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Disclaimer: this paper does not attempt to summarise all the literature on the effects of lighting
and lit structures on birds. There are many, better reviews which can be sourced through various
web based library searches. This information note seeks to focus on lights that are required for
structures such as wind turbines, their potential to affect birds and mitigation methods.

Background

Artificial light is known to have many effects on birds which may be positive (increased opportunity
for activity that would normally only occur during daylight); and negative effects, including
attraction to lights (phototaxis), disruption of photoperiodicity and increased opportunities for
visually active predators. However the principal effect discussed in this guidance note relates to
phototaxis. It has been known for many years that birds are often attracted to lights, at lighthouses,
buildings, offshore oil and gas platforms and urban street and building lighting (Gauthreaux et al.
2006, Manville et al. 2009, Ronconi et al. 2015). Attraction to lights is especially true of some
taxonomic groups (e.g. some burrow nesting seabirds) and many nocturnally migratory species
(especially passerines). Montevecchi (2006) describes in detail effects and impacts of lighting on
marine birds. The reasons for such attraction are poorly known, though some authors posit
navigation by moonlight or (for some seabirds) attraction to phosphorescence. Moreover it is often
juvenile birds that are predominantly affected (Rodriguez et al. 2016, Miles et al. 2010). For others,
a popular current working hypothesis is that artificial light interferes with the magnetic compass
of the birds, one of several orientation mechanisms which may be especially important during
overcast nights (Poot et al. 2008).

The consequences of attraction to lights can be catastrophic and involve mass kills of nocturnally
migrating passerines, for example at lighthouses, oil & gas platforms, in towns and cities, and at
communication towers. The consequences for the viability of bird populations are less well
understood, though for many migratory species, mortality during migration is a significant
proportion of annual adult and juvenile mortality, regardless of the additional effect of artificial
lighting. For some species of petrel and shearwater, their conservation status may be threatened
by attraction to towns and cities, as they become grounded and will fall victim to predators or
traffic accidents (Rodriguez et al. 2015, Deppe et al. 2017). At guyed communication towers
collision with guy wires can lead to significant kills (Longcore et al. 2008, 2012, 2013). It is widely
agreed that collision risks are elevated on moonless nights, during poor weather including fog or
mist (Avery et al. 1977, Drewitt & Langston, 2006) though kills can occur under almost any
conditions.

Purpose

The purpose of this note is to discuss the likely effects on birds of lights that are placed
on wind turbines to avoid risks to aviation.

The impacts of wind farms on birds has been widely discussed and the dominant effects are
known, though the magnitude of effects is still subject to much uncertainty. The effect of lighting
has received relatively little attention though the potential for this to act as an attractant, thus
increasing the risk of collision, could become an issue that requires assessment in some
situations. The urgency of this issue arises as wind turbines increase in height and as such
require lighting under Civil Aviation Authority (CAA) rules (CAP 764, 2016). All wind turbines of
greater than 150m in height require visible, red aviation lights as set out in CAP 764.



Bird Collisions at Lit Turbines, Towers and Communication
Masts

There is little published literature on the impact of lights on wind turbines on birds, so the literature
search was expanded to include communication towers and meteorology mats. However, as
much of the literature on collisions with these structures relates to communication towers, so
caution should be exercised when extrapolating risk to wind turbines, as communication towers
and other masts are often stabilised using wire guys which present a significant risk of collision to
birds flying nearby. Furthermore, most of the published research has been undertaken in the
United States, though attention has also been paid to wind farms in the offshore environment off
the coast of Europe. There is almost no literature of significance from the United Kingdom and in
general monitoring of collisions by birds with man-made structure has received a lot less attention
in UK compared to the US. A recent review of communication tower mortality in the US (Longcore
et al. 2012, 2013) has shown that mortality can be significant at nocturnally lit communication
towers, but the majority of such mortality is that of Neotropical migrants. Only about 2.6% of
observed mortality were of species from taxa other than passerines. While the location of
communication towers may mean that some groups (such as seabirds on offshore islands) could
be under-represented in these figures, it is likely that collision risk at lit turbines for non-passerine
taxa are likely to be relatively low in general.

