Regional Assessment of Offshore Wind Development in Nova Scotia
Committee Briefing: Potential Impacts of OSW Farms on Birds and Bats

Purpose

The purpose of this briefing document is to provide information on potential impacts of OSW farms on
birds and the latest research findings that are either directly or indirectly related to offshore wind
development and could be relevant to the Regional Assessment.

Background

There is the potential for OSW developments to have adverse effects on marine birds and bat
populations through collision mortality, disturbance, or foraging habitat loss. Collision is more likely to
occur if seabirds fail to avoid wind farms, whereas displacement from foraging habitat is more likely to
occur if seabirds do avoid wind farms. Disturbance, caused by structures or by human activity associated
with wind farms, may also cause displacement if birds move away from wind farms due to associated
disturbance (Furness et al. 2013). While mortality, occurring when flying birds and bats collide with wind
turbines, is well documented, displacement has only been studied more extensively in the last decade
(Marques et. Al, 2021). Monitoring and follow-up studies are needed to validate potential impact
predictions on both bird and bat species.

Research below provides a summary of the current understanding of impact pathways to birds and bats.

Research
Presence of Vessels and Equipment Use

e Ongoing disturbances from turbines and ship traffic can result in chronic stress among avian
populations and may impact bird species’ ability to thrive and reproduce successfully (Bech-
Hansen et al. 2019; Breuner C.W. 2011).

e Marine mammals are negatively impacted by the underwater noise associated with shipping,
but the impacts of noise on marine birds are virtually unknown. The majority of marine birds use
sight to find prey while diving; however, some birds dive to depths where little light is available
or frequently dive at night, which suggests that they are likely to rely on senses other than
vision. Additionally, hearing is important for many birds in the air and while in their colonies.
Emperor penguins and king penguins find their partners in large, noisy colonies by using
distinctive sounds, a process that may be negatively impacted by nearby noise.70 Research in
the high Arctic also shows that fish populations, such as arctic cod, are disturbed and displaced
by vessel noise, which is problematic for the marine birds, such as black guillemots and northern
fulmars, that prey upon them (Lyons and De Oliveira Menezes, 2020).

e Despite the lack of research about the effects of acoustic disturbance caused by shipping on
marine birds, Dooling and Therrien postulate in their 2012 study that the impacts are likely
similar to how land birds and other marine vertebrates experience acoustic disturbance. Birds in
the air are known to be sensitive to continuous noise exposure and blast noise, both of which
can cause physical damage to the auditory system. Noise above certain levels can also mask



communication between birds. Levels that are too low to mask communication could still result
in harmful behavioural and physiological impacts (Dooling and Therrien, 2012).

Turbine Installation

When placed in natural or seminatural habitats, infrastructures associated with the wind energy
industry can modify the landscape, resulting in habitat loss and fragmentation, which may alter
species behaviour, potentially leading to multiple ecological impacts, and ultimately population-
level effects (Marques et al. 2021).

Different seabird species respond differently to the development of OSW farms, with
behavioural reactions ranging from complete avoidance to attraction. A recent review of 20
OSW farms in European waters found that species responded differently and sometimes
inconsistently across studies, ranging from strong avoidance to strong attraction to OSW farmes.
Avoidance was mainly due to birds responding to OSW structures and was stronger when the
turbines were operating, but could also occur as a result of boat traffic to and from the OSW
farms (Garthe et al. 2023).

Lifecycle Alteration

Migratory birds may also adjust their migration timing to avoid high-risk periods near wind
farms, potentially leading to asynchrony with mating patterns, critical resources and breeding
conditions (Pulido 2007, Nemes et al. 2023).

Birds having to travel greater distances to find food, increased energy expenditure and potential
fitness consequences for birds during sensitive periods (breeding, migration) (Dierschke et al.
2016; Exo et al. 2003; Leopold et al. 2013; Masden et al. 2010; Pettersson 2005).

Reduced foraging efficiency and nutritional stress if birds must settle for suboptimal foraging
areas (lower prey availability, less suitable prey in terms of size and type) (Langston and Pullan
2003; Reid et al. 2022).

Increased competition and territorial disputes with resident individuals in new foraging areas
(Humphreys et al 2015; Leopold et al. 2013, Pettersson 2005).

Breeding and nesting disruption potentially leading to nest abandonment, reduced reproductive
success, and population decline overtime (Peschko et al. 2020).

Increased distance travelled, which increases energy expenditure and can affect individual
fitness and the ability of some species to complete their migration successfully (Drewitt and
Langdon 2006; Masden et al. 2009; Petterson 2005; SEER 2022).

Decreased genetic exchange among bird populations, which can have long-term implications for
genetic diversity and adaptation (Justen and Delmore 2022).

Avoidance/Attraction to OSW Farm Structures

There are limited studies on the effects of OSW farms on birds during turbine construction, but
there is evidence that enhanced ship and maintenance traffic, noise, lighting and concentrated
activity in the development footprint of the windfarm are likely to be disruptive, and of a
different nature, compared to the prior undisturbed situation, as well the subsequent
operational phase. During this construction period, changes to shipping lanes and traffic and
modification of fishing activity in the vicinity will also come into effect, while extreme
disturbance (e.g. pile driving) can have potential effects on birds, as well as their prey (Fox and
Petersen, 2019).



For instance, migrating Eiders rounding the southern tip of the Gedser peninsula approaching
the Nysted Offshore Wind farm showed adjustments to flight trajectories to avoid the turbines
at distances up to 3 km away. Some species were almost never seen flying between the turbines
(Red-throated Divers and Northern Gannets), others rarely (Common Scoter), while yet others
showed little avoidance (e.g. Cormorants and large gulls). At Horns Rev, 71-86% of all large bird
flocks heading towards the windfarm at 1.5-2 km distance avoided entering the wind farm and
flying between the turbine rows. The same pattern was confirmed at Nysted (78%)
predominantly amongst waterbirds, mostly migrating Eiders, but including a wide range of
species (Fox and Petersen, 2019).

Besides habitat alterations associated with wind farms, the visual intrusion caused by the
turbines, the rotating blades, noise and vibration resulting from turbine operation, and human
or vehicle circulation due to the construction or maintenance activities, may cause disturbance
to birds, during both the construction and operational phases. Such activities may trigger an
avoidance response that can occur at three spatial scales: macroavoidance when birds avoid the
wind-power plant area as a whole, meso-avoidance if turbine arrays or single turbines are
avoided, and micro-avoidance, which consists in last-second evasive movements of the rotor
blades. Depending on the study design and wind farm layout (with clustered/random turbines) it
may not be possible to fully separate macro and meso-avoidance (Marques et. Al, 2021).
Observed avoidance includes last-second maneuvering to avoid collisions, redistribution of birds
within a windfarm due to turbines/turbine rows or redistribution outside the perimeters of wind
farms (Skov et al. 2018; SEER 2022).

Avoidance has been observed at small or larger scales ranging from within 10 m of turbines to
1.5-3.0 km (Skov et al. 2018) and as far as 4 km (Petersen et al. 2006).

Studies at OSW projects have generally reported seabirds engage in micro-avoidance behaviours
at a rate greater than 95% (Skov et al. 2018).

Birds may be attracted to OSW farms by perching opportunities. This may increase collision risk
(Dierschke et al. 2016; Hill et al. 2014; NatureScot 2020).

Cormorant and gull species have been observed roosting on turbines and showing preference
for locations along the perimeter of offshore wind farms in Europe (Kahlert et al. 2004; SEER
2022). Cormorants and falcons have been observed perching on offshore wind turbine fixed
foundations in Europe and the US (Hill et al. 2014; Stantec 2020).

Gull and tern abundance has been observed to increase post-construction compared to other
seabirds at an offshore wind farm in the UK (Petersen 2005). It is unclear if this attraction was
related to roosting opportunities on above water infrastructure, new food sources from the
creation of artificial reefs, or if they were attracted by vessel activity (Petersen 2005).

Taller turbine size, larger rotor dimensions, and faster rotor speeds have been shown to have an
increase in bird collision risk (Thelander et al. 2003).

Large birds with poor maneuverability (such as swans and geese) are generally at greater risk of
collision with structures and species that habitually fly at dawn and dusk or at night are perhaps
less likely to detect and avoid turbines (Drewitt and Langston 2006).

