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1. Introduction

The report concerns monitoring of the wind farm near Gnie>d>ewo, gm. Puck, pomorskie

voivodeship impact on birds. It has been prepared upon the order of “DIPOL” spółka z

ograniczona odpowiedzialnoscia” company seated in Warsaw, Wiertnicza str. 169. The main

purpose was to estimate:

- impact of wind farm on birds migration in spring;

- if there are any collisions of birds with turbines.

The report describes data collected in spring 2008.

2. Methods

Field studies were carried out between 16.03.2008 and 13.05.2008. Birds were counted

during a few-hour on-site observations conducted in different weather conditions. In March

field surveys were carried out in 6 days, 14 days were spent in a field in April and 4 days in

May. In total, 24 days were spent in a field, and on average on-site visits were carried out

every 2 days. In the peak of migration fallen in April field visits were carried out every 2

days. They started in early morning hours and lasted up to 8 hours.

The number of birds migrating in numerous flocks have been estimated by enlarging

the unit of measure. According to this method, first 10 birds were counted preciously and then

the count was done by tens up to 50. The rest of flock was counted by 50s. Similar method

were used to estimated the number of birds feeding and resting on fields. To check which

species may be most collision-prone with turbines, of all birds flight altitude has been

classified into one of 3 categories: 0-40 m, 40-120 m and over 120 m. Flight direction has

been also noted for all migrating birds. Weather conditions – having significant impact on

flight direction and altitude - have been obtained from Internet (www.meteo.icm.edu.pl).

Following meteorological data have been used: direction and velocity of wind, cloud cover,

temperature and precipitation. Data from Internet have been enriched in own data noted

during field visits. According to obtained maps of a turbines location the whole of area has

been divided into two parts with observation points located more or less in the middle of

every area. Due to field topography – the necking of Płutnica river valley – neighbourhood of

a forest and expected flight direction – observations were carried out mainly from one point.

Data concerning the place of feeding have been also gathered and in case of raptors – using

updrafts to increase altitude – also the kind of flight. All more numerous bird flocks staying

on a ground were mapped in a scale of 1: 50 000 to show using the area as a foraging place.

The study area and the location of observation points have not been changed in comparison

to the year 2006. Surveys did not include bird species migrating at night.

Observations of bird behaviour in response to turbines were also carried out. Among other

things one noted: changes of flight direction resulted from a presence of turbines from 0° (no

change) to 180° (max. change of flight direction) and flight altitude changes.

Searching of birds died due to collision with turbines – were carried out in every field

visit, on average every 2 days. The area in a radial of 50-70 m around every tower of a turbine

were inspected. In case when dead bird has been found, finding date, bird species, its age and

sex, a distance to a tower, kind of injuries and approximate time of collision were recorded.

To estimated how long dead birds lay under turbines and how quickly are removed by

predators, five birds were left, coming from the collection of Ornithological Station Museum

and Institute of Zoology PAS in Gdansk. Most of birds were small species: the Great Tit

Parus major, the Chaffinch Fringilla coelebs, the Robin Erithacus rubecula, and the Song

Trush Turdus philomelos. One of them, the Woodcock Scolopax rusticola was a larger
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species, a pigeon-like size. Birds were left under turbines no. 6 and 7 in habitats

representative for the whole of farm area. During each field visit, one checked from a distance

if birds still lied there. One did not approached them not to leave a smell trace which could

lead predatory mammals to dead birds.

To describe migration dynamics the whole of spring migration period in the years 2006-

2007 was divided into 5-day periods. Migration was described according to the total number

of birds in these 5-day periods.

3. Results

In total, 7073 birds from 62 species have been recorded on the study area. They were

observed in flight in given direction (migrating), and also birds stopped feeding and resting on

the migration route (Table 1). Most numerous were small Passerines Passeriformes. In total,

4896 individuals have been recorded. Most common was the Brambling Fringilla

montifringilla – 1424 ind. and the second one according to the number was the Starling

Sturnus vulgaris – 1151 ind. Gulls Laridae – used study area for resting while sea-storms, for

foraging and for short-distance flights. In total, 869 gulls have been recorded belonging to 3

species. Migration of wildfowl Anseriformes, especially geese, was poorly noticeable – in

total only 254 individuals have been recorded.

