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Abstract

This review considers data published on the effects of offshore and onshore windfarms
on swans and geese and finds that the information available is patchy. Of 72 swans or
geese reported as collision victims at 46 wind farms, most (39 birds) were reported at 23
wind farms in Germany where such data are collated. Post-construction monitoring was
undertaken for < 1 year at 67% of 33 sites, making it difficult to test for cumulative
effects or annual variation in collision rates. Site use by the birds was measured at only
nine of 46 wind farms where collisions by swans and geese were monitored or recorded.
Displacement distances of feeding birds at wintering sites ranged from 100—600 m, but
preliminary evidence suggested that large-scale displacement also occurs, with fewer
swans and geese returning to areas after wind farms were installed. Eight studies of flight
behaviour all reported changes in flight-lines for swans or geese initially seen heading
towards the turbines, at distances ranging from a few hundred metres to 5 km; 50-100%
of individuals/groups avoided entering the area between turbines, but in some cases the
sample sizes were small. Key knowledge gaps remain, including whether wind farm
installation has a consistently negative effect on the number of birds returning to a
wintering area; whether flight avoidance behaviour varies with weather conditions, wind
farm size, habituation and the alignment of the turbines; provision of robust avoidance
rate measures; and the extent to which serial wind farm development has a cumulative
impact on specific swan and goose populations. It is therefore recommended that: 1)
post-construction monitoring and dissemination of results be undertaken routinely, 2)
the extent to which wind farms cause larger-scale displacement of birds from traditional
wintering areas be assessed more rigorously, 3) further detailed studies of flight-lines in
the vicinity of wind farms should be undertaken, both during migration and for birds
commuting between feeding areas and the roost, to provide a more rigorous assessment
of collision and avoidance rates for inclusion in collision risk models, and 4) the
combination of collision mortality and habitat loss at all wind farms in the species’ range
be analysed in determining whether they have a significant effect on the population.
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farms.
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38 Swans, geese and wind farms

Wind farms have been installed increasingly
across Burope during the late 20th and
early 21st centuries, as governments seck
to secure renewable energy supplies
and reduce greenhouse gas emissions to
combat climate change. The European
Commission’s Renewable Energy Roadmap
(EU 2007) set a target of 20% of EU energy
to be generated from renewable sources by
2020 (EU 2008). Wind energy accounted for
3.7% of EU electricity generation by eatly
2008, and the European Commission’s goal
of increasing that share to 12% by 2020 is
regarded as achievable (European Wind
Energy Association; EWEA 2008). Annual
installations of wind power have increased
steadily from 814 MW in 1995 to 93,957
MW installed across Europe in 2011, with
the largest installed capacity in Germany,
followed by Spain, Italy, France and the UK
(EWEA 2012). Growth projections for
wind-generated energy vary substantially
depending on the analytical methods used
and the scope for technological progress
(EWEA 2009), but current capacity is
expected to treble by 2020 (EWEA 2008).
Within the UK, 348 wind farms (332
onshore, 16 offshore) were operational by
July 2012, generating > 7,000 MW of wind
power, with a further 64 under construction,
270 consented and 335 at the planning
application stage (RenewableUK 2012).
Planning applications for the large Round 3
offshore wind farms proposed for British
coastal waters, and for further Scottish
Territorial Water sites, will be forthcoming
from late 2012 onwards, with the first
Round 3 projects (if consented) operational
after 2015.

The rapid development of renewable
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energy has been a challenge for
environmental conservation organisations.
Increasing evidence shows climate change
having deleterious effects on wildlife
(Parmesan & Yohe 2003; Root ef al. 2003;
Thomas e al. 2004) yet injudicious location
of wind farms may have detrimental effects
on some species, including birds (Langston
& Pullan 2003; Barrios & Rodriguez 2004,
Garthe & Hippop 2004; Hotker ez al. 20006;
Sterner et al. 2007; Bright et al. 2008;
EEA 2009). Adverse effects include direct
collision mortality, habitat loss/degradation,
displacement from feeding areas, barrier
effects (birds flying around wind farms
and thus potentially increasing energy
expenditure), and disturbance (see reviews
in Langston & Pullan 2003; Bright ez al.
20006; Drewitt & Langston 2006; Fox ez al.
2000; Inger ez al. 2009). The risk of turbine
collisions varies across species (perhaps
dependent on visual acuity and depth
petception at the time; Martin 2011), and
wind farm location, with potential for there
being population-level effects in some cases
(Bright ez al. 2008), and raptors being
particularly at risk of colliding with the
turbines (Sterner ez al. 2007; Carrete ¢t al.
2012).

Within the European Union, the planning
application process for wind farm
development requires wind farm companies
to undertake environmental impact
assessments (EIAs) under the terms of the
EU’s Environmental Impact Assessment
Directive 85/335/EEC (as amended by
Directive 97/11/EC) to determine whether
the installation would have a significant
effect on wildlife or other environmental

features (Drewitt & Langston 2000). A
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Strategic Environmental Assessment (SEA)
is required for large scale developments or
programmes under the SEA Directive 2001/
42/EC, which integrates environmental
considerations in the development of plans
and programmes and builds on project-level
EIAs by considering environmental issues
earlier in the planning process (Drewitt &
Langston 2006). Where proposals pose a
threat to the integrity of protected areas,
such as those designated by governments as
Special Protection Areas (SPAs) for birds
under the EU Birds Directive, the legislation
requires that a Habitats Regulation
Assessment (HRA) be undertaken. The
HRA first assesses the impacts of the plan,
against the objectives for conserving sites
protected under European legislation, by
considering whether there is a “Likely
Significant Effect” (LSE) of the plan, either
alone or in combination with other plans or
projects. If there is considered likely to be a
significant effect on the interests of the
SPA, then the “Competent Authority” (e.g.
the local council planning department for
UK onshore sites; Marine Scotland /Scottish
Government and the Marine Management
Organisation (MMO) for offshore sites in
Scottish territorial waters and in England) is
required to undertake an “Appropriate
Assessment” (AA) of a proposal, which
should ascertain that there will be no
adverse  effects on the interests
of the SPA before development can be
consented. The question of how to assess
the cumulative impacts on migratory bird
populations of several wind farms being
installed along the migration routes has been
considered (de Lucas ¢ a/. 2007; Norman e7
al. 2007; Masden ef al. 2010a) but has yet to
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be fully resolved. Information on the total
number of wind farms along migration
routes, and the cumulative effect of these on
birds migrating to or from key sites for the
population (i.e. SPAs and/or Ramsar sites),
is still rarely (if ever) incorporated into AAs
undertaken for new wind farm sites.
Although many wind farms are now
operational or are currently under
construction across Europe, and many more
are proposed, available information on the
effects of these developments is patchy. A
review of bird abundance data analysed
to assess wind farm impacts at 19 sites
found that although wind farms may
have significant biological —impacts,
particularly for Anseriformes (wildfowl) and
Charadriiformes (waders), the evidence-
base remains poort, largely because many
studies are methodologically weak and of
short duration (Stewart e¢r al. 2007).
Evidence is stronger for some avian species
than for others; for instance, for wind
turbines increasing raptor mortality (eg
Thelander & Smallwood 2007; Dahl e al.
2012) and displacing upland birds (Pearce-
Higgins ez al. 2008, 2009), with greater
displacement during construction than
subsequent operation for a number of
upland species (Pearce-Higgins e al. 2012).
A spatially-explicit individual-based model
of a population of Hen Harriers Circus
¢yanea on Orkney, which assessed the
combined effects of collision rate, habitat
loss and displacement from wind turbines,
found that the larger spatial responses to
turbines were from those located close to
nest sites (Masden 2010). Removal of
collision mortality from this model showed
that the majority of population-level turbine
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impacts were associated with direct and
indirect habitat loss in this particular
circumstance, but few comparative studies
of this kind exist to gain insight into the
relative impacts of turbines on avian
populations. At offshore wind farms,
assessments have focussed mainly on their
possible impacts on seabird populations (e.g.
Garthe & Hippop 2004; Langston &
Boggio 2011; Cook ez al. 2012; Furness &
Wade 2012; Langston & Teuten 2012),
which is appropriate given that these birds
spend much of the year at sea, and tracking
studies have trecently been undertaken to
detailed

potential for offshore wind farms to affect

provide information on the
goose and swan populations at different
stages of their migration (Griffin ef a/. 2010,
2011). But post-construction assessment of
how wind farm development affects bird
numbers and distribution is still generally
lacking, despite post-construction
monitoring being required at some sites,
and such information being extremely
useful for informing environmental impact
assessments at new developments.

This paper aims to collate and assess
published information on the observed
effects of wind farms on swan and goose
populations. As many of these populations
breed at high latitudes, in areas currently not
subject to wind farm development, the study
focuses on observations made in the
wintering range and during spring and
autumn migration. The three main hazards
that turbines pose to the birds (after Fox
et al. 2000): 1) displacement/habitat loss
(eg reduced use of prime feeding atreas
following construction of the turbines), 2)

barrier effects (requiring a change in
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migration routes or local flight-lines to avoid
wind farms, potentially increasing energy
expenditure and disrupting links between
sites), and 3) collision mortality (Desholm ez
al. 2006; Drewitt & Langston 20006) are all
considered. Particular consideration is given
to measures used to determine avoidance
rates, which have been calculated as: 1) the
number of birds changing their flight-lines to
avoid a wind farm, and as 2) the number of
collisions recorded for birds entering a wind
farm (usually via carcass searches), as slight
variations in avoidance rate measures result in
significant variation in the bird mortality
predictions made by wind turbine collision
risk models (Chamberlain ez al 2000).
Additionally the review aims to identify gaps
in knowledge and to outline priorities for
future assessment of the impacts of wind

farm development on these species.

Methods

Detailed information on the responses of
geese and swans to wind farms was obtained
by checking original sources for swan and
goose data in published reviews (including
Bright ez al. 2006, 2008; Drewitt & Langston
2006; Fernley e al. 2006; Hotker ez al. 2000,
Pendlebury 2006; de Lucas e al. 2007),
and by internet searches for more recent
scientific papers and grey literature reports.
Of 16 constructed offshore wind farms in
the UK, five are potentially on the flyways of
migratory swans and geese (at Barrow, Lynn
& Inner Dowsing, Robin Rigg, Scroby Sands
and Walney Island); websites for these five
sites were visited to check for information
on swan and goose passage movements in
post-construction monitoting reports. Bird
casualties attributable to wind farm collisions
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in Germany have been collated by the State
Office Health and
Consumer Protection of Brandenburg
(LUGV) since 2002, and data recorded up to
July 2012 were provided for this review
(Staatlichen Vogelschutzwarte 2012 and T.

Diirr pers. comm.). Observations reported

for Environment,

in the literature of cases where the turbines
did or did not affect swans and geese were
grouped into the three main categories
established as potentially influencing bird
populations (Ze. displacement/habitat loss,
barrier effects and collision mortality). Major
studies of the effects of wind farms on
waterbirds along the Baltic coast, such as
Pettersson (2005) and Petersen e al. (20006)
covered a range of species, particulatly
Common Eider Somateria mollissima; only
observations made of swans and geese
included in these studies are cited here.

For each of the wind farm studies, the
number and alignment (linear/cluster) of
turbines in the wind farm, its construction
date, the swan/goose species potentially
affected and the

construction monitoring was recorded.

duration of post-

Methods were inspected to determine which
studies rigorously assessed collision rates, as
opposed to those where incidental collisions
were recorded during observations of
displacement and bartier effects. The former
included ground surveys made for any
turbine-related casualties (in the case of
onshore wind farms), or where video
cameras using infrared sensing, or further
analysis of bird occurrences and flight
trajectories were used to detect collisions (for
the offshore sites). Thus cases where swans
and geese were seen flying through a wind
farm, but methods (e.g. aerial surveys or use
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of radar) did not permit, or analyses did not
include, an assessment of collision frequency
(e.g. Petersen et al. 20006; Plonczkier & Simms
2012), were omitted from the collision rate
review (but included in the barrier effect
review), as there was no evidence for
collision rates being low or zero. For studies
assessing barrier effects, the number of birds
flying towards the wind farm, the number
that changed their flight-path and the
distance at which they did so was recorded.
For those assessing displacement from
feeding areas or roost sites, the distance to
which the birds approached the wind farm
footprint before and after construction was
assessed, and whether the study recorded
any changes in the total number of swans or
geese staging or wintering in the vicinity (as a
broader measure of displacement from the

site) was also considered.