Lower collision rates have been observed at OSW farms located further offshore and at greater
distances from high bird density areas (e.g., breeding colonies, migratory flyways, frequently
used flight paths, areas where birds use shallow waters and upwellings and currents for
foraging) (Drewitt and Langston 2006; Everaert and Stienen 2006; Hill et al. 2014; Kerlinger and
Curry 2002; Petterson 2005).

Species /species group may influence collision risk.



o Passerines (e.g., warblers, vireos, thrushes, sparrows) account for nearly 60 percent of
avian fatalities documented at onshore wind facilities (AWWI 2020a; Erickson et al.
2014) and, similarly, have been the most found carcass types at offshore and coastal
structures including lighthouses, platforms, and ships (Hill et al. 2014; Huppop et al.
2016). Passerines are the most abundant group of birds occurring in North America and
migrate nocturnally.

o Observed collisions at nearshore and OSW sites in the U.S. and Europe include gulls,
terns, phalaropes, cormorants, jaegers, skuas, sea ducks, pelicans, and songbirds.
Notably, these include large birds with less maneuverability (e.g., gull and waterfowl
species) (Everaert and Stienen 2006; SEER 2022).

o Large raptors, such as eagles and hawks, and species that are known to frequent
offshore areas, including seabirds and waterfowl, are considered at a higher risk of
collisions with OSW turbines (Watson 2022, Goodale et al. 2019).

o Migratory birds that traverse offshore wind farm areas during their seasonal migrations
are also susceptible (Degraer ert al. 2021).

Individual characteristics (e.g., age, health, behaviour such as foraging, breeding and migration)
can impact collision risk. For example, research conducted at lighthouses, oil platforms, and
ships shows collision risk increased with periods of increased activity (Hill et al. 2014; Huppop et
al. 2016).

Poor weather conditions (e.g., fog and rain) can increase collision risk due to poor visibility.
Strong headwinds and low-lying clouds also influence collision rates as migrating birds tend to
fly lower under these conditions (Willmott et al. 2013).

Methods commonly used at land-based farms, such as carcass searches are not feasible at OSW
sites, limiting post-construction monitoring at OSW farms to incidental observations and remote
collision detection monitoring technologies, which are currently developing. This may lead to
under-reporting collision rates (Drewitt and Langston 2006; Kaldellis et al 2016; SEER 2022).

Bird collision risk at OSW sites may not be comparable to collision risk at other structures such
as lighthouses, oil platforms and ships due to differences in lighting and structural features.
Research shows, among other factors, lighting, masts, and guywires of these structures
contributed to collision risk and these are different than features associated with OSW. (Hill et
al. 2014).

The distribution and abundance of loons changed substantially from the ‘before’ to the ‘after’
periods in all five wind farm clusters in the North Sea. In all cases, the wind farms created a kind
of halo around these constructions, with low to very low abundances of loons. After OSW farm
construction, loons only aggregated in one area, with high densities at large distances from all
the existing wind farms. This strongly suggests that OSW farms restrict the spatial freedom of
loons, which is likely to be crucial for their ability to react flexibly to prey that is
inhomogeneously distributed in time and space (Garthe et al. 2023).

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. Itis 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).



Species strongly attracted by offshore wind farms (class 5): great cormorant and European shag.
Both species use offshore wind farms as outposts, i.e. the possibility of resting on turbines, met
masts and transformer platforms allows them to open new foraging areas far offshore
(Dierschke et al. 2016).

Avoidance/Attraction of Turbine Lights/Noise

Research conducted at lighthouses, oil platforms, and ships shows lighting during inclement
weather can disorient and/or attract birds. This may increase collision rate. As above, these
findings may not be comparable to OSW (Hill et al. 2014; Huppop et al. 2016).

Some species may be attracted to wind farms due to artificial lighting and/or perching and
foraging opportunities. This may increase collision risk (Dierschke et al. 2016; Hill et al. 2014;
NatureScot 2020).

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. Kerlinger et al. (2010) also showed that steady red lights on turbines were
more attractive to birds than flashing red lights. 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.

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.

The noise generated by offshore windfarms may cause marine birds to avoid the turbines and
area surrounding them, though little is known about this behaviour or its possible repercussions
(Wilson et al. 2010).

Artificial light from offshore oil and gas rigs and offshore wind farms are known to have negative
impacts on marine birds. Shipping also causes light pollution in the marine environment, but its
impacts are not as well documented in the literature. The studies that discuss the impacts of
light from ships emphasize the dangers of collisions with ships or structures. Marine birds may
become disoriented by marine light pollution or be attracted to artificial light when visibility is
low, leading to collisions. These collisions are especially common during migration and in the
winter. Comparisons may be made with land birds, which are negatively impacted by artificial
light. In addition to an increased risk of predation, land birds are also known to reach sexual
maturity faster, forage more intensely and extend their dawn song as a result of artificial light
(Lyons and De Oliveira Menezes, 2020).

Habitat Alteration

When avoiding OSW farms, species may experience functional habitat loss due to displacement,
which could in turn result in increased energy consumption if the alternative foraging habitats
are of poorer quality or if the individuals have to travel longer distances to reach their foraging
areas. In contrast, if seabirds do not avoid OSW farms or are even attracted to them, they risk
colliding with the rotors or turbines, leading to increased mortality. However, the possible long-



Bats

term effects of the different reactions towards OSW farms at the population level are difficult to
estimate (Garthe, 2023).

Several studies have demonstrated displacement of birds due to the presence of offshore wind
farms and related disturbances (e.g., regular ship traffic or continuous turbine operation)
(Furness et al 2013, Garthe et al. 2023, Lagerveld et al., 2016, Peschko et al. 2020; Velando and
Munilla 2011). Displacement occurs when habitats frequently used by birds (e.g., for transiting,
resting, roosting, or foraging) are less frequented or abandoned.

Displacement may impact species groups differently. Studies in the U.K. show species observed
in lower numbers at OSW farms post-construction included scoters, loons, gannets, and alcid
species. Some species were displaced up to 2-4 km of the OSW farm boundary (Dierschke et al.
2016; Kahlert et al. 2004; Petersen 2005; Petersen et al. 2006)

In some cases, displacement could be temporary. For example, Dierschke et al. (2016) found
avoidance during the first year of operation at some wind farms in Europe followed by an
eventual increase in species’ abundance. This increase was assumed to result from increased
prey availability around underwater structures (i.e., artificial reef effect).

The barrier effect is an avoidance-based phenomenon where birds alter their migration path,
local flight pathway, or flight altitude to avoid structures. Offshore wind farms are recognized as
potential barriers to bird movement during their migratory journeys (Fox and Petersen 2019).
Impacts on ecosystem services birds provide (nutrient cycling and seed dispersal in marine and
coastal ecosystems) (Hooper et al. 2017).

Bats are more likely to be attracted to windfarms than to engage in avoidance behaviours (Cryan
et al. 2014).

Bats may be attracted to wind turbines for roosting or breeding if the represent tall structures
on an otherwise flat landscape, as bats appear to be attracted to tall structures, such as trees
and lighthouses (Alhen et al. 2009; Kunz et al. 2007; Horn et al. 2008; Guest et al. 2022). Alhen
et al. (2009) documented wind turbines being used for roosting 5.8 km from shore.

Bats maybe attracted to insects that gather close to turbines, microclimates at turbines (lower
windspeed, temperature variation), and lights, noise and rotation of turbines (Cryan and Barclay
2009; Cryan et al. 2014; de Jong et al. 2021; Guest et al. 2022; Kunz et al. 2007; Orr et al 2013;
Pelletier et al. 2013; SEER 2022).

Bats rarely collide with stationary infrastructure. Within a wind farm, the greatest risk for bats is
being struck by fast-moving turbine blades. Bats rarely collide with stationary structures such as
buildings, communications towers, and nonoperating wind turbines. In addition, growing
evidence indicates mortality from barotrauma, or lethal exposure to pressure variations that
occur around wind turbine blades, is unlikely to be a significant contributor to bat mortality
(Boonman, 2018; SEER, 2022).

Bat collision risk at onshore windfarms in North America is well documented (Arnett et al. 2008;
Cryan and Barclay 2009; Hayes 2013; Smallwood 2013; Martin et al. 2017; Pettit and O’Keefe
2017; Allison et al. 2019).

