusting 
the flight altitude in order to fly over the windfarm. A large proportion of the birds will not fly into the 
windfarm or will leave it again quickly. Generally avoidance of the turbines occurs at a short distance. 
Groups of birds that pass a windfarm often bunch together in response to the wind turbines 
(Winkelman 1992d). Other studies also show that migrating birds avoid the windfarms, as a result of 
which there can be a substantial reduction in the number of birds passing. A study in Sweden 
suggests a reduction to 4% of the expected migration (Karlsson 1987). Other foreign studies assume 
a reduction of more than 75% up to even 100% of the number of birds passing (overview of the 
literature in Winkelman 1992d).

A line-up of wind turbines parallell to the birds' main migration direction is preferable to a clustered 
configuration, however this can be disadvantageous for staging birds. If a line-up configuration 
perpendicular to the flight direction is established, this will act as a barrier particularly at night (Van 
der Winden eta!. 1996, Spaans eta!. 1998a).

5.1.5. Offshore situation

Disturbance and behavioural response to windturbines

The current knowledge about possible effects of wind turbines on birds in the offshore situation is 
very limited (Van der Winden et ai. 1997). In particular research into collision risks and disturbance 
effects during twilight and at night is scarce, as is knowledge about nocturnal flying movements of 
various groups of species. However, the risk of collision is actually greatest at night. The only study on 
this subject contains research into the nocturnal flying activity of scoters (Common Eiders and 
Common Scoters) near an offshore windfarm in the Baltic Sea (Tuno Knob) (Tulp et ai. 1999,1 
Nocturnal flight movements have been recorded for both of these seaduck species. The nocturnal 
activity was found to be greatest in moonlight conditions and during twilight. During their nocturnal 
flight movements, and particularly on moonlit nights, Common Eiders partially avoided the wind 
turbines. Negative effects on the number of flight movements were recorded up to a distance of 1500
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m from the windfarm. The recorded decline both in the flying activity and the number of flying 
movements indicates a barrier effect of offshore windfarms for species that are active at night. 
Particularly in the case of larger windfarms this could represent a significant limitation for the use of 
food resources and the accessibility of resting areas. However the results of the research by Tulp et 
al. (1999) are applicable to offshore areas with large concentrations of seaducks and can therefore 
not be extrapolated to the Belgian situation. A study of the local situation is essential in order to 
establish a correct assessment of the disturbance effects on site.

In the same Danish windfarm research was also conducted into the disturbing effects on Common 
Eiders during daylight (Guillemette et a!. 1998). This provided no indications that during the day 
disturbing effects occur to foraging Common Eiders as a result of the wind turbines. Although less 
birds landed in the immediate vicinity of the windfarm, the birds swam towards it from a substantial 
distance in order to forage. However, the flocks of seaducks investigated during this study were 
relatively small and sensitivity to disturbance may significantly differ in large flocks. The Tuno Knob 
windfarm is also small (only 10 turbines of 500kW) and is therefore not comparable to the present 
situation.

Flight altitude

Information on flight altitude for coastal and marine birds is scarce. During systematic sea migration 
counts in the autumn of 1999 on the East Friesian island of Wangerooge, observations were collected 
on the flight altitude of coastal birds in relation to wind direction and speed (Krüger & Garthe 2001). 
In the case of Red-throated Diver, Common Eider and Common Scoter the proportion of birds flying 
low (0 to 1.5 m) against the wind increased with increasing wind speed. With tail wind, the proportion 
of low-flying birds decreased with increasing wind speed, while the proportion of higher-flying birds 
(1.5 to 25 m) increased. Regardless of the wind speed the proportion of individuals flying against the 
wind was highest in the case of the Red-throated Diver, Shelduck, Common Eider and Common 
Scoter. Sandwich Tern and Common Tern/Arctic Tern show the same pattern, though at a greater 
height. With tail wind the majority of these species flew markedly higher. This study suggests that 
daytime migration of the observed coastal birds takes place relatively. Most important conclusions that 
can be drawn from this study are 1) that daytime migration predominantly takes place low above the 
sea level (up to 25 m, sometimes up to 50 m, seldom higher; so at wind turbine height), 2) flight 
altitude is species-dependent and 3) flight altitude depends on meteorological conditions.