Sparse were also migrating raptors Falconiformes – 182 individuals. Migration took place on

different altitudes. More than 55% of birds, mostly Passerines, flew low over ground - up to

40 m. Migration of raptors took place, as in previous years, on different altitudes with similar

intensity. However, large-size bird species, geese, cranes, flew high - much more than 120 m

over ground. Main migration took place in direction ranges from northern to southern with

similar intensity.

The farm area was used by birds also for feeding and resting on a migration route.

Only 15% of all recorded birds were observed on a ground or in bushes. They were mostly

small passerine birds and single raptors.

Table 1. Birds recorded during spring migration in the wind farm area near Gnie>d>ewo in

2008. F – flying birds, G – birds recorded on a ground.

Spring

Bird species migration Total

F G

PHALACROCORACIDAE CORMORANTS

Phalacrocorax carbo Cormorant 46 46

CICONIIFORMES STORKS AND HERONS

Ardea cinerea Grey Heron 6 6

Ciconia ciconia White Stork 38 38

ANSERIFORMES WILDFOWL

Anser fabalis + A. albifrons Bean + White Fronted Goose 210 210

Cygnus olor Mute Swan 31 31

Cygnus cygnus Whooper Swan 1 1

Tadorna tadorna Shelduck 2 2

Anas platyrhynchos Mallard 5 5 10

FALCONIFORMES RAPTORS
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Spring

Bird species migration Total

F G

Accipiter gentilis Goshawk 3 3

Accipiter nisus Sparrowhawk 6 6

Aquila pomarina Lesser Spotted Eagle 1 1

Buteo buteo Buzzard 113 13 126

Buteo lagopus Rough-legged Buzzard 4 5 9

Circus aeruginosus Marsh Harrier 5 2 7

Circus cyaneus Hen Harrier 4 1 5

Falco tinnunculus Kestrel 2 5 7

Haliaeetus albicilla White-tailed Eagle 6 6

Milvus migrans Black Kite 2 2 4

Milvus milvus Red Kite 8 8

PHASIANIDAE PHEASANTS AND PARTRIDGES

PARTRIDGES

Perdix perdix Grey Partridge 12 12

GRUIDAE CRANES

Grus grus Crane 254 6 260

CHARADRII WADERS

Charadrius hiaticula Ringed Plover 2 2

Charadrius dubius Lesser Ringed Plover 1 1

Vanellus vanellus Lapwing 178 178

Gallinago gallinago Snipe 1 2 3

LARIDAE GULLS

Larus ridibundus Black-headed Gull 32 12 44

Larus canus Common Gull 21 76 97

Larus argentatus/cachinnans Herring/Yellow-legged Gull 37 37

Larus sp. unidentified gulls 551 140 691

COLUMBIDAE PIGEONS AND DOVES

Columba palumbus Woodpigeon 187 20 207

Columba oenas Stock Dove 7 7

Streptopelia decaocto Collared Dove 1 1

CUCULIDAE CUCKOOS

Cuculus canorus Cuckoo 1 1

PASSERIFORMES PASSERINES

Alauda arvensis Skylark 90 91 181

Lullula arborea Woodlark 23 23

Hirundo rustica Barn Swallow 18 18

Anthus pratensis Meadow Pipit 69 69

Motacilla alba Pied Wagtail 54 9 63

Saxicola rubetra Whinchat 1 1

Oenanthe oenanthe Northern Wheatear 1 1

Turdus merula Blackbird 2 2

Turdus pilaris Fieldfare 485 485

Regulus regulus Goldcrest 4 4

Remiz pendulinus Penduline Tit 2 2

Lanius excubitor Great Grey Shrike 4 4

Sturnus vulgaris Starling 971 180 1151

Pica pica Magpie 2 1 3

Corvus frugilegus + Corvus monedula Rook + Jackdaw 165 165

Corvus corax Raven 50 7 57
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Spring