Collisions with turbines

The literature review and LUGV data found
which
reported or aimed to report on collision rates

post-construction  monitoring
for swans and geese at 46 wind farm sites:
three in Belgium, one in Bulgaria, 23 in
Germany, six in the Netherlands, one in
Norway, one in Poland, three in Spain, one in
Sweden (Skane being treated as a single site
in the absence of information on individual
wind farms in the county), two in the UK
and five in the USA (Table 1, Appendix 1).
Forty of these included carcass searches,
and nine studies (at Sabinapolder,
Waterkaaptocht and Energy Research Centre
(ECN) in the Netherlands, at Hellrigg and
Barrow Offshore in the UK, Saint Nikola in
Bulgaria, Fehmarn in Germany and at
Buffalo Ridge (Minnesota) and Stateline
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Table 1. Summary of monitoring undertaken to determine swan and goose collisions with
turbines (carcass searches and observed collisions) at wind farm sites, and the total number
of collisions recorded, based on data presented in Appendix 1. Carcass searches were
undertaken at all sites except for Barrow Offshore Wind, UK (where birds were observed

entering and leaving the wind farm) and four sites in Germany where swans and geese were

reported as accidental recoveries.

Country No.wind  No. where No. with No. with No. where Total no.
farms with monitoring flight obs. > 1year monitoring swan or
post- duration (visual monitoring  linked goose
construction is known  or radar) to bird  collisions
reports on presence recorded
collisions
Belgium 3 3 0 3 0
Bulgaria 1 1 1 1 1
Germany 23 14 1 1 1 39
Netherlands 6 6 3 2 4 13*
Norway 1 1 0 1 0 4
Poland 1 0 ? ? ? 5
Spain 3 ? ? ? ? 3
Sweden 1 1 0 0 0 1
UK 2 2 2 0 2 0
USA 5 5 2 3 1 3
TOTAL 46 33 9 11 9 72

*Two additional birds recovered near a wind farm are omitted, on the basis that they’re not

considered to be collision casualties.

(Washington/Oregon) in the USA) used
radar or visual observations to record bird
flights within the wind farm sites (Table 1).
All were onshore sites except for Barrow
Offshore Wind, UK, where observations
were made of Pink-footed Geese Anser

brachyrhynchus flying through the wind farm
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from an observation point 7-9.7 km from
the site. Whilst this may seem too far for
accurate collision rate assessment, it is
included here as nine geese wete seen both
entering and leaving the wind farm at
rotor height in autumn 2007 (Barrow
Offshore Wind 2008). The Staatlichen
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Vogelschutzwarte (2012) data reported 39
swan and goose casualties associated with 23
wind farms in Germany collated over a 12-
year period (2002—July 2012) for an
estimated 26 monitoring years (mostly < 1
year of post-construction surveys per wind
farm, including wind farms searched only
once; see Appendix 1): 16 Mute Swans
Cygnus olor, one Whooper Swan Cygnus cygnus,
four swan sp., three goose sp., three Greylag
Geese Anser anser, three White-fronted
Geese Aunser albifrons, three Bean Geese Aunser
fabalis, and six Barnacle Geese Branta lencopsis.
Two more geese (either Bean Geese or
White-fronted Geese) were seen colliding
with a turbine at the Meyenburg wind farm,
Germany, in October 2008 (in both cases the
individuals were at the end of a flock of ¢
100 geese passing through the site), but these
were not included in the LNGV database
because only feathers were found the
following day (Honig pers. comm. in
Langgemach & Dirr 2012). Overall, 34
swans and 37 geese (including two domestic
geese) were recovered in the surveys across
all countries. Two Bewick’s Swans found
near the Waterkaaptocht & ECN wind farms
were not included in these totals because post
mortem examination found no evidence for
them being collision casualties (Fijn ef al.
2012).

Of the 46 wind farms considered, 32
were known to have been in place for =2 5
years. Exceptions were Schlalach, Germany
(built in 2010), Hellrigg , UK (2011), Saint
Nikola, Bulgaria (2009) and 11 German
wind farm sites where the construction date
was not reported (T. Diirr pers. comm.).
The duration of post-construction surveys
for bird collisions was known for 33 sites,
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with 22 (67%) being undertaken for <1 year
or winter to date, including four sites in
Germany where collisions were reported
following an accidental discovery rather
than through frequent and systematic
surveys of the turbines (Table 1). Of the
eleven longer-term (= 2 year) surveys, swans
or geese were recovered at seven sites (3 in
Belgium, 2 in the Netherlands, 1 in Norway
and 1 in the USA), but only the Buffalo

Ridge (USA), St Nikola (Bulgaria),
Urk  (Netherlands) and Sabinapolder
(Netherlands) wind farms provided

information on the number of swans or
geese in the study area. No swans or geese
were found in carcass searches at St Nikola
and Buffalo Ridge, but only a proportion of
the turbines were checked in each case
(Table 1) and variation in mortality for
different turbines within the same wind
farm was found to be more than double the
variation among wind farms for raptors
(Ferrer et al. 2012). Only nine of the studies
which reported or aimed to record swan or
goose collisions (by carcass searches and/or
flight observations) assessed in any detail
whether the wind farm was in an area used
regularly by these species, either as a staging
or wintering site (Saint Nikola, Fehmarn,
Urk, Sabinapolder, Waterkaaptocht, ECN,
Hellrigg and Buffalo Ridge) or on the birds’
flight-path during migration (Barrow
Offshore Wind, UK). Definite collisions (3
Mute Swans at Urk, 6 Greylags and 1
Canada Goose at Sabinapolder, and 6
Barnacle Geese at Fehmarn, Germany) were
recorded at just three of these sites though
the extent to which Buffalo Ridge coincided
with goose habitat or flight-lines was
unclear, and it would be difficult to
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determine collision frequency at Barrow
using the methods reported there to date.
Bird monitoring data at the five sites in
the USA reviewed by Fernley ez a/. (2000)
and by Pendlebury (20006), led to Scottish
Natural Heritage (SNH) advising that 99%
avoidance rates be used in collision risk
models developed to determine the impact
of wind farms on goose species (SNH
2010). An accurate assessment of bird-use
of these sites therefore is of particular
importance, because collisions would need
to be linked to the likelihood of birds flying
through the array for determining the rate of
collision with or avoidance of the turbines.
At Buffalo Ridge, fortnightly bird counts
and carcass searches were conducted for
four years post-construction, during which
there were 909 observations of Canada
Geese Branta canadensis, 278 observations of
Snow Geese Anser caernlescens and 92
observations of White-fronted Geese (the
latter in 1997 only; Appendix 1) seen flying
within the 354-turbine wind farm area —
measured as being within 800 m of the array
(Osborn ez al. 2000; Johnson et al. 2000,
Johnson ez al. 2002a; Fernley es al. 2000).
That no goose carcasses were found during
the study is indicative of high avoidance by
the birds using this site but, as noted by
Fernley ez al. (2006) corpse searches were
not complete, with only 21-91 of the 354
Buffalo Ridge turbines searched each year
(Johnson ez al. 2000, 2002a). In such cases, it
is important to ensure that the sample of
searched turbines is not biased, particularly
as some turbines within a wind farm pose a
greater risk to the birds than others (Ferrer
et al. 2012). Moreover, a test of search

efficiency for goose carcasses placed under

© Wildfowl & Wetlands Trust

turbines in Scotland found that the
proportion found during weekly searches
ranged from 65% (assuming all missed geese
had been removed by foxes) to 96%, with
the most likely figure being 83% of geese
present being found (Gill & Smith 2001).
There was little post-construction data on
goose-use at the other wind farm sites
considered in the USA. Pre-construction
bird counts made at the Klondike wind farm
(Oregon) found that the use of the study
area by waterbirds was low; the only species
observed was Canada Goose, with 43 flocks
(4,845 individuals) seen flying over the study
area in the year-long pre-construction
survey in 2001 (Johnson ez a/. 2002b). Goose
flights in the vicinity were not recorded
post-construction  when  monitoring
focussed on carcass searches, during which
two Canada Goose carcasses were found
(Johnson er al. 2003); Pendlebury (2006)
mentions a 1-year post-construction bird
survey at Klondike, but the tesults of this
are not evident in the Johnson ez a/. (2003)
report. At Nine Canyon (Washington), bird-
use was likewise monitored only pre-
construction; goose-use of the area at the
time is uncleat, use by waterbirds appeared
to be lower than at Buffalo Ridge, Klondike
and Stateline (Erickson e al 2002), and
post-construction carcass searches were
again undertaken without any reference to
the number of geese present in the area
during the survey years (Erickson ez al.
2003). At Top of Towa, large numbers of
Canada Geese were reported to occur on
managed habitat 1-5 km from the wind
farm in autumn, but except for carcass
searches there were no detailed bird-use

observations recorded at the wind farm
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(Fernley ez al. 2006), and goose flight in the
collision-risk zone was said to be very rare
(Jain 2005). Lastly, at Stateline, 11 groups of
Canada Geese (363 birds) were recorded
within the wind farm during bird counts,
and one Canada Goose carcass was found in
0—7 searches made of the 454-turbine site
post-construction in 2003 (Erickson e/ al.
2004). Fernley ez al. (2006) and Pendlebury
(2000) both noted the gaps in the data and
Pendlebury (2006) went on to note that the
studies could not be used to provide reliable
estimates of avoidance rates (which were
put at 96% for one site and > 99% for the
other sites), but several years later this has
not been re-evaluated with the benefit of
new studies and 99% avoidance of wind
farms by geese remains the recommended
value for inclusion in collision risk models.
Despite there being only one wind farm
in Germany where carcass searches are
known to have continued for > 1 year, the
number of swan and goose collisions with
turbines in Germany (39 casualties) clearly
outnumber those from all other countries
considered (33 casualties; Tables 1, 2).
The most commonly reported species was
the Mute Swan, with 16 recovered in
Germany, five in Poland, three in the
Netherlands  and one in  Sweden
(Winkelman 1989; Ahlén 2002; Hotker
et al. 2006; Rodziewicz 2009; Staatlichen
Vogelschutzwarte 2012), followed by the
Greylag Goose (18 birds from different
parts of Europe) and the Barnacle Goose
(six recovered in Germany; Staatlichen
Vogelschutzwarte 2012; Table 2), but in
none of these cases was there any flight
observation data, for determining frequency

of bird-wind farm overlap, and thus
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avoidance rates for birds flying across the
sites. Carcass searches were made for only
1-2 years at most sites (Table 1, Appendix
1), so these figures represent ¢. 1 season’s
additional mortality at best, rather than an
assessment of mortality rate since each of

the wind farms was constructed.

Observed barrier effects

The review by Hotker e al. (2006) found that
seven of 127 wind farm studies (not all
relating to swans or geese) assessed and
found evidence for turbines having a barrier
effect on goose movements during
migration or whilst commuting more locally
(e.g. between feeding and roosting sites), for:
Bean Geese (1 study), White-fronted Geese
(3), Greylag Geese (2) and Barnacle Geese
(1). Single observations and extensive
investigations were combined, and a barrier
effect was assumed in quantitative studies if
at least 5% of the individuals or flocks
showed a measurable reaction by changing
their flight direction to go around or over a
wind farm (Hoétker ez a/ 20006). These
observations were made during daylight as
there was insufficient information at the time
(e.g. through radar studies) on the birds’
flight-lines at night, when migration often
occuts.

Eight published studies of swan or goose
flight-lines in relation to wind farm location
provided information on the birds’
avoidance behaviour (Table 3). Of these,
radar studies or a combination of radar and
visual observations wete undertaken for
Bewick’s Swans at Waterkaaptocht and at
ECN, Netherlands (Fijn ez /. 2007, 2012),
Brent and Barnacle Geese at Olsing,
Sweden (Pettersson 2005), Barnacle Geese
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at Utgrunden, Sweden (Pettersson 2005),
Pink-footed Geese at Lynn & Inner
Dowsing, UK (Plonczkier & Simms 2012),
and Greylag Geese at Horns Rev, Denmark
2000),
observations made of Pink-footed Geese at
Barrow Offshore, UK (BOWind 2008) and
at Hellrigg, UK (Ecology Consulting 2012)
(Table 3). All reported some changes in

(Petersen et al. with  visual

flight-lines for swans or geese initially seen
heading towards the turbines, with 50-100%
of individuals or groups avoiding entering
the wind farm site (Table 3). Avoidance
distance vatied from a few hundred metres
(at Waterkaaptocht/ECN and at Hellrigg
wintering sites, where the birds were
commuting daily between feeding areas and
the roost) up to 5 km for birds observed
during migration (Table 3).