Falls

The phenomenon of so called falls of migrating (land)birds (like starlings, trushes and finches) is 
something to keep in mind. These falls could be explained as high numbers of migrants (up to 
100.000 individuals) suddenly enter an area. In most cases as a result of the weather conditions that 
getting worse (like fog, heavy rainfall, low clouds, hard head wind) during migration (see Lensink et 
a!. 1999). From own observations we can say that at open sea such phenomenon can happen during 
migration and mainly due to heavy fog. At this circumstances several songbirds are observed on and 
around the ship, who in other cases not or seldom be seen like they come out of the sky. The chance 
of collisions with wind turbines is higher in this specific case. But the frequency of occurrence of such 
a phenomenon is low and difficult to predict.

5.1.6. Conclusions

— Particularly at night and in conditions of poor visibility birds collide with wind turbines. The 
number of collision casualties in this context depends on the number of birds present, the 
number of birds passing, the composition of the birds in terms of species and the presence of 
other landscape elements and light. The probability of collisions is highest at places where 
large numbers of birds pass at wind-turbine height.
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— Wind turbines can have highly disturbing effects on resident and migrating birds. Locally the 
number of birds passing and staging can decline by more than 50% in relation to the 
undisturbed situation. The disturbing effect of wind turbines differs from one bird species to 
another, with larger birds in particular being strongly affected by wind turbines.

— Data from other areas cannot simply be extrapolated to new locations. For each new location 
the use of the site by resident, foraging and migrating birds should be investigated in order to 
establish a good assessment of the effects. Nocturnal movements in particular should be 
examined in this context.

5.2. Potential effects during construction phase

During the construction phase there will be significant disturbance of the marine avifauna as a result 
of the activities. Consequently, species that are sensitive to disturbance, such as Red-throated Divers 
and Great Crested Grebes (Seys eta!. 1999a) will temporarily avoid the area. Other species (including 
gulls and terns) may benefit from the activities as a result of the temporary availability of food 
(because of the seabed being churned up and the increased ship activity). A barrier effect for 
migrating and passing birds may already be present during the construction. Collisions with the masts 
may already occur during the non-operational phase, although the chance of collisions will be much 
smaller than in the operational phase. Considering the temporary nature of the activities the effect on 
marine avifauna is considered to be moderately negative. If the activities are carried out during spring 
and summer (May-July), the effect on species sensitive to disturbance will be negligible.

5.3. Potential effects during operating phase

5.3.1. Foraging and resident birds

The northern part of the Vlakte van de Raan is characterised by a seabird density that is very much 
comparable to average densities found on the entire BCS (Figure 3). Except for the winter, large gulls 
dominate the species composition in the area (in particular Lesser Black-backed Guii are very 
common, Figure 4), which species are known to be sensitive to collision (Everaert et ai. 2002). 
Therefore most casualties must be expected among large gulls. However, it should be stated here that 
the distribution of most species of Larus-gulls depends to a large part on the presence of fishing 
vessels. Because fishing vessels will avoid the windfarm, this will have a negative effect on the 
presence of gulls. Therefore, the number of collision casualties might be significantly lower than what 
might be expected on the basis of the current numbers present in the area.

