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Scientific Programme 
 
A warm welcome to the 6th Conference on Wind energy and Wildlife impacts! Organised for you in the Netherlands 

by Waardenburg Ecology and the Dutch government.  
 

On behalf of the organising and scientific committees, we are very pleased to welcome you to Egmond aan Zee and 
the CWW2022 conference. We are proud to be organising this 6th conference in the CWW series, which will stress 

the importance of scientific knowledge for policy and wildlife management related to wind farms. Together with the 

scientific committee we have produced a content-rich programme that we believe will engage scientists, the wind 
industry and governmental organisations. 

 
The following abstracts of oral and poster presentations of the CWW2022 represents the far-reaching knowledge 

and state-of-the-art research of the participants of this conference. These presentations form the basis to learn about 
the latest advances on wind and wildlife, and on which to debate the key issues we face, and ultimately to find 

practical solutions for harmony between wildlife and renewables projects: science-led and effective solutions coming 
from the Dutch dunes! 

 

Hartelijke groeten,  
 

Hein Prinsen - chair Organising Committee, Waardenburg Ecology 
Han Lindeboom - chair Scientific Advisory Committee, Wageningen University 

Ingeborg van Splunder and Martine Graafland - co-organizers from the Dutch government 
Eelco Waardenburg, Wouter Lengkeek and Martien Meijer - directors Waardenburg Ecology 

 
Scientific Committee 

Han Lindeboom (chair), Wageningen University & Research, Netherlands 

Ed Arnett, The Wildlife Society, USA 
Sytske van den Akker, Vattenfall, Netherlands 

Aonghais Cook, British Trust for Ornithology, United Kingdom  
Steven Degraer, Royal Belgian Institute of Natural Sciences, Belgium 

Martine Graafland, Rijkswaterstaat, Netherlands 
Cris Hein, National Renewable Energy Laboratory (NREL), USA 

Manuela Huso, U.S. Geological Survey, USA 
Johann Köppel, Technische Universität Berlin, Germany 

Wouter Lengkeek, Waardenburg Ecology, Netherlands 

Elizabeth Masden, Environmental Research Institute/University of the Highlands and Islands, United Kingdom 
Roel May, NINA, Norway 

Hein Prinsen, Waardenburg Ecology, Netherlands 
David Tidhar, Natural Power, United Kingdom 

Ricardo Tomé, The Biodiversity Consultancy, Portugal 
Kate Williams, Biodiversity Research Institute, USA 
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The conference is made possible thanks to the generous support of a diversity  
of sponsors. A heartfelt “Thank You!”  to all of them.

Diamond sponsors: 

Platinum sponsors: 

Gold sponsors: 

Silver sponsors: 

Bronze sponsors: 

Mediapartners: 

We would like to thank all the sponsors of the conference, especially our platinum sponsors RWE, Ørsted, Natural 
Power, Robin Radar and the Offshore Expertise Centre. Without the generous support of all our sponsors CWW2022 

would not have been possible. 
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Theme: 1. Planning issues 
 Tuesday, April 5, 2022 afternoon 

 

Consideration of ornithological impacts associated with wet-storage strategies for 
floating wind consents in Scottish waters 
 
Graeme Cook 

 
Correspondence author: Graeme Cook, Natural Power 
Email: graemec@naturalpower.com 
 

To implement the upcoming development round for offshore wind farms in Scottish Waters (the ScotWind Leasing Round) 

it will be necessary to construct floating wind turbine arrays at a commercial scale. This will represent a considerable 
upscaling in the production and deployment of floating wind technologies. This upscaling may result in novel sources of 

potential ornithological impacts, without equivalent in the fixed bottom wind farm sites developed it the preceding 
development rounds and thorough consideration of these impacts may be required to prevent future barriers to the 

development and expansion of the floating wind industry.  

Construction of floating offshore wind projects allows for individual turbines and their foundations to be assembled ex-situ, 

at ports or coastal locations and then be towed to their final position for installation in offshore arrays. Transfer of floating 
turbines between construction sites and final array positions is contingent on suitable weather and sea conditions. 

Developers may, therefore, be required to store assembled turbines in coastal locations (hereafter termed ‘wet-storage 

areas’) until conditions allow for transfer and installation.  

The presence of assembled, standing turbines in coastal environments over likely multi-year temporal scales and multi-

kilometre-square spatial scales has the potential to result in adverse impacts upon ornithological receptors within those 

environments.  

In this talk we will compare the distribution of locations with desirable characteristics for siting wet-storage areas in Scottish 
waters to the distribution of ornithologically designated European protected sites. We then discuss this in relation to the 

need for more detailed investigation of the ornithological implications associated with wet-storage solutions for floating 
offshore wind farms and for consenting pathways and associated advice to be in place in good time for upcoming 

ScotWind developments. 

 
Keywords: Birds, offshore, floating, coastal, protected sites. 
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Theme: 1. Planning issues 
 Tuesday, April 5, 2022 afternoon 

 

Science, policy and industry working together in Scotland to develop impact 
assessment guidance for offshore wind farms and marine birds 
 
Alexandra Robbins, Chris Eastham, Glen Tyler, Erica Knott 

 
Correspondence author: Alexandra Robbins, NatureScot 
Email: alex.robbins@nature.scot 
 

In 2019 the twin crises of climate change and biodiversity loss were declared globally, and this year we will see both 

COP15 for biodiversity and COP26 for climate change being held. Renewables energy has a key role in reducing the 
effects of climate change, however offshore wind developments may impacts on breeding and non-breeding marine bird 

populations. Many of the birds with potential to interact with renewable sites will breed in our protected Natura site 
network, including Special Protection Areas (SPAs). How then do we travel to a net zero carbon economy as well as 

addressing the biodiversity crisis? 

In Scotland we are in the fortunate position that there have been a large number of research projects commissioned over 

the last decade, particularly by Marine Scotland, to help improve our understanding of the interactions of offshore wind 
farms and marine birds. Through ScotMER (Scottish Marine Energy Research Programme) and collaborative workshops 

NatureScot and Marine Scotland have developed a series of guidance to inform the environmental impact assessments 

(EIA) for the next round of offshore wind developments in Scottish Waters, ScotWind. 

The guidance addresses each step from identifying connectivity to protected areas to assessing population level impacts 

to inform decision making. Recommendations from these workshops and progress made on tackling the key knowledge 
gaps will be presented, as well as an overview of guidance. This work demonstrates the huge value in bringing together 

specialist experts to help inform future policy and decision makings. To tackle the novel and complex issues in considering 
renewable development impacts on marine birds collaboratively between scientists, advisers, regulators and industry is 

essential. 

 
Keywords: Birds, offshore, coastal, protected sites. 
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Theme: 1. Planning issues 
 Tuesday, April 5, 2022 afternoon 

 

Can a strategic approach improve practices? A case study in the northeast of Brazil 
 
Miguel Mascarenhas, Paulo Cardoso, Joana Ribeiro, Emilio Roos, Helena Coelho 

 
Correspondence author: Miguel Mascarenhas, BE - Bioinsight & Ecoa 
Email: miguel.m@bioinsight.pt 
 

Brazil is in top 10 producers of wind energy. The country is also one of the richest in bird species, many are listed as highly 

susceptible to collision with turbines in wind farms. Both wind availability and bird richness create an important conflict in 
the area. On top of that, this conflict may also shift location when climate change is considered. Therefore, a strategic 

approach considering all these factors is crucial to feed the decision-making process linked to regional conservation 

strategies and to also ensure sustainability in the development of wind energy.  

In our approach, firstly, we modelled the distribution of bird species prone to collision today and in a climate change 

scenario. Secondly, we modelled the expansion of the wind sector considering the installation of 50 GW of wind energy 

in the northeast. Finally, we crossed this information and obtained a zoning of the least and most conflict prone areas in a 

spatially explicit way.  

We used this strategic approach to show how this type of information may value present practices. Strategic planning 

should aim to maximize economic potential while minimizing conflicts with biodiversity. To do so, better and less uncertain 
information is key. It also enhances the environmental impact assessment which must ensure the sustainability of the licensing 

process. This is crucial to improve the decision-making of the involved stakeholders and allow the economic growth of an 

important renewable energy source without overlooking its impacts on biodiversity. 

 
Keywords: Birds, onshore, collision, climate change. 
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Theme: 1. Planning issues 
 Tuesday, April 5, 2022 afternoon 

 

Regional divergences of the EIA process in Brazil. Case study when licensing wind 
farms 
 
Helena Coelho, Emilio Roos, Paulo Cardoso, João Paula, Miguel Mascarenhas 

 
Correspondence author: Emilio Roos, BE - Bioinsight & Ecoa 
Email: emilio@ecoaambiental.com 
 

Brazil is a perfect example of a country with high biological and cultural diversity. It has a continental scale and 

consequently a great diversity and contrasts at the biological and social level. Moreover, at the legislative level, it is a 
country with federal and state laws (federal union of states), which are diverse from state to state and autonomous. The 

EIA and environmental licensing process are governed by federal (more general) and state (state-specific) laws, and in 
many situations, there may still be municipal laws. Due to this fact, we can find in Brazil different levels of EIA process 

requirement between states marking regional differences. This requirement is not always proportional to the natural values 
present in each state or region, even because state financial investment policies end up influencing the process. This reality 

has repercussions at all stages of the EIA process, with a greater or lesser degree of harm to entrepreneurs, consultants, 
environmental agencies and the conservation of natural heritage. We want to show two case studies of the EIA process 

licensing the wind power generation activity, one in the south of Brazil and one in the northeast. These cases explicit the 

regional divergences in the organization of the processes of licensing, available instruments and articulation with the spatial 

planning and nature conservation. 

 
Keywords: Birds, bats, onshore, policy, EIA. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 morning 

 

Estimation of collision mortality of lesser black-backed gull with an individual based 
model 
 
Floor Soudijn, Rob van Bemmelen, Abel Gyimesi, Daniel Benden, Chun Chen 

 
Correspondence author: Floor Soudijn, Wageningen Marine Research 
Email: floor.soudijn@wur.nl 
 

The lesser black-backed gull (Larus fuscus) is considered sensitive to increased mortality due to collisions with offshore wind 

turbines. Current estimates of collision mortality are fraught by uncertainties in the intensity of bird movements and do not 
allow to link collision rates to colonies. We developed an Individual-Based Model (IBM) of the lesser black-backed gull 

aiming to provide less uncertain collision rates specific to individual colonies and offshore wind farms. 

Using GPS-track data of breeding individuals from the colonies at Texel, Neeltje Jans, Vlissingen, Oostende and Zeebrugge 

along the Dutch and Belgian North Sea coast, we first identified behavioural states using a Hidden Markov Model (HMM). 
The HMM provided distributions of step sizes and turning angles, as well as probabilities to switch between behavioural 

states as a function of environmental covariates; these formed the basis for the IBM to mimic the behaviour of the gulls. In 
addition, distributions of the initial departure directions of trips and time spent in the colony between trips were obtained 

from the GPS data. 

The IBM simulations were able to reproduce the spatial distribution and trip duration of the gulls relatively well. However, 
the IBM predicted an unrealistically high collision mortality rate of between 2-15% per year. These high mortality estimates 

could be due to an underestimation of structural avoidance of the offshore wind farms by the gulls. We identify several 
knowledge gaps regarding the behaviour of lesser black-backed gulls around offshore wind farms that need to be filled 

to allow reliable estimation of collision mortalities with IBMs for this species. 

 
Keywords: Birds, offshore, coastal, collision, individual-based model. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 morning 

 

Tracking Sandwich terns in the North Sea reveals distributional overlap with and 
macro-avoidance of offshore wind farms 
 
Rob van Bemmelen, Robert Middelveld, Jacco Leemans, Mark Collier, Ruben Fijn 

 
Correspondence author: Rob van Bemmelen, Waardenburg Ecology 
Email: r.s.a.van.bemmelen@buwa.nl 
 

Sandwich terns are among the seabird species potentially impacted by the development of offshore wind farms. Using 

GPS-tracking data from multiple colonies, we studied the environmental drivers of foraging behaviour and at-sea 
distribution, and quantified overlap of their at-sea distribution with and macro-avoidance of offshore wind farms. Both 

initiation of foraging behaviour and at-sea distribution were strongly driven by static variables: sediment type, water 

depth, and distance from the colony. 

As the size and location of Sandwich tern colonies vary substantially between years, at-sea distribution and the potential 
overlap with (planned) offshore wind farms also varied. Considering Sandwich terns were likely to avoid entering offshore 

wind farms to some extent and varied their at-sea distribution between years, presence of individual offshore wind farms 
may lead to profoundly different amounts of habitat loss per year. This has potential consequences for impact of offshore 

wind farms on wildlife, and results such as ours as well as those of future species-specific studies should form the backbone 

of adequate and comprehensive assessments of how these man-made stressors affect inhabitants of the marine ecosystem. 

 
Keywords: Birds, offshore, tagging, avoidance, displacement. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 morning 

 

An improved risk assessment of displacement impacts of offshore wind farms on 
common guillemots (Uria aalge) and razorbills (Alca torda) during the non-breeding 
season 
 
Lila Buckingham, Jonathan Green, Maria Bogdanova, Bob Furness, Francis Daunt 

 
Correspondence author: Lila Buckingham, UK Centre for Ecology & Hydrology 
Email: libuck51@ceh.ac.uk 
 

The non-breeding season is a key period of the year for most seabird species since environmental conditions are typically 
more severe, which increases their vulnerability to anthropogenic threats. A key challenge during this period is apportioning 

the impacts of offshore wind farms (OWFs) to protected breeding colonies, which to date has only been considered in 

environmental assessments using relatively crude methods. This impedes planning, particularly across multiple developments 
where cumulative effects must be considered. We assessed potential impacts of OWFs during the non-breeding season on 

multiple colonies of two species of seabird that are susceptible to displacement: the common guillemot (Uria aalge) and 
razorbill (Alca torda). We estimated colony-based risk by calculating each colony’s exposure (potential for interaction with 

developments) and vulnerability (capacity to cope with environmental change) to development. Exposure was measured 
through quantifying spatial overlap with existing and planned OWFs. Vulnerability was measured through calculating 

behavioural budgets and, from these, daily energy expenditure (DEE) throughout the non-breeding season. We then 

combined these two measures in order to quantify overall risk to each colony and species in time and space. 

We tracked individuals from twelve colonies across the northern breeding range in the UK using geolocation-immersion 

devices, from which we calculated core monthly distributions for each breeding colony and scored colony-based exposure 
to current and planned (OWDs) for each month of the non-breeding season (mid-July – end of March). Behaviours were 

calibrated using a small sample (41) of dual-deployed time-depth recorders and geolocators, and subsequently applied 
to geolocator-only data, resulting in a total sample size of 413 guillemots and 54 razorbills over three years. Behavioural 

activity budgets were subsequently used to calculate DEE for each individual, and mean values across all individuals were 
used to score vulnerability for each colony each month. These two measures of exposure and vulnerability were then 

combined to estimate monthly risk for each breeding colony and species. 

Guillemots from colonies along the east coast and razorbills from all colonies were distributed in the North Sea for the 

majority of the non-breeding season, and thus had higher exposure to OWFs than guillemots from northern and western 

colonies, which were mostly distributed along the northern and western coasts of the UK, respectively. Behaviour and DEE 
varied considerably throughout the non-breeding season and DEE was greatest during March in both species at all colonies, 

indicating greater vulnerability during these months. Based on these two measures, overall risk was greatest to east coast 
guillemot and all razorbill colonies, particularly during post-breeding moult and late winter. These findings provide vastly 

improved insight into colony-based risk to guillemots and razorbills breeding in the north of the UK during the non-breeding 
season, which will be of direct use for future OWF planning within the UK waters and the North Sea. In addition, our 

approach could be applied to other species or locations in order to improve our understanding of colony-based risk from 

anthropogenic threats to seabirds during the non-breeding season. 

 
Keywords: Birds, offshore, tagging, behaviour. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 morning 

 

Validating collision risk modelling for whooper swan at offshore wind farms: 
overcoming practical difficulties 
 
Robin Ward 

 
Correspondence author: Robin Ward, NIRAS 
Email: rwa@niras.com 
 

The key period whooper swan (Cygnus cygnus) can be expected to show connectivity with the Irish Sea and offshore wind 

farms is during migration. As a consequence, deployment of a multiple sensor monitoring system, including radars, 
integrated camera equipment and laser rangefinders operated by experienced seabird observers, at a small number of 

turbines, as with the ORJIP Bird Collision Avoidance study, would have a low probability of recording tracks attributable 
with certainty to whooper swan. GPS tagging studies have been undertaken to gain insight into the likely risk of birds 

interacting with offshore wind farms. However, the frequency of GPS fixes has been limited, with at best, one fix every 30 

minutes. Inevitably, therefore, flight paths must be extrapolated between two points. 

Recent advances in the development of GPS/GSM tag technology now provides the opportunity to study the migratory 
movements of whooper swan and the potential interaction with offshore wind farms. This presentation will describe the 

initial results from GPS/GSM tags that uses the latest advancement in miniaturisation of GPS technology to overcome the 

practical difficulties that have until now existed in validating collision risk modelling for whooper swan at offshore wind 

farms, post-construction.  

The vast majority of whooper swans that transit the Irish Sea surrounding the West Cumbrian offshore wind farms, England, 
are birds moving to/from the wintering population centred upon WWT Martin Mere, Lancashire. GPS/GSM collars were 

deployed to ten female whooper swans caught at Martin Mere in March 2020. All ten GPS/GSM collars functioned as 
per their technical specifications when each bird was transiting on spring migration the Irish Sea and its existing offshore 

wind farms. At this time, 99.9% of GPS fixes were spaced at 1 second intervals. On reaching the latitude of the West 
Cumbrian offshore wind farms, most birds climbed to a higher altitude when approaching within 9 km of the nearest 

turbines, to an altitude that would have been within potential collision height if the birds had been within the wind farms; 

however, all birds remained at a distance of 405 m or greater. These findings support the project in proceeding [post 
Covid-19] with a further and final deployment of 20 GPS/GSM collars onto whooper swans at Martin Mere in winter 

2021/2022. 

 
Keywords: Birds, offshore, radar, camera, laser rangefinder, tagging, collision, migration. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 afternoon 

 

Migration timing is more important than flying heights: soaring birds and wind farm 
mitigation near the Gulf of Suez (GoS), Egypt 
 
Alvaro Camina, Ali Khazma, Ahmed Khalil 

 
Correspondence author: Alvaro Camina, ACRENASL Env. Consultants 
Email: acamia@acrenasl.eu 
 

Shutdown on demand is proved as an effective mitigation measure to prevent collisions at wind farms. The Gulf of Suez 

(GoS) is part of the Rift Valley-Red Sea Flyway, a migrating corridor over which 1.5 million birds comprising 37 species 
migrate twice each year between their breeding and wintering areas in Europe-West Asia and Africa. Understanding the 

timing and flying heights through planned windfarms is a must to apply a proper mitigation program. Regional Center for 
Renewable Energy and Energy Efficiency (RCREEE) on behalf of Lekela Egypt studied the migration at the so-called “West 

Bakr Wind Farm” (WBWF) project over different years (2015-2020) in spring and autumn for a set of thirteen species 
considered a “priority” because of their endangered status or large migratory numbers over the site. Overall, there were 

consistency in the autumn counts, which accounted for lower bird numbers (20,000-25,000) and species (9) compared to 
spring, 48,000-80,000 birds and 13 species. The most abundant species were the honey buzzard (Pernis apivorus) and 

the white stork (Ciconia ciconia) in autumn; plus, the steppe eagle (Aquila nipalensis), the steppe buzzard (Buteo vulpinus) 

and the white pelican (Pelecanus oncrotalus) in spring. 

We developed regression and classification trees to model bird numbers and risk flying heights for both seasons 

respectively. The main driver was behavioural, the timing of migration, much narrower in autumn (span of five weeks) 
compared to spring, which is spread over ten weeks. Weather variables like wind speed and direction, and temperature, 

had a minor influence in the behaviour of birds. This could be expected because of the lack of clear migration paths over 
the mainland out of open water, and birds have no restrictions but flexibility. Without any preference for using a specific 

area within the project footprint; birds use it by chance according to the conditions the day the migrate.  

For the flying heights, each species has its own flying height pattern, e.g. the low flying harriers vs. buzzards. However, in 

spring there was some influence of temperature. Daily averages greater than 19.5ºC favoured non-risk flights. The 

classification tree models achieved between 71-79% of correct classification for the flying heights. Finally, the within-year 

comparison between neighbouring projects showed even a more synchronized migration pattern and similar bird numbers.  

The results are of direct application to the Lekela project (WBWF) but also those in the immediate vicinity, reinforcing the 
need of coordinated communication between projects when applying the mitigation, working as a whole and single team. 

They provide with the critical time where most to focus on the shut down on demand, time within each season and specific 
weather conditions in a day. Therefore, the Active Turbine Management Program (ATMP) innovated by RCREEE in 2015 

which is considered as a global flagship effort is undertaken for aggregated private sector wind farms taking place in the 

GoS region in Egypt. 

 
Keywords: Birds, collision, migration, shutdown. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 afternoon 

 

Bird contrast sensitivity and wind turbines collisions 
 
Constance Blary, Olivier Duriez, Francesco Bonadonna, Mindaugas Mitkus, Aurélien Besnard, Simon Potier 

 
Correspondence author: Constance Blary, CEFE, University of Montpellier 
Email: constance.blary@cefe.cnrs.fr 
 

While several aspects of bird vision, such as visual acuity, retinal topography or visual fields, have been well studied in 

many bird species, surprisingly, other modalities are still much understudied. Contrast sensitivity - the ability to discern 
luminance difference between two objects or object and its background - has been studied in less than 10 bird species so 

far. However, understanding contrast sensitivity may be of great importance for a holistic knowledge of bird sensory 

ecology, with implications for bird conservation, e.g. collisions with human-made obstacles, such as wind turbines.  

We conducted a comparative study to estimate the contrast sensitivity of 34 species from 12 orders more or less sensitive 
to collisions with wind turbines. We utilized the optomotor reflex to evaluate achromatic contrast sensitivity for a large-

field moving objects and show that the low contrast sensitivity of birds (relative to mammals) seems to be shared by many 

species, with some variabilities that do not appear to be related with collision sensitivity. 

Currently, wind turbines are designed to be as unobtrusive as possible to humans, without considering the sensory ecology 

of birds. As a result, wind turbines could be hard to detect for birds, which would explain ample collisions. The fact that 
the maximum contrast sensitivity of birds is around 10 times lower than that of humans may strengthen this hypothesis. If 

further studies confirm these results, increasing the wind turbine-environmental background contrast might help birds to 

better detect wind turbines and consequently reduce avian collisions. 

 
Keywords: Birds, collision, vision. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 afternoon 

 

Do vultures display avoidance behaviours in front of wind turbines? 
 
Yohan Sassi, Olivier Duriez 

 
Correspondence author: Yohan Sassi, Centre d'Ecologie Fonctionnelle et Evolutive & Université de Montpellier 
Email: yohan.sassi@cefe.cnrs.fr 
 

To limit climate change, wind-power generation has grown rapidly worldwide since the 1990s. Wind turbines may affect 

bird populations directly through collisions with the rotor blades or indirectly through disturbance and subsequent reduction 
of habitat utilization. For the birds that continue to use the wind farm area after construction, individuals may respond to 

these effects through a gradient of behavioural changes: from adopting an anticipated avoidance of turbines (meso-
avoidance) to showing only last-minute (reflex) flee attempts when detecting a turbine (micro-avoidance). These behaviours 

are extremely difficult to identify in highly manoeuvrable birds. However, griffon vulture (Gyps fulvus), which is one of the 
species most affected by collisions with wind turbines in Mediterranean area, use a soaring-gliding flight with relatively 

smooth changes of direction that make the identification of anticipated versus reflex avoidance possible. 

To investigate the potential avoidance behaviours, we equipped 43 griffon vultures in southern France with GPS tags. The 

tags are parameterized with geofences defined 2 km around 10 operating wind farms and 10 sites that are still projects. 

When a bird enters into a geofence, the tags record its three-dimensional location at a temporal resolution of 1 Hz. From 
the GPS tracks we found that vultures’ home ranges largely overlap with wind farms suggesting no avoidance of the zone 

at a macro scale. Then, avoidance of wind turbines will be quantified by a novel approach comparing observed flights to 
a null-model of space-use within wind farms independent of wind turbine’s location. Finally, micro-avoidance will be 

investigated through the evolution of vultures’ flights turning angles while approaching a wind turbine. These meso- and 
micro-scale analysis will be compared between safe (altitude > 180m) and risky (altitude < 180m) flights within the same 

wind farms, but also between operating wind farms and projects. If vulture avoid wind turbines and knowing if it is an 
anticipated or a reflex avoidance could help managers to reduce collision risks by tuning the distance at which they need 

to detect vulture in order to stop the wind turbines. 

 
Keywords: Birds, collision, avoidance, displacement, tagging, shutdown. 
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Theme: 2. Species responses 
 Tuesday, April 5, 2022 afternoon 

 
 

Birds change flight altitude when approaching wind turbines 
 
Thorsten Balsby, Anthony Fox, Jesper Bladt, Rasmus Due Nielsen, Ole Therkildsen 
 
Correspondence author: Thorsten Balsby, Aarhus University 

Email: thba@ecos.au.dk 
 

Wind turbines can constitute obstacles for birds. In this study, we wished to test if birds changed their flight behaviour in  

response to the construction of large wind turbines, at the Test Centre near Østerild in Denmark. We obtained observations 

of flight behaviour both pre- and post-construction, which allowed us to describe how birds altered their flight paths in the 
area. We used a laser binocular to obtain altitude and positions of the birds passing the area. To investigate if birds 

altered their flight altitude when approaching the wind turbines, we tested if the relation between altitude and distance 
to the wind turbine positions differed between pre- and post-construction phase. The statistical model included flight altitude 

as dependent variable and distance to the turbines, phase and the interaction between distance and phase as independent 

fixed variables. 

The interaction between distance and phase showed significance for several species. This suggest that the flight altitude 
trajectory differed between pre- and post- construction and may indicate that the birds attempted to avoid the wind 

turbines. We found that taiga bean goose and greylag goose increased their altitude when approaching the wind turbines 

relative to the flight trajectory in the pre-construction period. However, mute swan, golden plover and common gull 
decreased flight altitude when they approached the wind turbines relative to the pre-construction period. This suggest that 

they attempted to fly below the wind turbines and probably between the wind turbines. These observations suggest that 
several species change their flight altitude in vicinity to wind turbines. These behavioural changes affect the proportion of 

individuals at collision height, which is an influential parameter in models estimating collision risk. 

 
Keywords: Birds, laser rangefinder, avoidance, collision. 
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Theme: 2. Species responses 
 Wednesday, April 6, 2022 morning 

 

Telemetry reveals strong impacts of offshore wind farms on common guillemots and 
northern gannets and differing reactions of black-legged kittiwakes during the 
breeding season 
 
Verena Peschko, Nele Markones, Bettina Mendel, Moritz Mercker, Stefan Garthe 

 
Correspondence author: Verena Peschko, Research and Technology Centre (FTZ), Kiel University 
Email: peschko@ftz-west.uni-kiel.de 
 

Seabirds have increasingly encountered offshore wind farms (OWFs) in European waters in the past 10 years, resulting in 
potential conflicts with offshore foraging areas. During the breeding season, seabirds are restricted in their choice of 

foraging habitats and are under increased pressure to find enough prey to raise their offspring. However, information on 

the individual reactions of seabirds towards operating OWFs during the breeding season is largely lacking. 

Three OWFs located 23–35 km north of the island of Helgoland in the southern North Sea are operating since 2015. We 

studied their effects on locally breeding northern gannets (Morus bassanus), black-legged kittiwakes (Rissa tridactyla) and 
common guillemots (Uria aalge) using GPS tracking between 2015 and 2017. GPS tags were deployed on 63 breeding 

individuals for 0.1–13.9 weeks. 

Most gannets and guillemots predominantly avoided OWFs. A point process modelling approach revealed a significantly 

reduced resource selection inside the OWFs compared to the surroundings for both species. OWF avoidance by guillemots 
was even stronger when turbine blades were rotating. Only few gannets frequently entered OWFs when foraging or 

commuting. Flight altitudes of gannets inside the OWFs were close to the rotor-blade zone, especially for individuals 

predominantly avoiding the OWFs and during commuting. Kittiwakes mainly avoided OWFs close to the colony but 
sometimes entered OWFs that were located in larger distance from the colony. These results provide a detailed description 

of seabirds’ reactions to OWFs during the breeding season, and one of the first comprehensive analyses of OWF effects 
on these species based on telemetry data. The documented effects need to be considered during the planning processes 

for future OWFs, especially for locations close to large seabird breeding colonies. 

 
Keywords: Birds, offshore, tagging, displacement, avoidance. 
  



CWW2022 4 - 8 April 2022 Egmond aan Zee, Netherlands Oral Presentations 

 

 20 

Theme: 2. Species responses 
 Wednesday, April 6, 2022 morning 

 

Review of current and planned monitoring of seabird behaviour across operational 
wind farms 
 
Tim Kasoar, Mike Armitage, Andie Nicholls, Stephen Votier 

 
Correspondence author: Tim Kasoar, APEM Ltd 
Email: t.kasoar@apemltd.co.uk 
 

Our ability to accurately quantify the impact of offshore wind farms on birds through collisions with the rotating blades of 

the turbines is strongly tied to theoretical assumptions. The current industry standard approach is to use Collision Risk Models 
(CRMs) to estimate the number of birds likely to collide. However, those models remain untested, with no study ever directly 

comparing the prediction of CRMs to recorded collision rates. This is due to the methodological challenges associated with 
recording species-specific collision events over time under varying environmental conditions. In this study, we reviewed the 

currently available collision monitoring technologies and approaches and carried out a statistical power analysis to quantify 
the monitoring effort required in future monitoring programmes designed to accurately quantify true collision rates. The 

main types of technology currently deployed are radar, camera (visual and infra-red), acoustic and tracking technology 
(e.g. GPS tags on individual birds). Some monitoring systems comprise of more than one integrated technology, with 

combined radar/camera systems being the most common. There was limited quantitative information available on the 

performance of any monitoring technology to detect collisions and it was evident that very few of the technologies 
considered were specifically designed to monitor collision rates. However, several technologies demonstrated the 

capability to detect collisions and some aimed to reduce collision rates by deactivating turbines or by using audible or 

visual signals to deter birds from the rotor-swept zone. 