Desholm & Kahlert (2005) additionally
found that the proportion of Common
Eider and goose flocks entering the Nysted
wind farm area decreased significantly from
40.4% (n = 1,406 flocks) during pre-
construction (2000-2002) to 8.9% (1 = 779)
during the first year of operation (2003), but
whether there was a difference in the
proportion of geese compared with eiders
entering the wind farm was not reported.
Jain (2005) observed Canada Geese flying in
between, around and above wind turbines at
Top of Towa, USA, but states that avian
flight in the collision-risk zone was very rare
across seasons. A study of Red-breasted
Geese Branta ruficollis, White-fronted Geese
and Greylag Geese at the Saint Nikola wind
farm in Bulgaria reported on flight-lines and
altitude of flight, and noted from radar data
that 64% of the geese (» = 272,210 goose
flights detected in winter 2010/11) were at
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rotor height (¢. 50-150 m for this particular
wind farm), with 1% of birds flying at below
rotor height (0—49 m) and 36% above the
turbines (Zehtindjiev & Whitfield 2011), but
it was unclear whether the birds adjusted
their flight-lines to pass around or over the
wind farm, and thus exhibit avoidance
behaviour.

Flight-lines might also shift at longer
distances following wind farm construction;
for instance, Petterssen (2005) noted that,
once the turbines had been erected at Olsing
and Utgrunden, geese generally flew closer
to the mainland (inside the line of the
turbines), and Plonczkier & Simms (2012)
likewise found that migrating Pink-footed
Geese were more likely to fly inland of the
Lynn & Inner Dowsing turbines in the third
winter of their post-construction surveys.
Earlier studies for other migratory
waterbirds have demonstrated that even
quite dramatic shifts in migration routes may
have only small effects on total migration
distance (Desholm 2003; Masden ez a/. 2009),
but where birds show diurnal movements,
such as between breeding colonies and food
provisioning areas (Masden e a/. 2010b) or
night roosts and daytime feeding areas, the
energetic consequences of avoidance could
become significant.

The radar studies were unable to provide
data on collision rates for birds flying within
the wind farms because of the difficulty of
following individuals within flocks (and thus
identifying those that fail to leave the wind
farm site) by radar. Visual observations of
flight-lines made in conjunction with radar at
Waterkaaptocht/ECN, Netherlands, and
without radar at Barrow Offshore, UK and
at Hellrigg, UK did not record any collisions,

Wildfowl (2012) 62: 37-72
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but it seemed that the birds were flying in
good weather conditions: either conditions
were said to be good (Fijn e al. 2012), or
good visibility was required for the
observations to be made (Barrow Offshore
Wind 2008), or conditions during vantage
point (flight-line) observations were not
recorded (Ecology Consulting 2012).

None of the studies reported adverse
weather conditions during observations.
The effects of
precipitation or fog on the birds’ ability to

strong winds, heavy

avoid the wind farm or to negotiate the
turbines if flying within the wind farm
therefore remains unclear, albeit that the low
number of casualties reported from carcass
searches to date indicates that adverse
weather may not increase the risk to swans
and geese substantially at terrestrial sites.
The six Barnacle Geese recorded as wind
turbine casualties in Germany were all
found under a single turbine the day after
fog and a storm, but it is not known whether
the weather contributed to these collisions
(T. Diirr, pers. comm.). Whether the size of
the wind farm affects avoidance behaviout,
with swans and geese being more likely to fly
around smaller wind farms but to pass
between the turbines for wind farms
covering a larger area should also be
considered, as this is relevant to the
construction of larger wind farm sites over
the next decade. The largest wind farm
included in this review of observed barrier
effects — the Horns Rev offshore wind
farm in Denmark (80 turbines) — had a
relatively high proportion (21%) of geese
which were flying towards the wind farm
continue through it (three of eight Greylag
Goose flocks and one of 11 flocks of

© Wildfowl & Wetlands Trust

unidentified goose species; Table 3), but the
sample sizes are relatively small and the
number of individual birds involved were
not recorded. Accumulated knowledge of
how a range of individuals from different
species react to turbines are however
helpful for populating models of avoidance
behaviour, which can be insightful for
predicting how geese and swans may
respond to different sizes of wind farms
and specific turbine configurations (Masden
et al. 2012).

Displacement from feeding areas and
roost sites

Displacement of birds from feeding areas
and roost sites is an important consideration
because migratory swans and geese tend to
congregate at favoured (but frequently
undesignated) feeding sites in winter, many
of which are associated with roost sites that
have been classified as Special Protection
Areas (SPAs) under Article 4 of the Birds
Directive  (EC  Directive on  the
Conservation of Wild Birds, 79/409/EEC)
because of their importance for the species
(Bright ez a/. 2008). Habitat quality in the
non-breeding season has been shown to
influence the timing of bird migration
(Martra et al 1998; Gill et al 2001,
Stitnemann e al. 2012), body condition
during spring migration (Bearhop ez al. 2004)
and breeding success (Ebbinge & Spaans
1995; Madsen 1995; Norris ef al. 2004; Inger
et al. 2010). Loss of feeding or roosting
habitats ~ through  disturbance  or
displacement by the turbines therefore
could affect the birds’ use of protected areas
ot result in them moving to suboptimal sites,

with consequences for future survival and
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productivity (Gill ez a/. 2001; Norris &
Taylor 2006; Ratikainen ez a/. 2008).

Birds’ avoidance responses to wind farms
vary within and between species, but swans
and geese are considered sensitive to these
developments because they frequent open
landscapes (Hotker ef al. 2006). The review
by Hotker ez al. (2000) indicated that the
minimal distances to wind farms reported
was 150 m (s.d. = 139 m, » = 8 studies) for
swans and 373 m (s.d. = 226 m, » = 13) for
geese, with the minimal distances recorded
for geese during the non-breeding season
ranging from 50-850 m. Papers considered
in the current review likewise recorded
displacement distances of 200-560 m for
swans and 30-600 m for geese at terrestrial
wind farms, and 2 km for one offshore site
(Table 4), the latter estimated from maps
illustrating Mute Swan displacement (Figure
51 in Petersen ¢# al. 2006). For Pink-footed
Geese, displacement was greater at wind
farms where the turbines were arranged in
clusters (200 m) than at linear or single
turbine sites (100 m) (Larsen & Madsen
2000). Long-term post-construction studies,
and thus information on whether birds
adapt to the change in landscape, are rare.
An exception is that of Madsen &
Boertmann (2008), who found not only that
Pink-footed Geese grazed closer to wind
turbines ¢ 20 years after construction than
10 years previously (Table 4), but that the
extent to which they habituate to the
turbines varied across sites. Observations
made at two sites — the Klim Fjordholme
and Velling onshore wind farms in Denmark
— indicated that the geese remained at a
greater distance from the larger turbines
(Madsen & Boertmann 2008), but more

©Wildfowl & Wetlands Trust
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studies of potential habituation to different
types of turbine are required to support
these findings.

In addition to assessing the extent to
which birds approach turbines at a local
level, whether the construction of wind
farms influences the extent to which swans
and geese winter in an area should be
considered. In her pioneering study of bird
use of fields around the Urk wind farm,
which consisted of 25 turbines (hub height
= 30 m) positioned along a dyke bordering
Lake IJsselmeer on the Noordoostpolder,
the Netherlands, Winkelman (1989) found
that, at the local level, Bewick’s, Whooper
and Mute Swans were displaced to feeding
areas 200—400 m from the wind farm site
post-construction, with pooled data for
Bean Geese, White-fronted Geese and
Barnacle Geese similarly suggesting
200—400 m displacement, albeit that this was
a subjective assessment as the data did not
permit a meaningful comparison of pre-
and post-construction distances for the
geese. Raw data indicated that more geese
were counted in the study area pre- than
post-construction; for the three swan
species  (combined), mean numbers were
rather similar in comparison with the range
of counts recorded (Table 4), but a
significant negative impact was found for
Whooper Swans in 1988/89, two years post-
construction (Winkelman 1989). Goose
counts were presented in a different manner,
but these too indicated that, whilst the
number of Bean Geese in the area increased
substantially post-construction (mean values
=5,615and 11,842, » = 10 years and 2 years
pre- and post-construction, respectively;
111% increase), there was also a drop in
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numbers of White-fronted Geese (8,570 vs.
7,097; 10% decrease) and Barnacle Geese
(887 ws. 197; 78% decrease) in the vicinity
(from Table 18 in Winkelman 1989). There
was an increase in the number of Bean
Geese, stable numbers of White-fronted
Geese and a decline in Barnacle Geese
across the Noordoostpolder over the same
years (mean annual totals =11,387 »s. 35,791
for Bean Geese; 34,162 vs. 31,580 for White-
fronted Geese; 6,211 »s. 2,807 for Barnacle
Geese; from Winkelman 1989), but the
proportion of Noordoostpolder geese
recorded in fields up to « 3.5 km from wind
farm was lower after than before
construction for all three species (49% us.
33% for Bean Geese, 25% us. 24% for
White-fronted Geese and 14% 5. 7% for
Barnacle Geese, pre- and post-construction
in each case).

Bitd counts made at the Saint Nikola
wind farm in Bulgaria found that numbers
of geese were much lower in winter
2010/11 (two vyears post-construction)
than in 2008/09 (pre-construction) and
2009/10 (Zehtindjiev & Whitfield 2011),
but winter 2010/11 was relatively severe so
longer-term monitoring is required to
determine whether there is any large-scale
displacement of geese from the area.

In the only study which specifically
analysed the proportion of birds wintering
in the vicinity of a wind farm site before and
after construction, Fijn ez a/. (2012) likewise
found a significant drop, post-construction,
in the proportion of wintering Bewick’s
Swans using the area where wind turbines
had been installed in Polder Wieringermeer.
Like Madsen & Boertman (2008), they

found evidence for habituation, with swans

© Wildfowl & Wetlands Trust

feeding closer to the turbines later in the
study, but with fewer birds present in the
study area (Fijn ef a/ 2012). Thus, although
swans may be displaced by up to 600 m
from field feeding areas, with larger-scale
displacement (¢. 2 km) in one case where
swans were feeding in coastal waters (Table
4), whether the proportion of population
using areas where wind farm development
has occurred diminishes post-construction,
and the extent to which this is attributable to
displacement by the turbines still needs to
be addressed. This is also important for
determining whether any mitigation plans
(e.g. habitat management) in conjunction
with wind farm development are likely to be
successful. The potential for cumulative
displacement impacts attributable to the
arrangement of wind farms in the
landscape, through possible non-linear
synergistic effects with other wind farms or
other landscape elements, also needs to be
explored (Larsen & Madsen 2000).

Gaps in knowledge

In addition to needing better linkage of
avoidance rates to the birds’ use of the site,
and a robust assessment of whether wind
farm installation results in fewer birds
returning to a wintering area, outlined
above, more specific information on how
the positioning and structure of wind farms
affect the birds would be useful to ensure
that any impacts are kept to a minimum. For
instance, turbines come in variable sizes, and
may be installed singly, linearly or as a
cluster, but there are few detailed studies of
the effects of turbine height and alignment
on swans and geese. Larsen & Clausen
(2002) initially from pre-

suggested,
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construction observations, that Whooper
Swans might be more at risk from a park of
medium-sized turbines than large turbines
as typical flight heights (mostly at 5-35 m
when flying between feeding areas and the
roost) would put them in the collision risk
zone more often. On the other hand, birds
(including swans and geese) may be more
likely to be displaced over longer distances
by larger turbines: Hotker e al (20006)
estimated from six studies included in their
review that there was a 6.22 m inctrease in
minimal distance between birds and a wind
farm for every 1 m increase in tower height,
though this change was not statistically
significant. The only studies which aimed to
test the effects of turbine height on goose
distribution similatly found that geese are
less tolerant of larger turbines, and may also
be less likely to habituate to them (Larsen &
Madsen 2000; Madsen & Boertmann 2008),
but it should be noted that alignment is also
relevant (with geese displaced further by a
cluster of turbines than single turbines or
those in a line; Larsen & Madsen 2000) and
the interactive effects of height and
alignment has yet to be assessed. More
recently, Krijgsveld ez a/. (2009) used radar
and carcass searches to study the collision
risk for birds with large modern turbines at
three wind farms in the Netherlands
(Waterkaaptocht, Groettocht and Jaap
Rodenburg), and found that the risk was ¢
threefold lower than for the smaller turbines
for the species (not including swan and
geese) passing through the wind farm sites.
They suggested that one possible reason for
this was that the increased height of the
turbine allowed more birds to fly under the
rotors, and also proposed that the wider

©Wildfowl & Wetlands Trust
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spacing allowed more birds to pass between
the turbines. The relative costs and benefits
of potentially lower collision rates but
higher displacement distances for the larger
wind farms therefore should be assessed
more rigorously for onshore sites.