In the winter, the area is predominantly used by Guillemots/Razorbills and gulls (Figure 4). 
Guillemot/Razorbill are not particularly sensitive to disturbance by boats (own observation IN) and will 
probably also not be troubled much by the presence of a windfarm. As far as less numerous but 
internationally important species are concerned, the area is of great importance for Red-throated 
Diver (winter), Great Crested Grebe (winter), Little Guii (spring and autumn), Sandwich Tern 
(summer) and Common Tern (summer and autumn). For wintering Great Crested Grebes and Red- 
throated Divers that are both known to be respectively fairly and highly sensitive to disturbance, the 
disturbing effect of a windfarm can be assessed as large. For these species a significant reduction in 
the numbers can already be expected during the construction of the windfarm. Because it is to be 
expected that these species will largely avoid the windfarm, we can assume the number of collision 
casualties will be fairly small. For foraging Little Gulls, Sandwich Terns and Common Terns the 
disturbing effect will probably be low, but on the other hand terns frequently collide against wind 
turbines (Everaert et ai. 2002). The windfarm therefore might have a significant effect on the 
mortality rate of adult terns breeding in the colonies at Zeebrugge and the Hooge Platen (The 
Netherlands) and might in the long term affect their population size.
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5.3.2. M igrating birds and local mo vements

Based on the current knowledge of the numbers of migratory birds on the one hand and on the 
effects of wind turbines on the birds on the other, there is sufficient reason to state that there is a 
relatively high risk of collisions for birds in the coastal area. Moreover, a windfarm of such a size could 
be a barrier for birds migrating along the coast. The BCS is of major importance for migrating Utile 
Gulls, Sandwich Terns, Common Terns and probably also for Little Terns. These species all migrate 
close to the coast and the windfarm area constitutes a relatively large part of their migration corridor 
at the BCS, so that a significant effect on their respective biogeographical populations can not be 
excluded. The proposed clustered of the windfarm will diminish the barrier effect of the windfarm, but 
will still block at least 3.4 km of the migration corridor. In order to reduce the barrier effect it is 
advisable to reserve a gap between groups of wind turbines. No reliable information is available on 
the size of such gaps, though a minimum distance of 800 - 1000 m would be desirable.

In addition to migratory movements to and from the wintering areas it is important to know the local 
(nocturnal) flight movements. It is to be expected, for example, that movements of gulls will occur in 
the target area at twilight. The coast of Belgium and the southern coast of the Netherlands is an 
important wintering region for Herring Gulls (Devos & Debruyne 1990, 1991, Meininger et ai. 1994, 
Spanoghe 1999, Vercruijsse 1999). A significant proportion of these gulls use rubbish tips located 
inland as foraging areas or live off the food that is present locally (Spanoghe 1999, Vercruijsse 1999). 
This species will therefore not experience any adverse impact from an offshore windfarm. Another 
important proportion of the Herring Guii population along the coast makes use of the coastal waters 
as a feeding area, with a lot of foraging taking place behind fishing vessels. Also most other guii 
species are frequently found foraging at sea during the day and often behind fishing vessels. Around 
sunset some of these gulls will probably move to the coast to sleep, with a proportion of them passing 
through the target area. Gulls are also attracted to fishing vessels at night (Garthe & Hüppop 1996), 
where they forage for fish residue behind the illuminated fishing vessels.

Nocturnal flight movements of breeding terns only occur in highly exceptional cases. Nocturnal 
collisions may occur during migration because they are well known nocturnal migrants. In addition, 
the (nocturnal) flight movements of the internationally important species that occur in high densities 
in the area (Red-throated Diver, Great Crested Grebe and Little Guii) should also be examined.