Bird species migration Total

F G

Fringilla coelebs Chaffinch 861 5 866

Fringilla montifringilla Brambling 1184 240 1424

Coccothraustes coccothraustes Hawfinch 6 6

Carduelis chloris Greenfinch 3 3

Carduelis carduelis Goldfinch 1 1

Carduelis flammea Redpoll 220 220

Carduelis flaviristris Twite 3 3

Carduelis cannabina Linnet 56 26 82

Miliaria calandra Corn Bunting 3 8 11

Emberiza citrinella Yellowhammer 15 10 25

Emberiza schoeniclus Reed Bunting 1 1 2

Passeriformes sp. unidentified Passerines 134 134

Total 5956 1117 7073

3. 1. Birds behaviour in response to turbines

During field studies, avoiding behaviour in response to a presence of turbines on their

migration route, was observed. In spring 2008, only 0.3% of all recorded birds changed flight

direction, altitude or a flock formation. Change of flight direction of 3 birds were observed: a

White-tailed Eagle Haliaeetus albicilla, a White Stork Ciconia ciconia and a Red Kite Milvus

milvus. All of them were middle- and large-size birds using the airspace for a long time. Birds

avoided the turbines by changing flight direction by 45° and 90°. Flight migration changes

have been observed in birds flying on altitude 40-120 m, when they were between or also over

turbines, even then they were far from a working rotor range.

Change of flight altitude were noted only once. The flock of cranes increased altitude

although they were beyond the working rotors range.

Change of the flock formation was recorded in case of two Cormorant flocks. Getting

distracted took place independently of altitude and took place also when birds were beyond

the rotors range.

A few times were also observed raptors flying very close to working turbines. They were

mostly hunting birds or moving between breeding and foraging places located at the Puck Bay

– a White-tailed Eagle, a Red Kite.

3. 2. Migration altitude

More than half of migrating birds flew over the farm area on altitude up to 40 m (Fig. 1).

Most numerous on this altitude were small Passerines and also raptors. Next two altitude

zones were used for migration with the same intensity. The zone of working rotors (40–120

m), where most often collisions take place, were used by 30% of birds. Similarly as in the

lowest zone also in this one, most common were Passerines. It was also used for migration

and foraging by raptors. Most often on the wind farm area hunted Buzzards Buteo buteo and

Rough-legged Buzzards B. lagopus. Buzzards use the airspace for a long time, because they

hunted in flight - hover in the airspace what dramatically increases the collision risk. Buzzards

- looking for food – move within or out of farm area. At the same time were recorded up to

several Buzzards staying in the airspace up to 15 min.
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Fig. 1. Rough migration altitude of Passerines, raptors, wildfowl, cranes and all birds in a

total in spring.

3. 3. Impact of weather condition on migration

In spring, the most intensive migration took place during weak wind (Fig. 2). Over 75% of

birds migrated against wind blowing maximally up to 10 km/h. In such conditions flew

mainly Passerines and raptors. Other species e. g. geese and cranes migrated also more

numerously during weak wind.

In spring birds migrated with similar intensity toward directions: from northern to southeastern

(Fig. 3). Such range of flight directions resulted from various wind directions.
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Fig. 2. Migration of Passerines Passeriformes, raptors Falconiformes and all birds in a total

depending on wind velocity in spring 2008.
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Fig. 3. Directions of bird migration over study area in spring 2008.

3. 4. Penetration of the farm area by predators

According to carried out experiment with dead birds left under turbines, one may

conclude that penetration of the farm area by predators was significant. Left under the turbine

no. 6 Great Tit Parus major and Chaffinch Fringilla coelebs lied 1 day, Robin Erithacus

rubecula lied 2 days and Woodcock Scolopax rusticola and Song Trush Turdus philomelos 7

days. Average time of exposition was 2 days. Shortest time period lied the smallest of left

birds.
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3. 5. Mortality of birds due to collisions with turbines

In spring, 2 died birds due to collisions with turbines were found – a Goldcrest Regulus

regulus and a Snow Bunting Montifringilla nivalis (Photo 1, 2), (Table 2). In Poland, the

Goldcrest is a numerous or very numerous breeding species and in some years also invasive

during migration. However, the Snow Bunting breeds in the northern part of the continent,

and in Poland is a regularly migrating species (Tomiałojc, Stawarczyk 2003). The birds were

found under different turbines (Fig. 4) on the beginning of April and had typical post-collision

injuries.