Fatality estimates due to collisions at onshore wind farms in the U.S. range from 4-7 bats per
MW per year up to 50 bats per MW per year at windfarms located along forested ridgelines in
the southeastern U.S. (AWW!I 2020b).



Collision mortality has affected migratory tree-roosting bats with long-distance migrant fatalities
(e.g., hoary bat, eastern red bat, silver-haired bats) most found at North American onshore wind
farms (Kunz et al. 2007; AWW!I 2020b)

Low wind speeds (e.g., less than 5 metres per second) have been shown to increase bat
collisions (Cryan et al 2014)

If OSW farms are in regions with relatively high average wind speeds (for example, >10 m/s, or
22 mph), and risk of bat collision is low, then curtailment may not be necessary (SEER, 2022).
Bats also risk collision at OSW sites, although bats are observed to be less common offshore
compared to onshore locations (Guest et al. 2022; Pelletier et al., 2013; Stantec 2016b).
According to records from other offshore structures (e.g., lighthouses) and acoustic and
telemetry surveys, several bat species may migrate offshore and use offshore structures as
stopover sites (Pelletier et al. 2013; Stantec 2016a and b; Dowling et al. 2017). Furthermore,
bats have been recorded as occurring up to 130 km off the Atlantic Coast in the U.S. (Stantec
2016 b), and bats have been observed at OSW farms in Europe during seasonal migration (Guest
et al. 2022; Rydell et al. 2010).

Acoustic monitoring surveys have indicated that long-distance migratory bat species occur more
frequently offshore than other species of bats, and their activity is increased offshore during
migratory periods and periods with low wind speeds, like patterns observed at onshore
locations (Stantec 2016b)

Bat collisions may occur nearshore more often than at greater distance as studies show higher
bat activity here (Guest et al. 2022; Pelletier et al., 2013; Stantec 2016b). Some studies suggest
turbines located greater than 26 km offshore may have limited impacts on bats, but closer
turbines could have effects similar to onshore wind farms (Lagerveld and Mostert, 2023;
Sjollema et al. 2014; Stantec 2016).

Bats maybe attracted to insects that gather close to turbines, microclimates at turbines (lower
windspeed, temperature variation), and lights, noise and rotation of turbines (Cryan and Barclay
2009; Cryan et al. 2014; de Jong et al. 2021; Guest et al. 2022; Kunz et al. 2007; Orr et al 2013;
Pelletier et al. 2013; SEER 2022).

Studies at European OSW projects suggest offshore structure provide roosting platforms, which
bats may take advantage of to rest during migration (Ahlén 2006; Ahlén et al. 2007, 2009;
Hutterer et al. 2005).

Diving Birds

Diving birds (sea ducks, alcids, loons, gannets, cormorants, and terns) are known to sustain
injury when plunge-diving into obstructions such as boat decks or fish holds when foraging
(Mowbray 2002). They may similarly risk collision with underwater mooring systems; however,
this risk is expected to be low as many marine birds favor shallow water for foraging, or dive to
relatively shallow depths while pursuing underwater prey, and mooring systems are typically
associated with deeper waters.

Construction and support vessel operations will generate substantial noise profiles both above
and below the water surface. This sub-surface noise has the potential to adversely affect
seabirds foraging underwater, such as penguins, cormorants, shearwaters, diving petrels (Favaro
and Pichegru 2018, Hansen et al. 2020, Pichegru et al. 2017)



Mitigation Measures

Investing in long-term studies on the effects of OSW farms on avian species.

Avoiding areas with sensitive species present.

Feeding marine bird species are not randomly distributed at sea, so regular aggregations of
seabirds attracted to known food resources should also be avoided as potential areas for
offshore windfarms. In Denmark, there is a presumption to avoid development in very shallow
waters (<10 m) to avoid major conflicts with potential feeding areas for seabirds feeding on
benthos and on aggregations of organisms in the water column that are typically most common
in such shallow waters. (Fox and Petersen, 2019).

Using flashing lights that are believed to be less attractive to birds than steady lights, as well as
white (or green) lights that are believed to be less attractive to birds than red lights, which may
affect nocturnal migrant navigation.

Using radar, acoustic deterrents, and bird detection systems to monitor bird activity and deter
them from approaching wind turbines.

Visual deterrents, including the use of ultraviolet light or painting a single turbine blade black,
may alert flying animals to the presence of wind turbines. Audible noise deterrents for birds
typically are not successful, as individuals can become habituated to the sound. Ultrasonic
deterrents mounted on the nacelle of wind turbines have mixed results for deterring bats and
more research is needed to demonstrate consistent reductions in mortality.

Curtailment for wildlife involves feathering the wind turbine blades (i.e., adjusting the angle of
the blades parallel to the wind) and increasing the cut-in speed of the turbine (i.e., the wind
speed at which the turbine blades begin to spin and produce energy) to prevent turbine rotors
from spinning during periods of risk.

Future research should focus on whether displacement reduces foraging opportunities to the
point that it would affect an individual's fitness.

Future studies need to address the cumulative effects of anthropogenic impacts on marine birds
to aid in better marine planning.

Questions

1. Does a bird’s ability to avoid turbines depend on what activity they are doing (migrating vs.
Feeding)?

2. What other research could be conducted on avifauna during wind farm studies that would be
valuable to the research community?

3. More than 350 North American bird species are at risk of extinction due to climate change,
would the potential negative effects of OSW be offset by the positive step towards combatting
climate change?

4. OSW turbines may not have a large direct impact on birds and bats but how will they contribute

to the cumulative impacts if many farms are spread out across a migratory area resulting in
potential significant effects on vulnerable populations.

Focused Articles of Interest

1.
2.

What Offshore Wind Energy Can Teach Us About Seabirds | Audubon

Information note - The Effect of Aviation Obstruction Lighting on Birds at Wind Turbines,
Communication Towers and Other Structures | NatureScot

SEER Educational Research Brief: Bat and Bird Interactions with Offshore Wind Farms (pnnl.gov)



https://www.audubon.org/news/what-offshore-wind-energy-can-teach-us-about-seabirds#:~:text=Research%20from%20around%20the%20world,way%20to%20avoid%20the%20structures.
https://www.nature.scot/doc/information-note-effect-aviation-obstruction-lighting-birds-wind-turbines-communication-towers-and
https://www.nature.scot/doc/information-note-effect-aviation-obstruction-lighting-birds-wind-turbines-communication-towers-and
https://tethys.pnnl.gov/sites/default/files/summaries/SEER-Educational-Research-Brief-Bat-Bird-Interactions.pdf

4. Birds | Free Full-Text | Bird Displacement by Wind Turbines: Assessing Current Knowledge and
Recommendations for Future Studies (mdpi.com)
5. Assessing the impacts of wind farms on birds - DREWITT - 2006 - Ibis - Wiley Online Library

References

Adams, J., Kelsey, E.C., Felis, J.J., and Pereksta, D.M., (2017). Collision and displacement vulnerability
among marine birds of the California Current System associated with offshore wind energy
infrastructure (ver. 1.1, July 2017): U.S. Geological Survey Open-File Report 2016-1154, 116 p.,
https://doi.org/10.3133/0fr20161154.

Ahlén, |., Baagge, H. J., & Bach, L. (2009). Behavior of Scandinavian Bats during Migration and Foraging at
Sea. Journal of Mammalogy, 90(6), 1318-1323. https://doi.org/10.1644/09-MAMM-S-223R.1

Ahlén, I., Bach, L., Baagge, H. J., & Pettersson, J. (2007). Bats and offshore wind turbines studied in
southern Scandinavia (Report 5571). Swedish Environmental Protection Agency.
https://www.divaportal.org/smash/get/diva2:1636648/FULLTEXTO1.pdf

Allison, T., & Butryn, R. (2018). AWWI Technical Report: A Summary of Bat Fatality Data in a Nationwide
Databse [Technical Report]. American Wind Wildlife Institute (AWWI1). https://rewi.org/wp-
content/uploads/2019/02/AWW!I-Bat-Technical-Report 07 25 18 FINAL.pdf

Allison, T., & Butryn, R. (2020). AWWI Technical Report: 2nd Edition: Summary of Bat Fatality Data
Contained in AWWIC [Technical Report]. American Wind Wildlife Institute (AWWI).
https://rewi.org/wpcontent/uploads/2020/11/2nd-Edition-AWW!IC-Bat-Report-11-24-2020.pdf

American Wind Wildlife Institute (AWWI). (2020). AWW!I Technical Report: 2nd Edition: Summary of Bird
Fatality Monitoring Data Contained in AWWIC. https://rewi.org/resources/awwic-bird-technical-

report/

Arnett, E. B., Brown, W. K., Erickson, W. P,, Fiedler, J. K., Hamilton, B. L., Henry, T. H., Jain, A., Johnson,
G.D., Kerns, J., Koford, R. R., Nicholson, C. P.,, O’Connell, T. J., Piorkowski, M. D., & Tankersley, R.
D. (2008). Patterns of Bat Fatalities at Wind Energy Facilities in North America. The Journal of
Wildlife Management, 72(1), 61-78.