5.3.3. Evaluation o f cumulative effects

Cumulative effects might occur as a result of the interference at a particular trophic level of the 
ecosystem that has its effects on a higher level as well. Because of the limited knowledge on the 
functioning of the marine ecosystem as a whole and because of the complexity and diversity of the 
ecological relations within this ecosystem, it is virtually impossible to assess the cumulative effects 
across different trophic levels. For example, effects of local changes in water turbidity (as a result of 
the construction works) on the behaviour and occurrence of prey fish as well as the direct impact of 
changes in water clarity on fish-eating seabirds is largely unknown, thus making it impossible to 
assess its cumulative effect. Also the presence of the foundations of the turbines might indirectly have 
an effect on seabirds, but the direction of this effect can not be predicted. Assuming that the building 
material used in the foundation is suitable for it, the foundations will act as an artificial reef resulting 
in an increase of the biological richness of the area. They might provide a suitable surface for algae, 
anemones, bivalves etc. to attach to and a hiding place for fish larvae. The windfarm might potentially 
function as a spawning and nursing area for fish, which in term will have positive effects on the food 
abundance for seabirds. However, it will be impossible to predict beforehand what effects this will 
have on the seabird densities and species composition in the area. That will totally depend on the 
autonomous development of the underwater ecosystem {e.g. species composition and abundance of
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the prey fish will be important factors) and the response of the various seabird species {e.g. species 
sensitive to disturbance will avoid the windfarm even if food abundance increases).

In the near future, inshore migrants will encounter several windfarms during their flight along the 
European coasts and their populations will have to face the accumulated impact of a chain of wind 
parks. There is, however, insufficient knowledge on the effect of offshore windfarms on seabirds to 
precisely assess the impact on their distribution or mortality rate, not to mention on the accumulated 
effect of a series of windfarms. Nevertheless it is obvious that if any negative effect exists, there will 
also be an accumulated effect of a series of windfarms that might be even larger than the sum of the 
effects of each individual windfarm. In the first place, there might be the accumulated effect of a 
series of windfarms acting on the mortality rate of seabirds. However, up to now for offshore species 
no information on species-specific collision rates exists, which makes it impossible to predict the 
impact on the population level of the various seabirds. Likewise an accumulated barrier effect is to be 
expected but again it is impossible to assess the accumulated impact because of a major lack on 
scientific information on this matter. In the specific case of a windfarm north of the Vlakte van de 
Raan, the accumulated effect for migrating seabirds might be large because it is located close to an 
optional windfarm at the Droogte van Schooneveld (project 'Seanargy'). Together these two 
windfarms will make up a large part of the migration corridor for Red-throated Diver, Great Crested 
Grebe, Little Guii, Sandwich Tern, Common Tern and possibly also for Common Scoter, Lesser Black- 
backed Guii and Little Tern. Studies in terrestrial situations suggest that the reservation of a space of 
about 800 -  1000 m between clusters of wind turbines may already provide a suitable corridor for 
passing birds. Since such a space is available between the two windfarms, for the time being there is 
no reason to assume that the two windfarms at the Vlakte van de Raan will constitute a barrier for 
seabirds of which the cumulative effect will be larger than the added effect of the two windfarms.

5.4. Conclusions

Based on current knowledge about the function and importance of the site for marine resident, 
foraging and migrating birds, on the literature review and on the potential effects during construction 
and operating phase it is possible to make a provisional overal best judgement of the effects to be 
expected (Table 4).

For the assessment of the disturbing effect of the windfarm on a species (1) the importance of the 
area for feeding, resting or migration (derived from Table 3) and (2) the sensitivity of the species for 
disturbance is considered. For the assessment of the collision effect (1) the function of the area as a 
part of the species' migration corridor (derived from Table 3), (2) the function of the area for local 
movements like foraging flights or roosting movements and (3) the expected sensitivity of the species 
for collision were taken into account. Finally, the integrated effect is a weighing up of the disturbance 
and collision effect and also takes account for the national and international status of the species and 
the inclusion in Europe's highest priority lists for conservation (derived from Table 3). By using the 
latter consideration it is possible (e.g. in the case of Lesser Black-backed Guii) that the disturbance 
and collision effect is expected to be high or very high while the integrated effect might only be 
moderate. It has to be pointed out in this context, however, that the extent to which each species is 
sensitive to disturbance or is prone to collision is not known for all species, so that an estimate has 
been made for this purpose on the basis of the best expert knowledge. The quasi-absence of 
knowledge about nocturnal flight movements and flight altitude also makes a good scientific 
evaluation impossible.