Mortality of birds due to collisions with turbines near Gnie>d>ewo was 0.1 bird per a

turbine during two-month studies (16.03-13.05.2008) and stayed on a low-level. However, it

depends on migration intensity and flight altitude.

Dead birds found within the wind farm area near Gnie>d>ewo are:

a. protected under art. 33 part. 1. of Act on Nature Protection

b. are not listed in Annex 1 of Birds Directive (EU Directive 79/409/EWG on the

protection of wild birds)

c. are not listed in Polish Red Book of Animals (Głowacinski 2001).

During studies carried out in spring 2007 and 2008 birds died due to collisions with

turbines were found under different turbines. Only under the turbine no. 7 dead Goldcrests

were found twice.

Table 2. Dead birds found under turbines near Gnie>d>ewo in spring 2008.

Bird species Number

of ind.

No. of

turbine

Distance to tower

(m)

Date

Regulus regulus Goldcrest 1 7 15 06.04.2008

Plectrophenax nivalis

Snow

Bunting

1 11 8 09.04.2008

Photo 1. Goldcrest male Regulus regulus – died due to collision with turbines on 06.04.2008 near

Gnie>d>ewo. There are visible injuries caused by collision with a turbine.
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Photo 2. Snow Bunting male Plectrophenax nivalis – died due to collision with turbines on 09.04.2008

near Gnie>d>ewo.

3. 6. Bats

No dead bats were found on the wind farm area near Gnie>d>ewo in spring 2008.

12

11

9

10

3

7

8

6

4

1 5

2

dead birds

wind turbines

study area

Fig. 4. Location of birds died due to collisions with turbines in the vicinity of Gnie>d>ewo in spring

2008. Digits – numbers of wind turbines assumed for the purposes of the report.

3. 7. Migration dynamics

Over the wind farm area in Gnie>d>ewo, as in other sites at the Gdansk Bay, migration

intensity is time-variable and depends on weather conditions. Comparing data collected in the

years 2006-2008 one may conclude that migration intensity of large-size bird species, e.g.

13

raptors and Cranes, but also geese is not high. Raptors, mostly Buzzards migrated here most

numerously in the second half of March reaching the maximum number of 120 birds (18th 5-

day periods). The second, bigger peak of the number fallen in the end of April and the

beginning of May (23th and 25th 5-day periods) (Fig. 5). Then, maximum number during 5-

day periods did not exceed 160 birds (25th 5-day period), and most common was again the

Buzzard. Migration intensity of Cranes in particular seasons stays on a similar level – from

140 to 180 individuals during the peak of migration. Depending on a year most numerously

Cranes migrate in a half of March (16th 5-day period), at the end of March (18th 5-d.p.) or

first days of April (19th 5-d.p.). Sometimes the second distinct peak of migration is recorded

in a half of April (22th 5-d.p.). Passerines most numerously migrated in April. Their

migration intensity is variable between years (Fig. 5). The majority of Passerines belongs to

species migrating only at night. Other migrate at day using for migration favorable weather

conditions, e.g. high pressure, wind blowing from eastern directions. However, during such

weather birds migrate on high altitudes what makes impossible counting them. Mass

migration, recorded in 2006 took place during unfavorable weather conditions. Then, birds

flew very low during low pressure – complete cloud cover, showers, weak wind from east.

Fig. 5. Dynamics of spring migration of raptors, cranes and Passerines in the vicinity of

Gnie>d>ewo in the years 2006-2008.
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Much more numerous than in the vicinity of Gnie>d>ewo birds migrate along the Hel

Peninsula. Although, both sites are very close to each other, the great majority of birds avoids

Gnie>d>ewo. This hypothesis has been confirmed by surveys carried out simultaneously on

the farm area in Gnie>d>ewo and in Kuznica village on the Hel Peninsula (pers. comm. – G.