Arnett, E., Baerwald, E., Mathews, F., Rodrigues, L., Rodriguez-Duran, A., Rydell, J.,, Villegas-Patraca, R., &
Voigt, C. (2015). Impacts of Wind Energy Development on Bats: A Global Perspective (pp. 295—
323). https://doi.org/10.1007/978-3-319-25220-9 11

Arnett, E. B., Hein, C. D., Schirmacher, M. R., Huso, M. M., & Szewczak, J. M. (2013). Evaluating the
effectiveness of an ultrasonic acoustic deterrent for reducing bat fatalities at wind turbines. PloS
One, 8(6).

Arnett, E. B., Huso, M. M., Schirmacher, M. R., & Hayes, J. P. (2011). Altering turbine speed reduces bat
mortality at wind-energy facilities. Frontiers in Ecology and the Environment, 9(4), 209-214.

Bailey H., Brookes K.L. and Thompson P.M. (2014). Assessing environmental impacts of offshore wind
farms: lessons learned and recommendations for the future. Aquatic Biosystems 2014, 10:8
http://www.aquaticbiosystems.org/content/10/1/8.



https://www.mdpi.com/2673-6004/2/4/34
https://www.mdpi.com/2673-6004/2/4/34
https://onlinelibrary.wiley.com/doi/10.1111/j.1474-919X.2006.00516.x#b15
https://doi.org/10.3133/ofr20161154
https://doi.org/10.1644/09-MAMM-S-223R.1
https://www.divaportal.org/smash/get/diva2:1636648/FULLTEXT01.pdf
https://rewi.org/wp-content/uploads/2019/02/AWWI-Bat-Technical-Report_07_25_18_FINAL.pdf
https://rewi.org/wp-content/uploads/2019/02/AWWI-Bat-Technical-Report_07_25_18_FINAL.pdf
https://rewi.org/wpcontent/uploads/2020/11/2nd-Edition-AWWIC-Bat-Report-11-24-2020.pdf
https://rewi.org/resources/awwic-bird-technical-report/
https://rewi.org/resources/awwic-bird-technical-report/
https://doi.org/10.1007/978-3-319-25220-9_11
http://www.aquaticbiosystems.org/content/10/1/8

Baerwald E.F. and Barclay R.M.R. (2011). Patterns of Activity and Fatality of Migratory Bats at a Wind
Energy Facility in Alberta, Canada. Journal of Wildlife Management 75(5), 1103-1114, (1 June
2011). https://doi.org/10.1002/jwmg.147

Bech-Hansen M., Kallehauge R.M., Bruhn D., Castenshiold J.H.F., Gehrlein J.B., Laubek B., Jensen L.F.,, and
Pertoldi C. (2019). Effect of Landscape Elements on the Symmetry and Variance of the Spatial
Distribution of Individual Birds within Foraging Flocks of Geese. Symmetry 2019, 11, 1103;
do0i:10.3390/sym11091103.

Boonman, M. (2018). Mitigation measures for bats in offshore wind farms. Evaluation and improvement
of curtailment strategies (18—278). Bureau Waardenburg.

Brabant R., Vanermen N., Stienen E.W.M., and Degraer S. (2015). Towards a cumulative collision risk
assessment of local and migrating birds in North Sea offshore wind farms. Hydrobiologia DOI
10.1007/s10750-015-2224-2.

Breuner C.W. (2011). Chapter 5 - Stress and Reproduction in Birds. Book Chapter: Hormones and
Reproduction of Vertebrates Birds 2011, Pages 129-151.

Croll D.A., Ellis A.A., Adams J., et al. (2022). Framework for assessing and mitigating the impacts of
offshore wind energy development on marine birds. Biological Conservation 276 (2022)
109795.

Cryan, P. M., & Brown, A. C. (2007). Migration of bats past a remote island offers clues toward the
problem of bat fatalities at wind turbines. Biology Letters, 3(6), 674-676.

Cryan, P. M., & Barclay, R. M. R. (2009). Causes of Bat Fatalities at Wind Turbines: Hypotheses and
Predictions. Journal of Mammalogy, 90(6), 1330-1340. https://doi.org/10.1644/09-MAMM-S-
076R1.1

Cryan, Paul. M., Gorresen, P. M., Hein, C. D., Schirmacher, M. R., Diehl, R. H., Huso, M. M., Hayman, D. T.
S., Fricker, P. D., Bonaccorso, F. J., Johnson, D. H., Heist, K., & Dalton, D. C. (2014). Behavior of
bats at wind turbines. Proceedings of the National Academy of Sciences, 111(42), 15126—-15131.
https://doi.org/10.1073/pnas.1406672111

Degraer, S., Brabant, R., Rumes, B. & Vigin, L. (eds). 2021. Environmental Impacts of Offshore Wind Farms
in the Belgian Part of the North Sea: Attraction, avoidance and habitat use at various spatial
scales. Memoirs on the Marine Environment. Brussels: Royal Belgian Institute of Natural

Sciences, OD Natural Environment, Marine Ecology and Management, 104 pp.

Desholm, M., & Kahlert, J. (2005). Avian collision risk at an offshore wind farm. Biology Letters, 1(3), 296—
298. https://doi.org/10.1098/rsbl.2005.0336

de Jong J., Millon L., Hastad O., and Victorsson J. (2016) Activity Pattern and Correlation between Bat and
Insect Abundance at Wind Turbines in South Sweden. Animals 2021, 11, 3269.
https://doi.org/10.3390/ani11113269 .

Dierschke V., Furness R.W., and Garthe S. (2016). Seabirds and offshore wind farms in European waters:
Avoidance and attraction. Biological Conservation 202 (2016) 59-68.
https://doi.org/10.1016/j.biocon.2016.08.016



https://doi.org/10.1002/jwmg.147
https://doi.org/10.1644/09-MAMM-S-076R1.1
https://doi.org/10.1644/09-MAMM-S-076R1.1
https://doi.org/10.1073/pnas.1406672111
https://doi.org/10.1098/rsbl.2005.0336
https://doi.org/10.3390/ani11113269
https://doi.org/10.1016/j.biocon.2016.08.016

Dooling, R.J. and Therrien, S.C. 2012. Hearing in Birds: What Changes from Air to Water. Advances in
Experimental Medicine and Biology. Springer New York. pp 77-82. doi.org/10.1007/978-1-4419-
7311-5_17

Dowling, Z., Sievert, P. R., Baldwin, E., Johnson, L., von Oettingen, S., & Reichard, J. (2017). Flight Activity
and Offshore Movements of Nano-Tagged Bats on Martha’s Vineyard, MA (OCS Study BOEM
2017-054; p. 33). U.S. Department of the Interior, Bureau of Ocean Energy Management.
https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-

Studies/Renewable-Energy/FlightActivityand-Offshore-Movements-of-Nano-Tagged-
Bats-on-Martha%27s-Vineyard%2C-MA.pdf

Drewitt A.L. and Landston R.H.W. (2006). Assessing the impacts of wind farms on birds. Ibis (2006), 148,
29-42. https://doi.org/10.1111/j.1474-919X.2006.00516.x

Erickson, W. P., Wolfe, M. M., Bay, K. J., Johnson, D. H., & Gehring, J. L. (2014). A comprehensive analysis
of small-passerine fatalities from collision with turbines at wind energy facilities. PloS One, 9(9),
e107491. https://doi.org/10.1371/journal.pone.0107491

Everaert, J., & Stienen, E. (2007). Impact of wind turbines on birds in Zeebrugge (Belgium) Significant
effect on breeding tern colony due to collisions. Biodiversity and Conservation, 16, 3345-3359.
https://doi.org/10.1007/s10531-006-9082-1

EXO K-M., Huppop O. and Garthe S. (2003). Birds and offshore wind farms: a hot topic in marine
ecology. Wader Study Group Bull. 100: 50-53.