We used a simulation-based power analysis to estimate the monitoring effort required to detect a statistically different 
collision rate from that predicted using a standard CRM approach. This simulation assumed the monitoring system had 

perfect detection of collision events and perfect identification of the species involved, which is an unrealistic assumption for 
any current system. Even with such a hypothetical perfect system, the power analysis found that significant monitoring effort 

would be required. In order to have an 80% chance of detecting an effect of size 0.5 or 2 (i.e., the true collision rate 

being less than half or more than double the modelled collision rate), the number of turbine-years monitored would have 
to be in the region of 100-250 (depending on the modelled collision rate, which varied from species to species). The current 

state-of-the-art monitoring studies typically fall well short of this – for example a recent study deployed devices on four 
turbines for approximately two years, totalling eight turbine-years of monitoring. Combined with the need for perfect 

detection, this finding highlights the scale of the challenge. We conclude that an effective monitoring strategy to measure 
empirical collision rates is likely to need to combine several types of technology in order to have sufficiently high collision 

detection and species identification rates in all weather conditions, and would need to be extensively deployed, covering 

a significant number of turbines and operating over several years. 

This work is funded by the ORJIP Offshore Wind partners (EDF, Equinor, Ocean Winds, Orsted, Red Rock Power, Shell, 
SSE, TotalEnergies, Crown Estate Scotland, The Scottish Government through Marine Scotland and The Crown Estate) and 

managed by Carbon Trust. We would like to thank the ORJIP Offshore Wind steering group, the project expert panel for 

this research project and the various stakeholders who engaged with us through the progression of the project. 
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As accessibility to individual based models (IBMs) increases (e.g. CEH’s SeabORD model), the prospect of their application 

to environmental impact assessments becomes more feasible. A common drawback to contemporary models is that they do 
not include any representation of individual foraging site fidelity (IFSF, the repeated use of the same foraging location by 

an individual on successive foraging trips) despite our knowledge of the strength of this phenomenon in many seabird 
populations. The potential consequences of IFSF in this context are disproportionate risk to individuals, and the adaptive 

abilities of the population. 
  

The mechanisms leading to the strong and observable characteristic patterns of IFSF (e.g. heading out from the colony in 
the same direction for several foraging trips) are not fully understood. It is hypothesised that a combination of memory of 

previous successful foraging areas and social information indicating where prey may be located could lead to the 

emergence of such patterns. Through using our previously designed and tested IBM of the fine-scale movements of northern 
gannets (Morus bassanus) at Bass Rock, we impose different combinations of memory (short- or long-term) and social cues 

(attraction to or repulsion from conspecifics) on simulated gannets. Outputs of spatial data from these simulations are then 
compared with empirical data to detect under which conditions representative patterns of IFSF emerge from the model.   

 
We believe that addressing the gap of determining which mechanisms result in the emergence of IFSF in seabird colonies 

is a key step in achieving robust and representative models to be applied in understanding the potential impacts of offshore 
wind farms, such as displacement and barrier effects. 
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Movements through or use of offshore wind farms by seabirds while commuting or foraging may increase the potential for 

collision with turbine blades. Collision Risk Models (CRMs) provide a method for estimating potential impacts of wind farms 
on seabird populations, but are sensitive to input parameters, including avoidance rates. Refining understanding of 

avoidance through the use of high-resolution empirical movement data has the potential to reduce the uncertainty 

associated with predicting the impact of collision with offshore wind turbines on seabird populations. 

We assessed the movements of Global Positioning System (GPS) tagged lesser black-backed gulls (Larus fuscus) from a 
breeding colony in northwest England to estimate avoidance and attraction behaviour to nearby offshore wind farms. To 

investigate both macro-scale (0-4 km) and meso-scale (0-200 m) responses to wind turbines we used simulated vs. observed 
tracks to calculate an index of avoidance and attraction. We found that birds exhibited a degree of attraction within 4 

km of the wind farms. However, avoidance/attraction values varied with distance from the wind farm boundaries, with a 

degree of avoidance displayed between 3-4 km, which weakened as distance bands approach the windfarm boundary. 
Meso-scale avoidance/attraction was also assessed with regard to the nearest individual turbine, and flight height relative 

to the turbine’s rotor height range (RHR). We found attraction to increase below the RHR at distances <70 m, while 
avoidance increased within the RHR at distances approaching the turbine. In this presentation we explore how high-

resolution tracking data can be used to improve our knowledge of avoidance and attraction behaviour in lesser black-

backed gulls to established wind farms, and so inform assessments of collision impacts. 
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Understanding the biodiversity impacts of wind energy requires accurate fatality estimates for collisions, where observed 

fatality rates are adjusted to account for various sampling biases, including estimates of carcass persistence (CP). Carcass 
persistence is often assessed using surrogate species of similar size to those of interest for the project, however previous 

studies have shown that surrogate species do not give reliable estimates for raptors in CP trials. Many raptor species are 
vulnerable to collisions and of high conservation concern, so are likely to be priorities for mitigation actions by wind farms. 

Such species often also have small population sizes, so it may be challenging to source sufficient carcasses for CP trials. In 
these cases, projects must either use CP estimates from surrogate trials on site, or from raptor trials at other locations: either 

option introduces further uncertainty into fatality estimates.  

We reviewed 13 raptor CP trials globally where raw data was available and analysed these using GenEst software to 

generate site-specific CP estimates. Median CP time varied from 15 – 945 days across trials, and neither the length of the 

trial nor number of carcasses used was correlated with median CP or the associated confidence interval (a measure of the 
precision of the CP estimate). We then created a plausible mock dataset in GenEst to determine the practical implications 

of applying CP values from these studies at wind farms lacking site-specific raptor CP information. We discuss how the 
resulting fatality estimates should be interpreted and provide some general recommendations on conducting CP trials and 

fatality monitoring. 
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Despite the very limited detection volume, ultrasonic bat detectors are currently primarily used to study bat activity pattern 

at nacelle height and ground level. Although ultrasonic bat detectors provide information on species presence, the resulting 
activity metrics do not include information on the number of individuals. To overcome this issue, a combination of detection 

methods - an ultrasonic detector and a radar was used to study the bat activity at a wind turbine (WT). 

The GSM Batcorder (EcoObs) was placed in a WT nacelle at a height of approximately 120 m. The X-band marine radar, 

FURUNO FAR 2117, was positioned on ground level, with a distance of 670 m from the WT. The slotted waveguide 
antenna rotating in the horizontal plane was tilted vertically by 15 degrees. In addition, we used a clutter fence to cut 

down unwanted electromagnetic reflections of the ground. 

The radar detection volume, fully covering the rotor swept area of the WT, was estimated using a simulation model and 

was validated with field tests. Our study focused on the Nyctalus noctula, which has generally a high collision risk at WTs. 

Acoustic data for the period from the end of July to the middle of August 2020 was manually evaluated. Initially, 22 
intervals (acoustic “bat events”) were identified, containing at least one recording of characteristic Nyctalus noctula calls. 

Applying a fixed set of criteria, tracks within a range of 0 to 40 m (approximately covering the ultrasonic detection volume 
of the Nyctalus noctula) and 0 to 80 m (including the estimated worst-case distance between two radar echoes a bat can 

overcome in between two radar images) from the location of the microphone were manually identified on radar images 
during the bat events. To ensure that the identified tracks belonged to bats, they were tested against a set of additional 

exclusion criteria. 

On average, 1.2 radar tracks of the 22 intervals crossed the 40 m radius circumference, and 5.6 radar tracks crossed the 

80 m radius circumference per event. For about a third of the events, radar tracks detected within the 40 m radius 

circumference were matched by acoustic recordings. Radar tracks of the remaining two thirds of events were either outside 
the 40 m radius circumference and, therefore, only tracked by radar, or inside the 40 m circumference but not acoustically 

recorded. This is in line with the limited acoustic detection volume and with the location of the detector covering the volume 
below the nacelle only. When considering the 80 m radius circumference, about three quarters of all events contained 

radar tracks with the potential to match acoustic recordings. 

We conclude that bats like Nyctalus noctula can be successfully detected and tracked with the radar in the proximity of 

WTs. The information acquired with both, acoustic and radar detection methods, are complementary. For large scale studies 
of wind parks, we suggest the introduction of automatic radar tracking to further investigate flight behaviour of bats and 

to develop risk mitigation measures. 
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Due to the increasing number of operational wind turbines, concerns are rising about the effects on wildlife. For instance, 

birds can collide with wind turbines or experience habitat loss due to displacement by wind farms. To appropriately assess 
these effects, accurate information is needed on local flight paths, intensities and heights. For this purpose, we have used 

two research methods to study bird flight behaviour during daylight: 1) visual observations, 2) radar observations in 
combination with visual observations. For one species, the black-tailed godwit, we demonstrate and compare these 

methods. Both studies have been completed and results are final.  

In 2014, we visual measured flight paths, intensities and heights of black-tailed godwits in a study area in the eastern part 

of the Netherlands, near Netterden. We determined the flux, flight paths and heights of black-tailed godwits per hour for 

the period 8 March – 15 June within the area of a planned wind farm.  

In 2020, a 3D bird radar Max® (Robin Radar Systems) was used in another study to assess the flight paths, intensities and 

heights of black-tailed godwits and other birds in an area near Den Bosch and Oss (south in the Netherlands). The bird 
radar continuously measured bird tracks in the breeding season. For every bird or group of birds, the radar automatically 

registered the position (in 3D), heading, speed and radar cross section, or intensity. With this dedicated bird radar, we 
measured the flight behaviour of birds within and around the area of a future wind farm, including spatial and temporal 

density patterns and flight height profiles at high spatial and temporal resolution. 

The bird radar is unable to automatically identify the bird species. However, in combination with visual observations (linked 

to the radar data) we were able to study the flight paths, intensities and heights of black-tailed godwits in the breeding 
season. We estimated the total flight intensities of waders (including black-tailed godwits) in the breeding season (15 

March – 30 April) with the use of machine learning algorithms (Random Forest Model).  

We compare these two methods to study black-tailed godwit flight behaviour in and around future windfarms. Both 
methods gave important information for the impact assessment study, but the combination of visual observations and the 

use of the 3D bird radar gave more detailed information on the flight paths, intensities and heights of black-tailed godwits, 
which is needed to predict the number of collision victims in a future windfarm. Moreover, we were able to estimate the 

total number of birds flying through the area by machine learning for the breeding period, based on the continuous 

measurements of the radar. This improves the estimate of the total flying birds compared to visual observations.  

With the detailed information on flight paths, intensities and heights of black-tailed godwits we were able to give advice 
on meadow bird management. The detailed information can be used to determine the design of a windfarm and mitigation 

measures to prevent collisions. 
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North American bat populations are currently at risk from continent-scale impacts affecting two different groups of bats: 

a fungal infection killing cave hibernating species and collisions with wind turbines killing several migratory species of bats. 
A central problem to managing extinction risk for bats is that population sizes are unknown for most species. Information 

on bat occupancy and abundance is helpful for evaluating overall population levels and the effects of impacts on those 
populations, but is difficult to gather for small, nocturnal, flying mammals that roost in dispersed locations. Passive acoustic 

detection methods are often used to measure bat activity but are not useful for counting individual bats and calculating 
abundance. Some programs suggest using ground-based vehicular transect surveys to sample bats. However, there is 

evidence that bats may actively avoid roads and vehicles. Ground-based acoustic sampling does not cover airspace at or 
above canopy height, and vehicular surveys are often spatially limited, thus this method introduces count biases in particular 

for some species. Our research objectives were to test unique and valuable methods to collect and analyze data to 

determine trends in local bat populations and occupancy. The research also focused on a number of benefits and improved 
methods for measuring bat acoustic detections such as sampling to target specific species, sampling in the zone of risk for 

wind turbines, greater spatial coverage, detection of non-echolocating bats, minimizing double counting, and measuring 

actual abundance as opposed to just occupancy and activity.  

We conducted a proof of concept study using an unmanned aerial vehicle (UAV) equipped with a thermal camera and an 
ultrasonic acoustic detector that simultaneously recorded bat calls and documented bats in thermal videos. Phase 2 of the 

study used the equipped UAV to fly linear transects within two wind projects and conservation land study areas and gather 
data that could be used for calculating abundance using line-transect sampling methods. Passive acoustic sampling stations 

were also deployed at each study area to provide additional data used to aid in modelling site occupancy, detect trends 

in occupancy, estimate species composition, aid in estimating abundance, and provide stakeholders and agencies with a 
validation dataset for comparison. Machine learning algorithms were developed to locate bat detections within thermal 

images. Our presentation summarizes the methods and study design and provides preliminary results in estimating 

abundance by species.  

The results of the study directly advance knowledge of bat occupancy and direct estimation of bat abundance in and 
around an area of interest. This in turn allows improved methods for estimating effects on focal species from measured 

impacts. The method is useful at a variety of electric power and energy asset types where knowledge of species occupancy 
and abundance is important for siting, permitting, mitigation, and monitoring, including areas with access challenges such 

as offshore wind energy, and for conservation purposes to monitor bat populations over time. 
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Offshore wind developments can alter movements and space-use of aerofauna by affecting migratory or foraging routes 

and displacing animals from preferred locations, as well as posing a risk of collisions. The taxonomic extent of these effects 
is poorly understood, as many tracking tools can only be safely deployed on large animals. Thus, new technologies must 

be advanced and implemented to fill these data gaps to determine how offshore wind affects smaller-bodied species. 
Currently, the Motus Wildlife Tracking System ('Motus'; www.motus.org) provides a means of monitoring habitat use and 

movements of small birds and bats and has been deployed on a variety of species. However, the lack of clear technical 
and study design guidelines for implementing this technique in the offshore environment has limited its applications in this 

setting. Here, we will present work conducted with offshore wind stakeholders in the western North Atlantic to 1) create 
clear guidance for integrating Motus receiving stations into offshore structures, 2) develop a monitoring framework for 

implementing Motus tracking projects with offshore wind energy development, and 3) conduct a study design analysis to 

inform future research and monitoring efforts. 

The monitoring guidance focuses on the frequencies recommended for Motus in the offshore environment, the types of tags 

needed, and the regional and project-scale distribution of receiving stations. To inform study design decisions around these 
topics, we used a data simulation approach to assess the efficacy of receiver stations for estimating site use and movement 

patterns of bird species. Movement models were parameterized using available information about migratory movements 
of piping plovers and non-breeding season movements of common terns, while station detection ranges were estimated 

through calibration experiments. We assessed how frequently Motus stations detected birds using 166Mhz stations at a 
hypothetical offshore wind site by simulating movement tracks for species with these movement traits and combining these 

known tracks with calibration data on Motus station detection range and coverage. 

With migrating piping plovers, 3% of all individuals moving in and around the wind farm were detected with a single 
Motus receiver, while 46% were detected when nine stations were used. Multi-antenna detections (a key component of 

movement estimation techniques) increased 58 times by increasing Motus stations from one to nine. For common tern non-
breeding season movements, we did not detect as many individuals due to lower flight heights, but similar increases in 

detection rates were found with increasing numbers of stations. Results of these efforts were used to create a freely 
available online study design tool for future Motus tracking studies. After a brief demonstration of the tool, we will discuss 

how it can help individual stakeholders maximize the utility of Motus tracking to achieve research and monitoring goals. 
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The Dutch government aims to produce 16% of the generated energy sustainably by 2023. Consequently, it has been 

agreed that an additional 3,450 MW offshore wind energy should be realized on top of the 1,000 MW that has been 
built already. In 2016, a governmental ecological research program on offshore wind energy and wildlife interactions 

(Wozep) was launched to study knowledge gaps in the ecological effects of offshore wind energy. One of the goals of 
this program is to measure the intensity of bird migration over the sea, to be able to take precautionary measures to 

prevent high mortality levels among migrating birds in offshore wind farms. In order to achieve this goal, a network of 
dedicated bird radars in offshore wind farms is being developed. As a first step, in 2018 a bird radar system, consisting 

of a horizontal and vertical radar, was installed in offshore wind farm Luchterduinen, and in 2019 the same type of system 
was installed in wind farm Borssele. Both locations are relatively close to the shoreline of the Netherlands (approximately 

25 km and 30 km), but at a distance of about 110 km from each other. It has hitherto been assumed that (especially at 

night) most of the songbird species migrate in a broad front above the Netherlands and the surrounding regions. However, 
based on visual observations we know that locally, especially along the North Sea coast and large water bodies, the 

densities of migrating birds can substantially increase. 

For an ecologically responsible development of wind farms, it is essential that we fully understand how the intensity of bird 

migration varies across the Netherlands. Here we will present results of the first comparisons of bird fluxes during nocturnal 
migration measured in spring and autumn in the first two years of the study. We were interested to know when and how 

frequently migration peaks occur and whether these are synchronous at both locations. Therefore, temporal variation in 
migration intensity was analysed for each of the radar locations separately, and subsequently compared between both 

locations. We also tested whether the variation can be linked to wind speed in combination with wind direction, or to the 

departure/arrival at migration stopover sites. Furthermore, we investigated whether the proportion of small birds (most 
likely songbirds) at rotor height at moments of peak migration was similar at the two sites. Answering such questions can 

help to fill knowledge gaps in our understanding of the nature of nocturnal bird migration in offshore areas. Ultimately, 
such information is important for a sound design of shutdown-on-demand facilities in wind farms during events of intensive 

bird migration. 
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Resource availability is a key factor driving marine bird movements and distributions, but information on prey availability 

is difficult to obtain at scales useful for describing predator ecology. Understanding movement behaviour relates to our 
ability to predict risk from anthropogenic stressors, including offshore wind development. Using digital aerial survey data, 

which capture the location and surface area of forage fish shoals, and estimating forage fish occupancy from bottom trawl 
survey data, we have new methods to describe prey availability for seabirds. This study explores links between seabird 

behavioural states, prey availability, and potential exposure to offshore wind, by examining northern gannet (Morus 
bassanus), red-throated loon (Gavia stellata), and long-tailed duck (Clangula hyemalis) movements off of the U.S. Atlantic 

coast during the non-breeding period. Using satellite telemetry data, we employed hidden Markov models to examine the 
influence of forage fish availability and environmental covariates on area-restricted (e.g., foraging) and transit movements, 

and examine the use of planned wind energy areas for different types of behaviour and by species. 

Our results suggest that static and dynamic environmental variables significantly affected movement behaviour, with daily 
chlorophyll a concentration influencing movement patterns and transitions to area-restricted states for all three species. By 

comparing state assignments to forage fish availability, we found that occupancy of forage fish species, including Atlantic 
menhaden (Brevoortia tyrannus) and herring species (Family Clupeidae), were associated with marine bird movement 

patterns, and these relationships varied by species and season. All three species showed a degree of overlap with wind 
energy areas, with northern gannets exhibiting the highest overlap in the area-restricted movement state. This finding 

suggests that northern gannets may be at increased exposure to potential effects, including displacement and collision risk, 

though all three species exhibit a degree of overlap, and therefore potential risks. 

Disentangling trophic relationships is critical to understanding the mechanisms driving seabird behaviour and use of space, 

particularly in ecosystems that are rapidly changing due to wind energy development, climate change, and other offshore 
activities. We can use the findings of this study to inform our understanding of the potential effects of offshore wind 

development in the eastern U.S and in siting and adaptive management of future offshore wind farms. 
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Offshore wind energy is one of the fastest growing renewable energy sectors in the world with installed offshore wind 

capacity predicted to more than double globally by 2026. There are increasing concerns about impacts on seabird 
populations, but high levels of uncertainty. This uncertainty poses a risk to sustainable marine planning and increases the 

likelihood of conflict between wind farm development and nature conservation interests, ultimately slowing down progress 
towards net zero. Consequently, there is an urgent need to improve our understanding of the vulnerability of seabirds to 

such developments. 

Tracking birds with multi-sensor tags (GPS, altimeter and accelerometer) is an effective way to explore the links between 

protected seabird populations and offshore wind farms by assessing their distribution and behaviour in space. We present 
the outputs from extensive seabird tracking along the North Sea coast of the UK, adjacent to some of the biggest offshore 

wind energy developments planned globally.  

Using state of the art tracking technologies, the studies aim to strategically fill knowledge gaps around environmental risk 
assessments, concerning black-legged kittiwakes (Rissa tridactyla) but also northern gannets (Morus bassanus), both species 

predicted to be especially at risk of colliding with turbines. Results from four years of tracking with multi-sensor tags across 
four colonies (N=107) provide us with empirically derived flight height (barometric altimeters) and flight speed (3D) 

distributions for both species and challenge current assumptions showing that the vulnerability of seabirds to windfarms is: 

i. not independent of their behaviour: Flight height and speed vary between at-sea behaviours derived from a behaviour 

annotation algorithm applied to the GPS tracking data and accelerometer data which leads to variability in actual 
collision risk. 

ii. not homogenous across space: Kernel density estimations show a substantial variation between behaviour specific 

offshore distributions. 
iii. not constant across time: There is a continuous increase of foraging range, a shift in offshore distributions of birds 

tracked up to 30 days across chick rearing and a change in nocturnal activity budgets.  
iv. not the same at different colonies: Foraging trip characteristics, nocturnal activity as well as the relative vulnerability 

of flight behaviours (commuting vs. foraging) can vary between colonies. 

These results show that behaviour information derived from local tracking data has the potential to add valuable 

information to future risk assessments. If this information is combined with flight height and flight speed measurements, key 
assumptions in current collision risk modelling can be addressed. This can improve the resolution of models and lead to a 

reduction of uncertainty. In collaboration with industry and other stake holders, we will continue to use multi-sensor tags to 
directly measure changes in three-dimensional seabird distribution and behaviour before, during and after the construction 

of offshore windfarms in the north. Results of these studies will directly inform wider research on population levels effects 

of offshore windfarms on seabirds. 
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Wind energy development continues to expand rapidly to meet international climate targets. However, these developments 

negatively impact biodiversity and associated sustainability targets. Understanding the full spectrum of impacts is vital to 
balance climate-related benefits against their costs to biodiversity. Environmental impact assessments often fail to account 

for cumulative impacts at larger spatial scales, because they predominately focus on site-specific impacts. Life cycle 
assessments (LCA) can provide a more holistic view, however models quantifying the main impact pathways on biodiversity 

are still lacking. 

To address this gap, we present a methodology to quantify impacts of habitat loss, disturbance and collision at onshore 

wind power plants on bird biodiversity globally. By overlaying BirdLife species ranges with wind-power plant locations, 
species-area relationships were used to calculate the potentially disappeared fraction (PDF) of species for the three impact 

pathways. In addition, we adapt this global methodology to evaluate collision, disturbance and habitat loss impacts of 

onshore wind energy development on bird species richness in Norway. The advantage of a local model for Norway is that 
it enables species distribution modelling to estimate species’ potential distributions more accurately using Maxent. This 

facilitates more realistic site- and species-specific assessments of potential impacts within a local scale but excludes habitat 
ranges outside Norway. Furthermore, a new characterization factor was developed for potential barrier effects in Norway 

by mapping movement connectivity using Circuitscape. 

Results from the global assessment revealed habitat-specific bird richness values, at order level, which were greatest in 

tropical and subtropical regions. Despite similar PDF curves throughout the time period, disturbance and habitat loss had 
a greater effect compared to collisions. Annual energy production values strongly affected overall impacts for all impact 

pathways, which in turn differed between continents. When controlling for continent, bird order rather than country more 

strongly influenced variation in the pathway-specific PDF per GWh. In Norway, larger onshore wind-power plants overall 
had greater site-specific PDF’s, while smaller plants were less efficiently located with greater impacts per GWh. Overall, 

Norwegian wind-power plants were sited least efficiently (PDF/GWh) regarding indirect habitat loss and disturbance, 
followed by direct habitat loss, and finally collisions and barriers. Vulnerability differed among bird groups with seabirds, 

raptors and waterfowl emerging as the most impacted groups, highlighting the sympatric distribution of their habitats and 

the majority of Norway's onshore wind-power plants. 

Our approach represents the first step towards incorporating the impacts of wind power production in strategic 
environmental planning and the LCA framework. Failing to account for these negates an assessment of the trade-offs 

between biodiversity and energy production, and therefore the balancing of global sustainability goals. Locally we 

showcase the implications of consenting decisions on avian biodiversity. Current practice in Norway has not succeeded in 
avoiding sites with higher impacts for birds, fuelling conflicts surrounding environmental concerns of onshore wind energy 

development in Norway. Operative LCA models can help decision-makers assessing localized life-cycle environmental 

impacts to support environmentally friendly wind energy development in specific regions. 
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The wind energy sector is growing in response to the increasing demand for cleaner energy. However, it has negative 
impacts on wildlife. While the effects at the small scale - of a single wind farm (WF) - can be easy to access, at larger 

scales cumulative effects of multiple WFs are still complex to evaluate due to inconsistencies in approaches. Additionally, 

with the need of scaling up the assessment at the population level, the process becomes more challenging.  

One of the most common impacts of wind farms (WF) is the mortality of birds due to collisions with turbines. If an 

Environmental Impact Assessment (EIA) study predicts a given level of mortality, the WF may be subjected to monitoring 
programmes to confirm and evaluate the significance of predicted impact and propose mitigation measures when 

necessary. There are two main challenges when evaluating the impact of mortality. Firstly, evaluate the impact at the 
population level. Mortality negatively affects individuals because they die. However, this impact may not be significant at 

the population level if the additional mortality does not cause negative consequences due to the demographic 
characteristics of the species. The second challenge is to evaluate the cumulative impact which require considering the 

impact at the population level of all WF in the distribution area.  

We aimed to assess the national-level cumulative impact of additional mortality caused by the wind sector for three birds 

of prey occurring in Portugal: griffon vulture (Gyps fulvus), Eurasian buzzard (Buteo buteo) and common kestrel (Falco 

tinnunculus). They were chosen because despite not having the highest mortality rates nationally, their behaviour and low 
reproductive outcome rank them at a higher risk of suffering from collisions. Also, they show different ecological functions 

and abundances. Vultures are scavengers and search for food wherever it is available; kestrels are territorial and occupy 

a relatively small area, and buzzards are one of the most abundant raptors species in Portugal.  

We performed a population viability analysis to evaluate the fate of populations when exposed to additional fatalities 
in the long term, considering the typical project lifetime at the national level. For additional mortality, we relied on fatality 

estimates obtained from monitoring studies in the last 15 years.  

Our results indicate that wind energy does not pose a risk of extinction to the target species. However, the impact of 

mortality may have consequences in terms of population fluctuations. Long-lived species experiences a larger decrease in 

the number of individuals due to their smaller number of offspring and low reproductive rates.  

The results highlight the importance of focus on assessing the cumulative impact on populations because local impacts may 

be seemed significant on a smaller scale, but not for the population as a whole. 
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Wind energy development is key for the reduction of carbon emissions, however it leads to conflicts with bird conservation 
through collisions with wind turbines. To inform the design of future wind turbines for minimising collision risk, detailed 

knowledge on species-specific flight height is crucial. 

We used high-accuracy altitude data from GPS tracking (high-resolution 3D GPS data and barometric altimetry) to study 

flight height in five European raptor species (Montagu’s, hen and marsh harrier, common buzzard, red kite; N > 100 adults 

tagged across > 10 sites), a bird family particularly vulnerable to collisions with wind turbines. We derived species-specific 
flight height distributions and assessed theoretical collision risk in relation to wind turbine dimensions, based on a new index 

taking into account the size of the rotor plane and its circular shape. 

Preliminary results indicated a peak of flight activity at heights below 30 m above ground level in all species. The 

proportion of time spent at 40-200 m, where most wind turbine rotors are situated, ranged from 7% in marsh harrier to 
45% in red kite. With decreased rotor ground clearance, time spent at risk height – and hence collision risk – exponentially 

increased in all species. For example, if ground clearance is reduced from 50 to 20 m, collision risk would increase by 60-
81% depending on the species. On the other hand, if ground clearance is increased from 50 to 80 m, risk would be 

reduced by 24-36 %. 

An increased rotor diameter would lead to a higher risk in all five species. However, provided the ground clearance is not 
reduced, this is outweighed by the increased power capacity, allowing for a reduction in the number of turbines. For 

example, collision risk per power capacity could be reduced by 12-25% with a rotor diameter of 200 m is instead of 100 

m. 

Our results suggest that applying wind turbines with larger rotor ground clearance, and – to a lesser extent – fewer 
turbines with larger rotors, could be a way of meeting renewable energy production targets while minimising the impacts 

on the raptor species studied. To corroborate this conclusion, data collection will be continued until the end of 2022. 
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Wind parks are increasing in number throughout the world, and we are starting to understand the impact of their operation 

on biological communities, particularly on flying vertebrates such as bats. Long-term studies of the effects of wind facilities 
on bat communities are available for temperate regions, but scarce in tropical regions. We aimed to estimate the trend of 

change in the diversity of bats (species richness, composition, and structure) over a four-year period (2016–2019). We 
surveyed the bat community at two wind parks in southern Mexico using mist-netting captures and acoustic surveys, and 

evaluated the effect of turbine operation on bats by counting the number of bat carcasses near wind turbines. 

We recorded 42 species (75% of recorded regional bat fauna), and for 42% of these species, we recorded carcasses. 