Bela, A. Kosmicki, A. Janczyszyn). Migration of raptors on 29.03.2008 and 15.04. 2008 was

over the Hel Peninsula far more numerous than in the vicinity of Gnie>d>ewo (Fig. 6).

Between Gnie>d>ewo and the peninsula was also noted the difference in species composition

of migrating birds. In the farm area were recorded adequately 3 and 9 raptor species while

over the Hel Peninsula 11 and 12 raptor species. The most common migrating bird over both

sites were the Buzzard and the Sparrowhawk Accipiter nisus. Much more visible differences

of migration intensity were visible while migration of pigeons, mainly the Woodpigeon

Columba palumbus (Fig. 6). According to the analysis of weather conditions in described sites

these days wind blew from different directions – in Gnie>d>ewo from west – not favorable for

spring migration, and on the Hel from east – favorable for migration. According to

observation carried out in these two sites one may conclude that while favorable weather

conditions high intensity of migration takes place in the narrow belt of the seacoast.

Fig. 6. Migration dynamics of raptors and pigeons (+doves) in the vicinity of Gnie>d>ewo

(green line) and on the Hel Peninsula (red dots) in spring 2008.
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migration and breeding season were recorded in farms located along main migration routes,

e.g. in Spain (de Lucas, Janss, Ferrer 2004, Lekuona, Ursula 2007). Using the airspace by

birds flying over this area (more than 200 thousands of individuals) caused death of 345 birds

per year, mostly raptors. Spring migration of raptors in the vicinity of Gnie>d>ewo is

significantly less numerous than along the Hel Peninsula. In the peak of migration over the

peninsula migrated 20-28 of raptors per hour (204-283 individuals), and in Gnie>d>ewo 3-6

birds per hour (32-65 individuals).

Birds behaviour in response to wind farms on their migration route seems to be

depended on turbine numbers and their location in a field. Observations of flight direction and

altitude changes are commonly noted on the area of farms with big number of turbines placed

on main migration routes. This undesirable behaviour is additionally heightened by placing

turbines on tops of mountain ranges what forms the effect of so-called “a barrier” making

impossible birds migration, moving on foraging or night roosting places (BirdLife

International 2003). De Lucas, Janns, Ferrer (2004) and Lekuona and Ursula (2007) showed

that migration direction changes are depended on farm locations and are observed in 15-715

of birds. In the vicinity of Gnie>d>ewo observations of flight direction changes were recorded

relatively seldom. Maximally in the year 2007 flight direction changes of 2.8% of birds were

observed. Interestingly, nearly half of these birds turned back from originally chosen

direction. According to these observations one may conclude that turbines located near

Gnie>d>ewo are not a barrier for migrating birds. However, if the number of turbines on this

area increase flight direction changes may be observed more frequently in a future than today.

Studies on birds migration altitude carried out with using radars showed that most

frequently migration takes place on altitude about 1.5 km and maximally even over 5 km.

Flight altitude depends, however, on weather conditions favorable for migration. The most

important factor during migration seems to be wind blowing from suitable direction and with

suitable velocity. Flight altitude also depends on stage of annual cycle: in spring birds migrate

higher than in autumn (Newton 2008). Dramatic decrease of flight altitude takes place when

migration runs during unfavorable weather conditions, i. e. a low cloud level, rain, fog, very

strong wind blowing from the direction that birds fly toward (BirdLife International 2003,

Drewitt, Langston 2006, Elkins 2004). Birds migration in the vicinity of Gnie>d>ewo takes

place on low altitudes. In spring more than 50% of Passerines flew on height lesser than 40 m

over ground and next 20% up to 120 m. However, the majority of migrating birds is

imperceptible for an observer due to significant flight altitude. The reflection of intensity of

birds migration on this area were observations carried out in spring 2006 when during one day

migrated over the area more than 17 thousands of birds. To estimate the number of birds

preciously and their flight altitude, especially night migrants indispensable would be studies

with using radars.