Fox A.D. and Petersen |.K. (2019). Offshore wind farms and their effects on birds. Dansk Orn. Foren.
Tidsskr. 113 (2019): 86-101.

Furness R.W., Wade H.M. and Masden E. A. (2013). Assessing vulnerability of marine bird populations to
offshore wind farms. Journal of Environmental Management 119 (2013) 56-66.
https://doi.org/10.1016/j.jenvman.2013.01.025

Galparsoro I., Menchaca |., Garmendia J.M., Borja A., Maldonado A.D., Iglesias G. and Bald J. (2022).
Reviewing the ecological impacts of offshore wind farms. npj Ocean Sustainability (2022) 1:1;
https://doi.org/10.1038/s44183-022-00003-5.

Garthe S., Schwenmer H., Peschko V., Markones N., Muller S., Schwemmer P., and Mercker M. (2023).
Large-scale effects of offshore wind farms on seabirds of high conservation concern. Scientific
Reports (2023) 13:4779, https://doi.org/10.1038/s41598-023-31601-z.

Gasatu L.F.,, Menegon S., Depellegrin D., Zuidema C., Faaij A., and Yamu C. (2021). Spatial and temporal
analysis of cumulative environmental effects of offshore wind farms in the North Sea basin.
Scientific Reports (2021) 11:10125, https://doi.org/10.1038/s41598-021-89537-1

Gauld J.G., Silva J.P. Atkinson P.W., et al. (2022). Hotspots in the grid: Avian sensitivity and vulnerability
to collision risk from energy infrastructure interactions in Europe and North Africa. J Appl Ecol.
2022;59:1496-1512.


https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-Studies/Renewable-Energy/FlightActivityand-Offshore-Movements-of-Nano-Tagged-Bats-on-Martha%27s-Vineyard%2C-MA.pdf
https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-Studies/Renewable-Energy/FlightActivityand-Offshore-Movements-of-Nano-Tagged-Bats-on-Martha%27s-Vineyard%2C-MA.pdf
https://doi.org/10.1111/j.1474-919X.2006.00516.x
https://doi.org/10.1371/journal.pone.0107491
https://doi.org/10.1007/s10531-006-9082-1
https://doi.org/10.1016/j.jenvman.2013.01.025
https://doi.org/10.1038/s44183-022-00003-5
https://doi.org/10.1038/s41598-023-31601-z
https://doi.org/10.1038/s41598-021-89537-1

Goldenberg S.Z., Cryan P.M., Gorresen P.M., and Fingersh L.J. (2021) Behavioral patterns of bats at a wind
turbine confirm seasonality of fatality risk. Ecol Evol. 2021 Mar 18;11(9):4843-4853. doi:
10.1002/ece3.7388. PMID: 33976852; PMCID: PMC8093663.

Goodale M.W., Milman A., and Griffin C.R. (2019) Assessing the cumulative adverse effects of offshore
wind energy development on seabird foraging guilds along the East Coast of the United States.
Environ. Res. Lett. 14 (2019) 074018.

Good. R. E., G. Iskali, K. Adachi. 2014. Bat Evaluation Monitoring Studies at the Fowler Ridge Wind Farm,
Benton County, Indiana. Final Report: August 1 — October 15, 2014. Prepared for Fowler Ridge
Wind Farm, Fowler, Indiana. Prepared by Western EcoSystems Technology, Inc. Bloomington,
Indiana.

Gorresen P.M., Cryan P.M., Dalton D.C., Wolf S., and Bonaccorso F.J. (2015) Ultraviolet Vision May be
Widespread in Bats. Acta Chiropterologica, 17(1):193-198.
https://doi.org/10.3161/15081109ACC2015.17.1.017

Gorresen P.M., Cryan P.M., Dalton D.C., Wolf S., Johnson J.A., Todd C.M., and Bonaccorso F.J. (2015). Dim
ultraviolet light as a means of deterring activity by the Hawaiian hoary bat Lasiurus cinereus
semotus. Endang Species Res 28: 249-257.

Guest, E. E., Stamps, B. F., Durish, N. D., Hale, A. M., Hein, C. D., Morton, B. P., Weaver, S. P., & Fritts, S. R.
(2022). An Updated Review of Hypotheses Regarding Bat Attraction to Wind Turbines.
Animals : An Open Access Journal from MDPI, 12(3), 343.
https://doi.org/10.3390/ani12030343

Hanna L., Copping A., Geerlofs S., Feinberg L., Brown-Saracino J., Gilman P,, et al. (2016). Adaptive
Management White Paper. IEA Wind Task 34: Assessing Environmental Effects (WREN).

Harwood J.P., Perrow M.R., Berridge R.J., Tomlinson M.L. and Skeate E.R. (2017). Unforeseen Responses
of a Breeding Seabird to the Construction of an Offshore Wind Farm. Book Chapter: Wind
Energy and Wildlife Interactions Presentations from the CWW2015 Conference, ISBN 978-3-319-
51270-9 ISBN 978-3-319-51272-3 (eBook) DOI 10.1007/978-3-319-51272-3.

Hayes, M. A. (2013). Bats Killed in Large Numbers at United States Wind Energy Facilities. BioScience,
63(12), 975-979. https://doi.org/10.1525/bi0.2013.63.12.10

Hernandez C.0.M., Chadman M., Amiri M.M., Silva C., Estefen S.F., and Rovere E.L. (2021).
Environmental impacts of offshore wind installation, operation and maintenance, and
decommissioning activities: A case study of Brazil. Renewable and Sustainable Energy Reviews
144,

Hill, R., Hill, K., Aumdiller, R., Schulz, A., Dittmann, T., Kulemeyer, C., & Coppack, T. (2014). Of birds, blades
and barriers: Detecting and analysing mass migration events at alpha ventus. In Federal
Maritime And Hydrographic A & Federal Ministry For The Environmen (Eds.), Ecological Research
at the Offshore Windfarm alpha ventus (pp. 111-131). Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-02462-8 12



https://doi.org/10.3161/15081109ACC2015.17.1.017
https://doi.org/10.3390/ani12030343
https://doi.org/10.1525/bio.2013.63.12.10
https://doi.org/10.1007/978-3-658-02462-8_12

Hooper T., Beaumont N., and Hattam C. (2017). The implications of energy systems for ecosystem
services: A detailed case study of offshore wind. Renewable and Sustainable Energy Reviews
70(1):230-241.

Horswill C., Miller J.A. and Wood M.J. (2022). Impact assessments of wind farms on seabird populations
that overlook existing drivers of demographic change should be treated with caution.
Conservation Science and Practice. 2022;4:e12644.

Humphreys E.M., Cook A.S.C.P,, and Burton N.H.K. (2015). Collision, Displacement and Barrier Effect
Concept Note. BTO Research Report No. 669, Report of work carried out by the British Trust for
Ornithology on behalf of Natural England.

Huppop 0., Dierschke J., Exo K-M., Fredrich E., and Hill R., (2006). Bird migration studies and potential
collision risk with offshore wind turbines. lbis (2006), 148, 90—-109.

Hippop, O., Hiippop, K., Dierschke, J., & Hill, R. (2016). Bird collisions at an offshore platform in the
North Sea. Bird Study, 63(1), 73—82. https://doi.org/10.1080/00063657.2015.1134440

Hutterer, R., Ivanova, T., Meyer-Cords, C. H., & Rodrigues, L. (2005). Bat migration in Europe. A review of
banding data and literature. Federal Agency for Nature Conser Vation.

Justen H. and Delmore K.E., (2022). The genetics of bird migration. Current Biology 32, R1042-R1172,
October 24, 2022.