No differences were found among years in abundance or species richness, but the species composition varied remarkably 
among sampling years and between sampling methods by year. Species tolerant to habitat modification were dominant 

in all years in the recorded communities with both sampling methods; Artibeus jamaicensis and A. lituratus for mist-net 

sampling, and Pteronotus fulvus and Molossus molossus for acoustic sampling. The Phyllostomidae species (mostly fruit and 
nectar-feeding bats) were the most affected, and included Enchisthenes hartii, with deaths from turbine activity recorded 

for the first time. Our results highlight the importance of long-term studies with multi-sampling methods to evaluate the 

vulnerability of bat species in wind parks in the Neotropics, particularly threatened, locally rare and migrant species. 
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The utilization of marine renewable energies such as offshore wind energy leads to globally expanding human activities 

in marine habitats. While knowledge on the responses of marine wildlife to offshore wind farms and associated shipping 
traffic is accumulating now at a fast pace, it becomes important to assess the population impacts on species affected by 

those activities. In the North Sea, the protected diver species red-throated diver (Gavia stellata) and black-throated diver 
(Gavia arctica) widely avoid offshore wind farms. The present study is based on high-quality aerial survey data on the 

distribution and occurrence of divers in the German North Sea over 18 years and represents one of the most extensive 

data sets currently available.  

To get a robust estimate of the diver population during the spring season between 2001 and 2018, we applied an explicit 
spatio-temporal hierarchical model, more specifically, a latent Gaussian model (LGM) with a flexible stochastic partial 

differential equation (SPDE) approach in INLA. Model results indicated that, despite the erection of 20 offshore wind farms 

(1,052 turbines) in the study area and marked responses of divers to wind farms, no population decline was found. Overall 
numbers fluctuated around 16,600 individuals, with average annual 95% CI ranging between 13,400 and 21,360 

individuals.  

The northern part of the German North Sea, which includes the main concentration area of divers as defined by German 

authorities and the Eastern German Bight Special Protection Area, is of the greatest importance, as it accounts for approx. 
60% of the German North Sea population during the study period. Over the years, a significant shift in the distribution of 

divers within the main concentration area was apparent: after the construction of several wind farms in the area, birds 
concentrated relatively consistently in a central area of the main concentration area, with the furthest possible distance to 

all surrounding wind farms. Although avoidance behaviour due to wind farm development led to a more narrowly focused 

spatial distribution of birds, the results currently provide no indication of negative fitness consequences on these long-lived 

species. However, more research is needed on long-term effects and the carrying capacity in this area. 
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The proliferation of artificial hard substrates, e.g. offshore wind farms, in the North Sea leads to significant changes to the 

natural environment. The newly established hard substrates are rapidly colonized by fouling assemblages that form 
zonation patterns along the depth gradient. Most studies have focused on the effects of offshore wind farms on the 

community structure, while only recently attention is paid to the changes concerning ecosystem functioning. The aim of the 
present study is to investigate the local food web structure of fouling assemblages occurring on offshore wind turbines. For 

this purpose, water, fish and fouling assemblages were collected at different depths along the depth gradient of an 
offshore wind turbine and its surrounding soft bottom in the Belgian part of the North Sea. Specifically, sources and 

consumers were collected from the intertidal, 5 m, 8.5 m, 15 m, 23 m depth, the scour protection layer (SPL) and the 
surrounding soft sediment. Species were identified to the lowest possible taxonomic level and analysed for their stable 

isotopes (δ13C and δ15N). The final results of this study indicated that there is an effect of offshore wind turbines on the 

local and regional food web structure. Specifically, higher food web complexity was found at deeper compared to 
shallower depths, with the organisms at the soft sediment showing the highest complexity, followed by the scour protection 

layer. The biodeposition activities of the fouling fauna occurring on offshore wind turbines leads to the enrichment of 
organic matter at the soft sediments at the base of the turbines. This increases the food availability that locally attracts 

species of multiple trophic levels. The high food web complexity at the SPL highlights the importance of these structures as 

species richness and functional hot spots. Furthermore, we observed that individuals of the same species exploited different 
food sources depending on the depth that they occurred. This suggests that species found on offshore wind turbines are 

trophic generalists at the turbine level, exploiting energetically favourable food sources and avoiding interspecific 
competition. Finally, the majority of the organisms occurring on and around offshore wind turbines are suspension feeders, 

filtering particles from the water column and releasing organic matter in the form of (pseudo)faeces. This type of organisms 
is known to reduce the primary producers from the water column, while they are significant prey items for higher trophic 

levels, i.e. fish, influencing the food webs at a regional scale. Overall, the results of this study derive from a relatively 
young community (~ 6 years old). Offshore wind farms however remain in the water for a few decades with consequent 

changes in community structure. Investigating the long-term effects of such structures on the marine food webs hence 

deserves our attention. 
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A principal mechanism whereby offshore wind farms (OWFs) can have negative impacts on seabirds is via displacement 

from favoured foraging habitats. A central objective of assessments of OWFs is therefore to quantify the population-level 
consequences of displacement. To achieve this objective it is necessary to address three questions: a) is there evidence of 

displacement; b) are the affected individuals from protected breeding populations; c) are there population-level 
consequences of any displacement that is occurring. These questions have proved extremely challenging because 

displacement does not cause immediate mortality to the individuals involved (a so-called “sub-lethal effect”). Rather, 
displacement alters behaviour and, in turn, energetic balance, body condition and survival of individuals and their offspring. 

The most robust approach is to quantify the behaviour, energetics and demography at the individual-level and then 
combine all individuals in a population-level assessment, as opposed to using average effects across the population from 

the outset. These measures can then be integrated with other effects such as collision mortality rates in a much more precise 

way. This is the final step in quantifying the population-level consequences of these effects, the ultimate goal of any 
assessment of impact. Central to this approach is that the study spans the period before, during and after construction, so 

that effects are estimated directly during all key phases.  

GPS tracking of breeding adults is a powerful approach in this context because the colony origin of birds is known with 

absolute certainty, and precise data on behaviour and distribution at sea can be obtained at the individual level. 
Behavioural data can be further enhanced if GPS loggers can incorporate other functionality such as accelerometry or 

barometry. Behaviour at sea can then be coupled with energetics and demography based on detailed studies at breeding 
colonies. We are undertaking this approach to quantify the population-level consequences of displacement from OWFs 

based in the Forth/Tay region, south-east Scotland, in a study scoped with and endorsed by the Forth and Tay Regional 

Advisory Group. Our study is being undertaken on the black-legged kittiwake (Rissa tridactyla), an important species in 
this context because it has experienced marked declines in the region in recent decades and is predicted to be vulnerable 

to displacement effects. The study is being undertaken at three breeding colonies in the Forth/Tay region where previous 
studies have demonstrated overlap between foraging birds and OWF footprints: the Isle of May, St Abb’s Head and 

Fowlsheugh. GPS tracking has been undertaken in each breeding season since 2018, three years prior to construction, and 
will continue into the operation period. We have coupled GPS/accelerometry/barometry data with data on adult and 

chick body condition and survival rates at the individual level. In this talk, we will present data collected during the pre-
construction period and will outline how our individual-based approach will be used to test the population-level 

consequences of displacement. 
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Collison risk is one of the main mortally factors for avian species caused by offshore windfarm (OWF) developments. Air-

draft uplifts are increasingly being considered as a mitigation option within Environmental Impact Assessments (EIAs) for 
these developments, emphasising the importance of accurate and precise data to inform engineering design changes. 

Typically, this is achieved with collision risk models which require avian flight heights as an input. Historically, flight heights 
have been estimated from available literature, boat-based surveys, or size-based calculations from aerial digital still 

imagery. These methods can lead to human error and subsequent bias within the calculations. APEM are proposing the first 

site-specific measurement methodology for collecting avian flight heights.  

LiDAR technology is an accurate survey method that measures distances using light, traditionally applied as a topographic 
mapping tool. APEM has designed a custom-built system that captures both high-resolution digital still imagery and LiDAR 

data of avian species concurrently. Birds recorded are identified to species level from the imagery and the flight height is 

measured by “hits” from the LiDAR system. Combined, this methodology provides accurate avian flight heights which are 
site and species-specific. APEM has undertaken proof of concept studies in the UK, producing confident matches between 

imagery and LiDAR data, with >95% of flying birds having flight height measurements within one metre accuracy. 
Preliminary data show that matching high resolution images with the LiDAR data leads to fewer issues associated with birds 

flying close to the sea surface, with our results accurately depicting birds captured at all heights. Furthermore, species size 

does not appear to affect the results, with even small birds (< 40 centimetres) achieving a mean hit rate of > 2. 

This technology will help to fill important knowledge gaps around site-specific avian flight heights. The simultaneous use of 
LiDAR and digital still imagery provides flight height measurements that can more accurately and precisely inform collision 

risk models than traditional methods, reducing the levels of precaution required around OWF developments. Although in 

its early stages, results from trials of this technology are promising. APEM are continuing to enhance the methodology 

through testing the versatility of LiDAR in a range of environmental conditions. 
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It is now widely admitted that onshore and offshore wind farms pose a significant collision risk to birds and bats. In many 

countries, it has become mandatory for wind farm operators to monitor fatalities in order to estimate how many volant 
animals are being killed on site annually. Estimating fatalities is an important step, but to get the full picture of the impact 

caused by a wind farm on biodiversity, it is essential to translate these fatalities in terms of demographic impacts at the 

population scale. This is a complex endeavour, however, which might explain why it is so rarely done.  

To foster the evaluation of demographic impacts as a more consistent practice, we developed a specific application 
(eolpop, available online) that allows simulating population trajectories in presence of collision fatalities. This tool is 

primarily intended for people involved in environmental impact assessments, such as environmental consulting firms and 
state agencies. Four data inputs are required to run the simulations: estimates of (1) annual fatalities, (2) population size, 

(3) population trend and (4) carrying capacity (only required for growing populations). The demographic impact of 

fatalities is then quantified through the comparison of population trajectories under two scenarios, with and without 

collisions. The latter scenario being used as a reference point.  

Like any model, this tool cannot exactly predict the future of bird populations, but it provides a robust quantification of the 
relative impact of a given level of wind farm induced fatalities. It can thus greatly help decision makers assess the 

“significance” of the impact caused by a wind power facility on a given species.  

During the talk, I will explain the underlying method upon which the demographic tool is built and I will demonstrate its use 

on a real case study on a population of lesser kestrels (Falco naumanni) in Southern France. Since 2013, this population has 
been exposed to collisions from a nearby wind farm consisting of 31 turbines. The annual mortality rate induced by these 

collisions has been estimated at about 4.9% (SE = 0.7%), which is raising major concerns given the precarious status of the 

species, listed as “vulnerable” in France. First, we ran a retrospective analysis (2013 – 2020) to ensure that the tool was 
able to accurately predict the past population trajectory. Next, we ran a prospective analysis, over 30 years, to assess 

the relative impact that this wind farm will have on the population if the current level of mortality persists. Although this 
population of lesser kestrels is not likely to go extinct, after 30 years its size is expected to be about 48% lower (95% 

C.I. = [32% – 66%) than it would be without collisions. There is thus a real concern that the fatalities caused by this wind 

farm are compromising the efforts invested into the recovery of that vulnerable species. 
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Effects of offshore wind farms on bird populations are currently assessed using relatively simple criteria and thresholds like 

the ORNIS 1% criterion and the Potential Biological Removal (PBR). These methods are easy to apply and understand but 
come with limitations. To gain more insight into the current expected population trajectory and the effect of additional 

mortality, population models have been created. Whether an expected impact is acceptable depends on different factors, 
and this decision can be subjective. However, so far, there was no threshold for assessing whether a certain outcome of the 

population model was acceptable.  

We developed a novel method to determine thresholds for acceptable levels of impacts (ALIs), which can be assessed using 

matrix population models. In our framework, the threshold ALI is formulated as: 

The probability of a population decline of X% or more, relative to an unimpacted population, 30 years after the onset of 

a continuous prolonged impact, cannot exceed Y.  

We present a framework for determining the species-specific values of X and Y.  

We determine the maximum acceptable decline of X% over 30 years based on the IUCN Red List status. For each species, 

we base the value of X on the IUCN approach for the change in status from least concern to vulnerable. In addition, we 
include a stricter threshold, which can be used for species with an unfavourable status. This results in a threshold of 30% 

and 15% acceptable reduction over three generations or ten years, whichever is longer. Using the species-specific 

generation time, this relative reduction is scaled to a period of 30 years, in accordance with the ALI definition.  

Even in the scenario without impact, the X threshold may be violated due to uncertainty in demographic rates. For that 
reason, the acceptable probability of violating the X threshold (Y) needs to be defined. Our approach considers the 

relative cause of violation of the X threshold: how often is the violation caused by the impact (rather than by uncertainty). 

Policymakers can decide on the level of causal certainty which is no longer acceptable. Our method calculates threshold 
values for Y as the species-specific thresholds associated with specific levels of acceptable causality (risk), taking into 

account the uncertainty in the unimpacted population trajectory.  

Ultimately the choice of specific values for X and Y are made in the policy domain. We present a framework for 

policymakers to determine the species-specific choice of X and Y, based on the IUCN Red List status, species-specific 
information on ecology, population trends, status assessments (other than IUCN status), threats and uncertainty and/or 

potential for compensation.  

This resulting ALI can be used for assessing the impact of wind farms, as well as the impact of other initiatives. We advise 

that re-evaluations should at least take place when new European status reports are published or other relevant new 

knowledge becomes available. 
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An increasing number of studies suggest that offshore wind farms might pose a considerable threat for migratory birds by 
raising their mortality rates through collisions, barrier effect and habitat change. With the increase of wind turbine density 

and size over the years these negative effects might become more pronounced in the future. Therefore, governments are 
introducing regulations that aim to protect wildlife in areas where offshore wind turbines will be built. In the Netherlands, 

procedures to shut down offshore wind turbines in times of intense nocturnal bird migration are currently being developed. 

These stop-start procedures are to be regulated by migration forecast models that rely on weather forecasts. When 
developing such models, not only migration intensity but also flight altitudes are important to consider. This is to avoid 

shutting down turbines when birds fly in high numbers but above or below turbine height.  

While bird migration flight altitudes differ across different regions, studies also showed that differences exist even within 

the same regions between different topographical features, such as land and sea. Regional differences could be explained 
by diverse local weather patterns, but also differences in bird behaviour when flying across different features. In the 

Netherlands, bird migration flight altitude distributions and their drivers have been studied by weather radars on land. 

However, this relationship has not yet been explored at sea.  

With this study, we aim to add to our understanding of nocturnal migration flight altitudes over the sea by describing the 

patterns and quantifying the influence of the environment on birds’ flight altitude. We used data collected by bird tracking 
radars for migration seasons from spring 2019 until spring 2021 at two different offshore locations close to the west Dutch 

coast. We explored how the fraction of nocturnal migrants at low altitudes, within the height range of wind turbines (up to 

300 m) varies between seasons in relation to wind, temperature, cloud cover, day of a year and hour of a night.  

We show that birds tend to fly higher in spring, but that low-altitude migration is prevalent in both seasons. This differed 
on intense migration nights in spring when migration mostly occurred at high altitudes at both radar locations. Wind 

assistance and day of the year were the most important predictors of the low-altitude migration: birds flew lower at the 
beginning of the season and when the winds at low altitudes were more supportive. In wind farm management, these 

models can be used to forecast when will birds fly above the wind turbines, especially in spring, when high-altitude flights 

occur more often in the area. This will help make more informed decisions for the stop-start procedure and reduce costs 

for wind energy companies while minimizing the negative impact of wind turbines on migratory bird populations. 
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The UK government has set an offshore windfarm renewable energy target of 40GW by 2030 with the ambition of net 

zero emissions by 2050. However, the increase of renewable energy developments simultaneously increases the potential 
for adverse effects on the marine environment. Offshore windfarms have the potential to negatively impact seabirds 

through mortality, principally caused by collision or displacement. The level of impact is identified within Special Protection 
Areas (SPAs) populations, with each SPA having a “threshold” of maximum perceived adverse effect on integrity (AEoI) 

(the level to which a population can withstand mortalities before which it could have a detrimental impact on the population). 
Thresholds of perceived AEoIs on certain designated seabird SPAs have been reached for black-legged kittiwake (Rissa 

tridactyla) and may soon be reached for other species such as common guillemot (Uria aalge), razorbill (Alca torda) and 
potentially northern gannet (Morus bassanus). As a consequence, the UK offshore wind industry has invested considerable 

effort into investigating compensation measures to offset the potential impacts on designated seabird features. To date 

this has resulted in a number of UK projects having to deliver bespoke compensation measures for the relevant species. As 
windfarm developments expand worldwide, other countries may be required to develop compensation measures as part 

of their application and therefore might look to the UK as an example of previous work.  

GoBe Consultants Ltd have been at the forefront of developing a number of ornithological compensation workstreams for 

UK offshore windfarm projects. Therefore, this presentation outlines some of the challenges and successes of delivering 
viable compensation plans for ornithological receptors identified through first-hand experience within the UK offshore 

windfarm sector. We will share the lessons learnt to aid in the successful development of global offshore development in 

relation to seabird species compensation. 
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At present, the most effective way to prevent bat fatalities in windfarms is to stop wind turbines or reduce the rotational 

speed of their rotor blades during low wind speed. Occasionally bats are also present in the rotor swept area during 
higher wind speeds. Since curtailment during these conditions is costly, gaining more insight in the processes that explain 

why bats are active during high wind speed is valuable. We compared the activity of a migrant (Pipistrellus nathusii) and 
a non-migrant bat species (Pipistrellus pipistrellus) at rotor height to try to find out if differences occur in their response to 

windspeed and wind direction. Bat activity was measured by using batcorders from the nacelle of 16 wind turbines in nine 
wind farms in the Netherlands. During 12,416 hours of recording between sunset and sunrise a total of 9,196 bat recordings 

were made. For both bat species the effect of weather and time on the probability of bat activity was analyzed by using 
binomial Generalized Lineair Mixed Models (GLMMs) with logit link function. Presence/absence of bat activity was related 

to windspeed, wind direction, temperature, nighttime and date with location as a random factor. Our results show that P. 

nathusii is more tolerant to high wind speed than P. pipistrellus, particularly during the autumn migration season. In late 
summer and autumn, when migration takes place in west to southwestern direction P. nathusii is more commonly observed 

during easterly or north-easterly winds whereas in P. pipistrellus there was no significant effect of wind direction on 
probability of occurrence. These results show that migration is a likely explanation for the occurrence of bats at rotor height 

during high wind speeds and that big differences in wind tolerance can occur between migrating and non-migrating bat 

species. This indicates that there is room for improving bat curtailment by incorporating species specific differences. 
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Bat fatality is an unintended consequence of wind energy, a renewable energy source needed reduce carbon emissions. 

NRG Systems began developing an ultrasonic acoustic deterrent (UAD) in 2015, and later testing suggested effectiveness 
of the UAD varies by species. Given this variability, additional research was necessary to examine species-specific 

responses and potential mechanisms for differences. The goal of this study was to assess species-specific behaviours to 
various UAD frequency emissions, specifically by testing the device on known species, representing both high- and low-

frequency echolocation characteristics, in an approximately 60 m x 10 m x 4 m (l x w x h) open-air flight cage. For each 
trial, we released a wild captured bat into the flight cage and subjected each to three 4-minute UAD emission treatments 

in random order: 1) 20–50 kHz (combined), 2) 20–32 kHz (low), and 3) 38–50 kHz (high) interspersed with 4-minute 
control periods with no UAD emissions. We focused on four species: Myotis velifer (n = 50), Tadarida brasiliensis (n = 77), 

red bats (Lasiurus blossevilli, L. borealis; n = 45), and Nycticeius humeralis (n = 37) and conducted trials from July–October 

2020 and March–May 2021. We tracked bat flight behaviour using four thermal cameras mounted outside of the flight 
cage and recorded acoustic behaviour with six acoustic detector microphones mounted throughout the flight cage. We 

compared flight distances each bat flew from the UAD between each treatment and control and among the three treatments 
and assessed several echolocation characteristics. When sample sizes were sufficient, we compared difference between 

season and sex. We predicted bats would spend more time flying further from the UAD when it emitted frequencies 
overlapping with their own emitted frequency range, and bats that did not alter flight would show plasticity of echolocation 

call characteristics. M. velifer, T. brasiliensis, red bats, and N. humeralis flew greater distances from the UAD during all 
three UAD emission treatments than during the control periods. Flight distances did not differ among the three emission 

treatments for any species, nor by season or sex when assessed. Additionally, results suggest that of the species that altered 

echolocation during UAD emission, high frequency echolocators altered their echolocation characteristics during high 
frequency UAD emissions and low frequency echolocators with low frequency UAD emissions. Interestingly, the deterrent 

may not need to overlap a species’ echolocation frequency range as previously assumed. We are currently expanding the 

flight cage to continue testing, particularly as turbine blade lengths are consistently increasing. 
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Projected wind industry growth and evolving turbine technology (i.e. taller turbines with larger rotor-swept areas and 

turbines with lower cut-in speeds) have heightened concerns about cumulative impacts on bat populations. In 2008, the Bats 
and Wind Energy Cooperative (BWEC) – an alliance of experts from government agencies, private industry, academic 

institutions, and non-governmental organizations in the United States – was formed to address these concerns. Since its 
formation, the BWEC has sought to develop and disseminate solutions to measure and mitigate the impacts of wind turbines 

on bats, while maintaining the ability to develop and operate wind energy facilities in a competitive and cost-effective 
manner. In 2008, the BWEC identified operational minimization, also referred to as curtailment, as a top priority for 

research. Since that time multiple studies testing the efficacy of various operational minimization techniques have been 
conducted. We assess the cumulative evidence of these studies by quantifying the efficacy of operational minimization 

using quantitative meta-analysis.  

We summarized publicly available studies that evaluated operational minimization at 8 wind energy facilities and across 
19 separate treatment/year combinations. These studies indicate that operational minimization is an effective strategy for 

reducing bat mortality at wind turbines and that the efficacy is measurable. We estimate that total bat fatalities are 
reduced by 33% with every 1.0 m/s increase in cut-in speed. Estimates of the efficacy of fatality reductions for every 1.0 

m/s increase in cut-in speed on the three migratory tree-roosting species in North America are similar (28% for hoary bats 
[Lasiurus cinereus], 32% for eastern red bats [L. borealis], and 32% for silver-haired bats [Lasionycteris noctivagans]). 

Extrapolating these data across multiple facilities and years, a 5.0 m/s cut-in speed is estimated to reduce total bat 
fatalities by an average of 62% (95% CI: 54–69%). We estimate total bat fatality reductions at individual facilities in 

any given year to fall between 33%–79% (95% prediction interval). For individual species, average fatality reduction at 

5.0 m/s cut-in speed was estimated as 48% (95% CI: 24%–64%) for hoary bats, 61% (95% CI: 42–74%) for eastern 
red bats, and 52% (95% CI: 30%–66%) for silver haired bats. Most variation in efficacy is attributed to inter-annual 

differences. The interannual differences in efficacy observed at the studies in our analysis outweighed any spatial 

difference in efficacy. 

Additional work has investigated how continued wind energy development in the United States and Canada, as well as 
adoption of measures to reduce bat fatality rates, influence the population viability of the hoary bat (L. cinereus). We 

show that risks of decline and extinction may still be mediated with rapid adoption of measures to reduce bat fatalities. 
We find that levels of fatality reduction shown to be achievable in empirical studies of fatality minimization, by turbine 

curtailment, may be sufficient to manage risks. 
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In 2010, the Electric Power Research Institute (EPRI) was approached by an electric power utility, to develop a technological 

approach that would minimize bat fatalities. This effort culminated in a bat shutdown system-Turbine Integrated Mortality 
Reduction, or TIMR. The TIMR system has two main technological components: the ReBAT® System and the TIMR server. An 

individual ReBAT® System includes two acoustic microphones mounted on the nacelle and connected to a custom computer 
that processes acoustic data and transmits them to central servers. The two microphones are oriented to sample the rotor-

swept area (RSA) in two directions. Bat data collection, transmission, and classification takes place in real time. The data 
are automatically transmitted to the TIMR server installed at the wind operator centre. The TIMR server is simultaneously 

incorporating wind speed data from the wind energy facility and communicating real-time risk conditions to the wind 
operator’s SCADA system. When a bat call is recorded and wind speeds are within the curtailment range (that is, risk 

condition), a signal is sent to the SCADA system to curtail defined turbines at the facility for a planned period. Curtailment 

is defined as pitching turbine blades out of the wind to reduce turbine rotation to zero when a risk condition triggering 

curtailment is true. When the risk conditions change, the controlled turbines will begin to operate normally.  

The TIMR system was field tested from 15 July to 30 September 2015 (EPRI 2017). The turbines that were operated by 
the TIMR system, compared with normally operated turbines, had 84.5% lower overall bat fatalities [3.1 (95% CI: 2.1–

4.1)] versus 18.2 (95% CI: 15.5–20.8), p value <0.0001] and 91% lower for little brown bat (Myotis lucifugus) fatalities 
[0.3 (95% CI: 0.02–0.58 versus 3.0 (95% CI: 1.7–4.3), p-value = 0004]. Using a post-hoc analysis, it was estimated that 

TIMR reduced curtailment time by 48% relative to turbines operated under a 7.0 m/s blanket curtailment rule. In 2020, 
the US Department of Energy (DOE) funded an EPRI team composed of the American Wind Wildlife Institute (AWWI), Bat 

Conservation International (BCI), United States Geological Survey (USGS), National Renewable Energy Laboratory (NREL), 

and Normandeau to validate TIMR. The project is evaluating the effectiveness of the TIMR system by directly comparing 
its performance, both from the perspective of bat mortality reduction and economic perspective to control (i.e. normal 

operating wind turbines) and blanket curtailment (e.g. feathered up to 5.0 m/s) treatments. The study design is a 
randomized block design that uses dog teams for the daily fatality searches. The presentation will provide the initial results 

of the first year and discuss implications for year two as well as other fatality reduction studies. 
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One of the concerns for offshore wind farm development is that seabirds will be displaced from important areas used for 
foraging or other activities. If this leads to increased competition for resources in areas outside wind farms there may be 

elevated energetic costs for individuals leading to decreases in survival or productivity rates and negative consequences 

for affected populations. 

In the face of uncertainty about the extent of displacement, when assessing wind farm proposals statutory conservation 
agencies tend to take a precautionary approach and apply worst case predictions about the magnitude and consequences 

of displacement. There is a growing risk that this will result in wind farms being rejected due to a lack of knowledge rather 

than because real impacts are too high. 

Estimates of the extent of displacement from wind farms have typically been made from comparisons of seabird abundance 

in a wind farm before and after construction. However, with such studies it can be challenging to distinguish the effects of 
interest (e.g. due to the wind farm) from natural background variations, limiting confidence in the results. One option to 

improve confidence from such studies is to collect multiple years of data. However, there is an urgent need to increase 
renewable energy production so we need to minimise delays in understanding the potential scale of impacts to ensure 

acceptable projects can proceed. 

To address this problem, a method for estimating rates of seabird displacement from operational offshore wind farms has 

been developed. The approach does not rely on before-after comparisons, but instead compares the observed distribution 

of birds in and around a wind farm with randomised alternative turbine locations. The first results from an operational 

wind farm in Scotland, while preliminary, show very low apparent rates of displacement for key seabird species of concern.  

Monitoring at this wind farm is ongoing, and the same method is being used at other wind farms. If the same results are 
obtained in future years and other sites this will improve confidence that displacement is not an impact of concern. It will 

also provide an indication of whether seabird responses change through time, for example if seabirds become habituated 
to wind farms. Furthermore, because there is no requirement to collect pre-construction data the method can be used at 

existing wind farms and could be used more widely to rapidly build the knowledge base on seabird displacement rates. 
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Offshore wind energy is well-established in Europe and Asia is poised for rapid growth in waters of the Americas. 

Understanding the potential magnitude of bird and bat collisions at offshore wind farms is an important factor for 
regulators, and assessing these impacts is challenging given harsh offshore conditions and the inability to conduct 

standardized carcass searches similar to land-based turbines. While European regulators have relied on collision risk 
models to predict operational effects of offshore wind development, U.S. regulators have not accepted collision model 

predictions. Therefore, development of automated collision monitoring technologies to measure collision is an important 
factor in advancing offshore wind energy in the U.S. market. Automated monitoring systems can also identify the specific 

time when collisions occur, which is vital information for developing potential curtailment strategies to reduce mortality at 

wind farms. 

To support this need, WEST is leading a collaboration with the Netherlands Organisation for Applied Scientific Research 

(TNO) and the U.S. National Renewable Energy Laboratory (NREL) to advance an automated, multi-sensor system for 
detecting and quantifying bird and bat collisions at offshore wind turbines. This research and development effort was 

funded primarily by the U.S. Department of Energy’s (DOE) Office of Energy Efficiency and Renewable Energy, Wind 
Energy Technology Office. The effort improves TNO’s existing WT-Bird® system that successfully detected large bird 

collisions during the daytime at the Offshore Wind Farm Egmond aan Zee (OWEZ) in the Netherlands. The updated system 
is designed to detect collision impacts during day and night, including objects as small as 8 grams using updated non-

metallic sensors installed inside of the turbine blades. Simultaneously, independently functioning cameras installed at the 
base of the turbine document collision events. The primary objective of the DOE-funded project is to advance the WT-

Bird® system to detect large, medium, and small birds and bat collisions during both daytime and nighttime hours. Three 

major technological advancements resulting from the project include: 1) improving the sensitivity of acceleration sensors to 
detect collisions of small birds and bats, 2) integrating machine learning algorithms to process imagery data collected by 

the cameras to automatically classify birds or bats and verify collision, and 3) creating a launching system and projectiles 

of multiple sizes to realistically simulate collisions. 