The integrated impact of the windfarm at the northern part of the Vlakte van de Raan is moderately 
high or very high for five of the 16 possible problem species/taxa of the BCS (Table 4, see also Table 
2): Red-throated Diver, Great Crested Grebe, Little Guii, Sandwich Tern and Common Tern. For the 
other 11 species listed in Table 4 the integrated effect is expected to be moderate.
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- The strong negative  effect that must be expected for Red-throated Diver is based on the 
very high importance of the windfarm area for wintering as well as for migrating birds, the high 
sensitivity of the species for disturbance, its protected status in Europe and the inclusion in all 
three of Europe's highest priority lists for conservation.

For Great Crested Grebe the integrated effect is assessed as negative  because of the very 
important function of the windfarm area for wintering and migration, but on the other hand the 
species is probably less sensitive to disturbance than the Red-throated Diver and has no 
internationally protected status.

The sensitivity of Little Gulls to disturbance and collision is insufficiently known to draw specific 
conclusions. Based on information in the literature about other gulls, strongly negative effects on 
this species can certainly not be ruled out. Because of the very high importance of the windfarm 
area during migration and the international protected status the integrated effect is judged as 
strong ly negative.

Table 4. Schematic presentation o f the possible expected im pact on marine avifauna o f the wind-farm site in 
the northern p a rt o f the Viakte van de Raan. In  assessing the effect o f disturbance and risk o f collision 
the number o f birds o f each resident species has been taken in to consideration. Whether o r not a 
species enjoys international protection status has aiso been taken into consideration in the integrated 
assessment (see Table 3). The assessment o f the risk o f collision does not take nocturnal m igratory 
movements into account (- = no o r little  effect, + = moderately negative effect, ++ = negative effect 
and +++ = strongly negative effect, ? = not known as a result o f possible strong nocturnal m igration).

Species Disturbance Collisions Integrated effect

Red-throated Diver +++ ++ +++

Great Crested Grebe ++ ++ ++

Fulmar - - -

Gannet - - -

Common Scoter - - -

Great Skua + - +

Little Guii +++ +++ +++

Black-headed Guii - - -

Common Guii + ++ +

Lesser Black-backed Guii ++ +++ +

Herring Guii + ++ +

Great Black-backed Guii + ++ +

Kittiwake - ++ -

Sandwich Tern ++ ++ + +

Common Tern ++ ++ ++

Little Tern + ? ?

Guillemot/Razorbill + ++ -
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The windfarm area is important for foraging Sandwich Terns from Belgian and Dutch colonies 
and has an important function as a migration pathway. The species has a protected status in 
Flanders and in Europe and is listed on all three of Europe's highest priority lists for conservation. 
The disturbing effect for foraging terns will probably be low, but collisions with the turbines and a 
barrier effect can be expected during migration, so that the integrated effect is assessed as 
negative.

The windfarm area is of minor importance as a foraging area for Common Terns breeding along 
the Belgian coast, but constitutes an important part of the migration pathway of this species. The 
species listed on two out of three of Europe's highest priority lists for conservation and has a 
threatened status in Flanders (but not in Europe). Collisions with wind turbines are known to 
frequently occur and a barrier effect can not be excluded, so that the integrated effect is assessed 
as negative.

6. GAPS IN  KNOWLEDGE AND M ITIG ATING  MEASURES

6.1. Gaps in knowledge

■ The necessary knowledge about migratory movements of birds during spring and autumn and 
flight altitudes, which is required for a correct assessment of the impact of an offshore 
windfarm, is lacking. Similarly the knowledge concerning nocturnal migration and other 
nocturnal flight movements (flights for resting and foraging) does not exist.

■ There is a major lack in knowledge on the species-specific sensitivity to disturbance and 
collision by windfarms.

■ There is an absence of any understanding of the cumulative effects of windfarms on seabirds. 
Since windfarms will be installed along the coasts of the entire Europe, the migratory routes 
of many birds will be blocked at several locations. The effects of an individual windfarm are 
already insufficiently known, let alone the combined effects of a chain of windfarms along the 
entire migratory route.