Monitoring of migration kills at towers in the US has been undertaken on a number of occasions,
investigating specific factors such as the nature of lighting (colour); whether steady, flashing or
strobe lights are used; and their position (altitude) on towers. Kerlinger et al. 2010 studied night
migrant fatalities at 30 wind farms in North America. Fatalities ranged from less than one fatality
per turbine per year to approximately seven fatalities per turbine per year. Multi bird fatalities
(defined as more than three birds per night) were rare. Most wind farms had FAA! approved
aviation lights, though not all turbines are lit. In Europe onshore turbine fatalities have been
estimated as being about 2-60 per turbine per year, but mortality of nocturnally migrating
songbirds at offshore wind farms may be as high as 100-1,000 per turbine per year (Blew 2013)2.
These totals are potentially significant in population terms, especially as the number of offshore
wind farms grow. Huppop et al. (2006) showed that brightly lit turbines in the German Bight could
cause high collision rates in poor weather. Ballasus et al. (2009) suggested that onshore turbines
tend to have higher collision rates of birds at illuminated wind farms than unlighted facilities.
Welcker et al. (2017) showed that nocturnal migrants were at no greater risk of collision than
diurnal species at four onshore wind farms along a major migration route, but importantly, the
turbines were not lit.

For communication towers Gehring et al. (2009) showed that such towers when lit caused
significant bird Kills, but that the nature of the light heavily influenced bird mortality. Indeed
Gauthreux & Belser (2006) showed that birds were attracted to some lit towers but not others,
with colour and mode of operation the determinant factors. Studies with radar have shown that
birds left a tower that they had been drawn to upon switching lights off (Larkin & Frase (2006).

While the likelihood that burrow nesting seabirds will to show an elevated risk of collision with lit
turbines has not been established, the fact that these species are attracted to lights (particularly
juveniles), suggests that burrow nesting seabirds could also be susceptible. Based on an
assessment of the published literature, the principal susceptible species are likely to be:

! Federal Aviation Authority.
2 |t isn’t clear where or how this estimate was arrived at.



1. Burrow nesting seabirds (i.e. petrels, shearwaters and Atlantic puffin);
2. Nocturnally migrating passerines.

For other species, especially resident breeding birds, there is little published evidence which
suggests that lights on turbines are likely to present an existential risk to the viability of species
populations, at any spatial scale.

Colour and Mode of Lighting

Lit structures are known to affect bird behaviour. For example Evans et al. (2009) concludes that
artificial lighting at or just above ground level changes the behaviour of migrating birds. This might
be due to birds changing migratory routes, flying at lower altitudes or remaining longer over lit
areas.

Observational work has also looked at the influence of colour and mode (steady, flashing or
strobe) on collision risk. Gehring et al. (2009) looked at a range of lighting arrangements and
showed that white, stroboscopic lights attracted fewest birds compared to red flashing lights and
steady red lights. A review by Kerlinger & Kerns (2003) showed that no large-scale fatalities
occurred at wind energy developments where there were red-flashing lights installed whereas
steady burning red lights showed the strongest attraction of migrants. Flashing red lights reduced
attraction and subsequent kills significantly. White lights appear to be better than red lights (birds
appear to show an attraction to red light). Towers with no lighting were least attractive. Kerlinger
et al. (2010) also showed that steady red lights on turbines were more attractive to birds than
flashing red lights.

Gehring et al. (2009) further suggested that it is the mode - flashing vs. non-flashing, steady lights
- that is the principal factor that increases collision and that colour may be a secondary
consideration. It has been hypothesised that red lights interfere with magnetoreception
(Gauthreux & Belser, 2006, Manville 2009) in migrating birds. When skies are clear birds may be
able to use stars to navigate; in cloudy or foggy conditions such cues are not available, which
may explain why birds are more likely to collide with towers and turbines during foggy/cloudy
nights.

Turbine Height

In general taller structures cause more fatalities than shorter structures. The reason for this is
simple: migratory birds fly at altitudes generally greater than 100m so taller structures are more
likely to intercept passage migrants. It is also known that migratory birds may lose height during
foggy or overcast conditions, which may bring flocks previously flying above turbine height into
the collision risk zone (Avery et al. 1977, Huppop et al. 2006).