The NREL launcher system is capable of consistently launching biodegradable wood and gelatin projectiles to collide with 
operating turbine blades without incurring structural damage to the blade. During tests of the WT-Bird® system at a NREL 

turbine, results demonstrate that the updated acceleration sensors reliably detect the collision of objects as small as 8 
grams during turbine operation. Imagery collected from land and offshore environments is being used to train the computer 

vision system to recognize bats, and small, medium, and large birds. Test results will be finalized in early 2022 prior to 
commencing land-based commercial turbine verification testing during the summer. Land-based turbine testing will be 

concurrent with traditional post-construction monitoring. Subsequent tests of the advanced WT-Bird® at an offshore turbine 

are expected in 2023. 
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Calculating the height at which birds fly over the sea is a challenging task but remains important to assessing collision risk 

in proposed offshore windfarm areas for consenting purposes. This could be done by several methods (e.g., GPS or laser 
rangefinders), but each have biases that make it difficult to generate site-wide assessments. Digital video aerial surveys, 

which quickly cover large areas, were used to assess flight heights of northern gannets and black-legged kittiwakes using 
a photogrammetric technique combined with a semi-automated measurement tool. The lengths of birds known to be at sea 

surface as identified by reflection on the water, were compared to lengths of birds at unknown height to generate individual 
flight height profiles. Validation of the flight height method using objects of known dimensions and heights suggested a 9 

– 18% error (3 – 6 m at ~30 m height). However, the profiles of mean flight height distribution matched patterns in 
previous work. This method was able to estimate the flying heights of 65% and 75% of flying gannets and kittiwakes 

respectively in this case study. The annual percentage of gannets at collision risk height for a set of turbines with a 30m 

air gap was estimated at 29.8%, and 16.1% for kittiwake. This technique can greatly improve our knowledge of the 
spatial distribution of flight height patterns in marine ecosystems, but also allows stakeholders to assess collision risk more 

easily within the sphere of offshore wind for the consenting process. 
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There is a lack of empirical data on seabird flight behaviour within offshore wind farms. As a result, there remains a high 

level of uncertainty surrounding collision impacts, which may subsequently lead to conservative assessments and risk to 

consenting of future offshore wind developments. 

RPS and DHI have completed a two-year study on behalf of Vattenfall at the European Offshore Wind Deployment Centre 
(EOWDC) at Aberdeen, Scotland. This ground-breaking environmental research applies new multi-sensor technology to 

improve our understanding of the details of seabird flight behaviour, including their 3-dimensional responsive behaviour 
to operational turbines. The project was carried out between 2020 and 2021 and focusses on northern gannet, black-

legged kittiwake and large gull species during the breeding season. 

Combined radar and video recordings enabled by DHI’s bespoke MUSE software provide detailed tracks of birds that 

allowed us to examine species-specific flight and foraging behaviour, flight height, directionality, speed and meso- and 

micro-avoidance. 

The interim results from Year 1 of the study revealed some interesting patterns of species-specific behaviour, with strong 

meso- and micro-avoidance avoidance responses. Generally, there was horizontal avoidance starting 2-300m from rotors 
(when birds are in the meso space) and attraction of birds to areas between turbine rows at >300m distance (when birds 

are in the meso space). There were few birds observed within the micro space close to the rotors and those birds 
demonstrated a very high response rate avoiding flying through the rotor swept space. Flight heights, directions and speeds 

also varied with distance from the rotor. The majority of gannets were flying between 10-30 m whereas higher proportions 
of kittiwakes (44%) and the majority of large gulls (>80%) were flying at rotor height. The measured flight speeds from 

the radar track data in the wind farm were generally lower than flight speeds recorded from GPS studies outside wind 

farms: 5-8 m/s for herring gulls and unidentified large gulls; 6-8 m/s for gannet; 6.5-7 m/s for kittiwake. These target 
species all showed a decrease in flight speed when approaching closer to the turbines, as well as a decrease in flight 

altitude, although both gannet and kittiwake then increased flight height when in very close proximity (25 m) to the rotors. 

In Year 2 of the study, the equipment was improved with the introduction of an AI-based video tracker on both cameras. 

The result is prolonged video tracking of bird targets and considerable improvement in the quality of videos and the 

frequency of flight height estimates generated by the combined radar and video tracks. 

We will present the results of our analyses of the complete two-year dataset (which are ongoing) using statistical models 
to examine changes in flight parameters such as density, flight speed, flight height and angle of approach in relation to 

distance from rotors and wind conditions. We will also attempt to investigate some causes behind the behavioural responses 

in the near-rotor space. 
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Airborne wind energy technology is a small but growing sector of the wind energy industry with ambitions to make a real 
contribution to wind energy generation of the future. Across the globe, a wide array of technologies are being developed 

and tested, some with the purpose of providing small local energy sources and others with the aim of large scale energy 
generation in mind. These technologies provide an innovative contribution to the renewable energy industry, allowing 

previously inaccessible wind resource to be harnessed for energy generation and providing a number of logistical benefits 

over conventional wind energy developments. 

As with all renewable energy technologies, assessing the environmental impact of airborne wind devices will constitute a 

key concern when planning deployment sites. One key consideration which has shaped the wind energy industry to date 
has been the potential for collisions with birds in flight. In Europe, for example, avian collision risk modelling is often a 

mandatory requirement of the planning phase for any wind farm and it is likely that the legislation underpinning the need 
for this assessment will also apply to airborne wind energy. However, modelling the collision risk of such devices to birds 

presents a new set of challenges. 

In this talk we will introduce airborne wind technology and its place within the wind energy industry and then focus in on 

methods used to try to assess potential avian collision risk for these technologies so far, identifying the strengths and 

shortcomings of each. We will use this as a starting point to discuss lessons learned from the conventional wind industry and 
how we might apply these in the airborne wind energy sector. We will identify knowledge gaps in collision risk assessment 

for airborne wind technology and consider possible operational monitoring and validation methodology, discussing how 

these might feed back into collision risk models. 
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The collision risk of Eurasian eagle-owls (Bubo bubo) with wind turbines has often been regarded as high, yet the recorded 

number of collisions has been relatively low considering the detectability of this large bird and its widespread distribution. 
The aim of this project was to determine the flight behaviour of this nocturnal species in the vicinity of wind farms and its 

consequences on collision risk. Ten eagle-owls were equipped with GPS tags between June 2017 and May 2019 in northern 
Germany, a region with a mainly flat topography. GPS devices were equipped with a flight detection mode which 

permitted the recording of high-resolution flight tracks (one position per second). 

With 0.9 % of the time spent in flight, the overall flight activity of eagle-owls was low corresponding to less than a quarter 

of an hour per day. Maxima of flight activity were reached after sunset and shortly before sunrise. 56.3% of the flight 
activity occurred within a distance of 1 km around the nest site, including the non-breeding season. In Germany, a minimum 

distance of 1 km from a planned wind turbine to eagle-owl nest sites is recommended. 

Flights were short (median 12 s; max. 108 s) and the travelled distance was small (median 94 m; max. 1,620 m). The time 
between flights varied largely but lasted less than 10 min in 80 % of all cases. Data on flight heights showed that eagle-

owls mainly flew low above the ground. The median flight height was 10.9 m. Only 8.5 % and 3.3 % of the flight positions 
occurred at heights above 30 m and 40 m, respectively. Flight heights did not vary over the course of the year and no 

periods (e. g. mating season) with higher flight heights occurred. Flight tracks of eagle-owls did not show horizontal or 
vertical avoidance of wind turbines and were largely independent of habitat structures. Thus, the micro siting of a planned 

wind turbine will have only little influence on the collision risk of the eagle owl.  

Due to their low flight heights and their low flight activity the collision risk of eagle-owls with modern wind turbines can be 

regarded as low. The remaining collision risk directly depends on the dimensions of the wind turbines. Our results suggest 

that the risk to collide with turbines with a ground clearance of > 50 m is negligible.  

Considering the large amount of data (2 million GPS positions; 95,409 flight sequences; 12,020 km covered flight distance) 

including both sexes and all phases of the reproductive cycle (mating, egg-laying, incubation, chick-rearing, post-breeding 
season) these results can be regarded as representative for this type of landscape and comparably structured landscapes 

within Europe. 
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In the framework of the energy transition in the Netherlands, several plans for the realization of wind turbines near Natura 

2000-site Veluwe have been developed in recent years. These plans have led to concerns about collision fatalities among 
protected honey buzzards, for which the Veluwe is a key area. In an elaborate study we have investigated collision risks 

for honey buzzards in and around the Veluwe, based on several years of GPS tracking data that gave detailed information 
on flight movements in the area. The results of this study have had major consequences to the wind energy ambitions of the 

administrative regions that are responsible for the regional transition to renewable energy sources. Plans for turbines within 
the Natura 2000 area have been cancelled and all wind energy initiatives within an 8 km radius are subject to scrutiny 

with respect to impacts on this species. 

The study of collision risks was based to a large extent on years of GPS tracking data of honey buzzards in the Veluwe. 

These data made it possible to calculate site-specific parameters like flight altitude, flight speed as well as spatial 

information on habitat use and flight distances. Calculations using the Band model showed that the realization of wind 
turbines in the Veluwe are expected to affect mainly male honey buzzards, whereas turbines outside the Veluwe mainly 

affect females. This is due to the larger flight radius of female honey buzzards and the fact that the females spend more 
time outside the Natura 2000 area than males. Since females mostly do so in the second half of the breeding period, in 

the months of July and August, this provides a clear window of collision risks. 

One of the main results of this study is that it forced the regional energy authorities to consider the impacts of all wind 

initiatives near the Veluwe in a cumulative manner. From an ecological viewpoint this makes sense, as it concerns one 
population of honey buzzards, but from a policy perspective this required to step up from regional coordination to 

provincial coordination. Another factor is that turbines close to the Veluwe likely have a much higher impact than turbines 

further away, complicating the possibilities for new initiatives and highlighting the need for a coherent spatial strategy. 
Currently the ecological effectiveness as well as the legal possibilities of several mitigation measures (including still-stand) 

are being investigated, in order to design a spatial strategy that allows the realization of wind energy but does not impact 

the population of honey buzzards. 
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Emerging markets of wind energy in Eastern Europe and transition to renewable energy in this region has put key issues 

for impact assessment and mitigation of negative effect of wind farms on birds in this region. Development of wind energy 
production in NE Bulgaria – the main area of operational wind farms is situated partly in a territory latter designated for 

Natura 2000 zone. In this sensitive area for soaring birds along the Eastern fly way and particularly in the Kaliakra area, 
an Integrated Bird Protection System (IBPS) was implemented as a mitigation measure in 2018. The creation of the IBPS is 

an initiative of twelve Bulgarian companies that own and operate 114 wind turbines. The IBPS allows the management 
and minimization of the risk of birds colliding with the rotating parts of wind turbines, by shutting down single or groups of 

turbines or entire wind farms, as well as monitoring during risk periods for species of conservation importance. To achieve 
this goal, a combination of existing high-tech radar observations, meteorological data, integrated with field visual 

observations by experienced ornithologists, is applied. In addition, GPS/GSM tracking method has been used for detailed 

study on behaviour of breeding soaring birds in the area – common buzzards (Buteo buteo). The home range, ecological 
preferences of habitats as well as avoidance rate of the model species are evaluated by the GPS data during the annual 

life cycle of the birds. The website of the IBPS publishes weekly and monthly bulletins with the number of observed birds, 
tracks of flocks and results of carcass monitoring. There are 13 seasonal reports with analyses and conclusions on the impact 

of wind turbines in the last 3 years. The annual collisions of the target species like white storks (Ciconia ciconia), white 
pelicans (Pelecanus onocrotalus), honey buzzards (Pernis apivorus) and lesser spotted eagles (Aquila pomarina) were 

estimated as 86, 2, 1 and 0.1 respectively by the collision risk assessment model frequently used in the EIA. The real 
collision rate of the same species established in our post construction monitoring after detailed searches once per every 

week under every turbine in the periods of migration of these species was equal to zero. Due to the low number of collision 

victims found below all 114 turbines at Kaliakra SPA, a significant increase of avian mortality at Kaliakra SPA due to local 
wind energy projects is not indicated. This is especially true for target species of special conservation concern at Kaliakra 

SPA. The low collision mortality at Kaliakra SPA wind turbines suggests a high efficiency of turbine curtailment in response 

to potential risk situations. 
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Growing concerns about climate change have led nations to reduce greenhouse gas emissions through the use of energy 

from renewable sources. Although wind farms are a clean renewable energy source, they can produce negative impacts. 

The Genesis Wind Farm (GWF) is being developed in the centre-east of the Golan Heights region in Israel. Two vulture 

species represent one of the main sources of concern in the wind farm, the griffon vultures and the Egyptian vulture. To 
guarantee the conservation of vultures in the region and minimize the collision risk in the GWF while supporting the survival 

of the nearby breeding populations in the Golan Heights, a feasibility study was performed and a Management Plan 

produced.  

This study included analyses on the movements and use of space by 19 griffon vultures and one Egyptian vulture tagged 
with GPS-satellite transmitters between 2012 and 2017. Information from reports and bird surveys was also included. 

Kernel home ranges and activity centres were estimated and mapped for each individual, during both breeding and non-

breeding seasons, and nearby roosting locations identified. Resorting to high-resolution data collected, the time spent inside 
the projected wind farm area was calculated for nine griffon vultures and one Egyptian vulture. Based on this information, 

estimations of turbine shutdown periods and associated energy production losses were calculated.  

Results from this study indicated that vultures occurred mostly during the morning period and more frequently during the 

non-breeding season inside the wind farm area. Despite large variations in the area used by different individuals, home 
ranges of the large majority of the tracked griffon vultures were distributed over the Golan Heights. Whereas, Egyptian 

vulture’s home ranges and activity centres revealed much larger areas, but still including the Golan Heights region. The 
majority of movements of griffon vultures inside the wind farm area were above 200 m height and concentrated in the 

southwestern area of the wind farm. The total time spent inside the wind farm area in conditions of high collision risk was 

2.22 hours and 2.44 hours, for griffon and Egyptian vultures respectively. Annual estimations of turbine equivalent shutdown 
periods ranged between 6.00 hours and 7.74 hours, corresponding to less than 0.09% of the overall number of potentially 

available hours for energy production in one year. 

The feasibility study recommends three management actions. The implementation of temporary turbine shutdown on 

demand (RASOD) protocol at the wind farm. This is to date the most effective way to prevent and reduce the mortality of 
soaring birds at wind farms. The RASOD protocol proposed includes two radar units, a control room with a radar 

ornithologist and a team of trained birdwatchers located at strategic vantage points with access to radio communications. 
Other recommended actions include, supplementary feeding stations aiming at redirecting vulture’s movements from nearby 

roosting and breeding areas away from the wind farm towards alternative feeding locations and habitat, livestock and 

carcass management aimed at decreasing the livestock around the wind farm. These measures, thereby guarantee the 

conservation of the nearby breeding populations of griffon and Egyptian vultures. 
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The constant expansion of wind energy requires fast and effective innovative solutions for bird detection and collision risk 

mitigation. This is true for both currently operational and under-construction wind farms. Different bird species are at 
different risks of collision, with large thermal soarers such as golden eagles (Aquila spp), pelicans (Pelecanus spp) and 

vultures (Gypinae and Gypaetinae) being some of the most likely victims. Often, wind parks are located in regions of high 
biodiversity, with turbines being built in valleys acting as natural wind tunnels, increasing turbines’ efficiency. These wind 

tunnels, however, are also used by various birds in the area, creating a funnel effect by connecting both metapopulations 

of locally breeding species in addition to migratory ones. 

We analyzed the detection rate efficiency of a thermal imaging camera-based bird collision avoidance system installed 
on an operating wind turbine and capable of autonomous detection at 500+ meters with precise azimuth. The experiment 

was carried out in NE Bulgaria during the months of August and October 2020, within the period of autumn bird migration. 

The system was equipped with a custom-built detection software providing live picture and video logs of each recorded 
detection. Human observations were conducted every day by ornithologists with visual detections recorded in a logbook 

for comparison purposes after. After the end of the experiment the video recordings were analyzed individually to filter 

bird and bat detections from others. The results were then compared to ornithologists’ logbooks records. 

All data records were analyzed individually by two ornithologists to arrive at accurate and objective results. True positive 
detections by the thermal camera-based system and software for August 2020 were 805 birds and bats out of 965 total 

detections (83.1% accuracy). False positive detections were mainly insects (7%), turbine blades (3%), picture distortion by 
vibrations (2%). True positives for October 2020 were 780 birds out of 850 detections (91.8% accuracy). Insects were 

comparatively less due to colder weather (4.7%) and there were no bats due to hibernation. Correlation of system 

detections vs actual human detections was strong although limitations of human eyesight made it difficult to quantify the 

results. Specific sound emittance had persistent efficiency in deterring birds away from WTGs. 

Bird collisions with wind turbines are a fact and will be on the rise with the increase in the number of wind farms around 
the world. Existing bird control tools like radar, HD camera or human visual detections each have a number of drawbacks 

and have not been able to prove their efficiency up to the standards of wildlife protection national organizations and 
supranational groups. Precision and range of thermal imaging combined with appropriate software likely provide the most 

reliable bird and bat detection capability today. Detection recordings present a way of objectively analyzing the 
performance and accuracy, while custom-designed sounds invoking acoustic startle reflexes deter virtually all avian species 

already at 400+ meters without allowing for habituation and minimizing the need for WTG stoppage, thus maximizing 

wind farms’ production efficiency. 
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Safeguarding wildlife from the potential project level and landscape level impacts from wind power projects (WPP) and 

overhead power lines (OHL) requires appropriate field monitoring data from the potentially affected area. In many 
regions with a mature wind energy sector, impacts from WPP are generally well understood. However, in many emerging 

market countries, the industry is at an earlier stage of development, and regulatory processes almost always do not require 
rigorous post-construction fatality monitoring (PCFM) studies at project sites. In these situations, there is potential for 

substantial adverse effects on susceptible wildlife populations to go unchecked. Furthermore, PCFM practice and 
implementation varies considerably between regions, hampering our ability to understand regional- and global-scale 

impacts from WPP. While PCFM is essential to understanding the actual impacts of operational WPPs, if it does not follow 
good international industry practice (GIIP), it could lead to misrepresentation, either underestimating or overestimating the 

actual impacts of the WPP to bird and bats. 

One of the take home messages from the fifth CWW in 2019 was that data on WPP impacts need to be gathered in a 
standardized format to support analyses of regional and global impacts. As such, a new Post-construction Bird and Bat 

Fatality Monitoring for Onshore Wind Energy Projects in Emerging Market Countries handbook is now available that 
provides guidance for GIIP PCFM. The stated purpose of the Handbook is “to provide a practical PCFM methodology for 

use in emerging market countries, and … to inform the collection of standardized data on bird and bat fatalities so that 
accurate and comparable fatality rate estimates can be made across landscapes.” The Handbook works alongside an 

Excel-based decision support tool (DST) that assists inexperienced users in formulating a best-fit PCFM study design.  

We obtained PCFM data from an anonymous WPP, operating in an emerging market country, and determined the 

recommended PCFM design based on the Handbook and DST. For this presentation, we compared the recommended 

design to the design that was implemented based on their appropriateness to the ecological context of the WPP and the 
relative costs of implementation. Although we did not have data to compare PCFM data or fatality estimates between the 

two designs, we discuss here the likely strengths and weaknesses of estimates due to the Handbook-recommended design, 
compared to the design that was implemented. One benefit of the Handbook-recommended design is the production of 

data compatible with the GenEst fatality estimator, which will permit robust regional-scale impact assessments when 

combined with data from other wind energy facilities in the region. 
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Weather variables are commonly used to mitigate collision risk of bats at wind turbines by shutting down wind turbines 

when a certain constellation of weather variables occurs. Regularly the question arises whether such an approach would 

be also suitable for the mitigation of raptor collisions. 

To test this approach for raptors, we used high resolution data of flight tracks of red kites collected on Swabian Alb (D) 
on the test field of the Wind Energy Research Cluster South (WindForS) within the framework of the project 

“NatForWINSENT” (Nature Conservation Research on the Wind Test Site) funded by the Germany Federal Ministry for the 
Environment, Nature Conservation, and Nuclear Safety (BMU) and the German Federal Agency for Nature Conservation 

(BfN).  

Red kites were tracked manually with a laser rangefinder (LRF, Vector 21 Aero) or with GPS-transmitters (Ornitela B25) 

fixed on the back of red kites. Data on local weather variables were continuously registered by different sensors on the 

test field (100 m high meteorological masts, ceilometer). We analysed the flight height above ground level depending on 

weather conditions and in relation to the critical wind turbine height. 

We used a linear mixed effect model to analyse the influence of weather variables on flight height in general and a 
binomial logistic regression model to analyse the effect of weather variables on the probability that red kites are flying 

within the height interval of wind turbines. In both models, the method of data collection was also included into the model. 

Flight height measured with LRF was usually higher than flight height measured with GPS. Amongst other reasons, this might 

be related to detection probability which differs between methods. Red kites were flying lower during strong wind and 
wet weather conditions compared to weak wind and dry weather conditions. The effects of weather variables on the 

probability that red kites are flying within the height interval of wind turbines were generally weak and never over 50%. 

This means that there are no weather conditions where red kites are preferably flying within the critical height. 

Our findings show that results might depend on the method of data collection and that mitigation of collisions purely based 

on weather variables is not suitable for red kites.  
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Smart curtailment techniques have been developed by several organizations throughout the wind community over the past 

several years, with the goal of minimizing bat fatalities while also maximizing power production and revenue. However, 
although smart curtailment often attempts to minimize bat fatalities as much as possible, it is likely that bat populations can 

be sustained by limiting fatalities only to a certain level. This notion that fatalities do not necessarily need to be eliminated 
entirely, but rather need to be sustained below a certain threshold, leads to new opportunities for curtailment optimization. 

This talk will present a so-called optimal curtailment technique that is a generalization of smart curtailment. In optimal 
curtailment, operational hours are used strategically throughout the year so as to maximize energy production and revenue, 

while meeting constraints on acceptable levels of wildlife impact.  

Optimal curtailment uses meteorological data, energy demand data, and models of bat occupancy to predict time periods 

during the year when energy demand is high and wind resource is likely to be available. At each nighttime hour, bat 

occupancy models (and optionally, in-situ devices such as echolocation sensors) are used to predict whether bats are present 
and to compute a probability distribution over the number of fatalities that would result from operating. Based on current 

wind conditions and energy demand, an optimal control algorithm determines whether the turbine should be curtailed 
during the current hour, or whether an operating hour (and potential bat fatalities) should be saved for a future time when 

energy demand or wind resource may be higher. The algorithm that underlies optimal curtailment is derived from stochastic 

optimal control of Markov Decision Processes. 

This talk will present the overall methodology behind optimal curtailment and its relationship to smart curtailment. Detailed 
simulation studies will be presented for several wind projects throughout the US using modelled meteorological data and 

bat fatalities models fit to real-world data. Simulation results will quantify the increase in AEP that is achievable using 

optimal curtailment compared to smart curtailment and blanket curtailment techniques. Furthermore, the tuneable trade-off 
between AEP increase and fatality reduction that is one of the main features of optimal curtailment will be demonstrated. 

Overall, results illustrate the promise of optimal curtailment as a means to minimize curtailment losses and sustain bat 

populations through the use of advanced algorithms, large data sets, and in-situ sensing. 
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With the increasing pace and scale of offshore wind deployment in the North Sea, the likelihood of cumulative 

developments having an adverse effect on protected habitats or species is growing. Given the current climate emergency 
and finite possibilities for locating wind farms, it is likely that future projects will increasingly rely on a derogation case 

under the Habitats Regulations, including the delivery of ecological compensation measures, in order to secure the necessary 
consents. Here we present a case study of Ørsted’s Hornsea Three project as the first offshore wind farm for which 

derogation measures were specified in its consent requirements. The UK Government could not rule out an adverse effect 
on integrity in relation to in-combination collision impacts on black-legged kittiwake (Rissa tridactyla), a qualifying feature 

of the Flamborough and Filey Coast Special Protection Area. The objective of this work was to find a suitable measure 

which would deliver sufficient compensation for Hornsea Three’s potential impact on the designated feature. 

Following consultation, the provisioning of artificial nesting structures (ANS) to increase numbers of kittiwake in the North 

Sea population was deemed the most promising compensatory measure to fulfil these objectives. Kittiwake have been 
observed to successfully colonise purpose built ANS, erected to provide alternative breeding habitat following the 

destruction of existing nesting sites, however, the application of this idea as a compensation measure for collision mortalities 
is novel. A scientific literature review was undertaken to support the validity of this measure and identify the key ecological 

factors supporting the provision of ANS. Using the best available generic demographic rates for the region, it was 
calculated that an ANS supporting 404 pairs of nesting kittiwakes would produce breeding adult birds to fully compensate 

the potential impact of collision mortality to kittiwakes from Hornsea Three. 

To implement this measure, Hornsea Three set up and is consulting with an Offshore Ornithology Engagement Group (which 

includes representatives from the relevant statutory nature conservation body, NGO and regulators) to gain feedback and 

alignment on the development process. The advantages and challenges associated with the measure and process will be 
highlighted in this talk. Hornsea Three has identified the most suitable sites where ANSs could be located and the key 

design elements required to enhance their success. 

As there are a number of windfarms following Hornsea Three in the southern North Sea, other developers are pursuing 

similar ANS compensation measures for kittiwake. As a result, there is an overlap in areas identified as suitable sites and 
the resources needed to meet compensation goals. While the compensatory requirements for Hornsea Three are secured, 

Ørsted is pursuing a strategic approach to the delivery of ecological compensation in order to proactively address 
challenges for its future wind farms and is leading an industry collaboration on this matter. The aim of the collaboration is 

to find a solution to compensatory measures at strategic scale which aligns net zero and biodiversity goals. The approach 

taken in the UK may serve as useful precedent for other countries with extensive offshore wind ambitions. 
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The impact of wind farm (WF) development on large terrestrial mammals has been so far very rarely considered and 

researched, resulting in very little knowledge about this issue. Recently, due to increased development of renewable energy 
projects, a special challenge in impact assessment process is the construction of WFs in forest habitats. To assess impacts 

on large carnivores (wolf, bear and lynx) due to the development of the WF project planned in forest habitats in the 
mountain region of Croatia, a one-year baseline survey was performed. Surveys were carried out at two zones around 

each wind turbine: a) Zone of 1 km (includes area of 1 km radius) – an area where impacts on large carnivore habitats is 
expected for their ecological requirements, and b) Zone of 2 km (includes area of 2 km radius around each wind turbine) 

– with expected impacts on reproduction sites for large carnivores. 

The survey methodology included analysis of available data including the habitat sensitivity map, camera trapping survey 

and identification of large carnivore’s occurrence tracks (transect tracking). The number of cameras needed to be deployed 

was determined according to the size of the area of potential impact. Following the national and international guidelines 
all cameras were set mostly inside the impact zone of 2 km. Based on survey results, the most sensitive areas for large 

carnivores were detected and potential impacts of WF development were identified. During the assessment process, four 
basic types of impacts were considered: 1) direct and indirect loss and fragmentation of suitable habitats due to WF 

construction; 2) disturbance of large carnivore individuals due to increased human activities in the form of use of machinery, 
and increased frequency of people and vehicles; 3) the effect of noise pollution from wind turbines during operation phase; 

and 4) visual disturbance from occurrence of artificial object in nature. In addition, assessment included other impacts on 
large carnivores related to WF construction as well, such as road network density impact assessment and impacts on 

migration corridors. Finally, in order to reduce the potential impacts on large carnivores, based on the assessment results 

and in line with the mitigation hierarchy, some advanced mitigation measures have been proposed, including: I. Avoidance: 
reducing the WF spatial layout and avoiding high sensitivity areas; II. Minimization: performing construction works in several 

phases followed by restrictions during the construction period; III. Restoration: large carnivores habitat management, game 

(prey) management. 
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The southern North Sea is a relatively shallow shelf sea, heavily utilised by human activities. All surrounding countries are 

developing offshore wind farms and all countries have plans for significant upscaling of this renewable technology in the 
coming decades. The offshore wind industry expects that the total production of energy by wind turbines in the southern 

North Sea will be around 212 GW by 2050. 

Potential harmful effects of wind farms, such as interference with migration routes, as well as loss of feeding habitat for 

seabirds, collisions with bats and damaging effects of noise from pile driving on fish and marine mammals are receiving a 
great deal of attention. Recently, it has emerged that the introduction of turbines may also influence local hydrodynamics, 

SPM-dynamics and therefore also fundamental ecological processes, such as primary production – the basis of the marine 
food web. In two German wind farms effects such as relaxation of stratification have been measured. If this is relevant for 

large parts of the North Sea, large upscaling of offshore wind may have far-reaching consequences for the ecosystem. 

Not all effects may be negative, but they may affect many ecosystem services, as well as food supply for higher trophic 

levels. 

In the Dutch offshore wind ecological programme (WOZEP), we have started the first numerical model exploration to assess 
which areas of the North Sea may be susceptible to fundamental changes in ecosystem functioning. With a suite of coupled 

state-of-the-art models, we have run scenarios without any wind farms, with the current configuration of wind farms and a 
hypothetical scenario with a total offshore wind energy production of slightly over 200 GW, i.e. roughly in line with 

expectations of the wind industry for 2050. This scenario was not chosen to be realistic, but to learn as much as we could 
of potential effects in different parts of the North Sea. The placement of the wind farms was chosen to cover different 

stratification regimes in the North Sea. 

Initial assessments indicate that the model reproduces current measured stratification patterns very well and it also 
qualitatively reproduces the measured relaxation of stratification in the German wind farms. The large upscaling scenario 

also indicates that there are large areas where potentially significant effects may occur on the physical functioning of the 
system, which in turn may affect the North Sea ecosystem. Ecosystem effects differed in different areas of the North Sea, 

some areas are likely to see an increase in primary production, others a reduction. Changes can also be expected in the 

timing of the spring bloom. 

Within this project we are trying to understand the bottom up effects of offshore wind on the North Sea food web and the 
potential knock-on effects on higher trophic levels. The current models need further validation and we know we have over-

simplified certain processes. However, this is a very important first step to understand effects that are perhaps not so visible 

and obvious, but potentially far-reaching. 
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Seasonal distributions of seabirds and marine mammals are driven by the daily, weekly, and annual migration patterns of 

their prey (fish). Those migrations relate to highly predictable seasonal changes in foraging and spawning grounds, which 
in turn, are driven by climate environmental variables. Within the planning of future large-scale offshore wind 

developments in the North Sea, there is a growing need to understand where top-predator distributions will have increased 
probability of interaction with windfarms. However, existing environmental monitoring techniques are currently based on 

tagging studies or aerial/vessel-based snapshot surveys, which generate high variance between individual species, 
seasons, years, and development sites. In collaboration with the University of Aberdeen, Ørsted, and the Environmental 

Research Institute at the University of the Highlands and Islands, the PREDICT project aims to address knowledge gaps in 
offshore wind environmental characterisation, providing a vision for next-generation monitoring techniques to reduce 

variance and uncertainty in assessments of seabird and marine mammal distributions. 