The cumulative impact on migratory bird
populations of several wind farms being
installed along the migration routes, or
within a wintering area, is known to be an
issue but has yet to be resolved. Written
guidance has been produced to assist in the
process of ornithological cumulative impact
assessment (CIA) for offshore wind farms
(since Norman e al. 2007), and Fox et al.
(2006) emphasised the importance of
undertaking full Strategic Environmental
Assessments (SEAs) for offshore wind farm
sites, not least to comply with European
legislation. Masden ¢ a/. (2010a) went on to
argue for the benefits of elevating CIA to a
strategic level, as a component of spatially
explicit planning, Yet although there is an
increasing tendency for developers of the
large offshore wind farms to take into
account other wind farms nationally,
collision risk assessments for all wind farms
along international migration routes, and the
cumulative effect of these on birds migrating
to/from key sites for the population (Ze.
Special Protection Areas and/or Ramsar
sites), are still rarely (if ever) incorporated
into Appropriate Assessments undertaken
for new wind farm sites. For most European
and North American goose and swan
populations, there is sufficient information
about the precise migration routes, other
hazards encountered along these corridors
and the demographics of these populations
to be able to make preliminary assessments

Wildfowl (2012) 62: 37-72
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of cumulative effects. Ultimately, this
knowledge should be used to support the
construction of robust models of their
population dynamics to establish the relative
costs of collision, bartier effects and habitat
loss from each new wind farm proposal,
based on existing sources of mortality and
given current population trajectories.
Moreover, there has been a general lack
of post-construction monitoring work
undertaken, both for the eatly offshore sites
and for the numerous smaller terrestrial
wind farms. For those studies that have been
undertaken, the collision rate and
displacement data are not collated centrally,
nor are they readily available in accessible
reports for assessing existing impacts. A
Scottish Wind Farm Bird Steering Group
(SWBSG) has recently been formed, with
the aim of bringing together the onshore
wind farm industry, government agencies
and conservation organisations to collate
and analyse post-construction monitoring
data collected in Scotland, but this is not
(vet) being extended across the UK. Even in
Germany, where collision data has been
2002,

monitoring is undertaken and reported to

collated since in most cases
LUGYV for only one year post-construction.
Developers are reluctant to undertake post-
construction monitoring (particularly for
> 1 year) because of the cost involved, and
up to now it has not been an automatic
requirement of the planning process,
although longer-term  monitoring  is
recommended by SNH (SNH 2009). Data
therefore are lacking for assessing
cumulative impacts of existing wind farms,
making it currently impossible to determine

the extent to which each new wind farm
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would serially reduce the attractiveness of a
site for swans and geese.

One drawback of undertaking post-
construction monitoring for only one year is
that this reduces the scope for determining
the effects of weather conditions and poor
visibility on the birds’ flight-lines and large-
scale avoidance of wind farm sites. Because
wind speeds and birds’ airspeeds are often of
a similar magnitude, wind strength and
direction has a major influence on the
orientation and energy expenditure of
migrating birds, but the extent to which birds
are susceptible to wind drift appeats to vary
(eg. Thorup et al. 2003; Green et al. 2004).
Satellite-tracking and radar studies of swans
and geese on migration indicate that
migration routes may shift between years
(Pettersson  2005; Griffin e al 2011;
Plonczkier & Simms 2012), and the extent to
which this varies with weather conditions
(especially wind drift) has yet to be
determined. Variation in wind conditions was
one explanation given for a lack of
correlation between raptor abundance and
collision rates at wind farms in Spain (Ferrer
et al. 2012). Radar studies have demonstrated
that birds continue to fly over or around
wind farms after dark (Desholm & Kahlert
2005; Fijn et al. 2012), but one study also
noted that the proportion entering the wind
farm is higher at night (Desholm & Kahlert
2005). Whether familiarity with the wind
farms will result in an increasing tendency for
bitds to pass through rather than over or
around a site, the extent to which this
increases their susceptibility to collisions with
the turbines, and the effects of poor visibility
(including night-time flights and fog) on their
ability to avoid the rotors on flying within a
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wind farm has yet to be determined. Poor
weather conditions, such as fog or low cloud,
can affect visibility and studies of bird
collisions with other structures (e.g power
lines) found that birds are much more
susceptible to flying accidents under such
circumstances (Brown 1992; Drewitt &
Langston 2008; Jenkins e# a/. 2010; Prinsen ez
al. 2011; Barrientos ef al. 2012). Additionally,
strong winds (especially tail- or cross-winds)
blunt the fine motor control of flying birds
and consequently raise their susceptibility to
collision (Bevanger 1994 and Crowder &
Rhodes 2001 in Jenkins ez /. 2010). Although
difficult to assess, the frequency with which
swans and geese encounter adverse weather
during migration, and the extent to which
this puts them at risk of large-scale losses at
wind farms (through reduced ability to avoid
the turbines), therefore should be considered
and included in collision risk models, perhaps
as a stochastic event in the modelling process.
Likewise, geese and swans migrate at high
speeds and at night (Griffin ez /. 2010, 2011),
so the ability of geese to avoid turbines under
these circumstances should be assessed at
existing wind farm sites, for instance by
developing  techniques for detecting
collisions and measuring micro-avoidance
rates within wind farms (Desholm ez a/. 2000;
Collier ¢z al. 2011).

Overview

Development of renewable energy has
substantial benefits, notably reducing carbon
dioxide emissions and the provision of a
secure local energy supply, with wind power
becoming a major contributor to this field
over the past two decades. It has long been
with  and

recognised that collisions
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displacement by the turbines could have a
significant negative effect on birds, but the
rate of wind farm development is still not
matched by publication of rigorous peer-
reviewed reports or papers from studies
observing, carefully analysing and accurately
reporting these effects (Stewart ez al. 2007,
Natural England 2010; this study). Before-
after-control-impact (BACI) studies of the
effects of wind farm development are
not undertaken and reported routinely at
onshore sites in the UK, despite these
being recommended by statutory natutre
conservation bodies (eg. Natural England
2010), yet such information would be
invaluable for informing future wind farm
development, including the preparation of
EIAs and advising on height, alignment, and
the effectiveness of mitigation programmes
such as (in the case of swans and geese)
habitat management to provide the birds with
alternative feeding areas for the life-time
of the turbines. Where post-construction
surveys have been undertaken to date, they
have usually been of short duration (1 year,
although SNH guidance is for longer periods;
SNH 2009) and treated as confidential
(therefore not readily available) by the
developer who commissioned the study.
Moreover, except for the collation of
collision data by LUGV in Germany and
the new initiative (establishment of the
SWBSG) in Scotland, there is no central
national repository to assess whether post-
construction surveys are being undertaken
and reported appropriately, and to provide an
information source to determine whether any
on birds (at the
population or local level) are being addressed.

significant impacts

Yet centralised post-construction monitoring
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data is crucial for determining actual impacts
(as well as for validation and improvement of
modelled predictions) and is required for
cumulative impact assessments both for wind
farm development along migration routes,
and where turbines are installed in proximity
to internationally important sites. Post-
construction monitoring is undertaken more
routinely for offshore wind farms, but again
tends to be of short duration and not readily
accessible, and within the UK the surveys
have focussed more on the potential
displacement of seabirds from feeding areas
(which of course is an important issue) than
on collision rates and bartier effects for birds
on migration.

A species-specific approach is required in
assessing the potential impact of wind
farms on birds because, as noted by Jenkins
et al. (2010) susceptibility to collision vaties
with morphology, as ocular structure and
acuity affect a bird’s ability to see structures
and thus take evasive action (Bevanger 1994;
Drewitt & Langston 2008), while size, mass
and wing structure influence the time
required to make the necessary adjustments
(Brown 1992; Bevanger 1994; Rubolini ez al.
2005). Reaction time is also affected by
flight speed, which tends to be higher in
heavy-bodied species, and a higher wing
loading also reduces manoeuvrability
(Bevanger 1994; Janss 2000). The highly
social nature of swans and geese (where
parent-offspring bonds may persist for
many years, e.g. Warren e/ al. 1993) are also
significant, since recent studies show that
social interactions have a significant, non-
linear and potentially large effects on
collision risk (Croft er al 2012). Hence,
theoretically, relatively large, heavy and
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socially interactive birds (eg swans and
geese) are more susceptible to collision than
small, light and relatively large-winged birds
with acute vision (Jenkins ez 4/ 2010), and
birds
predominantly downward (lateral) vision are

such as raptors which wuse
particularly susceptible to collisions with
turbines (Thelander & Smallwood 2007;
Martin 2011; Dahl ez 4/ 2012). Given our
relatively weak ability to predict post-
construction actual collision mortality (e.g.
Ferrer et al. 2012) existing empirical and
mechanistic methods of predicting collision
risk at turbines should perhaps be
augmented (Tucker 1996; Sugimoto &
Matsuda 2011). One approach would be
to gather more information about the
underlying visual and behavioural processes
of collision risk in particular species, in
order to populate individual-based or agent-
based simulation models that may provide
more powerful predictive tools to
supplement current approaches (e.g. Croft ez
al. 2012; Eichhorn ef al. 2012).

This review found that 72 swans or geese
wete reported as collision victims at 46 wind
farms, but most (39 birds) were reported at
23 German wind farms where such data are
collated, and even there only usually for ¢ 1
year post-construction. Moreover, there was
a lack of linkage of collision rates with the
birds’ use of a site; whether or not swans or
geese occurred in the immediate area of the
wind farm, or flew across/within the site,
was considered at only nine of 46 wind
farms where collisions by swans and geese
were monitored or recorded. Likewise,
avoidance of turbines should be related to
whether or not flights were initially in line

with the wind farm, rather than in relation to
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all bird movements in the area, as including
the latter artificially boosts sample sizes used
for calculating avoidance rates. Sample sizes
for birds or flocks actually seen to change
their flight-lines to avoid wind farms were
available for only eight studies (Table 3);
these gave a wide range for the proportion of
birds that ultimately passed through the wind
farm (2— 46%, for sample sizes of <5 birds
or flocks) rather than going over or around
the site, with interactive effects of wind farm
size and visibility (day zersus night-time flights
and weather conditions) on large-scale
avoidance yet to be assessed for swans and
geese. Yet such information is important for
collision risk models (Band e a/. 2007; Band
2012), as minor changes in avoidance rates
can have a major influence on the outcome
of (and
(Chamberlain e¢f al. 2006). Swans and geese
have good eyesight and the review indicates

confidence in) the models

that high levels of avoidance do occur. But
avoidance rates of 98% for Whooper Swans
and 99% for geese currently advocated by
Scottish Natural Heritage for use for
collision risk models (SNH 2010) should be
revisited and based on better observational
data than those available from the reviews
(Fernley e al. 2006; Pendlebury 2006) which
set the avoidance levels in the mid 2000s.
Plans are underway to measure levels of
micro-avoidance and collision rates by
installing systems (using a variety of cameras
and radar) within wind farms (Collier ez al.
2011, 2012). Use of such technology would
provide a major advance for contributing to
model development and validation, as well as
for determining whether wind farms are
likely to have significant effects on survival
rates for swan and goose populations.
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This review has highlighted the relatively
little attention paid in other studies to the
potential for large-scale displacement of
swans and geese from non-breeding feeding
sites. Thus, although birds returning to an
area may approach on average to 100-600 m
from the turbines, closer (40-100 m) where
habituation occurs (Madsen & Boertmann
2008), and were reported between turbines
in two studies (Madsen & Boertmann 2008,
Ecology Consulting 2012), count data
provided in other studies suggest that fewer
birds
construction. In the one study that analysed
this (Fijn ez al. 2012), reductions in numbers

returned to study areas post-

were significant. Swans and geese favour
open landscapes, and topographical features
such as trees and hedge lines are known to
have an adverse effect on site use (eg.
Madsen 1985). The combined effects of
landscape (power lines, wind breaks, roads
and settlements) caused an effective loss of
68% of the field feeding areas (40 km?)
available for Pink-footed Geese at Klim
Fjordholme (Denmark), with the presence
of 61 turbines (one farm of 35 turbines; the
remainder of <5 turbines including single
turbines) resulting in the loss of 13% of the
remaining area (Larsen & Madsen 2000).
The potential for wind farm development
to cause large-scale displacement of
geese and swans from internationally
important wintering sites through habitat
fragmentation and displacement from
preferred feeding areas therefore should be
analysed more rigorously and addressed
more carefully in the planning process. This
should include an assessment of small wind
turbines (SWT), which like larger turbines,
vary in size and scale. The only study to date
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aiming to quantify the effects of SWTs on
bats and birds grouped three types of SWT
(10 m high building-mounted, 6.5 m high
free-standing, and 18 m high free-standing;
Minderman ez al. 2012) and did not consider
swans and geese.