Most collision-prone with wind turbines are waterbirds (ducks, gulls, geese), raptors,

waders Charadrii and Passerines (de Lucas, Janss, Ferrer 2007). Birds migrating in the

neighbourhood of turbines most frequently fly far from turbines. Sometimes, however, largesize

birds, especially raptors fly significantly closer to working rotors than small birds

(Barrios, Rodriguez 2004). Such behaviour results from bigger number and the productivity

of some bird species - being victims of raptors – in neighbourhood of turbines.

Turbines are some kind of a protection zone for these birds (de Lucas, Janss, Ferrer 2004).

On the wind farm area near Gnie>d>ewo were recorded only some species from among

most collision-prone, i. e. raptors, gulls, Passerines. During migration, raptors reach on this

area relatively small numbers. However, in spite of “risk behaviour” consisting in long-term

using the airspace in small distance to turbines for a long time are significantly exposed to

collisions. The number of gulls exactly depends on weather. Gulls reach higher concentrations

during sea-storms when they are push over a dry land and rest on the wind farm area, but also

16

during farmed works. Gulls susceptibility to collisions results mainly from little

maneuverability of these birds and from the fact of using the airspace during strong wind

making difficult for flight. Most collision-prone with turbines are small Passerines what has

been confirmed by collected data. Such state results mainly from occurring on this area big

numbers of Passerines, because collision probability increases together with numbers of

migrating birds.

Mortality of birds on the wind farm area near Gnie>d>ewo amounting to 0.1 birds

/turbine during 2 months of studies stays on a low level. However, it is difficult to compare

collected data with data from literature, because results come from a short time period, and

not from the whole of a year cycle what is usually used in a practice. The low collision risk

recorded on the study are, according to some authors (de Lucas, Janss, Ferrer 2004) may be

caused by using the area mainly for migration in relatively short time period and with low

intensity. However, higher mortality is recorded on sites with high density of breeding pairs,

neighbourhood of breeding colonies or in the vicinity of communal roosting sites (Barrios,

Rodriguez 2004, Everaert, Stienen 2007). Mortality of birds due to collisions with turbine is

variable and depends on many factors. Sometimes is very low, sometimes very high, e. g.

0.03 bird/turbine/year – raptors (de Lucas, Janss, Ferrer 2004), 0.19 bird/turbine/year – raptors

(Barrios, Rodirguez 2004), 345 died birds during 2 years, 72.8% of them were raptors

(Lekuona, Ursula 2007). Mortality of birds and bats in different years was 3.6-64.3

bird/turbine (Drewitt, Langston 2006).

5. Conclusions

According to carried out studies one concluded:

1. During spring migration 7073 of birds from 62 species have been recorded;

2. the farm area in Gnie>d>ewo is used by birds for transit migration, local moving, for

foraging and resting; main migration takes place toward directions from northern to southeastern

on altitude 40 m, 30% of birds migrate in rotor working zone, migration of large-size,

collision-prone species takes place on significant altitudes - over 120 m;

3. 85% of birds used the farm area for migration and 15% for resting and feeding;

4. in spring 2008, 2 died birds due to collision with turbines were found: a Goldcrest Regulus

regulus and a Snow Bunting Plectrophenax nivalis. The birds have been found under turbines

no. 7 and 11.

5. mortality of birds due to collisions with turbines near Gnie>d>ewo amounted to 0.1

bird/turbine during 2 month studies (16.03.-13.05.2008) and stayed on a low level. During

very intensive migration may be higher. Due to very short studies it is difficult to compare

these results with data from literature and univocally to assess the collision risk on the farm;

6. no dead bat was found on the farm area near Gnie>d>ewo in spring 2008;

7. according to simultaneous studies on the farm area near Gnie>d>ewo and on the Hel

peninsula one may conclude that some bird species, e. g. raptors and pigeons far more

numerous migrate along the Hel peninsula.
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