The project brings together multiple datasets, from historical ICES survey to commercial landings data, to identify the 
locations and timings of where multiple fish species (e.g. sandeels, herring, mackerel, sprat and juvenile gadoid species) 

are available as common prey to a range of top predators. This has enabled us to recreate annual fish migration routes 
and generate seasonal maps of overlap for multiple species to elucidate spatio-temporal trends in growth rates and track 

annual cohorts with a greater degree of precision. The creation of individual seasonal maps will help us to identify where 
planned locations of future windfarms may overlap with high use areas in the annual cycle of fish movement during their 

migration. The project will further identify years, regions, oceanographic and finer-scale features (e.g. frontal and highly 
stratified areas) to predict mechanisms driving variability in annual fish migrations that are most likely the cause of changes 

in seabird and marine mammal distributions. The use of innovative technologies and novel sensor (autonomous) platforms 

will help facilitate this task by identifying the types and combinations of instrumentation needed in the specific locations of 
critical marine habitat types to simultaneously collect data on environmental drivers and prey availability. This study will 

increase ecological understanding and help to de-risk renewable developments in shallow and coastal seas worldwide, as 

offshore wind fulfils increasing demand for clean energy. 
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The Dutch North Sea used to contain more hard substrate such as large oyster reefs, gravel fields and moorlog banks. Due 

to (e.g.) mining, dredging, diseases and fishing (overfishing), hard substrates have drastically decreased during the 19th 
and 20th centuries. In the coming years, many offshore wind farms will be built in the North Sea providing a source of 

renewable energy. In 2030, they will provide 40 percent of the Dutch electricity consumption and cover around 2.8% of 
the Dutch North Sea. Offshore wind farms are promising locations for biodiversity enhancement and reintroduction of 

biogenic reef species in the North Sea. They offer hard substrate surfaces as well as less or no bottom habitat disturbance. 
The Rich North Sea programme aims to enhance nature in offshore wind farms by creating reefs and increasing biodiversity. 

The Rich North Sea wants nature development in offshore wind farms to be well implemented in policy and regulations. 
We run different projects in different offshore wind farm locations and test oyster breeding cages and artificial reef 

structures in an offshore test site. Also, it is creating an online Toolbox, intended for wind farm operators, to share the 

lessons learned, ideas, designs, results and literature on biodiversity enhancement in wind farms. The programme is about 
halfway but preliminary results are available, examples will be shown during the presentation. The focus is now shifting to 

the long term: how to keep implementing biodiversity enhancement options and wildlife inclusive designs into an even busier 
North Sea. Multi-use of wind farms is inevitable. How can we balance the benefits of offshore wind with the opportunities 

for the natural environment? With more offshore wind farms we see an increase of available hard substrate. When do we 
shift from hard substrate design back to sandy sediment? Should we focus on habitat creation, species conservation or just 

on keeping our footprint as small as possible? Should we broaden our view to include protected areas when tendering a 
new wind farm for example? The presentation will go into the projects of The Rich North Sea so far, the preliminary results 

and lessons learned. Next, the focus will be on the future and the further rollout of wind at sea and how to keep making 

use of the opportunities offshore wind offers the natural environment. 

 
Keywords: Benthos, offshore. 
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Winds of change: planning, perspective and partnership as we move forward with 
wind energy and wildlife interactions in Africa 
 
Kate L. MacEwan, Samantha Ralston-Paton 
 

Correspondence author: Kate L. MacEwan, Western EcoSystems Technology, Inc. (WEST) 
Email: kmacewan@west-inc.com 
 

According to the Global Wind Energy Council, Africa is utilizing 0.01% of its 59,000 GW of technical wind potential. The 
likelihood for wind energy expansion on the continent is, therefore, huge. Furthermore, the top goal of the 26th UN Climate 

Change Conference of the Parties (COP26) is to secure net zero emissions by 2050. Increasing investment in the 
development of renewable energy is necessary to achieve this goal, and Africa’s untapped wind energy resource will 

likely be a priority. The second goal of COP26 is to adapt to protect communities and natural habitats. The ongoing decline 
of biodiversity in Africa, and the reliance of African human communities on natural resources means mechanisms need to 

be put in place to minimize the impact of renewable energy on species populations and habitats on the continent.  

Since the turn of the century, commercial wind energy has been produced in Africa, with the largest wind energy facility 
(365 turbines) on the continent going live in Kenya in 2019. Over 90 wind energy facilities are currently in construction or 

operation across the continent: South Africa, Morocco and Egypt lead in terms of current built wind energy generation, with 

Ethiopia, Kenya and Tunisia following closely behind.  

Despite decades of wind power in Africa, we understand relatively little about the interactions between African birds and 
wind turbines, even less about African bats and wind turbines, and nothing on the potential impact of wind energy on other 

African wildlife. Individual, project-specific bird and bat monitoring studies (mostly unpublished) have been completed, but 
there has been little coordinated collation of this bird and bat fatality data and minimal consideration of cumulative 

impacts beyond the project scale. These gaps in knowledge can compromise effective environmental impact and strategic 

environmental assessments.  

We present a review of published studies from the continent and an analysis of available unpublished bird and bat fatality 

results from selected African countries. We share case studies where wind-wildlife research has been successful and where 
there have been challenges unique to emerging markets. We propose a continent specific, wind-wildlife focused 

partnership between industry, project financiers, existing conservation organizations, power utilities, governments, and 
wildlife consultants. This partnership will promote the implementation of existing and upcoming emerging market-relevant 

monitoring guidelines to standardize the results from monitoring studies, and provide support, training and research-based 
initiatives where needed (especially where key, large financiers that demand biodiversity standards be met are not 

involved). The partnership will facilitate effective pre-feasibility planning, baseline monitoring, post-construction monitoring, 

mitigation and adaptive management. We describe how lessons already learned from other continents, and partnership 
models already established, can be used to inform the impact of wind energy in emerging economy countries, and lead to 

a more proactive approach to conserving biodiversity while still meeting the goal of reduced carbon emissions. 

 
Keywords: Birds, bats, collision. 
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Towards global solutions for reducing the risk of wind energy facilities on bat 
populations 
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Mortality of bats at wind energy facilities has been recognized as a potential threat to bat populations for nearly two 

decades. Since the early 2000s, researchers primarily in North America and Europe, have worked to identify which species 
are most at risk, to better characterize the spatial and temporal conditions associated with high mortality events, and to 

understand how, why, and when bats interact with turbines to better assess collision risk. Numerous replicated 
experimentally designed studies have measured the efficacy of turbine operational strategies to lower bat fatality rates 

in various contexts since the mid 2000s. Operational curtailment, the strategy that increases the wind speed at which turbine 
blades spin to generate energy, has now been widely shown to be effective at reducing bat fatalities in North America. 

Concurrent with the evidence that curtailment works to reduce bat fatalities, modelling efforts have quantified the 
population-level risk to the hoary bat (Lasiurus cinereus), a long-distance migratory species that accounts for over a third 

of observed fatalities at wind energy facilities in North America. Modelling results indicate that current levels of wind 

energy build-out in the United States and Canada may have already caused substantial declines of hoary bats in North 
America. Risk of future decline and extinction may still be mediated with rapid adoption of measures to reduce bat 

fatalities by roughly half, a level achievable by curtailing turbines at lower wind speeds. Despite strong empirical evidence 
that curtailment reduces bat fatalities, there has been little incentive for wind industry to voluntarily adopt curtailment 

practices given that the practice reduces power generation and thus profit. As wind energy expands globally to meet 
clean energy goals, we need global criteria for assessing fatality thresholds and risk to bat populations, particularly in 

emerging wind markets in regions with high bat diversity and where little is known about species-specific risk factors. Lastly, 
most efforts to measure fatality rates of bats at wind energy facilities has occurred at land-based wind energy facilities 

and the risk posed by wind turbines in offshore environments remains unknown. The potential for high, but unobservable, 

collision rates for migratory bats that may use offshore flyways is a rising concern for global bat conservation. Creative 
policy solutions that can create regulatory measures or provide economic incentives are urgently needed to enable the 

wind energy industry to contribute renewable energy without negative impacts to biodiversity. 

 
Keywords: Bats, collision, shutdown. 
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Understanding global concerns regarding the environmental effects of wind energy has been the motivation for the 

International Energy Agency (IEA) Wind Technical Collaborative Program initiated Task 34–Working Together to Resolve 
Environmental Effects of Wind Energy or WREN. Under the auspices of WREN, a systematic assessment using horizon 

scanning was performed using feedback from the global wind energy and wildlife community to identify priority persistent 
and emerging environmental issues for land-based and offshore wind energy development. Given the global nature of 

wind energy development targets, feedback was of interest from all countries where wind energy development is already 
underway or being planned to help meet United Nations Intergovernmental Panel on Climate Change (IPCC) targets to cut 

global carbon emissions and limit the impacts of climate change. The horizon scan assessed persistent and emerging 
environmental issues over the next 5-10 years associated with wind energy development and received a total of 294 

responses from 28 countries over the course of the scan. For land-based wind energy, the highest priority issues identified 

were turbine collision risk to birds (e.g. raptors), followed by collision risk to bats, and cumulative effects on birds. For 
offshore wind energy, the highest priority issues identified were turbine collision risk for birds (e.g., seabirds), underwater 

noise for marine mammals, cumulative effects for birds, and displacement for birds. Emerging issues identified by 
respondents included topics such as cumulative effects (for which methodologies are still in development), effects of 

sound/disturbance on communication/fitness, life-cycle-aspects (either pollution or resource extraction), landscape effects, 
technology-related issues (e.g. larger turbines, floating turbines), and climate change impacts on baseline conditions during 

the multi-decadal life of a wind project. For both land-based and offshore wind, the effectiveness of mitigation measures 

and costs for monitoring, minimization, and mitigation were identified as overarching challenges. 

 
Keywords: Birds, bats, marine mammals, offshore, onshore. 
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Implementing mitigation measures for collision impacts at a Kenyan wind farm 
 
Dominic Kimani, Mary Wanjiru Warui, Libby Hirshon, David Wilson, Leon Bennun 
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Wind energy is expanding rapidly in Africa, but data remain limited on the biodiversity impacts and the effectiveness of 

mitigation measures. Kipeto is a 100 MW, 60-turbine wind farm in southern Kenya, operational since 1 July 2021 and 
deploying a large biodiversity team onsite to implement active mitigation. The aim is to reduce collision risks to Critically 

Endangered Rüppell’s and white-backed vultures and resident large eagles, through observer-led shutdown on demand 
and carcass detection and clearance. Two-person observer teams are stationed at eight vantage points each day during 

raptor active hours (09:00-18:00) to monitor bird activity and instruct turbine operators to implement shutdown if needed. 
Other observers are assigned daily to ground searches for fatality monitoring, and to locate and remove carcasses of 

livestock or wildlife that could attract scavenging vultures. We present findings to date on the activity of priority bird 
species, effectiveness and number of shutdowns, and fatality estimates, as well as practical challenges and lessons learned 

that may be relevant to other wind farms. 

 
Keywords: Birds, onshore, collision, shutdown. 
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Preliminary investigation of sites in the North Sea and the Baltic Sea: first experience 
with a novel approach to develop offshore wind energy sustainably 
 
Andreas Dänhardt, Kerstin Schiele, Sebastian Fuhrmann, Mirko Grüter, Karin Schröder  

 
Correspondence author: Andreas Dänhardt, German Federal Maritime and Hydrographic Agency 
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With the Offshore Wind Energy Act (WindSeeG), the German Federal Government introduced a novel approach to 

investigate suitability of areas in the Exclusive Economic Zones of the North Sea and the Baltic Sea to develop offshore 
wind farms in a sustainable fashion. One element of this legal framework, which entered into force in early 2017, is the 

investigation of marine fauna and other protected assets prior to the subsequent planning approval procedure. The BSH 
investigates the areas designated in the site development plan for tendering procedure by the Federal Network Agency 

(BNetzA) and wind farm construction. The first so-called preliminary investigation of sites (PIS), pursuant to §10 WindSeeG, 
has been completed for two sites in the south-eastern North Sea and for one site in the Baltic Sea in March 2021. Key 

deliverables were the publication of i) data, analyses and reports required for an environmental impact assessment (EIA), 
ii) a formal determination of suitability, iii) the calculation of the energy production capacity to be installed, and iv) an 

ordinance, depending on the outcome of the suitability assessment, declaring the suitability of an offshore site for wind 

farm development. The results of the investigation have been made publicly available via the PIS-Data Hub 
(https://pinta.bsh.de/?lang=en). During the PIS, data on subsoil, oceanographic and wind conditions, ship traffic and the 

marine environment are used for analyses and assessment. Empirical data on benthos, biotopes, fish, marine mammals and 
resting and migratory birds are collected following a standardized protocol for sampling and data processing. Together 

with a wide variety of available information from other EIAs, research projects and the literature, these empirical data 

form the backbone of a rigorous and detailed environmental impact assessment.  

To illustrate this novel approach of the PIS, we describe steps and milestones of preparing and issuing tenders for at-sea 
studies on focal species groups, of data collection and sample processing and, finally, of the elaboration of the four central 

products of the PIS, the EIA, suitability assessment, calculation of installed capacity, and ordinance. From the perspective 

of the responsible authority, we outline our experience with this new format in the context of the spatially less explicit 
maritime spatial plan and the site development plan. Furthermore, we discuss how the application for plan approval as 

well as the planning approval procedure of a particular wind farm may benefit from the preparatory and structured steps 
taken during the PIS. Finally, we give an outlook on future developments of PIS using the scenarios published in the pending 

site development plan 2021. 

 
Keywords: Birds, fish, marine mammals, benthos, offshore.  
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Powerline sensitivity mapping for a diverse raptor assemblage in Thrace, northeast 
Greece 
 
Sidiropoulos Lavrentis, Elizabeth Navarrete, Sylvia Zakkak, Volen Arkumarev,  Elzbieta Kret, Eleftherios Kapsalis, Anastasios Dimalexis 

 
Correspondence author: Sidiropoulos Lavrentis, NCC ltd 
Email: lavrentis.sidiropoulos@gmail.com 
 

The area of Evros and Rodopi prefectures are among the most important for raptor conservation in the Balkans, hosting 

several breeding and wintering species of conservation concern, including the last native breeding colony of the cinereous 
vulture in SE Europe. A fragmented but multifaceted agropastoral rural economy in the uplands, and the recent proliferation 

of wind farms have resulted in an extended network of energy transfer infrastructure in the protected areas of the land, 
resulting in collisions and electrocution rates of protected species comparable with the known local mortality from wind 

farm collisions.  

We utilized extensive telemetry datasets from four species (cinereous and griffon vultures, golden and lesser-spotted 

eagle) and known nest/roost site locations for the entire assemblage. We developed a three-tier score index depending 
on the quantiles of density distribution on a 1X1 km grid for perches, night roosts and low flights and supplemented with 

known nests for species/territories with no telemetry data. Our ranking system example classified 5 of 6 known 

collision/electrocution mortality incidents of the cinereous vultures in the high priority area for the species. We finally 
combined species maps to produce a final scoring for 1X1 km squares of high (75-100%), medium (25-74.9%) and low 

(0-24.9% of score distribution) sensitivity to linear energy transfer infrastructure for the protected areas.  

We developed this system as a tool to identify areas where the identification of dangerous infrastructure should focus. 

Based thus on the existing and planned networks, insulation and marking of powerlines can be applied hierarchically, 

starting from the high priority areas. 

 
Keywords: Birds, onshore, collision, tagging. 
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Sharing scientific knowledge with stakeholders on identified environmental issues for 
the integration of French offshore renewable energies: the ‘reef effect’ 
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COME3T (expert committee on the environmental issues of offshore renewable energies) brings together several 

stakeholders in the offshore renewable energies (ORE) sector (industrials, public authorities, universities, etc.) to identify the 
main environmental issues in the context of ORE development in France. Groups of neutral and independent experts are 

formed for each issue/topic, which was identified by a steering committee. Experts provide knowledge and suggest 
recommendations to facilitate the environmental integration of ORE on topics such as ‘impact of ORE on coastline dynamics’, 

‘evaluation of windfarm effects on marine mammals’, etc. The outputs of these expert groups are then published as a public 
newsletter, eventually associated with a video summary. Here we present the production from the group who worked on 

the topic ‘reef effect on fish populations’. The reef effect induced by offshore windfarms and its consequences on fish 
populations and mobile species are complex as the former generates responses at different scales. The reef effect occurs 

when an anthropogenic structure is introduced in the marine environment, thus increasing the capacity of the ecosystem to 

host living organisms that are partially or permanently dependent on hard substrates. This effect is complex to characterize 
as it is usually associated with other effects such as the ‘reserve effect’ or the ‘stepping-stone effect’. The impacts generated 

by this reef effect on fish populations can be observed at different scales: microscale (foundation, float), mesoscale (wind 
farm) or macroscale (marine region). Fish community responses induced by the reef effect can be grouped into four main 

categories: abundance and biomass variations, biodiversity change, connectivity modification and food web modification. 
The experts agreed that knowledge is lacking for the quantification of reef effect impact on the ecosystems, despite being 

a central issue to understand the effects of ORE on the marine environment and ecosystems. 

 
Keywords: Fish, benthos, offshore. 
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infrastructure interactions in Europe and North Africa 
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Wind turbines and power lines can cause bird mortality due to collision or electrocution. The biodiversity impacts of energy 

infrastructure (EI) can be minimised through effective landscape-scale planning and mitigation. The identification of high-
vulnerability areas is urgently needed to assess potential cumulative impacts of EI while supporting the transition to zero-

carbon energy. 
 

We collected GPS location data from 1,454 birds from 27 species susceptible to collision within Europe and North Africa 
and identified areas where tracked birds are most at risk of colliding with existing EI. Sensitivity to EI development was 

estimated for wind turbines and power lines by calculating the proportion of GPS flight locations at heights where birds 
were at risk of collision and accounting for species’ specific susceptibility to collision. We mapped the maximum collision 

sensitivity value obtained across all species, in each 5x5 km grid cell, across Europe and North Africa. Vulnerability to 

collision was obtained by overlaying the sensitivity surfaces with density of wind turbines and transmission power lines. 
 

Exposure to risk varied across the 27 species, with some species flying consistently at heights where they risk collision.  For 
areas with sufficient tracking data within Europe and North Africa, 13.6% of the area was classified as high sensitivity to 

wind turbines and 9.4% was classified as high sensitivity to transmission power lines. Sensitive areas were concentrated 
within important migratory corridors and along coastlines. Hotspots of vulnerability to collision with wind turbines and 

transmission power lines (2018 data) were scattered across the study region with highest concentrations occurring in central 
Europe, near the strait of Gibraltar and the Bosporus in Turkey. 

 

In this study we identify the areas of Europe and North Africa that are most sensitive to EI development for the specific 
populations of birds for which sufficient GPS tracking data at high spatial resolution were available. We also map 

vulnerability hotspots where mitigation at existing EI should be prioritised to reduce collision risks.  As tracking data 
availability improves our method could be applied to more species and areas to help reduce bird-EI conflicts. 
 
Keywords: Collision, bird movement, telemetry, spatial planning, conservation 
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Nest distribution and breeding success of European nightjar (Caprimulgus europaeus) 
at Brechfa Forest West Wind Farm, Carmarthenshire, Wales 
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RWE’s Brechfa Forest West Wind Farm is located within Brechfa Forest, Carmarthenshire, in mid-Wales, and is located on 

land owned by the Crown Estate and managed by Natural Resources Wales (NRW). It consists of 28 turbines, at 148 m 
height to tip, each of which is located within a ‘keyhole’ in the forest. European nightjar (Caprimulgus europaeus) was 

identified during the planning application as a key species of consideration, and a condition of planning consent was to 
monitor the whole population prior to development, during construction, for the first five years once operational, so that 

any effects on breeding numbers and distribution would be better understood. 

Surveys of breeding nightjar have taken place at the site annually since 2013, with the primary objective of locating all 

nightjar nests within the site boundary and monitoring their outcomes. Nightjars are cryptically plumaged and extremely 
secretive, and only active at dusk and dawn, making them a difficult species to monitor. To help overcome this, radio tags 

were fitted to some adults so they could be more easily detected, and detailed field observations were made throughout 

the summer (late May to August).  

All nest positions (N=114) were plotted into QGIS software, and the distance to the nearest turbine position was calculated, 

including for nests in pre-construction years when there were no turbines present (2013 – 2016). For the two seasons prior 
to clearings being cut (2013, 2014), mean distance of nests to nearest proposed turbines was 298 m, while in 2015 and 

2016 after clearings had been made, the mean distance was 160 m. In 2017 mean distance of nests to the nearest turbines 
under construction was 121 m, and for the four operational years the mean distance was 138 m. These results show that 

there has been no displacement away from turbines. The closest recorded nest was 15 m from the base of a turbine. 

There was no correlation between breeding success and distance to nearest turbine. 

Numbers of territorial adult male nightjar fluctuated between 12 and 17, with territorial females numbering between 8 

and 12. Numbers were slightly higher, on average, post-construction. 

 
Keywords: Birds, onshore, displacement, tagging.  
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Development of wind energy worldwide as a result of climate change policy is raising many concerns about both collision 

risks for birds and bats and the loss of habitat use by these taxa. Previous studies have shown either an attractive effect 
or an avoidance effect of wind turbines on bats. However, the mechanisms explaining either of these effects remain largely 

unknown, although identifying them appears essential to be able to mitigate wind turbine impacts. The few hypotheses 
which have been raised to explain these effects are either related to the structure itself, the rotor rotation speed or the 

red aviation lighting at wind turbines. In this project, we aim to provide new insights to mitigate wind turbines effects by (i) 
determining the role of the features of wind turbine structure (rotor diameter or hub height) to improve wind energy 

planning and (ii) assessing the role of wind turbine operation to optimize mitigation measures such as wind turbine 
curtailment. According to the literature, we expected that the nature of the effect (i.e. avoidance or attraction) would differ 

among bats. We also expected that the effect size would increase with rotor diameter, hub height and rotor speed. To 

test theses hypotheses, we acoustically quantified bat activity at hedgerows along a gradient of distance (10 to 1500 m) 
from wind turbines during maternity period in Brittany (France). We then collected rotor rotation speed at the time of bat 

surveys and features of all sampled wind turbines. 

Our results show that depending on species, we found either attraction or avoidance effects. We also found that all tested 

mechanisms (rotor diameter, hub height, rotor rotation speed) may affect bat activity. However, the involvement of either 
of these mechanisms is highly dependent of the specie considered. To complete our assessment of the mechanisms involved 

in wind turbines effects on bats, we also tested for the effect of red aviation lighting at wind turbines on bats. We 
hypothesized that a reduced time of lighting at night would result in a reduced size of the effect wind turbines have on 

bats. We tested this hypothesis through a triplet design in Germany by sampling hedgerows far away from wind turbines 

(> 2 km), hedgerows at 232 ± 50 m from wind turbines lit all night and hedgerows at 245 ± 50 m from wind turbines lit 
only 5% of the night. We found red aviation lighting to be involved in the effects wind turbines have on mid-range 

(Pipistrellus spp.) and long-range echolocators (Nyctalus spp.) but not on short-range echolocators (Plecotus spp. and Myotis 

spp.) which activity at hedgerows was higher near wind turbines regardless of the time of lighting. 

 
Keywords: Birds, bats, avoidance, attraction.  
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Little has been published on the sensitivity of the grey heron (Ardea cinerea) to wind turbines (WT). Moreover, the data 

largely refer to foraging grey herons during the breeding season at a greater distance from breeding colonies or to 
observations during winter season. The present study provided the opportunity to investigate the behaviour of a breeding 

colony of grey herons in the vicinity of an existing wind farm before and after expansion with additional wind turbines. 
The wind farm is located in Lower Saxony (Germany) and has been operated with 13 wind turbines since 2001. The 

breeding colony of the grey herons is located about 660 m south of the wind farm. It comprised about 30 breeding pairs 
in 2015 and was located at the western edge of a black alder stand. Between 2016 and 2018, the wind farm was 

expanded and now extends to approximately 230 m from the breeding colony. Prior to the implementation of the 
extension, a flight activity study with four to five vantage points was carried out in 2015 in the area of the wind farm, the 

extension area and unaffected reference areas to determine focal points of use and flight behaviour. After implementation 

of the extension, the flight activity study was repeated to determine whether shifts in land use in the sense of an avoidance 
effect are discernible and whether the collision risk has changed. In the meantime, the grey heron colony had grown to 

approx. 65 breeding pairs and had increased in extent towards the east. In addition, a two-year strike victim search at 
two of the newly erected WTs was evaluated. The aim of the studies was to derive indications and recommendations for 

planning practice regarding minimum distances between a colony site and a planned wind energy project from the 

observed behaviour of the grey herons. 

In 2015 and 2019 together, a total of 7,176 flights of grey herons were recorded. 95.5% of the flights took place below 
50 m. Furthermore, no grey herons were detected as collision victims during the two-year strike victim search. Neither an 

avoidance of the wind farm nor a shift of flights from the newly built wind farm towards the reference area could be 

detected. 

The results are published here: Steinborn, Koopmann & Sprötge (2021): Empfindlichkeit des Graureihers gegenüber 

Windenergieanlagen. Naturschutz und Landschaftsplanung 53 (8). DOI: 10.1399/NUL.2021.08.01 

 
Keywords: Birds, onshore, collision. 
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Behavioural research is needed to implement and optimize conservation efforts and ensure adequate mitigation for 

anthropogenic influences. Currently the standard in in-situ behavioural research of elasmobranchs is through placing an 
invasive tag under the skin, in muscle tissue or cartilage of the fish. Current non-invasive methods include harnesses and 

suction cups. Due to the size of multi-sensor tags and stress associated with placement, both methods are not suitable for 
smaller elasmobranchs and/or for short duration. In a controlled ex-situ setting behavioural research is often carried out 

by analysing video data. Video data alone is however not suitable to detect all parameters that might be of interest, as 
for example in research on the behavioural response to a gradient electromagnetic fields. Attaching tags using adhesives 

is, to our knowledge, a relatively understudied methodology in rough skinned fish and so far only applied in-situ to other 

taxa as for example marine mammals with furs (seals) or fish with smooth skin or scales.  

Adhesive tagging could be a promising technique for short term non-invasive behavioural research of small benthic 

elasmobranchs. This study investigated different adhesive methods suitable for the marine environment and the application 
on small benthic elasmobranchs for behavioural research. An inventory was made of the available marine adhesives for 

both short- and long-term application. The adhesives were tested on three deceased ray (Raya clavata) and shark 
(Scyliorhinus canicula) individuals. The adhesives that performed to specifications were tested on live individuals in a 

controlled environment. The results were then applied in short term behavioural research in a laboratory setting focusing 
on benthic elasmobranch behavioural response to anthropogenic magnetic fields. This proof of concept will show if using 

adhesives of multiparameter sensors is a suitable method to monitor behaviour of small benthic elasmobranchs in relation 
to environmental stressors as magnetic fields. If successful this research will further the field of non-invasive tagging, 

reducing handling and placement stress and broadening the parameters to be monitored ex-situ. 

 
Keywords: Fish, offshore, cables. 
  



CWW2022 4 - 8 April 2022 Egmond aan Zee, Netherlands Poster Presentations 

 

 78 

Theme: 2. Species responses 
 

 

Monitoring the impact of wind turbines on birds with a full 3D radar in a difficult 
environment 
 
Joris Everaert, Els Lommelen, Raïsa Carmen, Jo Loos, Hilbran Verstraete, Marc Walle 

 
Correspondence author: Joris Everaert, Research Institute for Nature and Forest (INBO) 
Email: joris.everaert@inbo.be 
 

The Port of Antwerp is a large industrial area alongside the Schelde river in Flanders (Belgium). Several nature reserves 

are also located in and around the port. In the application for planned wind turbines, knowledge gaps were identified 
about the flight movements of birds and therefore also concerning the possible impact on bird populations from the further 

expansion of wind energy in the area. Therefore, in 2021 a long-term 5-10 year monitoring project with a 3D bird radar 
was started by the Research Institute for Nature and Forest (INBO) in cooperation with the company (VLEEMO) responsible 

for the wind farm development. The radar provides full 3D information of all bird movements in the nearby environment 
up to several kilometres. Bird tracks are stored in a database, with an automatic classification of small, medium and large 

birds or flocks of birds. The radar operates continuously 24/7, resulting in millions of bird tracks. 

There are many challenges in the processing of the large dataset of bird tracks from the radar system. Industrial structures 

such as buildings, silos, piled up containers, moving cranes and rotating blades from wind turbines, but also groups of trees, 

can cause interference with the radar, resulting in clutter and some false bird tracks or a reduced detection capacity. 
Therefore, ornithologists performed validation experiments at several vantage points in the area, at different distances 

from the radar. The validation was done with the use of binoculars, a spotting scope, thermal imaging binoculars, night 

vision goggles and field tablets with real time radar bird track information.  

With the result of the first validations, corrections and assumptions were made in relation to the bird movements, to better 
assess the (possible) impact of operational and planned wind turbines in the area. Some challenges were defined to further 

improve the radar detection and classification in the future. We can also formulate recommendations on how to deal with 

challenges of radar research into the effects of wind turbines on birds in a difficult (cluttered) environment.  