Several recommendations emerge from
the information gathered in this review.
Firstly, although several authors have
emphasised in recent years the need for
systematic post-construction monitoring,
and dissemination of the results of these
studies (eg. Fox et al. 2006; Drewitt &
Langston 2006; Natural England 2010) this
information still seems to be lacking.
Such monitoring programmes should be
undertaken routinely, collated centrally, and
adapted to quantify collision, barrier and
displacement effects. Secondly, better
information is required about the extent of
large-scale and local displacement of geese
and swans from feeding/drinking/roosting
sites, and the effects of turbine number, size
and alignment on such effective habitat loss.
Thirdly, further detailed studies of the birds’
flight-lines in the vicinity of wind farms are
required, both during migration and for
birds commuting between feeding areas and
the roost, to provide a more rigorous
assessment of collision and avoidance rates,
and to quantify additional energy costs of
any avoidance behaviour during regular local
flights. Finally, the combination of collision
mortality and habitat loss attributable to
wind farms across a species’ range should be
analysed to determine whether the current
sites and new developments will have a
significant effect on the population. The
of new

development technology to

determine collision rates for birds entering
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large wind farms should help to provide
much more accurate assessments of the
consequences of wind farm development

for swans, geese and other avian species.

Acknowledgements

This paper benefitted greatly by the
inclusion of collision data from Germany,
and I am indebted to Tobias Diirr both for
kindly providing this information and for
advising me of German reports. Useful
information from Ruben Fijn, Robin Jones,
Karen Krijgsveld, Ian Simms, Tim Youngs
and Johanna Winkelman, and discussions
with Peter Cranswick, Anne Harrison and
Tim Mellings, helped to improve vatious
sections of the text. Sjoerd Dirksen, Larry
Griffin, Geoff Hilton, Baz Hughes, Carl
Mitchell, Mark Trinder, Rowena Langston
and Christine Urquhart made helpful
comments on a draft of the manuscript. I
thank Debbie Pain for the concept of
summarising known effects of wind farms
on swans and geese, which resulted in this
review. Finally, I am particularly grateful to
Tony Fox for his numerous helpful ideas
and edits in drafting and finalising the paper.

References

Ahlén, I. 2002. Fladderméss och faglar dodade av
vindkraftverk. Fauna och flora 97: 14-21.

Band, W. 2012. Using a collision risk model to
assess bird collision risks for offshore windfarms.
Report to The Crown Estate (Strategic
Ornithological Support Services); Project
SOSS-02. British Trust for Ornithology,
Thetford, UK.

Band, W, Madders, M. & Whitfield, D.P. 2007.
Developing field and analytical methods to
assess avian collision risk at wind farms. 7z M.
de Lucas, GEE. Janss & M. Ferrer (eds.), Birds

Wildfowl (2012) 62: 3772



and Wind Farms: Risk Assessment and Mitigation,
pp- 259-275. Quercus, Madrid, Spain.

Barrientos, R., Ponce, C., Palacin, C., Martin,
C.A., Martin, B. & Alonso, J.C. 2012. Wite
marking results in a small but significant
reduction in avian mortality at power lines: a
BACI designed study. PLoS ONE 7 (3):
€32569. doi:10.1371 /journal.pone.0032569.

Barrios, L. & Rodriguez, A. 2004. Behavioural
and environmental correlates of soaring-bird
mortality at on-shore turbines. Journal of
Applied Ecology 41: 72-81.

Barrow Offshore Wind Ltd. 2008. Barrow Offshore
Wind Farm. Post-Construction Monitoring Report,
15 Janunary 2008. Barrow Offshore Wind Ltd.,
¢/0 DONG Energy, Copenhagen, Denmark.

Bearhop, S., Hilton, G.M., Votier, S.C. &
Waldron, S. 2004. Stable isotope ratios
indicate that body condition in migrating
passerines is influenced by winter habitat.
Proceedings of the Royal Society of London (Series
B) 271: §215-S221.

Bevanger, K.. 1994. Bird interactions with utility
structures: collision and electrocution, causes
and mitigating measures. /bis 136: 412—425.

Bevanger, K., Berntsen, F, Clausen, S., Dahl,
E.L., Flagstad, O. Follestad, A., Halley, D,,
Hanssen, E, Hoel, PL., Johnsen, L., Kvaloy,
P, May, R., Nygard, T., Pedersen, H.C,
Reitan, O., Steinheim, Y. & Vang, R. 2009.
Pre- and post-construction studies of conflicts between
birds and wind turbines in coastal Norway
(BirdWind). Progress Report 2009. NINA
report 505. 70 pp.

Bioconsult & Arsu. 2010. Zum Einfluss von
Windenergieanlagen auf den Vogelzug
auf der Insel Fehmarn. Gutachterliche
Stellungnahme auf der Basis der Literatur
und eigener Untersuchungen im Friithjahr
und Herbst 2009. BioConsult, Husum,
Germany and ARSU, Oldenburg, Germany.

Bright, J.A., Langston, R.H.W,, Bullman, R,
Evans, R.J., Gardner, S., Pearce-Higgins, J. &

©Wildfowl & Wetlands Trust

Swans, geese and wind farms 61

Wilson, E. 2006. Bird Sensitivity Map to provide
locational guidance for onshore wind farms in
Scotland. RSPB report, Sandy. 20 pp.

Bright, J.A., Langston, R.H.W,, Bullman, R,
Evans, R.J., Gardner, S. & Pearce-Higgins, ].
2008. Map of bird sensitivities to wind farms
in Scotland: A tool to aid planning and
conservation. Biological Conservation 141:
2342-2356.

Brown, WM. 1992. Avian collisions with utility
structures: biological perspectives. In Proceedings
of the international workshop on avian
interactions with utility structures, pp. 12—13.
APLIC/EPRI, Miami, USA.

Carrete, M., Sanchez-Zapata, J.A., Benitez, J.R.
Lobén, M., Montoya, F. & Donazar, J.A.
2012. Mortality at wind-farms is positively
related to large-scale distribution and
aggregation in griffon wvultures. Biological
Conservation 145: 102—-108.

Chamberlain, D.E., Rehfisch, M.R., Fox, A.D,
Desholm, M. & Anthony, S. 2006. The effect
of avoidance rates on bird mortality
predictions made by wind turbine collision
risk models. Zbis 148: 198-202.

Christensen, T.K., Hounisen, J.P, Clausager, I.
and Petersen, LK. (2004). Visual and radar
observations of birds in relation to collision risk
at Horns Rev offshore wind farm, Annnal status
report 2003. Report commissioned by Elsam
Engineering A/S 2003. NERI report, Ronde,
Denmark. 53pp.

Collier, M.P, Dirksen, S. & Krjgsveld, K.L. 2011.
A review of methods to monitor collisions or micro-
avoidance of birds with offshore wind turbines. Part
1: review. Bureau Waardenburg bv Report No.
11-078 to The Crown Estate (Strategic
Ornithological Support Services); Project
SOSS-03a. British Trust for Ornithology,
Thetford, UK.

Collier, M.P, Dirksen, S. & Krjgsveld, K.L. 2012.
A review of methods to monitor collisions or micro-
avoidance of birds with offshore wind turbines.

Wildfowl (2012) 62: 37-72



62 Swans, geese and wind farms

Part 2: feasibility study of systems to monitor
collisions. Bureau Waardenburg bv Report No.
11-215 to The Crown Estate (Strategic
Ornithological Support Services); Project
SOSS-03a. British Trust for Ornithology,
Thetford, UK.

Cook, A.S.C.P, Johnston, A., Wright, L] &
Burton, N.H.K. 2012. A review of flight heights
and avoidance rates of birds in relation to offshore
wind farms. BTO Research Report to The
Crown Estate (Strategic Ornithological
Support Services); Project SOSS-02. British
Trust for Ornithology, Thetford, UK.

Croft, S., Budgey, R., Pitchford, ].W. & Wood, A.J.
2012. The influence of group size and
social interactions on collision risk with
objects. Ecological Complexity 000: 000—000.
doi:10.1016/j.ecocom.2012.06.002.

Crowder, M.R. & Rhodes, O.E. 2001. Avian
collisions with power lines: a review. /n
Proceedings of a workshop on avian
interactions with utility and communications
structures, pp. 139-167. EPRI Technical
Report No. 1006907, EPRI Charleston, USA.

Dahl, E. L., Bevanger, K., Nygard, T., Roskaft, E.
& Stokke, B.G. 2012. Reduced breeding
success in white-tailed eagles at Smola
windfarm, western Norway, is caused by
mortality and  displacement.
Conservation 145: 79-85.

de Lucas, M., Janss, GEE. & Ferrer, M. 2007.
Birds and Wind Farms: Risk Assessment and
Mitigation. Quercus, Madrid, Spain.

Desholm, M. 2003. How much do small-scaled
changes in flight direction increase overall

Biological

migration distance? Journal of Avian Biology
34: 155-158.

Desholm, M. & Kabhlert, ]. 2005. Avian collision
risk at an offshore wind farm. Biology Letters
1: 296-298.

Desholm, M., Fox, A.D., Beasley, PD.L. &
Kahlert, J. 2006. Remote techniques for
counting and estimating the number of bird-

© Wildfowl & Wetlands Trust

wind turbine collisions at sea: a review. /bis
148: 76-89.

Drewitt, A. & Langston, R.H.W. 2006. Assessing
the impacts of wind farms on birds. /bis 148:
29-42.

Drewitt, A.L. & Langston, R.H.W. 2008.
Collision effects of wind-power generators
and other obstacles on birds. Awnnals of the
New York Acadeny of Science 1134: 233-2060.

Ebbinge, B.S. & Spaans, B. 1995. The importance
of body reserves accumulated in spring
staging areas in the temperate zone for
breeding in dark-bellied brent geese in the
high arctic. Journal of Avian Biology 26:
105-113.

Ecology Consulting 2012. Hellrigg Wind Farm:
Guoose Refuge Monitoring Report. Winter 2011—12.
Ecology Consulting Report to RWE Npower
Renewables, Ecology Consulting, Old
Cassop, Durham.

Eichhorn, M., Johst, K., Seppelt, R. & Drechsler.
M. 2012. Model-based
collision risks of predatory birds with wind
turbines. Zeology and Society 17(2): 1.

Erickson, W., Johnson, G.D., Young, D.PJr.,
Strickland, M.D., Good, R.E., Bourassa, M.
& Bay, K. 2002. Synthesis and comparison of
baseline avian and bat use, raptor nesting and

estimation of

mortality information from proposed and existing
wind developments. WEST, Inc. Technical
Report for Bonneville Power Administration.
WEST, Inc., Cheyenne, Wyoming, USA.
Erickson, W.P., Gritski, B. & Kronner, K. 2003.
Nine Canyon Wind Power Project Avian and Bat
Monitoring Report, September 2002—August 2003.
WEST, Inc. Wildlife
Consultants, Inc. Technical Report to Energy

and Northwest

Northwest and the Nine Canyon Technical
Advisory Committee. WEST, Inc., Cheyenne,
Wyoming, USA.

Erickson, W.P, Jeffrey, J., Kronner, K. & Bay, K.
2004. Stateline Wind Project Wildlife Monitoring
Final  Report,  July  2001—December 2003.

Wildfowl (2012) 62: 3772



Western EcoSystems Technology, Inc.
and Northwest Wildlife Consultants, Inc.
Technical Report to FPL Energy, the
Oregon Energy Facility Siting Council,
and the Stateline Technical Advisory
Committee. http://www.west-inc.com/
reports/swp_final_dec04.pdf.

European Union 2007. Renewable Energy
Road Map. Renewable energies in the 215t
century: building a more sustainable  futnre.
Communication from the Commission of
the European Communities to the Council
and the European Parliament. COM(2000)
848 final. http://ec.ecuropa.cu/energy/
energy_policy/doc/03_renewable_energy_
roadmap_en.pdf.  (last accessed on
10.11.2009).

European Union 2008. EU Renewable Energy
Directive 2008. Proposal for a Directive of the
European Patrliament and of the Council on
the promotion and use of energy from
renewable resources. COM (2008) 30 final.
http://ec.europa.cu/energy/climate_actions,/
doc/2008_res_directive_en.pdf. (last accessed
on 10.11.2009).

European Environment Agency 2009. Eurgpe’s
onshore and offshore wind energy potential. An
assessment  of  environmental —and  economic
constraints. EEA  Technical Report No.
6/2009, European Environment Agency,
Copenhagen, Denmark.