Kahler, J., Petersen, I. K., Fox, A. D., Desholm, M., & Clausager, I. (2003). Investigations of birds during
construction and operation of Nysted offshore wind farm at Rgdsand. National Environmental
Research Institute. https://tethys.pnnl.gov/sites/default/files/publications/Kahlert-et-al-2004.pdf

Kerlinger, P., & Curry, R. (2002). Desktop avian risk assessment for the Long Island Power Authority
Offshore Wind Energy Project. Prepared for AWS Scientific, Inc. and Long Island Power Authority.

Kerlinger, P., Gehring, J., Erickson, W., Curry, R., Jain, A., & Guarnaccia, J. (2010). Night Migrant Fatalities
and Obstruction Lighting at Wind Turbines in North America. The Wilson Journal of Ornithology,
122, 744-754. https://doi.org/10.1676/06-075.1

Kondili, E. M. (2022). 2.18—Environmental Impacts of Wind Power. In T. M. Letcher (Ed.), Comprehensive
Renewable Energy (Second Edition) (pp. 589—-627). Elsevier. https://doi.org/10.1016/B978-0-12-
819727-1.00158-8

Kragefsky, S. (2014). Effects of the alpha ventus offshore test site on pelagic fish. In Federal Maritime And
Hydrographic A & Federal Ministry For The Environmen (Eds.), Ecological Research at the
Offshore Windfarm alpha ventus (pp. 83—94). Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-02462-8 10

Lagerveld S. and Mostert K. (2023). Are offshore wind farms in the Netherlands a potential threat for
coastal populations of noctule? Lutra 66 (1): 39-53.

Lane J.V., Jeavons R., Deakin Z., Sherley R.B., Pollock C.J., Wanless R.J., and Hamer K.C. (2020).
Vulnerability of northern gannets to offshore wind farms; seasonal and sex-specific collision risk


https://doi.org/10.1080/00063657.2015.1134440
https://tethys.pnnl.gov/sites/default/files/publications/Kahlert-et-al-2004.pdf
https://doi.org/10.1676/06-075.1
https://doi.org/10.1016/B978-0-12-819727-1.00158-8
https://doi.org/10.1016/B978-0-12-819727-1.00158-8
https://doi.org/10.1007/978-3-658-02462-8_10

and demographic consequences. Marine Environmental Research Volume 162, December 2020,
105196.

Langston, R.H.W. & Pullan, J.D. 2003 Windfarms and birds: an analysis of the effects of wind farms on
birds, and guidance on environmental assessment criteria and site selection issues. Report T-
PVS/Inf (2003) 12, by BirdLife International to the Council of Europe, Bern Convention on the
Conservation of European Wildlife and Natural Habitats. RSPB/BirdLife in the UK.

Larsen J.K. and Guillemette M. (2007). Effects of wind turbines on flight behaviour of wintering common
eiders: implications for habitat use and collision risk. Journal of Applied Ecology 2007 44, 516 —
522.

Leemans, J.J. and Collier, M.P. (2022). Update on the current state of knowledge on the impacts of
offshore wind farms on birds in the OSPAR Region: 2019-2022. Bureau Waardenburg Report 22-
198. Bureau Waardenburg, Culemborg.

Lemaitre J., Macgregor K., Tessier N., Simard A., Desmeules J., Poussart C., Dombrowski P., Desrosiers N.,
Dery S., (2017). Bat Mortality Caused by Wind Turbines: Review of Impacts and Mitigation
Measures, Ministére des Foréts, de la Faune et des Parcs, Québec City, 26 p.

Leopold M.F., M. Boonman, M.P. Collier, N. Davaasuren, R.C. Fijn, A. Gyimesi, J. de Jong R.H. Jongbloed,
B. Jonge Poerink, J.C. Kleyheeg-Hartman, K.L. Krijgsveld, S. Lagerveld, R. Lensink, M.J.M. Poot, J.T.
van der Wal & M. Scholl 2014. A first approach to deal with cumulative effects on birds and bats
of offshore wind farms and other human activities in the Southern North Sea. IMARES Report
Cle6/14.

Leopold M.F., van Bemmelen R.S.A., and Zuur A.F. (2013). Responses of Local Birds to the Offshore Wind
Farms PAWP and OWEZ off the Dutch mainland coast. IMARES - Institute for Marine Resources
& Ecosystem Studies, Report number C151/12.

Lieske D.J., Tranquilla L.M., Ronconi R.A., and Abbott S. (2020). “Seas of risk”: Assessing the threats to
colonial-nesting seabirds in Eastern Canada. Marine Policy 115 (2020) 103863.

Long C.V,, Flint J. A, and Lepper P. A. (2010) Insect attraction to wind turbines: does colour play a role?.
European Journal of Wildlife Research, 2010, 57 (2), pp.323-331. 10.1007/s10344-010-0432-7.

Lori P. and Reed M. (2022). Indiana Bat Fatalities at Wind Energy Facilities. U>S> Fish and Wildlife
Service, Indiana Field Office. Available from:
https://www.fws.gov/sites/default/files/documents/Indiana%20Bat%20Fatalities%20at%20Wind
%20Energy%20Facilities 081622.pdf, Last Accessed: 21 August 2023.

Lorz, A. N., Everaert, J., & Krijgsveld, K. L. (2018). Avoidance behavior in birds at an operational wind
turbine. Ecology and Evolution, 8(7), 3780-3792.

Lyons K and De Oliveira Menezes, E. (2020). Reducing impacts from shipping in marine protected areas:
A toolkit for Canada. The Impacts of shipping on marine birds. Prepared for WWF. Available
from: WWEF-MPA-2-Impacts-Marine-Birds.indd, Last Accessed: 01 January 2024.

Marques A.T.,, Batalha H., Rodrigues S., Costa H., Pereia M.J.R., Fonseca C., Mascarenhas M., and
Bernardino J. (2014). Understanding bird collisions at wind farms: An updated review on the


https://www.fws.gov/sites/default/files/documents/Indiana%20Bat%20Fatalities%20at%20Wind%20Energy%20Facilities_081622.pdf
https://www.fws.gov/sites/default/files/documents/Indiana%20Bat%20Fatalities%20at%20Wind%20Energy%20Facilities_081622.pdf
https://wwf.ca/wp-content/uploads/2021/02/WWF-MPA-2-Impacts-Marine-Birds-v6.pdf

causes and possible mitigation strategies. Biological Conservation Volume 179, November 2014,
Pages 40-52.

Marques AT., Batalha H., and Rernardino J. (2021). Bird Displacement by Wind Turbines: Assessing
Current Knowledge and Recommendations for Future Studies. Birds 2021, 2, 460-475.
https://doi.org/10.3390/birds2040034.

Martin, C., Arnett, E., Stevens, R., & Wallace, M. (2017). Reducing bat fatalities at wind facilities while
improving the economic efficiency of operational mitigation. Journal of Mammalogy, 98, 378—
385. https://doi.org/10.1093/jmammal/gyx005

Masden, E. A., Haydon, D. T., Fox, A. D., Furness, R. W., Bullman, R., and Desholm, M. (2009). Barriers to
movement: impacts of wind farms on migrating birds. — ICES Journal of Marine Science, 66: 746—
753. https://doi.org/10.1093/icesjms/fsp031

Masden, E. A., Haydon, D. T., Fox, A. D., Furness, R. W., & Bullman, R. (2010). Barriers to movement:
Modelling energetic costs of avoiding marine wind farms amongst breeding seabirds. Marine
Pollution Bulletin, 60(8), 1085-1091

Moray Offshore Windfarm (West) Limited. (2018). Moray West Offshore Windfarm, Chapter 10 Offshore
Ornithology [Environmental Impact Assessment Report].
https://marine.gov.scot/sites/default/files/00538033.pdf

Mowbray, T. B. (2002). Northern Gannet (Morus bassanus), version 2.0. Birds of North America.
https://doi.org/10.2173/bna.693species shared.bna.project name

NatureScot. (n.d.). Information note—The Effect of Aviation Obstruction Lighting on Birds at Wind
Turbines, Communication Towers and Other Structures. Retrieved November 16, 2023, from
https://www.nature.scot/doc/information-note-effect-aviation-obstruction-lighting-birds-wind-
turbines-communication-towers-and

Nemes, C. E., S. A. Cabrera-Cruz, M. J. Anderson, L. W. DeGroote, J. G. DeSimone, M. L. Massa, and E. B.
Cohen (2023). More than mortality: Consequences of human activity on migrating birds extend
beyond direct mortality. Ornithological Applications 125:duad020.