The preliminary monitoring results indicate a noticeable avoidance behaviour of local birds flying at close range (approx. 

within 50-100 metres) from the rotor swept area of operational wind turbines, depending on the species classification and 
flight height. A more detailed analysis to determine the avoidance behaviour and collision risk is ongoing, including the use 

of meteorological parameters. In the summer of 2021, validated foraging bats at relatively high altitudes (approx. 50 
metres and higher) above the nature reserves, were also tracked by the radar. A more detailed innovative radar detection 

experiment with bats flying close to the wind turbines is planned in the near future. 
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Wind farms (WF) cause the mortality of birds and bats due to collisions with wind turbines. However, the collision risk varies 

from species to species depending on their behaviour and abundance. Collision risk is also related to species morphological 
features, such as flight height and mass. In Portugal, almost 500 bird fatality records from 2005 to 2015, were found in 

548 (23%) turbines installed at 44 WF which had monitoring programmes ongoing. The most common species included 

“swallows, martins and swifts” and “larks” (60%), and “birds of prey”.  

The analysis of 15 years of bird mortality records at wind farms, in Portugal from 2005-2020, is now almost closed with 
the plus of adding bias-corrected mortality estimates (carcass removal and search efficiency). Mortality composition does 

not differ significantly from the first national inventory (2005‑2015). Small Passeriformes and raptors are among the most 

affected groups, particularly when the estimated fatality is considered. Even though larger birds are easier to find, they 

might also be easier to spot by scavengers, making them less likely to be found during carcass searches. This highlights the 
importance of adjusting factors to perform estimates. The temporal distribution of fatalities is also similar. It was higher 

from late August, when bird abundance is also greater, until late September at the beginning of the migration season in 

Portugal.  

The results indicate that virtually all studies perform mortality estimates, following best practices recommendations. Despite 

some divergences in methods and estimators used, we have now a statistically robust evaluation of the effects on birds. 
Generally, studies include fatality estimates based on size, with a few species-specific evaluations. There are also 

differences in experimental design. For example, carcass search periods and effort vary from WF to WF, depending on 
their location and the species community context. Such decisions highlight the importance of pre-construction studies and 

their recommendations for standardized monitoring programmes. 

This 15-year national level compilation emphasizes the importance of monitoring studies to inform mitigation measures. This 

is critical to our understanding of how species and populations are impacted at the project scale, allowing us to upscale 
the analysis and look at the bigger picture. Such information can be used to better direct actions to mitigate potential 

impacts. 
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To meet 2030 renewable energy targets, there is a need to accelerate deployment and/or re-powering of onshore wind 

energy in Ireland. Given wind energy development can have negative consequences for wildlife, it is necessary that 
development proceeds in an environmentally sustainable manner so as not to simultaneously exacerbate the biodiversi ty 

crisis. To ensure such sustainable development, consenting decisions regarding wind energy development should be based 

on best available evidence regarding potential ecological impacts. 

Hen harriers are of particular interest for wind energy development in Ireland due to their conservation status, affiliation 
with upland habitats and known sensitivity to wind farms; but particularly, because a significant amount of existing wind 

energy in Ireland occurs in designated Special Protection Areas (SPAs) for hen harriers. Despite this, there is a limited 
evidence base to determine the likely impacts of wind energy development on hen harriers in Ireland. As a result, 

approximately 1GW or 25% of Ireland’s wind energy capacity may be ineligible for re-powering unless the evidence 

base upon which consenting decisions are made can be improved or validated using empirical data. Of note, is the lack 
of guidance around hen harrier avoidance of wind farms and turbines in an Irish context, rather current guidance is based 

on Pearce-Higgins et al. 2009. From the point of view of applying the findings of that study in an Irish context, there are 
certain limitations: (i) the study was carried out in the UK and is therefore not necessarily representative of wind-energy 

wildlife interactions in Ireland due to differences in habitats, topography, species composition, species abundance, etc. (ii) 
the aforementioned study has a multi-species focus, using transects as the survey method of choice. While fit for purpose 

for the objectives of the study, this method is not the best suited to collect data on bird of prey flight activity. Therefore, 
we aimed to develop an evidence-based calculation of turbine avoidance rates of hen harriers in Ireland, and thereby 

generate results that can inform best practice in Ireland. To do so, we used existing flightline data collected as part of the 

WindHarrier project in collaboration with University College Cork (UCC). These data consist of hen harrier vantage point 
flight observations at twelve wind farm and twelve control sites over two breeding seasons. Preliminary results suggest that 

hen harrier avoidance behaviour of wind farms in Ireland is similar to that observed elsewhere. However, while this study 
represents a step forward in our understanding of hen harrier interactions with wind energy developments in Ireland, results 

are only as reliable as the observational data they are based on. Therefore, we can expect that, as better data becomes 
available (e.g. GPS tagged birds), our understanding of hen harrier avoidance of wind energy developments in an Irish 

context will be improved upon further. 
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Large carnivores are among the most endangered species on our planet largely due to habitat fragmentation and human 

persecution. Successful carnivore conservation requires robust monitoring, although large home ranges and low densities 
make these species notoriously difficult to study. The development of renewable energy plants poses novel threats to these 

already threatened species, especially when built within large carnivores' strongholds. Consequences like increased human 

presence, exclusion effect or shifts in denning areas are among the most cited impacts.  

To study large carnivores’ basic ecological parameters, such as distribution, occupancy, abundance, birth or mortality rates, 
biologists have relied on a wide range of different experimental designs, methodologies, techniques, and analyses to 

approach reality. Most of these projects are expensive in terms of material and human resources given the vast vital areas 

these species occupy.  

In recent years, the improvement and affordability of non-invasive methods such as digital camera traps and genetic 

analysis from hair or scats have opened new and exciting opportunities to study large carnivores’ populations. 
Developments in species distribution modelling, occupancy models, spatial capture-recapture models are now available 

and are under constant development, making tools to correctly evaluate large carnivores’ populations dynamics accessible 

to biologists and for wildlife managers practical.  

Impact assessment procedures are consolidated in Portugal and wolf monitoring programs have been ongoing for almost 
20 years, with dozens of reports produced from intensive field surveys. However, most of these reports fail to give correct 

insights on impacts at the population level, since they focus on individual and local changes rather than a regional and 
populational approach, often using naïve statistical analysis and unsuitable spatial resolution, which can lead to biased 

final assessments.  

There is a huge need for better quantitative answers concerning wind farm impacts on large carnivores, instead of just 
relying on experts' opinions about the available data. And this shift can be done without dramatically changing what is 

already done in the field but making progress in the way programs are designed and data analyzed. In this communication, 

we will present our point of view on improvements for better and more informative large carnivores monitoring plans.  

Acknowledging that impact assessment calendars and budgets are often shorter than the ones from conservation projects, 
the current availability of methodologies and analytic tools should result in standardized, systematic, replicable, cost-

effective, and robust approach to assess human infrastructure impacts on large carnivores. This should be understandable 

by all stakeholders involved. 
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The planning and assessment of marine activities, such as offshore wind farm development, requires an understanding of 

their potential impact on seabirds. A key question is whether there could be connectivity between important seabird 
populations and those activities. The foraging range of seabirds during the breeding season has emerged as an important 

metric for assessing whether there could be connectivity between breeding seabird colonies that are of importance for 
nature conservation (i.e. those that form interest features of designated sites [protected areas]) and proposed marine 

renewable energy development sites. If connectivity is established then this may indicate the need for impact assessment, 
in Europe through Habitats Regulations Assessment (HRA), to establish whether that connectivity could lead to an adverse 

effect on the designated sites.  

There are useful data on foraging distances of many seabird species, which now include tracking data from an increasing 

number of colonies. There has been a significant growth in seabird tracking studies made possible by substantial 

improvements in the technology available to track a wider range of species with great accuracy and reliability. 
Consequently more robust and representative assessments of species’ foraging ranges are now possible. In light of the 

availability of these improved data The Crown Estate recently commissioned a review of UK seabird foraging ranges led 
by the British Trust for Ornithology to update UK seabird species foraging ranges. Additionally, NatureScot, the Joint 

Nature Conservation Committee and other UK Statutory Nature Conservation Bodies (SNCBs) have been working to define 

foraging ranges specific to seabird populations from individual designated sites. 

The updated seabird species, and where available population-specific, foraging ranges provide UK impact assessments 
with accurate information with which to identify connectivity between colonies and planned or proposed development 

areas at both plan-level and project-level. To support this development NIRAS has created a web-based tool which can 

be used in the HRA Screening stage to identify which features and designated sites to include in any appropriate assessment 
that may be required. The web-based tool is built using the latest ESRI software, and the first publicly available web-

based screening tool developed to support for HRA assessments in the UK. This presentation will demo the Foraging Range 

Screening tool, displaying its functionality and ability to streamline the HRA screening process for breeding birds. 
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The use of digital video aerial methods to survey marine megafauna is well established; HiDef Aerial Surveying Ltd. have 

been conducting such surveys for over a decade in the UK and internationally. The method has been validated for seabirds 
and comparative studies of results with traditional visual approaches have demonstrated they are robust. There has been 

less attention on how the approach compares for marine mammals. Using aerial digital video data collected during monthly 
or seasonal surveys at 13 locations over multiple years around the UK and Ireland, we investigated the proportions of 

identified species to non-identified marine mammals. Ten species of marine mammal were identified: harbour porpoise 
(Phocoena phocoena), bottlenose dolphin (Tursiops truncatus), common dolphin (Delphinus delphis), Risso’s dolphin (Grampus 

griseus), white-beaked dolphin (Lagenorhynchus acutus), killer whale (Orcinus orca), minke whale (Balaenoptera 
acutorostrata), fin whale (Balaenoptera physalus), grey seal (Halichoercus grypus) and harbour seal (Phoca vitulina). On 

average, 86% of detected marine mammals were identified to species. Identification to species for cetaceans was higher 

than for seals, with on average 96% of detections being identified to species. This improves upon identification rates 
reported from international aerial surveys using visual observers where approximately a third of detections could not be 

assigned to a species. Higher species identification rates associated with the use of digital video are likely due to the 
availability of multiple frames (8 frames per second) for scrutiny of each detection together with the ability to augment 

images and measure detected objects to inform species identification. There was little variation in identification rates of 
marine mammals or cetaceans across sites. Across regions, identification rates were also comparable regardless of the 

species richness of the area. The most common non-identified marine mammals were seals which can be more difficult to 
distinguish at sea. Despite conducting surveys at higher altitude than other digital/visual aerial methods, the digital video 

surveys attain high resolution (~2cm Ground Sample Distance) data and provide robust marine mammal data for a wide 

range of applications. Importantly, the high identification rates reduce uncertainty in baseline surveys by maximising the 

volume of species-specific data from which distribution and abundance can be estimated with greater confidence. 
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The increasing demand for energy generated from renewable sources is driving unprecedented expansion of offshore 
wind farms (OWF) around the globe. Underpinning the consents for development are environmental impact assessments 

that are required to assess potential impacts on the marine environment. One potential major impact is on seabirds through 
collision with turbines. Collision risk models are key components of environmental impact assessments and are at the heart 

of offshore wind consenting decisions. Avoidance rates are a key component of collision risk models and can have a large 
influence on the number of predicted collisions. Despite this importance there is still huge uncertainty in estimating avoidance 

rates. Part of this uncertainty is because the rates are not simply descriptors of avoidance behaviour per se, but rather 

account for variability, uncertainty and model error. These in turn can arise from misspecification of other input parameters, 

such as flight height and speed  

Northern gannets have been identified as one of the species potentially at greatest risk from collision with offshore wind 
turbines due to their long foraging ranges and the proximity of breeding colonies to OWF. However, a lack of suitable 

data means that the current species-specific avoidance rate for gannets recommended in the UK may not be applicable 
during the breeding season, largely because of a paucity of data Therefore, there is a clear need to develop an avoidance 

rate for gannets in order to reduce the uncertainty in collision risk estimates. 

Avoidance rates, and subsequent predicted mortality are sensitive to both bird flight speed and flight height, used to 

estimate the predicted number of collisions in the absence of avoidance behaviour. Both flight height and speed are site 

specific and are influenced by a wide range of variables including time of year, behaviour, sex, age and weather. This 
means that models using a single generic value for height and speed incorporate errors associated with variability and 

uncertainty.  

We will present data from gannets breeding at the world’s largest colony, the Bass Rock, Scotland between 2015 and 

2021, in part scoped with and endorsed by the Forth and Tay Regional Advisory Group. We use data from GPS and 
pressure loggers to examine the influence of wind speed and direction, sex and behaviour on flight height and speed 

within the footprints of OWF sites closest to the colony. We will discuss how this data could be used to improve our 

avoidance rate estimate for adult gannets during the breeding season. 
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Offshore windfarm (OWF) developments can have a range of impacts on marine wildlife megafauna. Therefore, it is 

imperative that detailed surveys are undertaken to inform Environmental Impact Assessments (EIAs) and help to quantify 
the effects that OWF developments are having on marine wildlife megafauna. Offshore surveys have transitioned rapidly 

from boat-based to aerial to digital aerial survey methods, with these methods still developing and changing in-line with 
advances in technology and greater knowledge of how data will be supplied and used. Many of the technological and 

methodological developments have been instigated to meet the needs of the marine renewable energy industry through 
assessment of potential impacts, driven by the requirement for advancement in the knowledge base for both developers 

and conservation bodies. A key driver of this change is the requirement for precise and accurate measurements of a range 

of variables that feed into assessments. 

APEM have developed global best practices from projects in the UK, Europe, USA, Vietnam, and Australia which cover 

data acquisition, presentation, and interpretation. Moreover, APEM have extensively investigated the differences in survey 
designs and how these are employed in a variety of situations, including wide area surveys, baseline studies to inform 

consent applications, post-consent (pre-, during and post-construction) studies, as well as custom designs to answer specific 

questions on issues such as protected site connectivity, collision risk, avoidance and displacement, and colony counts. 

Based on our extensive experience in marine wildlife surveying spanning the last 10 years, APEM will share the abilities 

and the limitations of current techniques, best practices, and lessons learnt. 
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Surveillance radar is used to observe bird flight over extended periods of time at locations of interest and has been 

applied to monitor birds near wind farm sites to assess the potential impact of future and current wind energy. Observations 
are often treated as univariate time-series, of e.g. counts, average flight direction or average airspeed. These radars do 

however provide more detailed spatial information that is available at the level of individual birds. Some are even 
equipped with tracking algorithms to construct bird tracks from echoes in subsequent radar scans, such as the Robin Radar 

bird radars. These bird tracks can provide new insights on flight behaviour which may be difficult to quantify otherwise, 

especially in marine environments, due to constraints on other observational methods. 

As an example, we demonstrate how thermal soaring tracks can be extracted from Robin Radar data. Thermal soaring is 
of particular interest for wind energy interactions due to the associated gain in flight altitude and has been observed over 

the North Sea in lesser black-back gulls (Larus fuscus) tracked with GPS. It would be beneficial if this behaviour could be 

identified automatically in bird radar tracks used to monitor offshore bird flight near wind farms. To achieve this, we 
developed a method which applies expert knowledge on thermal soaring to 2D bird radar data. The method transforms 

the track geometry to reflect the bird’s flight path relative to the air and uses thermal soaring properties as measured in 
GPS tracks to assess the stereotypical circling behaviour often observed in thermal soaring. Thermal soaring identified in 

GPS and bird radar in the same area correlated to a high degree in time, and by using bird radar we were able to 
confirm this behaviour occurred within wind farms to a similar degree as on open sea. Based on our experiences, we are 

confident that it will be feasible to extract other types of fine scale flight behaviour from bird radar data with a similar 
strategy, and the method could be applied to on-land radar data as well. By doing so we can make better use of the 

available radar observation systems and help to expand our knowledge on bird movement and behaviour. 
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In 2011, Avangrid Renewables LLC implemented an Operational Wildlife Monitoring Program using operations personnel 

to assess potential impacts (numbers, species composition, trends, and relationships) to wildlife at its operating wind plants 
across the United States. A 5-year assessment of the program was reported at the CWW Portugal 2017. This assessment 

used the carcass count data from 48 Avangrid Renewables wind facilities. The carcass counts were conducted annually by 
operations personnel during weekly searches of turbine pads and access roads in spring and fall. The assessment indicated 

that the monitoring acts as an early indicator or screening tool on the level of impact and integrates wildlife impacts with 
everyday maintenance activities while encouraging a culture of wildlife awareness. It also demonstrated a correlation 

between monitoring fatality detection rates with published estimated fatality rates at same or adjacent facilities. Lastly, 
this analysis indicated that monitoring fatality (carcass) detection rates may have value to address large-scale population 

trends for hoary bats (Lasiurus cinereus). 

Recent models suggest that wind energy may adversely impact hoary bat populations in the US, but these models rely on 
limited data. Annual fatality data (carcass counts) collected at wind facilities can be used to obtain an index of hoary bat 

population trends using occupancy modelling. Avangrid Renewables conducted an analysis of their Operational Wildlife 
Monitoring data (2011-2018) to assess hoary bat occupancy, with the assumption that population trends are correlated 

with site occurrence (occupancy rates) of fatalities at wind facilities. The final model included both an annual trend in 
occupancy and a monthly effect in detection, but more complex models including facility age and curtailment treatments 

did not converge. The analysis demonstrated the potential use of low-intensity monitoring data to address a continental-

scale questions of bat populations and represented another source of information about hoary bat populations.  

Avangrid Renewables will update the prior occupancy modelling assessment as follows: 

- include an additional three years of data (2011-2021)  

- improve convergence for complex models by using Bayesian analysis 

- allow assessment of additional covariates (such as facility age and best management practices) 

These improvements will allow analysis of more complex models to better understand hoary bat population trends. Overall, 

the assessment will 1) provide an index of hoary bat population trends within the regions where sampling occurred, 2) 
discuss recent modelling that has raised concerns of impacts to hoary bat populations, and 3) inform how using widespread, 

low-intensity modelling can be useful to inform potential impacts to hoary bats associated with operational wind facilities. 
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It is widely accepted, from governments, environmental bodies, stakeholders, and financial institutions, that one to two 

years of post-construction monitoring (PCM) is enough to evaluate the wind farm impacts to birds and bats. There is a lot 
of modelling around wind and wildlife impacts but a lack of empirical field data. We present data from two regions in 

Spain where PCM is mandatory for the life span of the projects: Navarre (northern) and Cadiz (Andalusia, southern Spain), 
provinces with different landscapes and bird and bat communities. Data include the fatalities found during the 2003-2020 

period at 39 and 63 wind farms respectively. We received two official databases created after the scheduled searches, 
comprising 8,091 and 13,740 bird and bat fatalities. The overall number of species were 154 in Navarre and 145 in 

Cádiz. There are two nature protection regulations that apply. In Navarre only the national one applies, whilst Cádiz 
(Andalusia) a regional protection act applies alongside the national one. We compared the data against the nature 

protection regulations at a regional and national level. 

Priority species, defined as those listed by the National/Regional regulations comprised 2.3-3.4% of all the fatalities. The 
appear since the early beginning as the PCM starts, like some bats like the great noctule (Nyctalus lasiopterus), Montagu´s 

harrier (Circus pygargus), or the red kite (Milvus milvus). However, there are others that for the two first years the % of 
collisions only represent a 2-3% of the total fatalities discovered after e.g. 10 years of PCM. Decreases of fatalities for 

some of the species should be considered together with population trends from other monitoring programs to ascertain the 

real trend over time.  

Also, Biodiversity Management Plans should be incorporated for projects where protected species are colliding. We did 
not find any adaptive management or protective measures other than still accounting for the fatality numbers. A priority is 

the requirement by the environmental bodies supervising the PCM to request from developers to take proactive 

management decisions. 
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The Gulf of Suez (GoS) is part of the Rift Valley-Red Sea Flyway (RVRSF) is a migrating corridor over which 1.5 million 

birds comprising 37 species migrate twice each year between their breeding and wintering areas in Europe, West Asia 
and Africa. The Gulf of Suez is part of the RVRSF and experienced a great increase in wind energy projects over the past 

years. All developments have performed individual self-project studies of the spring and autumn migrations. We, the 
Regional Center for Renewable Energy and Energy Efficiency (RCREEE) have put into context the analysis of cumulative 

migratory counts of soaring birds in the spring and autumn 2021 seasons at four wind projects. The wind projects are 
located along a 65 x 30 km corridor from Ras Ghareb to the north. We compared bird numbers and passage times for 

six species: black kite (Milvus migrans), honey buzzard (Pernis apivorus), steppe buzzard (Buteo vulpinus), steppe eagle 

(Aquila nipalensis), lesser-spotted eagle (Clanga pomarina), and white stork (Ciconia Ciconia). 

Their species-specific passing times were well synchronized among the projects, p >0.05, for all species in both spring and 

autumn. Total numbers per project were influenced by their different invested monitoring times. As expected, results would 
have been also affected by 1) the species-specific migratory behaviour when deciding to cross or not the sea, especially 

in autumn, when the steppe and lesser-spotted eagles rarely appeared 2) the influence of other human infrastructure that 
interacts with wind energy but not related to it, and 3) the geographical location of a project either to the north or south 

in the region and its distance to the Red Sea coast. 

The results are applicable in the Active Turbine Management Program (ATMP) innovated by RCREEE in 2015, which is 

considered as a global flagship effort is undertaken for aggregated private-sector wind farms taking place in the GoS 
region in Egypt. The ATMP provides solutions to sustain the highest cost-effectiveness for wind energy projects and gives 

design flexibility with a minimum impact on migratory birds. The geographical location of a wind project is relevant for 

the ATMP, including the seasonal timing for starting the shut-down on demand operations, depending on it is in spring and 

the autumn seasons. It also reinforces the need for mutual and permanent coordination between neighbouring projects. 
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Belgium hosts an increasing population of red kites with 300-350 breeding pairs mainly located in the eastern part of the 

country. Half of the population is located in a small, ~700 km2 wide area where six wind farms are operating, and where 
several wind farm projects are in development. The question of a possible conflict between red kite conservation and wind 

power development is consequently of concern in Belgium. To quantify the impact of existing wind farms on the red kite 
population, we carried out a high frequency systematic carcass search under 10 turbines from April to September 2018, 

in 100 m radius areas. In East Belgium, wind farms are mainly located in hay meadows, which makes classical carcass 
search by visual inspection difficult between May and July, when the grass is tall. To solve this problem, we develop an 

innovative method with drones to scan the surface below turbines. The drones (models Phantom 4 and Mavic from DJI) 
worked in autonomous flights along transects following a predefined program. When the drone is flying, the video captured 

by the drone camera is watched live on a tablet by an operator who is looking on the screen for red kite carcasses. When 

a potential carcass is found, the operator stops the drone above the object and checks himself whether the object is a 
carcass or not. Before the beginning of the survey, we tested different combinations of parameters for flying height, flying 

speed, camera inclination and distance between transects to get the best results. During the survey, 16 searcher efficiency 
tests were performed with a total of 63 dummy red kite carcasses. Tests showed encouraging results with an average 

searcher efficiency of 79 %. This suggests that drones are efficient tools for carcass searches when looking for large 
animals like raptors, in particular where vegetation cover prevents classical carcass search by an operator on the ground. 

Beside this methodological result, the results of the 940 systematic carcass searches were statistically analyzed with the 

Evidence of Absence software to estimate the mortality of red kite by wind turbines in the study area 
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The North Sea was once abundantly covered with hard substrates such as oyster beds, coarse peat banks and glacial 
erratics, providing habitat to a rich community of marine species. Most of these habitats were destroyed by bottom-trawl 

fisheries over the past century. Today, the seabed is mainly composed of soft sediment, hosting a relatively poor species 
community. The current rollout of offshore windfarms provides an opportunity to restore marine biodiversity in the North 

Sea. Rock-dwelling species are assumed to benefit from the scour protection at the base of the wind turbines, but actual 

proof is still missing.  

In this study, we investigated the presence and abundance of hard substrate associated species in four Dutch offshore 

windfarms: Princess Amalia, Gemini, Luchterduinen and Belwind. Video data were collected at three monopiles within each 
offshore windfarm using a Remotely Operated Vehicle (ROV) by flying radial transects across the scour protection layers 

(armour layer, filter layer, sand bed). Videos were analyzed by an experienced video observer and North Sea benthic 

species expert and assessed according to the SACFOR abundance scale.  

Hierarchical clustering analysis revealed distinct community clusters for geographic location and scour layer type. 
Windfarms closely located to each other had a more similar benthic community compared those further away. The benthic 

community at the rocky armour layer of the scour protection clearly differed in species composition from the one at the 

seabed surrounding it. Species abundance and diversity were highest at the armour layer, lower at soft sediment and 

lowest in the transition zone between these two seabed types.  

This study sets a baseline for the ecological value at and around existing scour protections. The results can be used to 
improve the design of scour protection resulting in the highest environmental benefit and contributing to the restoration of 

biodiversity in the North Sea. 
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Grouse (Tetraonini spp.) are of particular interest worldwide because of their cultural importance and conservation concern 

due to population declines. Grouse are often considered indicators of overall ecosystem health and are sensitive to 
anthropogenic disturbances. Most grouse species benefit from large and intact habitats to satisfy their life history 

requirements; however, due to habitat loss and fragmentation, many grouse populations are declining. Anthropogenic 
activities that fragment grouse habitat could affect population growth rates, persistence, or occupancy through negative 

behavioural responses leading to functional habitat loss. The extent of negative behavioural responses associated with 
anthropogenic features sited in grouse habitats, including wind energy facilities, likely varies by species, facility 

characteristics, and the surrounding landscape. 

Given the increased demand for renewable energy, and to better understand responses and management of grouse 

species relative to wind energy developments, a synthesis of the potential consequences to grouse populations is necessary. 

Understanding these potential consequences can better inform management and conservation of grouse by providing 
avoidance and minimization measures supported by empirical evidence that ultimately lead to informed mitigation 

measures. Our presentation summarizes the current science evaluating the effects of wind energy development on grouse 
through a qualitative and quantitative assessment. We reviewed over 350 documents that were returned from our literature 

search specific to wind energy and grouse. Fifteen (15) peer-reviewed studies evaluated grouse avoidance behaviour, lek 
attendance, and/or survival relative to wind energy facilities and were used in a meta-analysis to quantitatively evaluate 

effect sizes. Studies not retained in the meta-analysis were qualitatively reviewed. 

We found evidence that grouse were displaced from habitat in close proximity to wind turbines, but findings varied by 

species. We found no evidence that proximity of wind turbines impacted survival on the studied grouse species. The results 

of the meta-analysis aligned well with the qualitative assessment and both provided some evidence that grouse may 
coexist with carefully sited wind energy facilities. Our findings highlight many research priorities, including a need to 

evaluate the potential long-term or cumulative effects of extensive development, which have not been thoroughly 
evaluated. Inferences from this study can be applied to future energy facilities located in similar habitats and associated 

with similar grouse populations as those included in this analysis. As additional research is conducted, similarities between 
study locations and seasonal, species-specific, or behavioural responses can be identified to inform siting of future wind 

energy facilities in grouse habitats. Conserving grouse populations will require a coordinated effort to link research, 
monitoring, and management that treats each new wind-energy development as an opportunity to test hypotheses and 

refine mitigation approaches. 
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Many studies of pre- and post-construction monitoring at wind farms focus on endangered species and key biodiversity 

areas, with little attention to modified habitats, assuming impacts there are of a lower magnitude or lack of relevance. We 
monitored two joining wind farms in a 10 km2 area, comprising six and five turbines, for one year Feb 2020-Feb 2021 in 

the Aragon region, Northern Spain. Three livestock (pig, cattle, and sheep) farms exist up to 300-400 m of the nearest 
turbines, surrounded by a heavily modified habitat of small villages, roads and a highway, and cereal crops. We recorded 

297 bat (27.09 bats/turbine/year) and 112 bird (10.09 birds/turbine/year) fatalities. Using the GenEst estimator, bat 
fatalities ranged 388-5,460 individuals. Affected species where almost all pipistrelles (97.78%): the Common (Pipistrellus 

pipistrellus) (80.64%), Soprano (P. pygmaeus) (4.83%), Kuhl's (P. kuhlii) (9.67%), and Savi’s (Hypsugo savii) (1.61%), except 
the Serotine (Eptesicus serotinus) (3.22%). Fatalities occurred between February and November, with the peak (86%) 

between June-October. 

The two wind farms did not show differences in fatality rates, but differences appeared among turbines, being clumped 
to one pig farm. Both facilities should be considered one from the cumulative impact perspective. We compared our results 

with those reported by the developer according to the regional Government monitoring protocol, including potential biases 
for searcher efficiency and carcass removal in the detection and estimation of fatalities, but also the effect of cereal 

harvesting, and different search intervals. After considering all, our observed fatalities were 4.8 times higher than those 
reported by the developer. Finally, we modelled fatalities related to weather, mainly temperatures and wind speeds, 

suggesting a first mitigation strategy by increasing the cut-in speed of turbines under three different scenarios from 4 to 6 
m/s, when 72.34% of fatalities occurred. This plan should apply between June and October. Under such circumstances the 

estimated yearly energy loss ranged 0.17 to 1.2%. 

Finally, we made a sensitivity assessment using two recent Spanish wind farm planning tools from the Spanish Government 
(GEOPORTAL) and Academia, both released after the turbines became operational. Both predicted the site to be of a low 

sensitivity from a qualitative point of view. Our results, however, showed that human activities like cultivation and livestock 
rearing in modified habitats may have high quantitative impacts to common species, which could be unsustainable in the 

future, whilst conservation, financial, and industry sectors may consider them as low priority. There is an urgent need to 
review the existing post-construction monitoring protocols in the region, accounting and updating the existing knowledge 

on wind and wildlife interactions, but also implementing a peer-review of reports by the environmental bodies ensuring 

proper analyses, implementing, and demonstrating the effective mitigation is in place. 
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The current development of anthropogenic uses of the Gulf of Lions, in particular the envisaged installation of offshore 

wind farms, has highlighted the lack of available knowledge on the use of this area by avifauna and chiropterans. Data 
acquisition is essential to characterise migration flows, flight altitudes and the functionality of marine areas for marine and 

terrestrial migratory birds as well as bats at the scale of the Gulf. 