European Wind Energy Association 2008. Pure
Power — Wind Energy Scenarios up to 2030.
European Wind Energy Association,
Brussels. Available at: http://www.ewea.org/
fileadmin/ewea_documents/documents/
publications/reports/purepower.pdf. (last
accessed on 10.11.2009).

European Wind Energy Association 2012. Wind
in power. 2011 European Statistics. European
Wind Energy Association, Brussels. Available
at: http://ewea.org/fileadmin/ewea_

documents/documents/publications/

©Wildfowl & Wetlands Trust

Swans, geese and wind farms 63

statistics/Stats_2011.pdf. (last accessed on
31.08.2012).

Everaert ]. 2008. Effecten van windturbines op de

SJauna in  Viaanderen. Onderzoeksresultaten,
discussie en aanbevelingen. Rapporten van het
Instituut voor Natuur- en Bosonderzock
2008 (rapportnr. INBO.R.2008.44). Instituut
voor Natuur- en Bosonderzoek, Brussells,

Belgium.

Fernley, ., Lowther, S. & Whitfield, P. 2006. -4

review of goose collisions at operating wind farms and
estimation of the goose avoidance rate. Natural
Research Ltd, West Coast Energy and Hyder
Consulting report. West Coast Energy, Mold,
UK.

Ferrer, M., de Lucas, M., Janss, G.EE., Casado,

C., Mufioz, A.R., Bechard, M.J. & Calabuig,
C.P, 2012. Weak relationship between risk
assessment studies and recorded mortality
in wind farms. Journal of Applied Feology 49:
38-46.

Fijn R.C., Krijgsveld K.L., Prinsen H.A.M,,

Tijsen W. & Dirksen S. 2007. Ejffecten op
gwanen en ganzen van het ECN windturbine
testpark in de Wieringermeer. Aanvaringsrisico’s en
verstoring van foeragerende vogels. Report No.
07-094, Bureau Waardenburg, Culemborg,
the Netherlands. www.buwa.nl/fileadmin/
buwa_upload/Bureau_Waardenburg_
rapporten/2007_Fijn_BW_ganzen_zwanen_
ECN-testpark_klein.pdf.

Fijn, R.C., Krijgsveld K.L., Tijsen W., Prinsen

H.AM. & Dirksen S. 2012. Habitat use,
disturbance and collision risks for Bewick’s
Swans Cygnus columbianus wintering near a
wind farm in the Netherlands. Wildfow! 62:
97-116.

Fox, A.D., Desholm, M., Kahlert, J., Christensen,

TK. & Petersen, LK. 2006. Information
needs to support environmental impact
assessments of the effects of European

marine offshore wind farms on birds. Zbis
148: 129-144.

Wildfowl (2012) 62: 37-72



64 Swans, geese and wind farms

Furness, B. & Wade, H. 2012. Valnerability of
Scottish  seabirds fo offshore wind turbines.
MacArthur Green Ltd. report to Marine
Scotland, MacArthur Green, Glasgow, UK.

Garthe, S. & Hippop, O. 2004. Scaling possible
adverse effects of marine wind farms
on seabirds: developing and applying a
vulnerability index. Journal of Applied Ecology
41: 724-734.

Gill, J.P. & Smith, T. 2001. Calibrated study of
wintering Pink-footed Goose potential
collision victims and scavenging activity by

at Dun Law wind farm 2000.
Environmentally Sustainable Systems report
to CRE Energy Ltd. and Renewable Energy
Systems Ltd., Environmentally Sustainable
Systems, Edinburgh, UK.

Gill, J.A., Norris, K., Potts, PM., Gunnarsson, T.
G., Atkinson, PW. & Sutherland, WJ. 2001
The buffer effect and large-scale population

foxes

regulation in migratory birds. Nature 412:
436—438.

Green, M., Alerstam, T., Gudmundsson, G.A.,
Hedenstrom, A. & Piersma, T. 2004. Do
Arctic waders use adaptive wind drift? Journal
of Avian Biology 35: 305-315.

Griffin, L., Rees, E. & Hughes, B. 2010. 7%e
migration of Whooper Swans in relation o offshore
wind farms. WW'T Final Report to COWRIE
Ltd., Wildfowl & Wetlands Trust, Slimbridge,
UK.

Griffin, L., Rees, E. & Hughes, B. 2011. Migration
routes of Whooper Swans and geese in relation to wind
Sfarm footprints: Final report. WW'T report to the
Department of Energy and Climate Change,
Wildfowl & Wetlands Trust, Slimbridge, UK.

Handke, K.., Adena, J., Handke, P. & Sprotge,
M. 2004. Ridumliche Verteilung ausgewihlter
Brut- und Rastvogelarten in Bezug auf
vorhandene Windenergieanlagen in einem
Bereich  der
(Groothusen/Ostfriesland). Bremer Beitr.
Naturk. Naturschurz 7: 11-46

kistennahen Krummhorn

© Wildfowl & Wetlands Trust

Hotker, H., Thomsen, K.-M. & Jeromin, H.
2006. Impacts on Biodiversity of Exploitation of
Renewable Energy Sonrces: The Example of Birds
and Bats — Facts, Gaps in Knowledge, Demands for
Further Research, and Ornithological Guidelines
Jor the Development of Renewable Energy
Exploitation. Michael-Otto-Institut imNABU,
Bergenhusen, Germany.

Inger, R., Harrison, X.A., Ruxton, G.D. Newton,
J., Colhoun, K., Gudmundsson, G.A.,
McElwaine, G., Pickford, M., Hodgson, D. &
Bearhop, S. 2010. Carry-over effects reveal
reproductive costs in a long distance migrant.
Jonrnal Animal Ecology 79: 974-982.

Jain, A.A. 2005. Bird and bat behavior and mortality
at a northern lowa windfarm. MSc thesis, lowa
State University, lowa, USA.

Janss, G.EE. 2000. Avian mortality from power
lines: a morphologic approach of a species-
specific mortality. Biological Conservation 95:
353-359.

Jenkins, A.R., Smallie, J.J. & Diamond, M. 2010.
Avian collisions with power lines: a global
review of causes and mitigation with a
South African perspective. Bird Conservation
International 20: 263-278.

Johnson, G.D., Erickson, W.P, Strickland, M.D.,
Shepherd, M.E. & Shepherd, D.A. 2000.
Avian monitoring at the Buffalo Ridge, Minnesota
wind resource area: results of a 4-year study.
Western EcoSystems Technology Inc. report
to Northern States Power Company, WEST
Inc., Cheyenne, Wyoming, USA.

Johnson, G.D., Erickson, WP, Strickland, M.D.,
Shepherd, M.E, Shepherd, D.A. & Sarappo,
S.A. 2002a. Collision mortality of local
and migrant birds at a large scale

wind-power development on Buffalo Ridge,

Minnesota.  Wildlife  Society  Bulletin ~ 30:
879-887.

Johnson, G.D., Erickson, W.P. & Bay, K. 2002b.
Baseline ecological studies for the Klondike wind

project,  Sherman  Connty, Oregon. Western

Wildfowl (2012) 62: 3772



Ecosystems Technology (WEST) Inc., and
Northwest Wildlife Consultants report to
Northwestern Wind Power. WEST Inc.,
Cheyenne, Wyoming, USA.

Johnson, G.D., Erickson, W.P, White, ]. &
McKinney, R. 2003. Avian and bat mortality
during the first year of operation at the Klondike
Phase I wind project, Sherman County, Oregon.
Western Ecosystems Technology (WEST)
Inc. report to Northwestern Wind Power.
WEST Inc., Cheyenne, Wyoming, USA.

Kowallik, C. 2002.
Windenergieanlagen, Straen und Gebiuden

Auswirkungen  von

auf die Raumnutzung von Nonnenginsen
und ein Prognose-Verfahren zur
Konfliktbewertung. Dipl.-Arbeit Thesis,
Universitit Oldenburg, Oldenburg, Germany.
Krijgsveld, K.I. & Beuker, D. 2009.
Vaogelslachtoffers bij windpark Anna Vosdijk op
Tholen.
trefekende steltlopers en  overwinterende snienten.

Ondergoek  naar  aanvaringen onder

Bureau Waardenburg report to Eneco New
Energy. Bureau Waardenburg, Culemborg,
the Netherlands.

Kirijgsveld, K.L., Akershoek, K., Schenk, E, Dijk,
E & Dirksen, S. 2009. Collision risk of birds
with modern large wind turbines. Ardea 97:
357-366.

Kruckenberg, H. & Jaene, J. 1999. Zum ecinfluss
eines Windparks auf die Verteilung weidender
Blissginze im Rheiderland (Landkreis Leer,
Niedersachsen). Natur und Landschaft 74:
420-427.

Langgemach, T. & Durr, T. 2012. Zuformationen
iiber  Einfliisse der  Windenergienutzung — anf
Vigel. Stand 10.07.2012. Landesamt fiir
Umwelt, Gesundheit und Verbraucherschutz,
Nennhausen/Buckow, Germany.

Langston, RH.W. & Boggio, S. 2011. Foraging
ranges of Northern Gannets Morus bassanus 7
relation to proposed offshore wind farms in the North
Sea. Royal Society for the Protection of Birds
report to Hartley Anderson & Department

©Wildfowl & Wetlands Trust

Swans, geese and wind farms 65

for Energy and Climate Change, RSPB,
Sandy, UK.

Langston, R.H.W. & Pullan, J.D. 2003. Windfarms
and birds: an analysis of windfarms on birds, and
guidance on environmental assessment criteria and
site selection issues. RSPB/BirdLife International
report to the Council of Europe (Bern
Convention). T-PV¥Inf (2003) 12.

Langston, RH.W. & Teuten, E. 2012. Foraging
ranges of Northern Gannets Morus bassanus i
relation to proposed offshore wind farms in the UK:
2011. Royal Society for the Protection of
Birds report to the Department for Energy
and Climate Change. RSPB, Sandy, UK.

Larsen, J K. & Clausen, P. 2002. Potential wind
park impacts on whooper swans in winter:
the risk of collision. Waterbirds 25 (Special
Publication 1): 327-330.

Larsen, J.K. & Madsen, ]. 2000. Effects of wind
turbines and other physical elements on
field utilization by pink-footed geese (Anser
brachyrhynchus): a landscape perspective.
Landscape Feology 15: 755-764.

Madsen, J. 1985. Impact of disturbance on field
utilization of pink-footed geese in West
Jutland, Denmark. Biological Conservation 33:
53-63.

Madsen, J. 1995. Impacts of disturbance on
migratory waterfowl. /bis 137: 67-74.

Madsen, J. & Boertmann, D. 2008. Animal
behavioural adaptation to changing landscapes:
spring-staging geese habituate to wind farms.
Landscape Feology 23: 1007-1011.

Marra, PP., Hobson, K.A. & Holmes, R.T. 1998.
Linking winter and summer events in a
migratory bird by using stable-carbon
isotopes. Sezence 282: 1884—1886.

Martin, G.R. 2011. Understanding bird collisions
with man-made objects: a sensory ecology
approach. fbis 153: 239-254.

Masden, E.A., Haydon, D.T., Fox, A.D., Furness,
R.W, Bullman, R. & Desholm, M. 2009.

Barriers to movement: impacts of wind

Wildfowl (2012) 62: 37-72



66 Swans, geese and wind farms

farms on migrating birds. /CES Journal of
Marine Science 66: 746-753.

Masden, E.A. 2010. Assessing the cumulative
impacts of wind farms on birds: an individual-
based model of hen harriers in Orkney. /n
E.A. Masden (Ph.D. thesis), Assessing the
cummtlative impacts of wind farms on birds. Chapter
6. University of Glasgow, Glasgow, UK.

Masden, E.A., Fox, A.D., Furness, R.W., Bullman,
R. & Haydon, D.T. 2010a. Cumulative impact
assessments and bird /wind farm interactions:
developing a framework.
Environmental Impact Assessment Review 30: 1-7.

Masden, E.A., Haydon, D.T., Fox, A.D. &
Furness, R.W. 2010b. Bartiers to movement:

conceptual

Modelling energetic costs of avoiding marine
wind farms amongst breeding seabirds.
Marine Pollution Bulletin 60: 1085—1091.

Masden, E.A., Reeve, R.E., Desholm, M., Fox,
A.D., Furness, RW. & Haydon, D.T. 2012.
Assessing the impact of marine wind farms
on birds through movement modelling.
Journal of  the Royal Society Interface 9:
2120-2130.

Minderman, J., Pendlebury, C., Pearce-Higgins,
JW. & Park, K.J. 2012. Experimental
evidence for the effect of small wind turbine
proximity and operation on bird and bat
activity. PLoS ONE 7 (7), e 41177. Doi:
10.1371/journal.pone.0041177.