6.2. Mitigating measures

6.2.1. Configuration

Correct configuration of the wind turbines, with sufficient space reserved for passing birds, can 
substantially reduce the risk of collision (Everaert et al. 2002). Flowever, this demands a thorough 
understanding of the local flight movements and is strongly determined by local circumstances. It is 
important to pay thorough attention to the area's function for birds (migration, foraging, resting; see 
Table 3 for this study), and to adapt the configuration of the windfarm accordingly. Depending on the 
function it may be decided to choose open rather than closed clusters of wind turbines. The 
orientation of the cluster in relation to predominant flying directions also determines the probability of 
collision to a significant extent. Compact clusters are less dangerous for birds in terms of migration 
than long line-ups if these are build perpendicular to the dominant migration direction (S/SW -  N/NE).

6.2.2. Warning signais

Some authors make specific suggestions to install warning signals on the turbines. These suggestions 
include sound signals with a frequency above the limit of human hearing, sounding the alarm calls of
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the bird species themselves and applying silhouettes of birds of prey and other striking markings. 
However, since after a time the birds become accustomed to such signals, this will not result in a 
permanent solution.

Total illumination of the wind turbines is more likely to have a negative impact on the probability of 
collision since this attracts birds, particularly in poor weather conditions and where there is little 
background light (Buurma & van Gasteren 1989). By marking turbines the disturbance effect may 
increase in proportion to the intended reduction of the possibility of collisions. Flying birds can be 
captured in in the beams of light so collisions are more likely to occur. However, increased visibility of 
the turbine for the birds will also have detrimental effects in terms of the visual aspect for people.

Illuminating the rotor blades with anti-collision-lights (for the purpose of aviation) appears to have 
more prospects, but there are no scientific data in this respect. Buurma & van Gasteren (1989) and 
Gauthreau & Belser (1999) suggest that even these relative weak lights could lead to more collision 
casualties. This suggestion are also be confirmed by the discovery of a great number (49) of collision 
victims during one night under a temporarily illuminated windturbine in Sweden (Karlsson 1983). The 
retina of a birds eye is much more sensitive for the red or infrared range than a human eye. Red 
ights can be attract migrants to the source of light and/or the magnetic compass of the birds can be 

desorientated. Some results show the most problems would be expected with fixed and pulsated red 
ights (Gauthreau & Belser 1999). There are some indications that the duration of the flashes would 
be the most determing factor and to a lesser extent the colour. The longer the phase between two 
flashes, the lesser the chance to attract birds (Manville 2000). If installing anti-collision-lights is

and in small number as possible and with a minimum of intensity and number of flashes per minute.

6.2.3. Examples o f m itigation

The wind turbines could temporarily be switched off to prevent bird catastrophes during bad sight 
conditions (mist, dark nights, heavy rainfall) and periods of strong bird migration or marked foraging 
activity {e.g. breeding season for terns).

Given the specific biotope and the favourable location in relation to the breeding colonies in the outer 
harbour of Zeebrugge, offsetting the loss of foraging area for terns does not appear immediately 
possible. As an alternative, however, providing protected areas for nesting might compensate the loss 
of foraging areas. Thought can also be given to allocating protected resting and foraging areas 
elsewhere for Red-throated Divers, Great Crested Grebes and Little Gulls. In addition, good co­
ordination with other current and planned windfarms may be advisable.

7. MONITORING

In monitoring of the avifauna on the one hand a distinction should be made between the pre­
construction, construction and operational phase and on the other hand between the potential effects 
on resident and migrating birds.