To meet these knowledge challenges, the French Office for Biodiversity (OFB) has launched a call, in 2021, for a 

programme to acquire data on the flying fauna of the Gulf of Lion by deploying the most relevant means, used in a 

combined manner. This programme includes:  

- A bibliographic synthesis and an inventory of available data on migratory and marine birds and bats; 

- Deployment of telemetry instruments and biologgers on seabirds and migratory terrestrial birds in the Gulf of Lion;  

- Campaigns at sea by boat with visual observations, on-board ornithological radars and acoustic technology for birds 

and bats recordings; 

- Ornithological radar campaigns from the coast;  

- Cross-processing and combined analyse of the different datasets collected.  

The aim of this ambitious programme is to provide information on the spatio-temporal distribution of terrestrial and marine 

avifauna and chiropterans in the Gulf of Lion to improve the implementation of public policies for the preservation of these 

species and their natural habitats. 

It should provide unprecedented spatio-temporal information on the migration of species across the Gulf: probable 
preferential routes, flows of individuals, temporality of migratory events, behaviour, and flight altitudes. These data will 

help to characterise the threats faced by these populations, many of which are in decline. The results expected in 2025 

will also help in adjusting the development of marine renewable energies and other anthropogenic uses at sea to minimise 

the impacts on biodiversity. 
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A significant number of wildfowl (i.e. ducks and geese) migrate across Europe annually between breeding, moulting and 

non-breeding areas, or to avoid unfavourable environmental conditions (e.g. cold weather or food shortage). During these 
migrations they may interact with existing or planned wind farm areas. In most European countries, many wildfowl species 

are protected by legislations which require developers to assess the potential impact of their developments on these 
species. For offshore wind farm (OWF) developers in particular, the data available for most wildfowl species are currently 

insufficient to accurately assess the frequency, magnitude or consequences of interactions between wildfowl and OWFs. 
Using common shelduck (Tadorna tadorna) as a study system, I aim to develop methods to fill these data gaps, in order to 

provide insight into how wildfowl may be affected by OWFs. During my PhD I will:  

(i) Assess how UK migratory Anatidae species might be affected by OWFs, highlighting common vulnerabilities and 

knowledge gaps across the Family;  

(ii) Conduct a multi-year GPS tracking study of common shelduck to provide high resolution data on their migratory routes, 
timings, flight heights and speeds. This will provide empirical data that can be used within collision risk models. The 

tagging methods developed should also allow for more data collection on other small wildfowl species;  

(iii) Analyse available ringing, colour-ringing and population monitoring datasets for common shelduck to assess what 

proportion of the population makes sea crossings, and what the frequency of these movements may be. The 

methodology will be developed such that it can be utilised for any wildfowl species with similar available datasets;  

(iv) Conduct stable isotope analysis of moulted common shelduck feathers to produce an isoscape of their European moulting 
grounds. I will then compare the isotopic signature of feathers collected from protected birds in the non-breeding season 

to this isoscape, to establish connectivity between moulting and non-breeding sites. This methodology may also be 

applicable to other wildfowl species, where gaining sufficient sample sizes from GPS tracking is problematic. 

The outputs of this PhD will aid a more accurate assessment of OWF effects on the north-west European population of 

common shelduck, with a particular aim to reduce OWF consenting uncertainties. The tracking data may also provide 
information that is beneficial to the onshore wind farm industry. The analytical methods developed will use datasets that 

also exist for other wildfowl migrants (e.g. BTO datasets, e-Bird, Movebank), and so can be used to reduce the consenting 
uncertainties around these other species in future too. I intend to work with wildfowl researchers across north-west Europe, 

from Iceland to Ireland to France to Denmark, so the outputs of this PhD will be applicable to wind farm developments 

across this range. 

I am presenting my work here in order to establish connections with all interested stakeholders, and discover what pertinent 
datasets exist for common shelduck. If anyone has monitoring, tracking, or movement data on the species, or knowledge of 

developed isoscapes from their distribution, I would love to talk to you! 
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Climate change caused by high emissions of greenhouse gases to the atmosphere demands for worldwide reduction in 

fossil fuel energy production and increased use of wind energy as a clean alternative. However, there is a potential conflict 
between wildlife conservation and wind energy production. Bird mortalities may be high at windfarms installed along 

migratory flyways and bottlenecks, where a large number of species and large proportions of their global populations 

congregate during migration. 

The Rift Valley/Red Sea (RV-RS) flyway is the second most important flyway in the world for soaring birds, connecting the 
species’ breeding grounds in Eurasia and the wintering grounds in sub-Saharan Africa. Soaring birds depend on thermals 

for migration and thus congregate in large numbers at straits and land bridges to avoid long crosses over sea. The Gabel 
el Zayt in Egypt, classified as an important bird area is an integral part of the RV-RS flyway. It is located on the shores of 

the Red Sea, south of the Gulf of Suez land bridge, and its geographical configuration funnels the migratory birds through 

a narrow land strip framed by the Red Sea mountains and the coastline. Wind regimens in Gabel el Zayt are among the 

best for wind energy production and large windfarms are already operating in the area. 

To mitigate soaring bird mortalities at the 240 MW Gabel el Zayt windfarm, STRIX conducted radar assisted wind turbine 

shutdowns during spring migration from 2016 to 2020.  

STRIX also established a monitoring program to quantify the number of soaring birds migrating daily, further assess the 
international importance of the site, and evaluate the risk of mortality due to collisions. Fieldwork was conducted daily 

from early morning to late afternoon at vantage points located at the perimeter and centre of the windfarm. Observers 
followed all movements of birds within and outside the windfarm and recorded, among other data, time of observation, 

species, number of individuals, flight height and flight direction. Meteorological data was recorded hourly. Daily estimates 

of the number of migratory birds were produced by excluding movements recorded by more than one vantage point. 

STRIX’s monitoring of soaring birds in the Gabel el Zayt windfarm is to date the most comprehensive study in the region 

covering the entire spring migration.  

Forty soaring bird species were recorded between 2016 and 2020, including seven globally threatened and two near 

threatened species. The total number of soaring birds per year averaged 309,041 individuals and was highest in 2016 
with 397,076 recorded soaring birds. Results also show that the site is of international importance for the conservation of 

18 species, with numbers recorded per year surpassing 1% of the estimated flyway population. Noteworthy, numbers 
recorded for seven species surpassed 10% of the flyway population. Furthermore, the application of migrant collision risk 

Band models to evaluate the species’ vulnerability to mortality by collision, indicates that expected mortalities are not 
negligible for a large array of species, thus highlighting the importance of conducting radar assisted shutdown operations 

at windfarms in the region. 
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For a better understanding of wind energy impacts on bird and bat species, the number of fatalities is a widely used 

measure. It is usually determined with a periodic and manual search by humans or dogs in the area below the wind turbine. 
This is time consuming, expensive and the effectiveness varies among different studies. To overcome these issues, we 

developed a methodology for the automatic detection of strike events using near-infrared cameras for daytime and 
thermal cameras for nighttime. The hardware can be installed in the nacelle of wind turbines and is monitoring the area 

below. Images are analyzed by software in real time using pixel-wise and region-based methods. We found that the 
structural similarity is the most important measure for the decision about a detection. We did phantom drop tests over 2 

days in the actual wind test field on the Kuchalb in Germany. A red kite phantom was used for the daylight and a common 
noctule phantom for the nighttime detection. The system was installed on a met mast 75 m above the ground which consisted 

of grass and gravel. We derived a sensitivity of 75.6% for the nighttime detection and 84.3% for the daylight detection. 

The night camera detected 2.47 false positives per hour using a time window designed for our phantom drop tests. 
However, in real applications this time window can be extended to eliminate false positives caused by nightly active 

animals. Excluding these from our data reduced the false positive rate to 0.05 per hour. The daylight camera detected 
0.20 false positives per hour. For a comparison to state-of-the-art methods, the automatic detections need to be evaluated 

manually by a high resolution RGB image or by manual search. Our proposed method has the advantages of being more 
consistent, more objective, less time consuming and less expensive than manual search methods. The system will be installed 

and further evaluated for continuous monitoring in a wind turbine in summer 2022. 
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Northwest Balkans is a part of Europe where both Mediterranean and Alpine biogeographic regions are present, with 

many different habitats (from open dry grasslands to old mountain forests) that provide biodiversity hotspots, including 
threatened bird species. It is also a part of the Adriatic Flyway, a migration route used by numerous birds in both migration 

seasons. In addition, due to suitable wind conditions, this region is developing rapidly in terms of planning new wind farm 
locations, which inevitably leads to potential conflicts with nature protection. Here we have analyzed the data from the 13 

planned wind farm locations where we have done year-around fieldwork in the period 2018-2021. All the overflights of 
target bird species (primary and secondary) were analyzed in QGIS to produce heat maps, indicating the most favourable 

habitats and topographic features, potentially specific for this region. Likewise, we have also analyzed the temporal trends 
of the present target species in this region, using two indices that show the amount of time and number of overflights, but 

also consider the field effort for each month. This will help characterize this region in Europe, in terms of expected target 

bird species activity on unexplored sites and give valuable input for strategic planning of potential wind farm locations. 
Furthermore, it can be a useful tool for designing the wind turbine layout at the specific location, keeping the favourable 

habitats outside of the direct impact zone. Finally, it has potential to help development of new mitigation measures tailored 

to the specific needs of Northwest Balkans biodiversity. 
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Project developers must produce environmental impact studies, particularly on marine megafauna (birds, mammals, turtles, 

big fish…). The analysis of the impacts of an offshore floating windfarm project requires aerial observations of marine 
megafauna in order to better characterise the frequentation of species in the proposed areas. This includes monitoring 

during the construction, operation and decommissioning phases, a total of about 30 years. These observations are classically 
based on aerial overflights by specialised naturalist observers. However, in the age of big data, recent scientific and 

technological developments offer new prospects for radically improving the cost-effectiveness of such monitoring. The 
SEMMACAPE project aims at demonstrating the ability of aerial photography processing and analysis software to 

automatically inventory marine megafauna. 

The project is built on a fully integrated scientific and technical content: 

- Aerial megafauna observation campaign (standard visual method and very high-resolution digital photography 

system), integrating the seasonal variability of species and environmental conditions; 

- Development and qualification of 2 types of automatic aerial photography processing algorithms for animal 

identification and classification: detection by deep neural (end-to-end) network, moving directly from the global image 

to bounding boxes; detection of anomalies by unsupervised deep learning; 

- Assessment of the performance of each detection method tested based on indicators classed by species or group of 

species, as well as according to environmental conditions. 

This project is led by the research unit IRISA (University of Bretagne Sud), with contributions from the WipSea company, 
France Energies Marines (institute for energy transition) and two public organisations: IFREMER and French Office for 

Biodiversity (OFB). 

The total project budget is €600K, partly funded by the French Agency for Energy Transition (ADEME) under the auspices 

of the call for sustainable energy research projects (2018-2019). 
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A common approach to consider the protection of birds in the course of the required wind energy expansion, is the use of 
“safety“ distances between planned wind turbines and nesting sites of vulnerable birds. So far in Germany, there were 

only few systematic attempts to identify the bird species most vulnerable to potential collisions, considering the impact of 
additional anthropogenic mortality on the population level. This results in an extensive list of wind energy sensitive species, 

for which critical information about the actual collision risk is missing. This is one of the main reasons why the wind energy 

expansion is slowing down drastically. 

In order to facilitate the handling of the regulatory demands concerning the species protections regulations of the European 

Bird Directive we developed a model, based on two protective distances around nesting sites of vulnerable birds. Beyond 
the outer distance, a construction permit is (nearly) always granted. Between the outer and the inner radius, the permit is 

only granted, if mitigation measures such as anti-collision-systems are implemented. Within the inner radius, a construction 

is always prohibited.  

As a first step, we identified the bird species which are most vulnerable to additional anthropogenic mortality in Germany 
and took the numbers of known collision fatalities in relation to national population size into account, resulting in a list of 

thirteen bird species, mostly birds of prey. 

We then used a probabilistic approach based on the Band collision risk model, which we fed with information of the latest 
and most extensive telemetry data available, to calculate the collision risk in different distances to wind turbines. 

Supplementary, we estimated the amount of additional anthropogenic mortality each population could cope with before 

declining.  

Assuming that limiting the collision risk for every individual below that value would lead to the prevention of population 
declines, we could calculate the necessary minimum distances between wind turbines and nesting sites, which results in the 

outer radius according to our approach. 

The definition of the inner radius depends on the effectiveness of mitigation measures which are necessary when placing 

wind turbines within the outer radius. Quantification of the reduction of collision probability is only possible for anti-collision-

systems. First results of studies with the camera-based system IdentiFlight were used to determine a minimum distance 

between wind turbine and nest site.  

A sensible use of this approach is only possible for species which tend to return to the same nest site year after year. Out 
of the thirteen most vulnerable bird species in Germany, that includes only lesser spotted eagle, osprey, white-tailed eagle, 

white stork as well as red and black kite, the latter with less nest site fidelity. These are also the species regarded to be 

most affected by collisions at wind turbines. 
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Seabirds represent a key consenting risk for offshore wind farms. The quantification of the risk that an offshore wind farm 

development could have on seabirds requires a suite of modelling tools which rely on the parameterisation of key inputs, 
such as flight heights, avoidance rates, collision rates, among others. Crucial in this context is to identify the underlying 

mechanisms of evasive behavioural responses by birds to wind turbines, and reveal species-, site- and state-specific factors 
enhancing avoidance and thereby affecting collision risk. However, the uncertainty arising from the lack of robust empirical 

data requires a cautious usage of these models, resulting in conservative estimates of the involved risks.  

The proposed study will analyse seabird interactions at the Neart na Gaoithe offshore wind farm in the North Sea, to 

collect empirical data and derive models for such interactions, and ultimately, to evaluate the effects of such structures on 

marine birdlife. The key species of focus in this study are northern gannet and black-legged kittiwake. 

The seabird monitoring equipment, will be fully installed and operational before the wind farm becomes operational and, 

will collect data over the first two years of the wind farm operation for the scientific study. On-site observers will also 
provide data for the study, to validate and complement the data from the digital monitoring systems which will be installed 

in multiple locations across the offshore wind farm.  

The study will focus on macro avoidance dynamics when birds are approaching the wind farm and try to avoid it as a 

whole, meso avoidance dynamics, that correspond to deviations in the bird flight path to avoid individual turbines or arrays 
of turbines within the wind farm perimeter and, micro avoidance dynamics, when birds try to avoid individual wind turbine 

blades. 

The study will then try to answer the following questions: 

1) Does collision occur and are there empirical methods to record seabird collisions at offshore wind farms? 

2) What are the collision rates? 

3) What are the reactive behaviours of seabirds around turbines? 

4) How can we accurately record reactive seabird behaviour close to operational offshore wind turbines? 

5) At what distance does any behaviour change such as avoidance or reactive behaviour occur and is this the same for 

each focus species? 

6) Can this information be used to understand collision risk to seabirds at offshore wind farms? 

7) Do weather conditions and time of day affect avoidance or reactive behaviour? 

8) Does behaviour change within and between seasons? 

This study aims at validating autonomous seabird monitoring tools, which will then generate substantial data to support 

subsequent scientific studies related to the seabird interactions with offshore wind farms. 

Neart na Gaoithe Offshore Wind Limited has contracted to STRIX to deliver the study which has been endorsed by the 

Forth and Tay Regional Advisory Group. 
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Standard methods in bat research, such as ultrasound detection, high speed cameras, thermal vision, capturing with mist 

nets and telemetry, bring good but also very limited knowledge in understanding how bats use the area of interest. Limited 
time of research and technical limitations of these methods cause the uncertainty in defining habitat use patterns, especially 

flight heights of the areal biota. Radar technologies can provide almost continuous sampling manner over large areas, 
larger than using any other standard technology. During the five day research in National Park Brijuni (Croatia) aligned 

setup of recording with high resolution 3D radar (Robin radars, model Max) and parallel bat research with standard 
methods (bat call recording, thermal camera recording and mist netting) was conducted. This is the first usage of radar 

technology in bat research in Croatia, but also in the wider Balkan region. High resolution 3D radar recordings provided 
clear bat flight patterns and at the same time standard methodology provided details on bat species present. The data 

will be used for calibration of the system and further improvement in automated separation of bats from birds. 

Methodology merging standard and high-end technology indicates the possibility to develop high quality monitoring 
systems for bats. This research shows possible opportunity for automated sampling and monitoring of bat emergencies 

from roosts, but also tracking bat migrations, both daily and seasonal. Benefits of using such monitoring systems in both 
development and operational phase of windfarm projects are immense. Habitat use patterns of bats in wider area will 

ensure more reliable expert judgment in environmental impact assessments procedures. Due to a high resolution 3D data, 
primarily spatial information on bat flight patterns, Robin radar model Max can be used as a mitigation measure, 

controlling the operational schemes of each wind turbine, when birds and bats are in a rotor swept area. This could 

significantly reduce collision risk for bats, as it already does for birds. 
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Offshore wind energy is a growing industry in the United States, and renewable energy from offshore wind is estimated 

to double the country's total electricity generation. There is growing concern that land-based wind development in North 
America is negatively impacting bat populations, primarily long-distance migrating bats, but the impacts to bats from 

offshore wind energy are unknown. Bats are associated with the terrestrial environment but have been observed over the 
ocean. In this review, we synthesize historic and contemporary accounts of bats observed and acoustically recorded in the 

North American marine environment to ascertain the spatial and temporal distribution of bats flying offshore. We 
incorporate studies of offshore bats in Europe and of bat behaviour at land-based wind energy studies to examine how 

offshore wind development could impact North American bat populations. We find that most offshore bat records are of 
long-distance migrating bats and records occur during autumn migration, the period of highest fatality rates for long-

distance migrating bats at land-based wind facilities in North America. We summarize evidence that bats may be attracted 

to offshore turbines, potentially increasing their exposure to risk of collision. However, higher wind speeds offshore can 
potentially reduce the amount of time that bats are exposed to risk. We identify knowledge gaps and hypothesize that a 

combination of operational minimization strategies may be the most effective approach for reducing impacts to bats and 

maximizing offshore energy production. 
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The imperative need for a rapid decarbonization in electricity production, as reflected in policy reports of 

Intergovernmental Panel for Climate Change, WMO, EU and many academic institutes, has resulted in a vast deployment 
of onshore and offshore wind turbines worldwide. The coverage of world energy demand mainly by renewable energy 

sources, with a big portion of it coming from wind energy, raises questions about the power density of wind power, i.e. the 

land required to satisfy this energy demand. 

The latter has attracted the interest of many researchers to investigate the potential climatic impacts of wind power in case 
of various scenarios of wind energy penetration. Particularly, the influence of wind turbines on ground-level microclimatic 

variables such as surface temperature, absolute humidity, evaporation, etc., has been measured for the cases of existing 
wind farms, using ground-based or satellite-based observations. Further, other studies estimate the climatic impact of wind 

energy for scenarios of wind energy deployment with the use of climatic models, considering both onshore and offshore 

wind. 

These studies agree that the climatic impact of wind turbines during day is negligible in most of the cases, where there 

exist cases which find a warming effect at night, especially when considering large wind farms in flat terrains. A concern 
is raised if these micro-climate effects have any implications for biogeochemical processes and if they may have an impact 

on wildlife. 

A peer review of recent studies on this issue is elaborated with main scope to answer the following questions: a) which are 

the mechanism to engender the climate impact of wind energy, b) in which conditions such impact is not negligible and c) is 

there any impact on biodiversity by the micro-climate effects of wind turbines. 

Further, these climate impacts are compared with the climatic benefits of a decarbonized planet and the consequent 

benefits to the conservation of biodiversity of the planet. 
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The company Eoliennes en mer services is in charge of the development, construction and operation of two offshore wind 

farms: Dieppe/Le Tréport, located in the English Channel, and Yeu/Noirmoutier, located in the Atlantic Ocean. 

These wind farms were the subject of environmental impact assessment submitted in 2018 and have obtained their 

administrative authorisations. Ambitious and complementary measures are planned for birds, marine mammals and other 
large pelagic species, and chiropterans. These measures include impact reduction measures, monitoring of the effects of 

the construction and operation of the wind farms, compensation measures and monitoring the effects of these measures. 

This poster aims to present the main monitoring measures envisaged mainly at Dieppe/Le Tréport wind farm and will also 

mention some similar measures proposed for Yeu/Noirmoutier offshore wind farm. The characteristics, objectives and 

provisional timetables of these measures will be described, in particular: 

- An ambitious programme to implement telemetric monitoring of several target species, great black-backed gull, herring 
gull, Kittiwake and Balearic Shearwater, aiming to equip more than 300 birds, over 3 years at the scale of the two 

wind farms, between the pre-construction phase and the beginning of the commissioning phase. These telemetric studies 

are part of a research programme aimed at better understanding and determining the preferential habitats of these 

birds at sea before, during and after the construction of the offshore wind farms; 

- The contribution to banding programmes for local breeding larids aiming to study the dynamics of the colonies 

monitored; 

- Surveys at sea to characterise the diversity, phenology, abundance and distribution of birds and marine mammals in 
the area where the wind farm is to be built and in its area of influence, using complementary survey techniques (digital 

aerial survey, underwater acoustic monitoring, boat survey); 

- Studies aimed at characterising the behaviour of birds in flight as they approach the wind farm (behaviour and flight 

heights) by means of radar surveys on the future wind turbines, but also on buoys at sea; 

- Camera surveys to study the behaviour of flying birds in the vicinity of the wind turbines and within the blade rotation 

zone; 

- Monitoring the chiropterans at sea, from the wind turbines and on the islands (search for colonies). 

Many of the measures that will be implemented will, in the long term, not only meet the regulatory objectives and 

commitments specific to these two wind farms, but will also benefit the entire scientific and academic community. Beyond 
the innovation and ambition that characterise several of these measures, the parallel implementation of identical measures 

on two different coastlines constitutes an interesting opportunity, especially as other similar approaches are being 

implemented by other project leaders. 
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The current context of development of anthropogenic uses in the Mediterranean Sea, in particular the planned installation 

of offshore wind farms in the Gulf of Lion (Southern France), has revealed the lack of knowledge on the use of this area 
by avifauna. Acquiring data is essential to characterize the migratory routes, flight altitudes and functionalities of offshore 

areas for avifauna at the scale of the Gulf. 

The MigraLion program, launched in 2021, by the French Office of Biodiversity (OFB) aims at responding to these 

knowledge gaps by deploying the most relevant available technologies, used in a combined manner. Thus, in addition to 
radar, acoustic technologies and visual observations on the coast or at sea, nearly a thousand individuals of 33 bird species 

will be captured around the Gulf to be equipped with GPS or lightweight multisensor loggers (GLS). This study will last 3 
years and includes the main avifauna taxa: migratory terrestrial birds (passerines, waterbirds, raptors…) and resident or 

migratory seabirds. 

These telemetry and biologging data will provide new information on the spatial distribution of sedentary and wintering 
marine species as well as on the behaviour, routes and migratory strategies of migratory terrestrial species, not only at 

the scale of the Gulf of Lion but also beyond to West Africa where some of the birds winter.  

During the summer of 2021, 92 individuals of 10 terrestrial migratory species were equipped, depending on their size, 

with GPS or GLS. Among these species, some like the red-headed shrike (Lanius senator) or the Orphean warbler (Curruca 
hortensis) have never been tracked in Europe and their migration routes are only approximately known through ringing 

programs.  

Although the GLS will have to be recovered on the following year to deliver their data, several GPS routes transmitted in 

almost real time via the GSM network have already been recorded and give unpublished preliminary results. The 

movements of 6 Sandwich terns (Thalasseus sandvicensis) resting and foraging during breeding cover about ¾ of the 
maritime surface of the Gulf of Lion, up to more than 50km from the coast. Five migrating Eurasian dotterels (Charadrius 

morinellus) crossed the Gulf of Lions, while one migrated along the coast towards Spain. 

The data from this program will help inform public policies to improve the preservation of species, often sensitive, and their 

natural habitats. The knowledge acquired will help to adjust, if necessary, infrastructure development programs, and better 

regulate the anthropic activities responsible for the degradation of the state of the populations. 
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The scope of this research is to investigate the effectiveness of a black rotor blade as a mitigating measure to reduce bird 

collisions with wind turbines in the Netherlands. 

Recently, a study conducted on the Norwegian island of Smøla tested whether painting one blade of a wind turbine black 

reduces the number of bird collisions. The outcome was a reduction of over 70% in the number of bird fatalities. The idea 
behind the single black blade is to minimise motion smear. At high rotation speeds, the three individual rotor blades seem 

to merge into a blurry disk that the birds may interpret as a safe area to pass. By painting one blade black, this creates 

an interruption in the pattern, so that birds may notice the rotor blades more easily and possibly avoid the rotor zone. 

In view of the positive results achieved in Norway with the 'black blade', interest has arisen in the Netherlands as to whether 

painting one blade can be used as an effective way to reduce bird mortality in windfarms. However, before this technique 
can be used on a large scale, the effectiveness must be further investigated. In the Netherlands both the bird species 

composition and the landscape are different from Smøla and, for example, nocturnal bird migration at rotor height plays 
an important role in the mortality of birds at wind turbines. A more elaborate study in the Netherlands can therefore 

provide important insights into the effectiveness of this method in a different context than was investigated on Smøla. 

The research is set up following a BACI design (Before–After–Control–Impact) in windfarm Eemshaven. Previous research 

has shown that bird mortality is high in this windfarm, making it an ideal study site for this experiment. Monitoring of 

collision fatalities is carried out at a selection of 14 wind turbines. One year of monitoring is carried out before painting 
the rotor blades. In 2022, one half of the selected turbines will receive the treatment (a single black blade), after which 

two years of impact monitoring will take place. In addition to monitoring ecological impacts, simultaneous studies will be 
carried out on technical impacts (e.g. blade temperature and balance), landscape impacts, and the compatibility with 

aviation legislation. 

Windfarm Eemshaven was chosen for different reasons. 1) the windfarm is located in an area with high intensity of bird 

flight movements, resulting in high mortality; 2) there is a wide variety of bird species including local ducks, geese, waders, 
gulls and birds of prey, and the area has an important function for migratory birds, including many songbirds; and 3) the 

ecological impacts of the windfarm has been well studies in the past, allowing context in the interpretation of the results. 

The research at the wind turbines started in September 2021 and will last three years. Depending on the data collected, 
the results hopefully provide insight into the effectiveness of painting rotor blades in reducing mortality in different species 

groups. 
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Several offshore wind developments in the UK part of the North Sea have proposed in-principle compensatory measures 

for impacts to seabirds and benthic habitats, in line with the Natura Directives. As far as we know, these projects are 
amongst the first offshore wind farms in the world to bring forward compensatory measures for their impacts on Marine 

Protected Areas. 

We describe our experiences of these cases, highlighting the challenges resulting from the realities of compensating for 

marine habitats and wide-ranging species that use the North Sea. We also present our evaluation of the ecological 
likelihood of success of various compensatory measures for some protected seabird populations and seabed habitats. This 

work will be useful for international colleagues considering current or future design of marine compensatory measures for 
offshore wind impacts. Experiences from the UK can inform how compensation is designed and delivered in other countries 

with expanding offshore wind sectors and sensitive marine habitats and species. We hope this poster will stimulate debate 

about how best to deliver compensation in the marine environment, and provide an opportunity to share approaches and 

best practice from different countries. 
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Before piling of offshore wind farm foundations, acoustic harassment devices are used to drive harbour porpoises out of 

the area where they could suffer injuries. In Germany, the seal scarer was mandatory as acoustic harassment device until 
2017. However, seal scarers led to decreased porpoise detection rates in much larger distances than intended, when 1 km 

is usually rendered sufficient to avoid injuries. Therefore, the FaunaGuard Porpoise module is now prescribed and used as 
harassment device. The development of the FaunaGuard aimed at deterring all harbour porpoises from a radius of 1 km 

around piling locations but should not lead to such large-scale disturbance as caused by a seal scarer. 

This study evaluated the effectiveness of a FaunaGuard: although the respective project-specific evaluations indicated that 

a FaunaGuard is highly effective, a cross project analysis and a comparison with data from the previous procedure for 

piling with seal scarer operation were still pending. 

In four offshore wind farm projects, harbour porpoise detection rates were monitored acoustically using C-PODs. Pile 

driving took place between March 2018 and April 2019. Assuming that the detection rates indicate the physical presence 

and absence of harbour porpoises, this study showed the following: 

(1) Detection rates decreased by 48% during FaunaGuard operation at distances up to 1.5 km, compared to an average 

of six hours before. 

(2) During FaunaGuard operation, reduced detection rates were only observed up to a distance of about 2 to 2.5 km 

distance, which is clearly shorter compared with a seal scarer, where avoidance up to 7.5 km is described. 

(3) The FaunaGuard is applicable in various areas in the North Sea for scaring harbour porpoises away from the danger 

zone around the pile driving site. 

(4) After the first 20 to 25 minutes of FaunaGuard operation, harbour porpoise detection rates nearly declined to zero in 

the close range of up to 1.25 km distance. 

(5) In 5 to 10 km distance (mean around 8 km), detection rates during FaunaGuard operation decreased by only 12 % 

compared to the detection rates in the six hours before, but by 94 % when using a seal scarer in the same wind farm. 
Due to the shorter effect range of the FaunaGuard and improved noise mitigation systems, the response to the 

FaunaGuard and subsequent pile driving at larger distances seemed to be lower than shown by studies where pilings 

with a seal scarer as acoustic harassment device were investigated. 

The FaunaGuard was assessed as a highly effective acoustic harassment device to displace harbour porpoises from a 
small-scale area in the short term and thus to avoid injuries. All results from the present study indicated that a FaunaGuard 

should be used instead of a seal scarer for future construction of offshore wind farms, assuming there is no habituation 
effect. Although this study only covers projects in the North Sea, we suppose that a FaunaGuard will also work in the Baltic 

Sea. Specific porpoise scarer such as a FaunaGuard are an important step forward to a less harmful piling procedure. 
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The installation of automated detection-reaction systems in wind farms is a growing response by wind farm operators to 

regulatory requirements to reduce the risk of bird strikes. The effectiveness of these systems depends on a combination of 
parameters including the detection distance of the bird, its speed of movement and the duration of the chosen action 

(command trigger, scaring or slowing/stopping of the rotors). However, detection device makers face a problem for 
parameterizing their material because of the difficulty to know bird flight speed and time needed to shut-down rotor. As 

part of the MAPE research project “Avian Mortality in Wind Farms in Operation”, a multi-actor and collaborative project 
that brings together all the stakeholders concerned by the problem of avian mortality in onshore wind farms in France, we 

developed a web application to solve this problem. The goal is to calculate minimal detection distances for a range of 
bird species of concern, to the benefit of Environmental Impact assessment companies, state authorities, windfarm operators 

and turbine makers. 