Mockel, R. & Wiesner, T. 2007. Zur Wirkung von
Windkraftanlagen auf Brut- und Gastvogel
in der Niederlausitz (LLand Brandenburg).
Arbeitsgemeinschaft — Berlin-Brandenburgischer
Ornithologen 15 (Special Issue): 1-136.

Musters, C.J.M., Noordervliet, M.AW. & ter
Keurs, WJ. 1996. Bird casualties caused by a
wind energy project in an estuary. Bird Study
43: 124-126.

Natural England 2010. Assessing the effects of
onshore wind farms on birds. Natural England
Technical Information Note TIN06Y,
Natural England, Sheffield, UK.

© Wildfowl & Wetlands Trust

Norman, T.B., Buisson, RS.K. & Askew, N.P.
2007. Report on the COWRIE workshop on the
cumnlative impact of offshore windfarms on birds.
RPS report for the Collaborative Offshore
Wind Research into the Environment
(COWRIE Ltd.), COWRIE — CIBIRD-01-
2007, UK.

Norris, D.R. & Taylor, C.M. 2006. Predicting
the consequences of carry-over effects in
migratory animals. Biology Letters 2: 148—151.

Norris, D.R., Marra, PP, Kurt Kyser, T. &
Sherry, T.W. 2004. Tropical winter habitat
limits reproductive success on the temperate
breeding grounds in a migratory bird.
Proceedings Royal Society B 271: 59—64.

Osborn, R.G., Higgins, K.F, Usgaard, RE. &
Dieter, C.D. 2000. Bird mortality associated
with wind turbines at the Buffalo Ridge Wind
Resource Area, Minnesota. American Midland
Naturalist 143: 41-52.

Parmesan, C. & Yohe, G. 2003. A globally
coherent fingerprint of climate change
impacts across natural systems. Nazure 421:
37-42.

Pearce-Higgins, J.W., Stephen, L., Langston,
RH.W. & Bright, J.A. 2008. Assessing the
cumulative impacts of wind farms on
peatland birds: a case study of golden plover
Pluvialis apricaria in Scotland. Mires and Peat 4:
1-13.

Pearce-Higgins, J.W., Stephen, L., Langston,
R.H.W., Bainbridge, I.P. & Bullman, R. 2009.
The distribution of breeding birds around
upland wind farms. Journal of Applied Ecology
46: 1323-1331.

Pearce-Higgins, J.W., Stephen, L., Douse, A. &
Langston R.H.W. 2012. Greater impacts of
wind farms on bird populations during
construction than subsequent operation:
results of a multi-site and multi-species
analysis. Journal of Applied Ecology 49: 386—394.

Pendlebury, C. 2006. An appraisal of “A review
of goose collisions at operating windfarms and

Wildfowl (2012) 62: 3772



estimation of the goose avoidance rate” by Fernley, |,
Lowther, S. and Whitfield, P, BTO Research
Report No. 455, BTO Scotland, University
of Stirling. http://www.snh.org.uk/pdfs/
strategy/renewable/BTOResearch455.pdf

Petersen, LK., Christensen, T.K., Kahlert, J.,
Desholm, M. & Fox, A.D. 2006. Bird numbers
and distributions in the Forns Rev offshore wind
farm area. National Environment Research
Institute report for DONG Energy and
Vattenfall A/S, NERI, Ministry of the
Environment, Denmark.

Pettersson, J. 2005. The impact of offshore wind farms
on bird life in Southern Kalmar Sound, Sweden.
A final report based on studies 1999—2003. Report
from Lund University to the Swedish Energy
Agency. Lund University, Lund, Sweden.

Plonczkier, P. & Simms, 1.C. 2012. Radar
monitoring of migrating pink-footed geese:
behavioural responses to offshore wind farm
development. Journal Applied Ecology doi
10.1111/j.1365-2664.2012.02181 x.

Prinsen, H.A.M., Boere, G.C., Pires, N. &
Smallie, J.J. (Compilers) 2011. Review of the
conflict between migratory birds and electricity power
grids in the African-Eurasian region. AEWA/
CMS report, Bonn, Germany.

Ratikainen, LI, Gill, J.A., Guanarsson, T.G.,
Suthetland, WJ. & Kokko, H. 2008. When
density-dependence is not instantaneous:
theoretical developments and management
implications. Zcology Letters 11: 184—198.

RenewableUK 2012. Statistics. http://www.
bwea.com/statistics.  (last
20.07.2012).

Rodziewicz, M. 2009. Monitoring powykonawegy

accessed on

ptakdw na farmie wiatrowej Kisielice-F.odygowo.
Raport 2009, stycze — grudzie . Iberdrola
Renewables Polska Sp. zo.o., Jerzwald, Poland.
Root, T.L. Price, J.T., Hall, K.R., Schneider,
S.H., Rosenzweig, C. & Pounds, J.A. 2003.
Fingerprints of global warming on wild
animals and plants. Nazure 421: 57-60.

©Wildfowl & Wetlands Trust

Swans, geese and wind farms 67

Rubolini, D., Gustin, M., Bogliani, G. &
Garavaglia, R. 2005. Birds and powerlines in
Italy: an assessment. Bird Conservation
International 15: 131-145.

Scottish Natural Heritage 2009. Guidance on
methods  for monitoring bird  populations at
onshore wind farms. SNH Guidance Note.
http:/ /www.snh.gov.uk/docs/C205417.pdf
(accessed on 25.10.2012).

Scottish Natural Heritage 2010. Use of Avoidance
Rates in the SNH Wind Farm Collision Risk
Model. SNH Avoidance Rate Information
& Guidance Note. http://www.snh.gov.uk/
docs/B721137.pdf  (last
31.08.2012).

Staatlichen Vogelschutzwarte 2012. Vogelverluste an

accessed on

Windenergieantagen (Bird fatalities at wind turbines
in Eurgpe). http://www.mugv.brandenburg,
de/cmsdetail.php/bb2.c.451792.de.

Sterner, D., Orloff, S. & Spiegel, L. 2007. Wind
turbine collision research in the United
States. /n M. de Lucas, GEE. Janss &
M. Ferrer (eds.), Birds and Wind Farms:
Risk Assessment and Mitigation, pp. 81-100.
Quercus, Madrid, Spain.

Stirnemann, R.L., O’Halloran, J., Ridgeway, M. &
Donnelly, A. 2012., Temperature-related
increases in grass growth and greater
competition for food drive earlier
migrational departure of wintering Whooper
Swans. /bis 154: 542-553.

Stewart, G.B., Pullin, A.S. & Coles, C.E. 2007. Poor
evidence-base for assessment of windfarm
impacts on birds. Environmental Conservation
34: 1-11.

Sugimoto, H. & Matsuda, H. 2011. Collision risk
of White-fronted geese with wind turbines.
Ornithological Science 10: 61-71.

Thelander, C.G. & Smallwood, K.S. 2007. The
Altamont Pass Wind Resource Area’s

effects on birds: a case history. /z M. de

Lucas, G.EE. Janss & M. Ferrer (eds.),

Birds and Wind Farms: Risk Assessment and

Wildfowl (2012) 62: 37-72



68 Swans, geese and wind farms

Mitigation, pp. 25-46. Quercus, Madrid,
Spain.

Thomas, C.D., Cameron, A., Green, R. E.,
Bakkenes, M., Beaumont, L.J., Collingham,
Y.C. & Erasmus, B.EN. 2004. Extinction risk
from climate change. Nazure 427: 145-148.

Thorup, K., Alerstam, T., Hake, M. & Kjellén, N.
2003. Bird orientation: compensation for
wind drift in migrating raptors is age-
dependent. Proceedings Royal Society London B
(Suppl.) 270: S8-S11.

Tucker, V.A. 1996. A mathematical model of bird
collisions with wind turbine rotors Journal of
Solar Energy Engineering 118: 253—2062.

Veerbeek, R.G., Beuker, D., Hartman, J.C. &
Krijgsveld, K.L. 2012. Monitoring wvogels
Windpark — Sabinapolder.
aanvaringsslachtoffers. Bureau Waardenburg

RWE

Bureau

Ondergoek  naar

report  to Innogy  Windpower
Netherlands.
Culemborg, the Netherlands.

Warren, S.M., Fox, A.D., Walsh, AJ. &
O’Sullivan, P. 1993. Extended parent-
offspring relationships amongst the Green-

Waardenburg,

land White-fronted Goose (Auser albifrons
Slavirostris). Auk 110: 145-148.

Winkelman, J.E. 1989. Vogels en het windpark nabij
Urk (NOP): aanvaringsslachtoffers en verstoring
van pleisterende eenden ganzen en wanen. [Birds
and the wind park near Urk: collision victims
and disturbance of ducks, geese and swans.|
RIN-report 89/15. Rijksinstituut voor
Natuurbeheer, Arnhem, the Netherlands. [In
Dutch with English summary.|

Zehtindjiev, P. & Whitfield, D.P. 2010. Monitoring
of wintering geese in the AES Geo Energy Wind
Park “Sveti Nikola” territory and the Kaliakra

in winter  2009/2010. Bulgarian
Academy of Sciences and Natural Research
Ltd. report to AES Geo Energy OOD, Sofia,
Bulgaria.

Zehtindjiev, P. & Whitfield, D.P. 2011. Monitoring
of wintering geese in the AES Geo Energy Wind
Park “Sveti Nikola” territory and the Kaliakra

in winter  2010/2011.

Academy of Sciences and Natural Research

Ltd. report to AES Geo Energy OOD, Sofia,

Bulgaria.

region

region Bulgarian

Photograph: Bewick’s Swans at the ECN wind farm, the Netherlands, by Wim Tijsen.

© Wildfowl & Wetlands Trust

Wildfowl (2012) 62: 3772



Swans, geese and wind farms 69

900z vt
‘ourqany 3od
SISIA 219) (W 001-58)
A—u cz w»%qu O WU ﬁ NN OOOM %CNEHDO »H\Evﬁdz Tuﬁucuvu uCZ M CNBW Duz“—\&
(wezn)
¥ ON yoaeas | AuO D1 1 G1 $00Z  AUBWII0) JIOPSSON  PIPI0IAIF JION 1 ueMg NN
UMOUY Auewron
¥ ON 20V 00)% d 10N JOYIYEA-[INGIIN  PIPIO3 JON 1 uemg sadooy
(t1/010z Wi 11/010C
sep og v UL 0SH 0L
Ul payoreas ‘01/600¢ vt
SUIQIN S¢p)  OF X T (w so) vovdng  SIYS-prq
€T  SHA JIum/sdep g/, VY ‘SO v - 6002 C[OYIN IULES 0TH'96T 0 ds as00ny
(oog-1002
‘Apydruioy) (w ¢6—¢7) .
1 ON 102k /skep 9g Ne) L w+ECT 100>  wndpg ‘Wepiso()  PapIoddT JON 1 2s000) Sefhorn)
(L00z—5007
‘Apysiuog) (w g6) wnidg
1 ON T894 /skep 9z Ne) ¢ skl 1 S00T S[OpUZINY]  PIPIOIIT ION] 1 98000 dISIWO(]
(90022007
‘Apysrnio3) (w 9) 1002 wrdg
1 ON yeaL /skep 9z Ne) G 1 —0002 ‘[eeuEUIAMOPNOY  PIPFO2IT JON] 4 2S005) dASIWO(]
Sunoyryowr Zunoyryowr
doudsaxd uonOINISUOd uonONISUOD wirey
piq 03 -1sod yo poyrowr -1sod jo (3ySroy qnyy) UopEd0[/SWeU  PUIM UIYIIM  SUOISI[[0d
sjoy  PAUI §D uopeIn( 'sqO SIOUIM /SIEdX  SIUIqIN) "ON]  [Ing wirey pury,  SIYSIy 'oN *ONl sopadg