7.1. Monitoring of collision casualties

During both the construction and operating phases of the windfarm collisions may occur with the 
masts or the rotor blades of the turbines. Monitoring of the number of casualties is a common and 
well-developed practice in the terrestrial situation. At sea monitoring of the number of casualties is 
difficult because victims disappear in the water. To deal with this problem consideration can be given
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to placing a net under a number of turbines to collect casualties. However, the possibility can not be 
excluded that such a net may hinder birds (birds may avoid the net) or produce additional casualties 
(predators or passing birds may get caught in the net), so that the number of casualties will not be 
entirely representative. A more independent method may be to place cameras on the wind turbines to 
record collisions. In addition to conventional cameras, infrared cameras can be positioned to record 
nocturnal collisions. If the cameras are correctly positioned, this method delivers highly reliable 
measurements of the number of casualties. However, this method is highly labour intensive (viewing 
the tapes afterwards takes a lot of time) and only one camera can observe one or maximal two wind 
turbine (short distance recording necessary). In order to reduce the time of interpretation of these 
tapes cameras can be setted to only recording when differences in temperature on the picture are 
found. At the same time mitigating effects can be examined in the research, varying from painting the 
rotor blades with conspicuous colours to shutting the wind turbines down temporarily to prevent bird 
catastrophes.

In the case of birds found dead it is possible to establish whether they have been in contact with wind 
turbines (own observation IN). Beach-bird-surveys can therefore provide more insight into the number 
of collision casualties and the species-specific sensitivity to collisions. However, research on birds that 
have washed up on the beach is not very suitable for obtaining an understanding of localised effects 
since dead birds often cover many kilometres before washing up on the beach (Seys 2001).

As far as monitoring of collision casualties is concerned a preliminary study has already been carried 
out in Denmark. According to a working document of the Danish NERI-institute (Desholm 2001) the 
major conclusions are as follows:

Since most collisions occur at night and in conditions of poor visibility (mist, dusk, rain), the 
equipment must be capable of recording collisions under these conditions.
Given the low frequency of the collisions a fully automatic system should be used while data can 
be acquired without the presence of an operator.

- Since the probability of collision differs from one bird species to another, the system used must be 
capable of distinguish species or groups of species.

- The system must be suitable for marine conditions.

7.2. Barrier effect of wind turbines

Research in terrestrial situations has shown that windfarms can act as a significant barrier for passing 
birds. Flying birds respond to a wind turbine by adapting their flight altitude or changing their route. It 
is recommended that immediately after completion of the windfarm a study will be carried out into the 
barrier effect and the behavioural response of flying birds. When the ecosystem below the sea surface 
has stabilised after a number of years such a study may be repeated. The study should consist of 
visual observations (during the day) from a fixed point in the immediate vicinity of the windfarm 
(possibly on board of a vessel), and recording with a standardised method the behaviour of birds 
approaching the windfarm. Using radar equipment the behavioural response during the night can be 
investigated. A conventional ship radar is suitable for this purpose, with a combination of one 
horizontally and one vertically oriented radar being advantageous. To measure the effect of the 
turning rotors an on/off experiment can be carried out, in which the turning rotor blades are 
compared to the rotor blades standing still. Naturally a platform has to be provided from which the 
observations can be carried out.

7.3. Monitoring of resident avifauna

Monitoring of the resident avifauna should be carried out in accordance with a so-called BACI-design 
(Before-After-Control-Impact). In the case of such a test the situation before installation of the
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turbines is compared with that after the installation. An important feature of the BACI-design is that 
one or preferably more control areas are included, so that any changes not attributable to installation 
of the windfarm can be excluded with reasonable certainty. Ideally such monitoring should start 
before the construction phase and also take place during the construction phase. Completion of the 
windfarm is followed by an initial phase of intensive monitoring (monthly), after which a frequency of 
about four times per year will be sufficient. The monitoring should be continued until the marine 
ecosystem has fully stabilised. It is advisable to monitor not only the avifauna but also the food on 
which the birds are dependent. This is because, even when using the above-mentioned BACI-design, 
it ca not be completely excluded that changes in the bird population are unrelated to local shifts in the 
availability of their prey. In order to monitor the evolution of the entire marine ecosystem, samples of 
the seabed structure, benthos and fish should be taken on a regular basis.