Newtricity Developments Biala Pty Ltd (2020). Biala Wind Farm — Bird and Bat Adaptive Management
Program. Report No. 17162 (2.4).

Niquil N., Raoux A., Haraldsson M., Araignous E., Halouani G., Leroy B.,Safi G., Nogues Q., and Grangere
K. (2018). Toward an Ecosystem Approach of Marine Renewable Energy: The Case of the
Offshore Wind Farm of Courseulles-sur-Mer in the Bay of Seine. Sixth International Conference
on Estuaries and Coasts (ICEC-2018), August 20-23, 2018, Caen, France

Norquay K. J. O., Martinez-Nunez F., Dubois J. E., Monson K.M., and Willis C. K. R. (2013). Long-distance
movements of little brown bats (Myotis lucifugus). Journal of Mammalogy, 94(2).

NRCan (Natural Resources Canada). (2021). Offshore Wind Technology Scan: A review of offshore wind
technologies and considerations in context of Atlantic Canada.


https://doi.org/10.3390/birds2040034
https://doi.org/10.1093/jmammal/gyx005
https://doi.org/10.1093/icesjms/fsp031
https://marine.gov.scot/sites/default/files/00538033.pdf
https://doi.org/10.2173/bna.693species_shared.bna.project_name
https://www.nature.scot/doc/information-note-effect-aviation-obstruction-lighting-birds-wind-turbines-communication-towers-and
https://www.nature.scot/doc/information-note-effect-aviation-obstruction-lighting-birds-wind-turbines-communication-towers-and

Orr, T., Herz, S. M., & Oakley, D. L. (2013). Evaluation of Lighting Schemes for Offshore Wind Facilities and
Impacts to Local Environments (OCS Study BOEM 2013-0116; p. 429). U.S. Dept of the Interior,
Bureau of Ocean Energy Management, Office of Renewable Energy Programs.
https://espis.boem.gov/final%20reports/5298.pdf

Park A.C. and Broders H.G. (2012) Distribution and Roost Selection of Bats on Newfoundland.
Northeastern Naturalist 19(2):165-176.

Pelletier, S., Omland, K., Watrous, K. S., & Peterson, T. S. (2013). Information Synthesis on the Potential
for Bat Interactions with Offshore Wind Facilities — Final Report (OCS Study BOEM 2013-01163;
p. 119). U.S. Dept of the Interior, Bureau of Ocean Energy Management.
https://tethys.pnnl.gov/sites/default/files/publications/BOEM Bat Wind 2013.pdf

Perrow M.R., Gilroy J.J., Skeate E.R., and Tomlinson M.L. (2011). Effects of the construction of Scroby
Sands offshore wind farm on the prey base of Little tern Sternula albifrons at its most important
UK colony. Marine Pollution Bulletin Volume 62, Issue 8, August 2011, Pages 1661-1670

Peschko V., Mercker M. and Garthe S. (2020). Telemetry reveals strong effects of offshore wind farms on
behaviour and habitat use of common guillemots (Uria aalge) during the breeding season.
Marine Biology (2020) 167:118 https://doi.org/10.1007/s00227-020-03735-5.

Peschko V., Mendel B., Muller S., Markones N., Mercker M., and Garthe S. (2020). Effects of offshore
windfarms on seabird abundance: Strong effects in spring and in the breeding season. Marine
Environmental Research Volume 162, December 2020, 105157.

Petersen, K. (2005). Bird numbers and distributions in the Horns Rev offshore wind farm area. National
Environmental Research Institute.
https://tethys.pnnl.gov/sites/default/files/publications/Petersen 2005.pdf

Petersen I.K., Christensen T.K., Kahlert J., Desholm M., and Fox A.D. (2006). Final results of bird studies at
the offshore wind farms at Nysted and Horns Rev, Denmark. NERI Report Commissioned by
DONG energy and Vattenfall A/S 2006. National Environmental Research Institute Ministry of the
Environment. Denmark

Petersen, I. K., Kj, T., Kahlert, J., Desholm, M., & Fox, A. D. (2006). Final results of bird studies at the
offshore wind farms at Nystedand Horns Rev, Denmark. National Environmental Research
Institute. https://tethys.pnnl.gov/sites/default/files/publications/NERI Bird Studies.pdf

Petersen I.K., MacKenzie M., Rexstad E., Wisz M.S. and Fox A.D. (2011). Comparing pre- and post-
construction distributions of long-tailed ducks Clangula hyemalis in and around the Nysted
offshore wind farm, Denmark: a quasi-designed experiment accounting for imperfect detection,
local surface features and autocorrelation a quasi-designed experiment accounting for imperfect
detection, local surface features and autocorrelation. CREEM Tech report 2011-1.

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. A reference group collaboration with its principal
centre at the Department of Animal Ecology, Lund University, Sweden.

Pettersson, J., & Fagelvind, J. (2005). The impact of offshore wind farms on bird life in southern Kalmar
sound, Sweden. Swedish Energy Agency.


https://espis.boem.gov/final%20reports/5298.pdf
https://tethys.pnnl.gov/sites/default/files/publications/BOEM_Bat_Wind_2013.pdf
https://doi.org/10.1007/s00227-020-03735-5
https://tethys.pnnl.gov/sites/default/files/publications/Petersen_2005.pdf
https://tethys.pnnl.gov/sites/default/files/publications/NERI_Bird_Studies.pdf

https://tethys.pnnl.gov/sites/default/files/publications/The Impact of Offshore Wind Farms
on Bird Life.pdf

Pettit, J. L., & O’Keefe, J. M. (2017). Day of year, temperature, wind, and precipitation predict timing of
bat migration. Journal of Mammalogy, 98(5), 1236—1248.
https://doi.org/10.1093/imammal/gyx054

Platteeuw M., Bakker J., van den Bosch I., Erkman A., Greefland M., Suzanne L., and Warnas M. (2017) A
Framework for Assessing Ecological and Cumulative Effects (FAECE) of Offshore Wind Farms on
Birds, Bats and Marine Mammals in the Southern North Sea. Book Chapter: Wind Energy and
Wildlife Interactions Presentations from the CWW2015 Conference, ISBN 978-3-319-51270-9
ISBN 978-3-319-51272-3 (eBook) DOI 10.1007/978-3-319-51272-3.

Pulido F. (2007). The Genetics and Evolution of Avian Migration. Biosience, Vol. 57 No. 2.

Reid, K., Baker, G.B., Woehler, E. (2022), Impacts on birds from Offshore Wind Farms in Australia,
Department of Climate Change, Energy, the Environment and Water, Canberra,. CC BY 4.0.

Ren H.U,, Jinshao Y.E., and Yongle Q.1. (2021). Impact and Harm Mitigation of Offshore Wind Farms on
Birds. Southern Energy Construction,2021,08(03):1-7. doi: 10.16516/j.gedi.issn2095-
8676.2021.03.001

Ren Z.R., Verma A.S., Li Y., Teuwen J.J.E., and Jiang Z. (2021). Offshore wind turbine operations and
maintenance: A state-of-the-art review. Renewable and Sustainable Energy Reviews Volume
144, July 2021, 110886.

Richardson S.M, Lintott P.R., Hosken D.J., Economou T. and Mathews F. (2021). Peaks in bat activity at
turbines and the implications for mitigating the impact of wind energy developments on bats.
Scientific Reports volume 11, Article number: 3636.

Rodrigues-Filho J.L., Macedo R.L., Sarmento H., Pimenta V.R.A., et al. (2023). From ecological functions
to ecosystem services: linking coastal lagoons biodiversity with human well-being.
Hydrobiologia (2023) 850:2611-2653 https://doi.org/10.1007/s10750-023-05171-0.

Romano W.B., Skalski J.R., Townsend R.L., Kinzie KW., Coppinger K.D, and Miller M.F. (2019). Evaluation
of an Acoustic Deterrent to Reduce Bat Mortalities at an Illinois Wind Farm. Wildlife Society
Bulletin 43(4):608-618; 2019; DOI: 10.1002/wsb.1025

Rydell, J., Bach, L., Dubourg-Savage, M. J., & Green, M. (2010). Bat mortality at wind turbines in
northwestern Europe. Acta Chiropterologica, 12(2), 261-274.