Literature Review of Mitigation Methods

Mitigation approaches in the US have involved removal of steady red lights, replacing them with
flashing red lights and sometimes, increasing the spacing of lights i.e. reducing the number of
lights at operational wind farms and other towers (Manville 2009). Such measures have been
shown to reduce but not eliminate collisions with migratory birds. In contrast to FAA (2015), CAA
(2016) regulations [CAP764] only permits steady burning red lights on turbines (though do not
require lights on blade tips).


http://publicapps.caa.co.uk/docs/33/CAP764%20Issue6%20FINAL%20Feb.pdf

Green down-lights have been adopted on some offshore platforms. Green lights appear to be
less attractive to birds and down-lighting shields bright light from most nocturnally flying birds
(Poot et al. 2008).

Shielding light from upward transmission reduces mortality of Newell’'s shearwaters in Hawaii
(Reed et al. 1985).

An alternative approach is to only switch lighting on when aircraft are near. There are a number
of systems that react when aircraft approach an operational turbine. For example, the Obstacle
Collision Avoidance System (OCAS) is designed to alert pilots if their aircraft is in immediate
danger of flying into an obstacle. OCAS uses a low power ground based radar to provide detection
and tracking of an aircraft's proximity to an obstacle such as a power line crossing, telecom tower
or wind turbines. This capability allows the visual warning lights to remain passive until an aircraft
is detected and known to be tracking on an unsafe heading. This leaves the night-time sky free
of unnecessary light thus decreasing public annoyance issues, and limiting situations where bird-
strike may occur.

OCAS is currently the only FAA approved Audio Visual Warning System (AVWS) approved in the
US National Airspace. OCAS is also the only AVWS approved by the International Dark Sky
Association. OCAS is currently only operational in the US, Canada, Norway and Germany. Use
of proximity induced lighting does appear to be permitted under CAP764 although we understand
that the CAA now support its use in principle®

A number of mitigation options exist and these are listed in the table below, though note that
mitigation options are evolving rapidly. Current options (July 2020) include:

Flashing lights are believed to be less attractive to birds than steady

Flashing lights vs. steady lights lights.

White (or green) lights are believed to be less attractive to birds than
red lights, which may affect nocturnal migrant navigation.

Already set out in ICAO requirements and EASA CS-ADR-DSN
Chapter Q. This focusses the 2000 cd lighting in the horizontal plane
(+ or — a few degrees) and reduces the intensity of the light from
above and below.

White (or green) lights

Directional intensity / shielding

of lights Both regulations stipulate minimum requirements as well as

additional recommended vertical angles, which cannot be ignored
without justification. Most lights on the market will incorporate this
as standard.

Already set out in CAA guidance CAP 764. Lights can be dimmed
to 200 cd in good visibility (greater than 5km). SNH note that 200 cd
lights can still be visible to people at greater than 20km in good
visibility conditions. The effectiveness for reducing bird collisions is

Reduce intensity of lights from
2000 to 200 cd

unknown.

It may be acceptable to only light certain turbines (as agreed at
Selected turbine lighting or no Viking wind farm for example), or none of the turbines, on the basis
turbine lighting of an aeronautical study (as provided for in ICAO Annex 14), subject

to CAA approval on a case by case basis.

3 Presentation from Andy Wells from the CAA at aviation lighting workshop in Nov 2019


https://en.wikipedia.org/wiki/Audio_Visual_Warning_System
https://www.easa.europa.eu/sites/default/files/dfu/Annex%20to%20EDD%202017-021-R%20-%20CS-ADR-DSN%20Issue%204_0.pdf
https://www.easa.europa.eu/sites/default/files/dfu/Annex%20to%20EDD%202017-021-R%20-%20CS-ADR-DSN%20Issue%204_0.pdf

CAA support this in principle and are considering the parameters in
detail. In the meantime CAA are happy to discuss the approach on
a case by case basis. In use in other countries, to differing extents,
but it is acknowledged that the costs are high.

Radar activated lighting

The need for lights can also be avoided through careful wind farm

Micro siting and turbine height design and the use of smaller turbines (less than 150m).
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