FOISTD = yyye SOUI[ g UL SAUIQIN — 4, TUSWUSI[E JLIU[ =

& "SIUNOD pIIq = DY ‘wWiey

TCMB wwOuUN\ﬂMﬂOuﬂu mQOﬁN\/waﬁ—O uﬂwa = ‘HHH MHNTNH = Qé mﬁu.adww SS¥JJEd — WU checm MNHGMTMUUN = UQ< MTOQuUa GOﬁN\Vwaﬂo
"EOLIDWY JO $91¥IQ PAUN = VS SWOPSUTS PAIU() = (] TOPamG = G pue[od = TOJ AeMION = N SPUepoypoN = TN ‘Wnispg
= g 19UN0D "S0T UIE( = LT $$O0T 77 72 BOSPWE = 9T ‘€00T 77 #2 VOSPIH = ST ‘9007 Lmqa[pud = 47 900z 77 /2 £o[u2] = €7
‘€00T 77 2 wosuyof = 7z ‘qz00g 77 /2 vosuyo[ = 1 eg00g 77 #2 vosuyo[ = (g 00T 77 /2 Bosuyo[ = 61 ‘000T 77 # W30SO = §1 T10T
Sunnsuo)) £30[004 = L1 800T PUIAOSL = 91 ‘T00T UMV = ST 900T 77 /2 3POH = ¥1 600C ZoM1ZPoy = 1 ‘600T 7772 35ueAdq =
TLTL0T 72 2 939N = 11 *600€ 42302 3 PPASSIIS = (1 ‘710 72 BlL] = 6 “L00T 77 # UlL] = § ‘6361 UEWUIN = L ‘9661 72 #2
SIDISTN = 9 0[O NSFY R IASUO20I] = G ‘7] (T SHLAZINYPSPTOA USUPIPLEIS = {1 107 PRYIUAL 3 A2HPUNYDZ = ¢ {0107 PPUIUM ¥
AJ[PUNYDYZ = 7 QO IFOLIIAT] = | :SOIUIIIY 'SOUICINI PUIM [IIA POPI[[OD dALLY 0} PUNOJ 98993 PUE SUEMS JO sp1odoy [ xipuaddy

Wildfowl (2012) 62: 37-72

©Wildfowl & Wetlands Trust



70 Swans, geese and wind farms

Auewron

2s000) Se[horn)

14 é é é é ¢ é AHQCL\ESEMKVMO TMTHCUMM JON
fuewron
¥ ‘ ¢ ¢ d B & ‘yomwep 3osdony  PapI029T 0N 2s000) Se[horn)
(100T Appran) (001>) (fuewrony
¥ ON skep zg [Se) 1 01> K] UDSUDESIOPIIN] UI) ¢ PIPI03F JON uEAG NN
¥ ON ¢ Ne) ¢ K] ¢ Auewron) ‘owmspqly,  PopIO2AT ION] 28000) Se[horn)
¥ ON é [Ne) ¢ ¢ ¢ Auewon GownspPqiyy  PopIodar 10N ‘ds uemg
(wpQ1>) wavy
¥ ON ¢ Ne) ¢ puim o8xe| ¢ Auewroo) ownspaly,  PopI029F JON] ueMG NN
(wpQ>) wavy
¥ ON ¢ Ne) ¢ puim o8xe| ¢ Auewron) 9re[o(]  PapI02T ION UG NN
Je2A /UdIEas (W 0g1>)
¥ ON oBurs 1 A[uO Ne) ¢ 012 ¢ Auewron) Joypmg  PapIoddT J0N] UG 9NN
182k /Uyoreas (w ¢8—¢G) 8661 fuewron
¥ ON wﬂmgw 1 Fﬁco Ne) é ¢ —$661 [I-MOYyde7  PapIndaT JON. -ds 95000)
(w 61)
¥ ON yoreas | A[uO [So R 1 ¢ 0007  Auvwiioo) qI-UIZ1  PapI0291 JON ‘ds asoon)
(W $6—¢6)
14 ON OOV OOV 9 1007 Auewiog A  popioddI JON 28005 Ueag
(Goa—921
ApySrmzoy) (w gt1) fuewron
¥ ON yeak /skep g 2 [Se) ¢ 1€ 1002 “Soquom(-joyspop]  papiodar J0N 2S000) PAIVOIF-NIY A\
(wgrn Auewron
14 ON D0V OOV 8 €002 ZIMN URY  PapI0da1 10N ds veag
(wzin €00T fuewron
14 ON SO ¥ 0¢ —L661 MeYRIEN\-ZIZ  PIPIodI 10N 2S00y PARUOIF-IY/XN
(LooT *en
—€00T AON) (wzrn) fuewon
14 ON ¥eak /skep (G119 SO ¥ 0c €00¢ ‘MeYdITN\-Z7  PIPIOOI 10N ueAg N
(r002—€002) (68—¢9) L66T Lovwron
¥ ON skep zg v Ne) 1 L —+661 JIOPSUUBWINLY\  PIPIOIIT JON uEAG NN
(w c41-68) )
14 ON 20V 20V ClL+1 9661 Augwion MO[PIG  papI0dI I0N UeMS AN
(1107 vt >q
—q2 ApySrunsoy) (w6L1)
¥ ON skep gz v Ne) 1 91 0107  Auewion ‘Yoe[e[ysg  papIodd1 JON uEAG NN
Sunoyruowr Zupoiruowr
souasaxd UONOINIISUOD UONONIISUOD wirey
piq o -1sod jo poypow -1sod jo (3y3roy qny) UONEDO[/PWEY  PUIM ULIIM  SUOISI[0D
sjoy  PIUIl §D uopeIn( 'SqQ  SINUIM/SIBdX  SIUIqIM) ON]  Ifing wrey puiy\  SIYSIJ ‘ON saradg

(ponuynos) 1 xipuaddy

Wildfowl (2012) 62: 3772

© Wildfowl & Wetlands Trust



Swans, geese and wind farms 71

L1
91
ST Y1
4
4
4
Ly
4
4
1

2

01

68

)
<

SHA

SHA

ON

ON

ON

SHA

SHA

SHA

SHA
ON

SHA

ON

ON

ON

ON

(1'e0°60-1121'22)
SUOREAISAO ISP 14
4 8¢ ‘shep-yoreas g1 DG ‘SD

(Lo02)
skep 17 q1d
(z00T 320—3ny)
OIS /VISIA | SO
é Ne)
é Ne)
é Ne)
é Ne)
(6002-€00 Ap{oam)
102K /skep 7¢ Ne)
(600200 Ap{oam)
102K /skep 7g Ne)

Apras yeak-z ur
sAep-yo1eds ¢ VY % SD
Apmas yeof-7 ur
sfep-yoreas g1 VY X SD

Yoam/sown z—1 SO

(L0/900¢ w1 vy
skep-yoreas [¢ ¥ SD

Suprds pue UM

U YooM /soWn 7—]

cuwmnine ut Arecy Ne)
(16%0'62-06'70'8)
sAep 081 ¥ SO

600 twny - vy ® SO

spam 1od yoreas | Ne)

(000T 4pPom)

sfep 7g Ne)

é o)
000T TN

—6661 20 o)

(w 08)
skl 110T
(wey)
sk 0€ 900¢C
(parrea)
15 200T>
déé 600C>
sokkOF €00¢
déé €00C>
(w cg)
sk LC L00C
(w L)
*+k%x89 c00¢
(woL)
*kx89 00T
(w gy)
*9 S661
(w gt)
*9 S661
(w 0g)
xS L00T
(w 06)
#%0 9002—¢00T
(wgy)
*8 €00C
(w 0g)
4 L861
(w 0g)
S 0661
(woo1>)
(9915 [EIOADS)
HkGL< 0661
(@ oo1>)
é é
(w oo1>)
el é
1 é
1 é

S0 S3uPH

2N

.uunvﬂmwwo BCHHNMH
uopamg

“(sows (0 ) 2UBS
uredg
‘earpy-eodzndmo)
uredg “eyr)-aS[g
uredg ‘eary BoS[q
pue[o] ‘©0mo3Apory
—ONPISEY]

KemsoN ‘elowrg
KemioN ‘elowrg
stIN “Joprodeurqeg
stIN “Jopjodeurqeg
SN HfpsoA vuuy
SWN

“pred-1s91 NDOH
SN
Gupordeesrore
SPUBLIYIdDN YN
SUIN] YeIaTS]
Auewron) ‘urewya,|

Auewron
“UTBUIYJISIN

Auewzon) 9soAdTy|
Auewron
911977-J30pUINLI],
oddryoyosy

Auewzon) ‘uraSpg

sdnoi3 4
6
PapI0291 J0N
PapI0223 10N
UUMUHCUUH UCZ
Pap30223 J0N]
Pap30223 0N
Pap30293 10N
PopI0227 JON]
PapI0221 J0N
PapI0223 1I0N]
Pap30223 J0N]
(sdnos3 101)
+799°1
Pap30223 0N

Pap10231 30N

PapFod391 310N

Pap10231 30N

PapF0391 30N

PapF0d391 JON

Papr0391 30N

0

0

95005 pajoojuld
95005 pArooj=uld
uEAG NN

25000) Sefharn)
28000 Se[horn)
2s001) Fepfarn)
UeMG NN

95000) Sefhoiny
uemg radoot A\
2S00L) EPEUE))
25000) Sefhorn)

2s0015) Fepfarn)

UBMG $3IMI¢]

UeAG NN

9S005) JUdIg

25000) d[drUIEY

UBAG NN
‘ds asoony

ueMg NN

95005) uBag

95005) ULl

Wildfowl (2012) 62: 37-72

©Wildfowl & Wetlands Trust



72 Swans, geese and wind farms

*(qz00z 77 72 vosuyo() 1(0Z Ur Loains woponnsuod-21d uol-1eak oy ur eare Apmis
o) 7940 SUIA[J U22S (S[ENPIAIPUT GQ°Y) SIDO[] ¢ YPIA DS990) BPEUL)) SEM PIAIISCO [MO0FFaIEM JO sa1ads A[uo (Mol aq 01 pres sparqiorea Aq ease Apnis o)IPUOLS] JO 980,
WY G~/ JO 2DUTISIP ¥ IE OPLW SUOREAIISI(q
(1102 PPRYIY A\ % A21punyYa77) s UOISI[0d 2onpas 01 Arenue(
ur paddoss sourqim Jo sdnozo) g8y 70103 18 979m SIYSIF JO 0/4,49 pue 930dox o Ut sdety GO PaIemISn{[ WiIe] PUIM o) $S0I0L,/YInory) s1ydig ysnoy ‘(wiey pumm o)
ySnory A[Iress209u 10U *27) eore 199[0rd uTpim s1ySIF F03 9q 01 pres SIYSIY JO IOQUNN] "SFIULA OM) U PIPFOIIT LITP SUT-IYSI[J F2IUIM 9UO J0J Paisodar SaUDILds SSEITL)),

¥00¢
PPN PUE €00¢
29(—¥dy ur sourqIm
68 30 9¢ Fopun

12 (skep ¢—z £3979 "271) (wgy)
¥Ccc  ON Teak/SOYareas 1 7 SO C #£68 1002 VSN ‘emor Jo dog,  paprosaroN 0 95009 Tprur)
€00c Ut
SOUIQIN G4 JO
SAUILIS /=9 ‘Z00T
I SoUIqI GG¢ (w g) (5p1q £9¢)
9C YVHTIONN  JO SoydIeas 9—G¢ DI X SO 4 wekbSY €002—100C VSN QurpIvIg sdnosg 11 1 95005 TpEUE)
(€00z Snv—z00z (passosse
dog ‘yoeo sfep (w (9) 10u frurxosd)
<C ON G—) saypIEas 6 SO 1 #xx00€ 200C VSO ‘Uokur) aulN  papiodar 10N 0 95000 TPrUL])
€00¢ FeIN
—200¢C eI
Apuow) saydreas
T €T ¢ ‘UoBdNISUOD (w ¢9)
TT1T SON -ad dpsow Dg DG ¥ SO 1 *91 200¢ VSN OYIPUOIY]  PapIodaT JON 4 95000 BPRUL))
0T (w 05—9¢) vsn (L661 W)
‘6181 SHX 04 =X SO 14 xS 606171661 95pry ofeyyng  SUOREAIS]O 76 0 9S00 PAVOIF-AYA\
0z (w 05—9¢) vsn
‘61°81  SHX o4 =X SO ¥ #x7GC 606171661 95pny o[eyyng  SUONEAISAO 8/ 0 9500%) MOUG
(6661-9661)
Te24 oD PayaYd
sauIqIMm 16-1¢
“(aON ST—TEIN 1)
0Z SOUDILIS PUE SIUNOD (w 05—9¢) VSN
‘61°81  SHA paq ApySimiog DG ¥ SO 14 xS 666171661 98pry ofejIng  SUOREAIASAO (06 0 95000 BpPEUL)
Funoiruows Sunroyruowr
douasaxd uonOINIISUOD UOPONIISU0D wrrey
prq 01 -1sod jo poyrowr -1sod jo (1ySroy qny) UONEdO[/dWeU  PUIM UIIIM  SUOISI[[0D
sjoy  PaYUI §D uopemn( 'sqO SIOUIM /SIEdX  SIUIqIN) "'ON  Ing wirey puiy\  SIy3Ly ‘oN ‘ON soradg

(ponuzguos) 1 xipuaddy

Wildfowl (2012) 62: 3772

© Wildfowl & Wetlands Trust




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