Saskatchewan Ministry of Environment (2018). Adaptive Management Guidelines for Saskatchewan
Wind Energy Projects. Saskatchewan Ministry of Environment, 3211 Albert Street, Regina,
Saskatchewan.

Schwemmer P., Pederson R., Haecker K., Bocher P., Fort J., Mercker M., Jiguet F., Elts J., Marja M.
Rousseau P. and Garthe S. (2023). Assessing potential conflicts between offshore wind farms
and migration patterns of a threatened shorebird species. Animal Conservation 26 (2023) 303-
316


https://tethys.pnnl.gov/sites/default/files/publications/The_Impact_of_Offshore_Wind_Farms_on_Bird_Life.pdf
https://tethys.pnnl.gov/sites/default/files/publications/The_Impact_of_Offshore_Wind_Farms_on_Bird_Life.pdf
https://doi.org/10.1093/jmammal/gyx054
https://doi.org/10.1007/s10750-023-05171-0

SEER, U.S. Offshore Wind Synthesis of Environmental Effects Research (2022) Bat and Bird Interactions
with Offshore Wind Farms. Available at:
https://tethys.pnnl.gov/sites/default/files/summaries/SEER-Educational-Research-Brief-Bat-Bird-
Interactions.pdf, Last accessed: 21 August 2023.

Silva C., Cabral J.A., Hughes S.J., Santos M. (2017). A modelling framework to predict bat activity
patterns on wind farms: An outline of possible applications on mountain ridges of North
Portugal. Sci Total Environ. 2017 Mar 1;581-582:337-349. doi: 10.1016/j.scitotenv.2016.12.135.
Epub 2017 Jan 3. PMID: 28062112.

Sjollema A.J., Gates J.E., Hilderbrand R.H., and Sherwell J. (2014). Offshore Activity of Bats along the
Mid-Atlantic Coast. Norteastern Naturalist 21(1), 154-163.

Skov, H., Heindnen, S., Norman, T., Ward, R., Méndez-Roldan, S., & Ellis, I. (2018). ORIJIP Bird Collision and
Avoidance Study (p. 248). Offshore Renewables Joint Industry Programme.
https://tethys.pnnl.gov/sites/default/files/publications/Skov-et-al-2018.pdf

Smallwood, K. S. (2013). Comparing bird and bat fatality-rate estimates among North American wind-
energy projects. Wildlife Society Bulletin, 37(1), 19-33. https://doi.org/10.1002/wsb.260

Stantec (Stantec Consulting Services Inc.). (2016a). Long-term Bat Monitoring on Islands, Offshore
Structures, and Coastal Sites in the Gulf of Maine, mid-Atlantic, and Great Lakes—Final Report
(p. 68). Prepared for US Department of Energy.

Stantec (Stantec Consulting Services Inc.). (2016b). Vessel-based Acoustic Bat Monitoring: Block Island
Wind Farm, Rhode Island (p. 68). Prepared for Deepwater Wind Block Island, LLC.

Stantec (Stantec Consulting Services Inc.). (2020). Avian ship-based survey final post-construction
monitoring report. Prepared for Deepwater Wind Block Island LLC.

Stenhouse, I. J., Berlin, A. M., Gilbert, A. T., Goodale, M. W., Gray, C. E., Montevecchi, W. A., Savoy, L., &
Spiegel, C. S. (2020). Assessing the exposure of three diving bird species to offshore wind areas
on the U.S. Atlantic Outer Continental Shelf using satellite telemetry. Diversity and Distributions,
26(12), 1703-1714. https://www.jstor.org/stable/26946065

Society for Endocrinology (2009). Effects Of Stress Last For Life In Birds. ScienceDaily. ScienceDaily, 23
March 2009. www.sciencedaily.com/releases/2009/03/090317201137.htm

Thelander, C G, Smallwood, K S, & Rugge, L. (2003) Bird Risk Behaviors and Fatalities at the Altamont Pass
Wind Resource Area: Period of Performance, March 1998--December 2000. United States.
https://doi.org/10.2172/15006013

True M.C, Reynolds R.J., and Ford W.M. (2021). Monitoring and Modeling Tree Bat (Genera: Lasiurus,
Lasionycteris) Occurrence Using Acoustics on Structures off the Mid-Atlantic Coast—Implications
for Offshore Wind Development. Animals 2021, 11(11), 3146;
https://doi.org/10.3390/ani11113146.

U.S. Offshore Wind Synthesis of Environmental Effects Research. (2022). Environmental Effects of U.S.
Offshore Wind Energy Development: Compilation of Educational Research Briefs [Booklet]. U.S.


https://tethys.pnnl.gov/sites/default/files/summaries/SEER-Educational-Research-Brief-Bat-Bird-Interactions.pdf
https://tethys.pnnl.gov/sites/default/files/summaries/SEER-Educational-Research-Brief-Bat-Bird-Interactions.pdf
https://tethys.pnnl.gov/sites/default/files/publications/Skov-et-al-2018.pdf
https://doi.org/10.1002/wsb.260
http://www.sciencedaily.com/releases/2009/03/090317201137.htm
https://doi.org/10.3390/ani11113146

Department of Energy, Wind Energy Technologies Office.
https://tethys.pnnl.gov/summaries/seer-educational-research-briefs

Vaissiere A-C., Levrel H., Pioch S., Carlier A. (2014). Biodiversity offsets for offshore wind farm projects:
The current situation in Europe. Marine Policy 48 (2014) 172-183.

Velando A. and Munilla I. (2011). Disturbance to a foraging seabird by sea-based tourism: Implications
for reserve management in marine protected areas. Biological Conservation Volume 144, Issue
3, March 2011, Pages 1167-1174.

Watson R.T. (2022). Raptor Interactions with Wind Energy: Case Studies from Around the World. Journal
of Raptor Research, 52(1): 1-18.

Wellig S.D., Nussle” S., Miltner D., Kohle O., Glaizot O., Braunisch V., et al. (2018). Mitigating the negative
impacts of tall wind turbines on bats: Vertical activity profiles and relationships to windspeed.
PLoS ONE 13(3): e0192493. https://doi.org/10.1371/journal.pone.0192493

Weaver S.J., Hein C.D., Simpson T.J., Evans J.W, and Castro-Arellano I. (2020) Ultrasonic acoustic
deterrents significantly reduce bat fatalities at wind turbines. Global Ecology and Conservation
2020 DOI:10.1016/j.gecco.2020.e01099

Wilhelmsson, D., Malm, T., Thompson, R., Tchou, J., Sarantakos, G., McCormick, N., Luitjens, S.,
Gullstrom, M., Paterson Edwards, J.K., Amir, O. and Dubi, A. (eds.) (2010). Greening Blue Energy:
Identifying and managing the biodiversity risks and opportunities of offshore renewable energy.
Gland, Switzerland: IUCN. 102pp.

Willmot, J. R., Forcey, G., & Kent, A. (2013). The Relative Vulnerability of Migratory Bird Species to
Offshore Wind Energy Projects on the Atlantic Outer Continental Shelf: An Assessment Method
and Database (OCS Study BOEM 2013-207; p. 275). U.S. Department of the Interior, Bureau of
Ocean Energy Management. https://espis.boem.gov/final%20reports/5319.pdf

Wilson, J.C.,, Elliott, M., Cutts, N.D., Mander, L., Mendao, V., PerezDominguez, R. and A. Phelps. 2010.
Coastal and Offshore Wind Energy Generation: Is It Environmentally Benign? Energies, 3(7), pp
1383-1422. Doi.org/10.3390/en3071383

Zhang W., Wei J. and XU Y. (2023). Prioritizing global conservation of migratory birds over their migration
network. One Earth 6, 1340—-1349 October 20, 2023. Published by Elsevier Inc.
https://doi.org/10.1016/j.oneear.2023.08.017



https://tethys.pnnl.gov/summaries/seer-educational-research-briefs
https://doi.org/10.1371/journal.pone.0192493
https://espis.boem.gov/final%20reports/5319.pdf
https://doi.org/10.1016/j.oneear.2023.08.017