It is advisable to conduct monitoring of the bird population in accordance with European standards. 
An example of this is the ESAS (European Seabirds At Sea) standard for counting birds from ships 
(Tasker et al. 1984, Komdeur et al. 1992). For this purpose there must also be a possibility of 
performing counts inside the windfarm. Counts performed from aircraft can also serve for monitoring 
marine birds, provided the aircraft flies at a low height (preferably < 80 m). In addition, swimming 
marine birds in particular can be counted from fixed objects, such as a platform set up for this 
purpose or transformer platforms.

7.4. Phasing

According to marine legislation monitoring should take place during the entire operational phase. In 
this paragraph only monitoring until fifth year after the onset of the operational phase is mentioned 
(Table 5).

Table 5. Phases o f m onitoring o f the number o f collision casualties, the behavioural response o f birds 
approaching the windfarm and the resident avifauna up to the fourth year a fte r completion o f the 
windfarm. The necessary m onitoring is indicated in black, while m onitoring considered very desirable is 
in the grey-coloured blocks.

_ . Pre-construction Construction Operational phase
Type of monitoring phase phase

Year 1 Year 2 Year 3 Year 4

Collision casualties

Behavioural response

Counting avifauna

Monitoring of the number of collision casualties should preferably start during the construction of the 
windfarm. Particularly in the first and second year after completion of the windfarm, monitoring 
should be performed intensively (throughout the year). At a later stage a phased monitoring that 
takes place only during the migration period in combination with monitoring under adverse weather 
conditions will be sufficient. The approach behaviour of birds in flight should be investigated during 
the first year after completion of the windfarm. In the fourth year this research should be repeated in 
order to investigate whether habituation occurs in relation to the windfarm. It is advisable to begin 
with counting of the avifauna before the construction phase, so that a comparison can be made 
afterwards. These counts should be repeated during the construction phase as well as in the first and
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fourth years after completion of the windfarm. However, given the strongly dynamic nature of the 
marine ecosystem, it is desirable also to carry out monitoring during the second and third years. In 
this case it is sufficient to perform a count once during each of the four seasons. Only in the first year 
following construction is a more intensive counting frequency (monthly) necessary.

8. CONCLUSIONS

For the description of the reference situation at the proposed windfarm site we can conslude that for 
at least ten possible problem species the area around the northern part of the Vlakte van de Raan 
plays a role as a migratory pathway, foraging area and resting place (see Table 3). Taking their 
conservation status into account, the windfarm site is of relative great importance for Red-throated 
Diver, Great Crested Grebe, Little Guii, Lesser Black-backed Guii, Sandwich and Common Tern (see 
Table 3). However, not all these species are at equal risk to be disturbed by or collide with wind 
turbines. Based upon the best professional judgement including sensitivity for disturbance, collision 
risk and the results from Table 3, the integrated impact of the windfarm could be high or very high for 
five species: Red-throated Diver, Great Crested Grebe, Little Guii, Sandwich and Common Tern (see 
Table 4).

In general, the current knowledge on the intensity of bird migration on the BCS is largely insufficient 
to be able to precisely evaluate the integrated impact of this windfarm. Given the important function 
of the BCS as a migration pathway for seabirds in combination with the bottleneck shape of the area 
as well as the poor knowledge on (nocturnal) movements and collision risks of seabirds, countries 
bordering the southern North Sea should be very careful to establish offshore windfarms in their 
coastal and even more offshore areas. Given the importance of the BCS as a migration corridor for 
several seabirds, it is therefore advisable to closely monitor bird migration patterns, local fight 
patterns, (nocturnal) migratory behaviour and collision rates after the construction of the windfarm. 
Extensive and carefully designed monitoring of the accumulated effect (species-specific sensitivity to 
disturbance and collision risk) is advisable in all windfarm areas. Also long-term monitoring in 
combination with population modelling would certainly not be out of place. Because of the longevity 
and delayed maturity of seabirds effects on the population level may become visible only after a long 
period of time.
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