To assess the duration for shutdown on demand (SOD), we asked seven windfarm operators to trigger experimental turbine 
shutdown. Results from 137 trials confirmed that duration to reach shutdown threshold speed of respectively 3 and 2 rpm 

lasted 32.2 and 38.8 s in average, but strongly depended on initial wind speed, blade length and type of machine 

(synchronous vs asynchronous).  

Bird flight speed can vary greatly between and among species due to bird morphology and flight type, environmental 
conditions and motivational context (migration vs local flight). To inform about bird flight speed, we created a database 

for 163 bird species from Western Palearctic, through an extensive search among published scientific literature, completed 

by new analysis of unpublished GPS-tracking datasets. 

Finally, we created a R-shiny web application, EolDist, that works in two steps. At step one, the user selects a bird species 

among the 163 analysed, and a flight context (migration vs local) and the application provides a distribution and statistics 
of flight speeds. At step two, the user selects features of the wind turbines (type of machine, blade length), initial wind 

speed and a threshold of shutdown rotation speed (3 or 2 rpm). The application then calculates the duration to reach the 
shutdown threshold selected, and a curve for the minimal distance of detection needed for an efficient shutdown to prevent 

collision. The user can then adjust a threshold for the percentage of flights that should be detected by the devices 

(discarding the most extreme and rare values of bird flight speed).  

This application is freely available and can be updated on request with new bird flight speed values for other species. 
This application should help state authorities and EIA companies to find the suitable detection devices to protect local 

species of concern. In addition, this application may initiate detection device makers to find the best match between 

technical detection possibilities and bird flight behaviour, and turbine makers to reduce duration of shutdown. 

 
Keywords: Birds, collision, shutdown.  
  



CWW2022 4 - 8 April 2022 Egmond aan Zee, Netherlands Poster Presentations 

 

 111 

Theme: 6. Mitigation hierarchy 
 

 

Developing automatic radar-controlled shutdown to reduce collision mortality of local 
breeding birds 
 
Jonne Kleyheeg-Hartman, Hein Prinsen, Astrid Potiek 

 
Correspondence author: Jonne Kleyheeg-Hartman, Waardenburg Ecology 
Email: j.c.kleyheeg-hartman@buwa.nl 
 

Along the western edge of the Rotterdam harbour on the Dutch west coast, a wind farm of 22 wind turbines is being 

developed. This onshore wind farm is neighbouring one of the largest breeding colonies in the world for lesser black-
backed gull (±19,000 breeding pairs). The Dutch government, which awarded the contract for the development of this 

wind farm, decided that this project must act as a showcase for wildlife friendly exploitation of wind farms. One of the 
mitigating measures that is being applied concerns wind turbine shutdown for locally breeding lesser black-backed gulls 

and herring gulls, using a dedicated Max® 3D bird radar within the wind farm. 

In advance, a down-time budget for shutdown has been agreed upon between the government and wind farm developer. 

For locally breeding gulls each individual wind turbine will be stopped for a maximum of 50 hours per year. Because of 
this upper limit in shutdown time, it is important to employ the available hours of shutdown at moments with the highest 

collision risk to achieve the largest possible reduction in collision mortality. This asks for a very precise definition of the 

decision rules for shutdown and will ask the utmost of the capabilities of the bird radar. 

Automatic radar-controlled shutdown for locally breeding gulls is very innovative and requires an intensive developmental 

process, which we will present in this talk. The goal is to automatically stop individual wind turbines when the radar detects 
high-risk flights of the target species. The challenge is to define a ruleset with which the radar can automatically identify 

these high-risk flights. This means that we will have to 1) define specific characteristics of radar tracks belonging to the 

target species, and 2) define risk-areas within which flights of gulls might lead to a collision.  

Bird radars are not (yet) able to automatically identify birds at species (or group) level, so without further fine-tuning the 
wind turbines might end up being stopped for all kinds of larger bird species. The Max® 3D bird radar, however, records 

many track characteristics in high detail. In our presentation we show examples of 3D tracks and flight characteristics of 

birds collected with a Max® 3D bird radar during a previous pilot study at the same location. In the breeding season of 
2022, we will start site validation of radar tracks of gulls using visual observations and link information about species and 

bird numbers to radar tracks. With a large database of gull tracks we aim to identify characteristics of tracks of high-risk 
flights of the target gull species. These are used in the rules for shutdown. In our presentation we will show the steps we 

take in the development of species- and turbine-specific radar-controlled shutdown. 

As the conservation status of the regional breeding populations of the concerned gull species is not at risk by the predicted 

mortality in the wind farm, this project offers a great opportunity to learn and develop state-of-the-art shutdown strategies 

that can significantly contribute to a wildlife friendly global energy transition. 
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A number of wind farms have already been constructed in Dutch coastal waters and many more are planned as part of 

the energy transition. The artificial hard substrate of the scour protection around the monopiles is a focus of ecological 
enhancement measures to increase the number of species that live on or are dependent of such substrate. Natural hard 

substrate in this soft sediment dominated environment was formed centuries ago by shellfish beds, particularly those of the 
native flat oyster (Ostrea edulis). Oyster beds were widely distributed in 30-35% of the Dutch part of the North Sea in 

the 19th century, particularly in the Central Oyster Grounds. However, nearly all oyster beds have disappeared due to 
overexploitation, cold winters, diseases and bottom trawling. It was therefore a great surprise when divers found flat 

oysters in a recently constructed part of the port of Rotterdam. A field survey showed that flat oysters had settled in large 
numbers since the construction of a large quays for the largest container transport vessels in 2012. Because of the location 

and the size of the population, a unique discovery!  

In this presentation we show the survey results of the densities and distribution of the flat oyster in the Port of Rotterdam. 
We will hypothesize which factors contributed to the successful, large-scale settlement and rapid population growth at this 

location. And how this information will help to scale up pilot projects in and around the offshore windfarms. Since many of 
the offshore pilots aim at restoring flat oyster populations and experienced varying success in oyster reproduction and 

settlement. In addition, we show what we can learn from local environmental circumstances in the Port of Rotterdam, in 

particular with respect how to deal with the highly dynamic offshore conditions. 
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The growing number of wind turbines with increasingly larger rotors and total heights leads to conflicts with legal provisions 

for protected bird species, which are exposed to a higher individual risk of collision mortality. Thus, areas with a potential 
for energy production may not become available for regenerative energies or seasonal (and costly) shutdowns may be 

required. To solve this problem, BioConsult SH is developing AVES (Avian VErification System), a system aiming to avoid 
bird collisions. AVES is a camera-based bird detection system installed directly at the tower of or near the wind turbine. 

The performance of the system is evaluated and monitored in a research project conducted between 2021 and 2023. 
Robust, weatherproof, high-resolution network cameras with zoom options as well as an infrared light source covering 

larger distances are used. AVES detects moving objects in a range of approximately 1,000 m (depending on the object 
size). If a large bird is identified and classified as target species and is further approaching up to a specified distance 

from the turbine (reaction range), a signal transmitted to the wind turbine will reduce the rotational speed (idling) until the 

bird leaves the area.   

To achieve reliable identifications as well as high spatial and temporal coverage, the system applies different parameters 

to detect and automatically recognize the species:   

A tracking system uses camera images to detect moving objects at a distance of approximately 1,000 m, to track one or 

several objects and to filter out unwanted objects (clouds, insects, drones). A neural network processes the incoming video 
stream and identifies the bird species as soon as enough pixel information is present. Birds are further filtered based on 

several settings and individual parameters. A command is sent to one or more cameras to zoom in on birds in focus. 
Subsequently, the architecture categorizes the bird species as target or non-target, allowing the non-target species to be 

filtered out. The distance of the species from the wind turbine is computed based on the camera zoom level and the typical 

real size of the identified species as compared to their pixel size in the video stream. If the flight direction leads into the 
reaction zone and the bird is classified as protected, the system will send a command to the wind turbine to either shut 

down or lower the rotational speed of the rotor. The neural network is currently achieving a mean Average Precision (mAP) 

of 85 % on the preliminary test dataset. 

This camera-based system will reduce the mandatory shutdown times from a general shutdown (e.g. during breeding 

seasons or during days with harvest) to an on-demand short-term shutdown lasting only few minutes during risk scenarios. 
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Environmental Impact Assessment aims to ensure the suitability of projects such as wind farms (WF). The sustainability of a 

WF involves both financial balance and conservation of natural values. When impacts are considered negative, mitigation 
hierarchy are applied and incorporated into financial costs. WFs in migratory routes cannot avoid impact, namely mortality, 

but can reduce it. 

In a WF located in a bat migratory route a fixed curtailment of 5 m/s was triggered as a generic mitigation measure to 

reduce bat mortality. Other alternatives were evaluated, their cost effectiveness was compared enabling us to determine 

which approach would better ensure economic success of the project while effectively reducing bat mortality. 

Four alternatives were compared using a S.W.O.T. (strengths, weaknesses, opportunities, and threats) approach: A) 
curtailment of 5 m/s; B) adjusted curtailment for the most critical periods using the relationship between bats and 

covariables; C) smart curtailment using near real time data do adopt the required decisions using shutdown on demand 

equipment; and D) use of ultrasonic acoustic deterrents. Options A/B/C are operational mitigation measures which require 
stopping the turbines. Option D is based on ultrasound devices which prevent bats from using high risk areas. Thus, they do 

not affect energy production. The main aspects compared were i) implementation period, ii) stakeholders’ engagement, iii) 

required monitoring, iv) expected efficiency and v) estimated cost.  

Here we focus on the expected efficiency (bat fatality reduction) and estimated costs. Fixed curtailment calculated 
effectiveness was 28%, but 35-50% effectiveness could be expected. Estimated annual power loss was 0.81%. Adjusted 

curtailment theoretical effectiveness is around 90%, but its real effectiveness is still to be evaluated during the monitoring 
program in place. Its estimated annual production loss is 0.98%. Smart curtailment effectiveness could not be calculated, 

but 85% mortality reduction was considered based on other studies. Annual power loss would be of 1.32-3.2% with an 

initial investment in equipment of 2.5-3% of 1-year revenue. Lastly, it was not possible to assess the potential effectiveness 
of deterrents without a trial study because there is no information for European bat species. However, it could range from 

29-50%. Energy loss would be 0% as deterrents do not interfere with operation. However, they would require an initial 

investment of equipment of 1.75-2% of 1-year revenue. 

In conclusion, adjusted and smart curtailment were considered as the most effective options to decrease bat mortality, with 
adjusted curtailment being the least expensive option. Of all alternatives, deterrents were the least expensive one, but 

they are very site and species specific, and their effectiveness is highly uncertain. Another alternative could be to 
simultaneously use curtailment and deterrents to reduce cut in speed requirements. The recommendation was to apply an 

adjusted curtailment and continue monitoring, following an adaptive management approach. 
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Mitigation hierarchy tells us to avoid, reduce, rehabilitate, compensate, and offset. Because wind energy has specific 

location requirements to ensure project viability, it cannot totally avoid certain impacts, namely bat mortality. The second 
step in the hierarchy is to reduce the impact. Curtailment consists of stopping turbines at certain times and/or conditions to 

reduce the likelihood of collisions. However, it comes with the consequence of production loss. Adjusted curtailment aims to 
maximize the reduction of risk collision while minimizing loss production. It is based on the relationship between bat activity, 

fatality, and atmospheric variables to identify periods when bats are more prone to collision. 

In our study, we determined an adjusted curtailment for two wind farms (WF), both with high levels of bat mortality, using 

two different methods. WF1 showed mortality of local bats and curtailment was calculated using ProBat algorithm 
developed by Behr et al. (2017). The algorithm aims to optimize curtailment using wind speed and bat activity at nacelle 

level. WF2 presented mortality mainly of a migrant bat species and we followed an approach similar to Boonman (2018). 

Curtailment was based on the relationship of bat activity and co-variables (wind speed, temperature) and it included an 
additional layer related to wind direction. In both cases, each option was chosen based on each methodology’s assumptions 

and requirements. 

For WF1, adjusted curtailment was applied from sunset to sunrise from 1st April to 31st October. Two curtailment regimes 

were calculated: cut-in speed varying from 2.8 m/s (below turbine’s natural cut-in speed) to 6.5 m/s or a fixed cut-in 

speed of 5.7 m/s. Additionally, curtailment was only applied when temperature was above 9.5ºC. 

For WF2, adjustment curtailment period application was adjusted to each month’s activity. Wind speed was the only 

condition to apply curtailment during Spring (April and May) and cut-in speed was fixed at 6.3 m/s. For Autumn (August 
to October), additional criteria were applied. Curtailment was only activated when temperature was above 10ºC and 

below 22ºC and it was not required in certain wind directions in which bat activity was minimal. Cut-in speed varied from 

5 m/s to 6.4 m/s. 

Preliminary results of monitoring indicate that there was a reduction of mortality in both cases with the application of the 

adjusted curtailment. However, their effectiveness has not yet been assessed. Despite the different approaches, the goal 
was the same: decrease bat mortality. Following an adaptive approach, we can evaluate the best course of action to 

protect wildlife while simultaneously allowing an informed decision making. 

 
Keywords: Bats, collision, shutdown.  
  



CWW2022 4 - 8 April 2022 Egmond aan Zee, Netherlands Poster Presentations 

 

 116 

Theme: 6. Mitigation hierarchy 
 

 

Simulating wind energy production effects from detection-based smart curtailment for 
bats at wind facilities 
 
Donald Solick, Christian Newman, Mark Hayes 

 
Correspondence author: Donald Solick, Vesper Bat Detection Services 
Email: dsolick@vesperbats.com 
 

Bat fatalities at wind energy facilities are a growing concern in North America. The wind industry and wildlife agencies 

are seeking tools to reduce fatalities while continuing to generate clean energy to address climate change. Most bats are 
killed on low wind speed nights. Increasing the speed at which blades rotate and wind-generated electricity enters the 

power grid from the manufactured speed (‘blanket curtailment’; BC) greatly reduces bat fatalities, but also reduces annual 
energy production (AEP). Detection-based ‘smart curtailment’ (DBSC), which deactivates turbine blades only when bats are 

acoustically detected during high-risk periods, can potentially reduce bat fatalities and AEP loss to acceptable levels. We 
modelled wind variables, curtailment thresholds, and simulated bat activity patterns to determine AEP under BC and DBSC 

scenarios at six wind energy facilities in Alberta. Both approaches to curtailment yielded relatively low AEP loss, with DBSC 
losing less than 1% AEP and reducing losses approximately 50 to 100% compared to BC scenarios. Scenarios of low bat 

activity—common in the west—often resulted in close to zero energy loss. Our results demonstrate how DBSC can be a 

useful tool for reducing the impacts of wind energy facilities on bat populations while minimizing unnecessary production 

losses. 

 
Keywords: Bats, collision, shutdown. 

 

  



CWW2022 4 - 8 April 2022 Egmond aan Zee, Netherlands Poster Presentations 

 

 117 

Theme: 6. Mitigation hierarchy 
 

 

Agricultural curtailment: a mitigation measure to reduce bird mortality? 
 
Gersende Dangoisse, Marc Thauront, Thomas Facq 

 
Correspondence author: Gersende Dangoisse, Boralex 
Email: gersende.dangoisse@boralex.com 
 

The mortality of birds of prey on wind farms raises questions and encourages testing of new mitigation measures. Today, 

three main answers are proposed: static curtailment (very expensive especially because there are numerous days without 
raptors), detection-reaction systems (expensive, testing phase), and more rarely agricultural curtailments (4.5 % of French 

windfarms). There is currently little feedback on the use and efficiency of this mitigation measure. 

Scientific studies on raptors behaviour during agricultural works are very rare even if the phenomenon is well known from 

ornithologists. One German case was already studied on alfalfa and two new specific French studies were undertaken in 
2020: one on the duration of the presence after several kind of agricultural works (study done on 42 days) and another 

one with quantitative data collected through two video systems over 188 days. The results will be presented with other 
new cases (if possible). It seems that there are various responses of raptors depending on local environmental situation 

(with dilution and concentration processes), and on various attractiveness categories. A specific protocol to standardize 

preliminary studies should be developed with the use of new devices (laser rangefinder, videos, etc.) and adaptative 

management should be authorised within authorization documents.  

When this mitigation measure seems to be adapted, there are various constraints for windfarms companies to manage the 
partnership with farmers and to give insurance to local authorities. This is the same situation on various European countries 

depending on the number of farmers and their will to participate. Some new technologies are locally used to detect 
agricultural engines on the focused parcels. Furthermore, there are new possibilities to enlarge the partnership with the 

voluntary eco-schemes proposed by the new CAP regulation or even with AEMC. 
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Camera-based anti-collision systems are a promising approach to consider the protection of birds in the course of the 

required wind energy expansion. The automated systems can detect birds, determine if they are target species, track their 
movement and induce curtailment of wind turbines before collisions occur. The functionality of the anti collision system 

"IdentiFlight" has been proven for eagles in the United States and for red kites and white-tailed eagles in Germany. 

This allows the use of areas which were typically not considered for wind energy because of the occurrence of bird species 

with a high collision risk. The alternative is the shutdown of wind turbines at times of intense bird activity, which in Germany 
can cover the entire breeding season of red kites. This leads to an enormous production loss up to 28 % per wind turbine 

and year, making the installation unattractive for wind energy planners and increasing the necessary amount of wind 

turbines to reach the goal of a climate neutral energy production. 

Until now the production loss due to the use of anti-collision systems was not systematically estimated, neglecting the 

economic impact of this technology. Therefore, we used data of red kite caused curtailment at six different wind energy 
sites in Germany, gained over a maximum timespan of 80 days during tests of the anti-collision system IdentiFlight. To 

extrapolate the amount and duration of curtailments for an entire breeding season, we used red kite flight acitivty data 

from the latest and most extensive red kite telemetry study in Germany.  

Red kite flight movement led to an average wind turbine curtailment between 2.1 and 27.4 shutdowns per day during the 
breeding season. The amount of production loss mostly ranges between 0.4 % and 2.4 % per year. In one "extreme" case 

it extended to over 7 %. At this location, there were red kite nesting sites extremely close (< 250 m) to the camera system. 
Assuming that these locations are still left out because of animal protection reasons, the mean expected production loss is 

quite low, compared to flat-rate curtailment.  

The extent of curtailment depends primarily on the flight activity of the target species in close range to the monitored wind 
turbine. On the other hand, flight activity is affected by the distance of the closest nesting sites and the attractiveness of 

the wind turbine location as a feeding habitat. The analysis of red kite flight activity data from over 70 wind turbine 
locations through linear regression led to a simple but effective way of estimating the production loss at different locations 

only with information about the distribution of red kite nesting sites and land use.  

It has to be considered, that the occurrence of other target species can increase the amount of production loss. Additionally, 

the higher number of stops (> 3,000 per year) could lead to a quicker wear and tear, which has to be taken into account 

just like the price of anti-collision systems.  

 
Keywords: Birds, collision, camera.  
  



CWW2022 4 - 8 April 2022 Egmond aan Zee, Netherlands Poster Presentations 

 

 119 

 

Theme: 6. Mitigation hierarchy 

 
 

What if windfarms could be a net gain opportunity for large carnivores’ conservation 
in neotropical areas? 
 
Emílio Roos, Gonçalo Ferrão da Costa, Paulo Cardoso, Helena Coelho, Miguel Mascarenhas 
 

Correspondence author: Emílio Roos, BE - Bioinsight & Ecoa 
Email: emilio@ecoaambiental.com 
 

The ongoing global transition from fossil fuels to renewable energy has led to an increasing development of energy 
facilities such as wind farms, hydro plants, or solar plants, worldwide. These facilities are not impact free, since they are 

often constructed near biodiversity hotspots or within the range of threatened species, leading to consequences that many 

times we´ve been unable to understand in their full extent. 

Even though birds and bats have been the most studied groups concerning renewable energy impacts on biodiversity due 

to direct mortality, some literature has also been released about the impact on mammals, namely large carnivores. 
However, most of these studies have occurred in mountainous areas of the Palearctic region and little is known about 

Neotropical areas and species, particularly about big cats.  

Threatened felids like the jaguar (Panthera onca) and the puma (Puma concolor) are lonely creatures, have very large 

territories and occur at very low densities. Based on some findings from other large carnivores’ assessments and depending 
on the extent of the new energy project, expected effects include minor habitat destruction, exclusion effect during 

construction and/or operational phase and increased human access to the area during operational phase. 

In Brazilian legislation, both felids are considered Vulnerable, and their assessment is required in every step of new 

windfarms licensing process. However, mandatory monitoring programs and methodologies are basically focused in 

confirming presence/absence of the species and are very little informative on the question that should be addressed, “is 

the windfarm having an impact on the population?”. 

Despite these much necessary improvements on the scientific design of monitoring plans - needed to answer relevant 
questions - we think there is also another opportunity to make a positive difference on these threatened species if we 

change the mindset. 

What if energy companies committed in meeting United Nations Sustainable Development Goals contribute to local 

conservation efforts and programs, and if there aren´t any, to implement one? 

Local and regional felids conservation projects, with concrete measures on habitat, prey and poaching control would be 

far more valuable for these species than insipid local assessments on their presence/absence and would greatly benefit 

from correct population monitoring data and designs. 

If a priori companies know that they should contribute to local/regional conservation efforts whenever they want to develop 

a project on these big felids range, there is the opportunity to mitigate impacts and promote real hands-on measures that 

ultimately could generate an overall net-gain for these threatened carnivores. 
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The dynamic development of the wind energy sector requires the use of effective tools for the protection birds and bats 

on wind farms. Bird fatalities may be reduced through the use of an automatic system detecting birds at increased collision 
path and stopping the turbine. Solutions to protect birds against collisions are already available on the global market. 

One of them is the polish Bioseco Bird Protection System (BPS). 

BPS is a fully automatic camera system which allows to estimate the distance of the bird to the turbine, classify its size and 

autonomously undertake various actions depending on the bird distance and flight path. Together with the integrated 
strobe and audio deterrent system and turbine shutdown module it is a tool to avoid potential collisions and reduce bird’s 

mortality.  

We perform a detection efficiency evaluation study, comparing birds observed at the testing site by the ornithologist with 

those detected by the BPS. The survey was carried out from May to October 2020 in northern Poland and in August in 

central Spain. During every survey all the birds in an observer’s view range were recorded. The analysis of detection 
efficiency of BPS was related to the detection range of certain species classified by their wingspan as follows: small (0.7 

m - 1.0 m), medium (1.1 m – 1.5 m), and large (more than 1.5 m).  

Results from Poland have shown that BPS has high detection efficiency, especially of birds with wingspan bigger than 1m. 

In a distance up to ca. 400m BPS detect 100% of large birds and 80% of those in a distance between 400 and 600 m. 
The detection efficiency of medium birds was 92% in a distance up to 200 m and 80% in a distance between 200 and 

400 m. All small birds were been detected in a distance up to 200 m.  

The survey from Spain has shown that BPS detect all large and medium birds at the distance up to 400 m and the data 

show that BPS recorded over 33% more detections of raptors than observers. We have noted that BPS effectively 

shutdowns the turbine, and the birds can fly safe, in a situation where, the risk of their collision is high and turbine is working. 

Moreover, data collected by 3 BPSs installed at the wind farm in Spain are of interest. We have been identifying bird 

species from BPSs detections for over a year. Birds of prey detections account for just over 10% of all detections. Less than 
60% of those detections met turbine shutdown criteria but about only 40% of these observations took place at a wind 

speed below 2 m/s meaning that the turbine was not working.  

We state the system as a good alternative to periodical turbine shutdowns and an effective method to mitigate bird’s 

collision risk at the windfarms. 
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To achieve the EU and global extensive wind energy deployment targets by 2050, wind energy must be designed in 

symbiosis with the living environment and the society. Impacts of ecology have to be minimized and a harmonious co-

existence has to be reached. 

At TNO Wind Energy we work to speed up and support the energy transition and we focus on the development of wind 
energy innovations, where cost reduction and improving efficiency are as important as the integration of large-scale wind 

power in the energy system as well as in the environment and in the society. We highlight the need to understand the 
interaction of wind farms with the water-land and air habitats to mitigate the impacts and optimize wind farm design and 

operation strategies in symbiosis with the ecosystems. The lack of accurate data on the actual fatality rate resulting from 
bird collisions with wind turbines, bird behavior and the change of habitat reflects an urgent need for a standard 

methodology for assessing impact and measurement technology to accurately quantify the real impact data and find 

adequate mitigations.  

TNO Wind Energy is actively researching through three approaches: 

1. Technological solutions to minimize ecological impact: by identifying the mitigation and technological deterrent solutions 
available, analyzing results on the impact minimization and finally by design/improve new optimal deterrent 

technologies. 
2. Measuring and monitoring at TNO Environmental laboratory with three systems: 

• Bird impact detection WT-Bird®: gives continuous insight into the factual number of birds colliding with wind turbine 
rotors. It can also help identifying the involved bird species. 

• Bird avoidance study with the Robin Radar™ MAX providing full 3D information of all birds flying in the nearby 
environment of a wind farm 

• Bat study with TopWind BPS Monitoring which researches the registration of bat activity with an ultrasound 

microphone located within the nacelle base near the rotor.  
3. Desk research in the ROAD2SID project: Roadmap for technological advancements for Symbiosis-Inclusive Design in 

Offshore Wind, with the specific research of the impacts future offshore wind farms in the air such as the collision of 

birds with wind turbines and the correlation with control strategies for mitigation and adaptation (GROW consortium).  

In specific TNO Wind Energy wants to further research on:  

• Test Technology Impact deterrents (new methods, new technologies, color blade, different patterns, noise, smells, 

GPS tracking); 

• Optimize wind farm curtailment strategies by combining birds impact assessment and wind condition (also weather 

condition) to have a better insight to minimize impacts and losses; 

• Validate Collision Risks Models (CRM) and carcass search (Onshore) and their correction factors with accurate real 

data by designing the best monitoring system combining different technologies; 

• Measurement campaign for Migration Atlas for North Sea combining with the wind measurement campaigns running 
since 2016 until 2030 in several locations in the Dutch part of the North Sea. 
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The general approach for reconciling renewable energy projects with biodiversity adopts the mitigation hierarchy. 
Avoiding the risk of conflict is framed considering that project sitting must be preceded by a comprehensive planning 

strategy, where sensitive areas are ideally avoided.  

While we have the tools and to some extent the reliable data for the general approaches, it is a binary decision (like a 

map with go vs no go), sometimes hard to be of general agreement. Evidence shows that real conflict or conflict perception 
is increasing, for example, for wind energy siting. Recent studies have raised the concern that sensitive areas may be 

disregarded in the process, particularly in wind farm development in South America and Asia.  

From another point of view, evidence from monitoring wind farm operation has demonstrated that data used to build 

sensitive mapping fail to capture the latent conflict dimension, under or overestimating it. 

The commitment to achieve ambitious targets in clean energy production and decarbonize economies demand a different 
approach. These inconsistencies were already understood by the sector. International financial institutions are now drawing 

the attention of stakeholders, and particularly to developers, to a new paradigm: the focus of the mitigation hierarchy 
should be at the project scale, by proactively adopting the best strategies to minimize the risk of conflict (bird and bat 

collision). To facilitate this shifting, developers are called to assume the costs of curtailment strategies into their very initial 

financial evaluation.  

Here we present a framework reinforcing this paradigm, with a shifting in the perception of the mitigation hierarchy and 
the avoidance approach. We argue that the focus should be based on a triad-strategy approach: i) implementing 

technology-based solutions that minimize the risk of conflict, ii) ensure real-time monitoring of the effects (fatalities) using 

key indicators for biodiversity maintenance, and iii) real and effective (right time) application of adaptive management. 

By implementing triad-strategy will allow the realization of a “smart-power plant” concept for biodiversity.  

We will discuss the benefits but also the challenges of adopting technology as a requirement in new renewable energy 

projects with evidence from a review of the developments, from planning to operational phases. 
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Increasing pressure to reduce carbon footprint globally has driven Antarctic national logistics providers to consider options 

for generating renewable energy. The commitment for Antarctic research stations to reduce their carbon emissions has led 
the British Antarctic Survey to explore the potential for installation of wind turbines near their bases, starting with Rothera 

Research Station (RS). Due to the various effects wind turbines can have on birds, an assessment of the potential effects is 

required prior to the construction of wind turbines.  

Rothera RS is located on Rothera Point, a small peninsula situated within Ryder Bay (Antarctic Peninsula). Ryder Bay holds 
globally important breeding numbers of south polar skua (Stercorarius maccormicki) and Antarctic shags (Leucocarbo 

bransfieldensis). A number of these skuas nest in close proximity to the proposed turbine locations. Population level effects 
of potential collisions and displacement on these long-lived, slow reproducing species cannot be ruled out beforehand. 

Therefore, an appropriate assessment of this development on local bird populations is vital in the context of an 

environmental impact assessment. This study seems to be the first in the region looking at effects of the installation of 

renewables, despite the installation of turbine at research stations elsewhere in Antarctica. 

For an adequate assessment, high quality data on flight activity patterns of local avifauna is needed. Flight activity of 
seabirds within Ryder Bay or how the birds utilise the area around the station is largely unknown, therefore, so is the 

potential impacts of turbine installations. Data on flight paths, flight heights and flight intensity of local seabirds will be 
collected at Rothera during the austral summers of 2021/23 & 2022/23. Flight paths and intensity of seabirds around 

Rothera Point will be recorded using a mobile radar, traditional vantage point surveys (visual observations) and GPS 
loggers. A laser rangefinder (LRF) will be used to record flight heights. Flight speed of birds will also be collected via GPS 

data and the LRF. From the data of the long-term monitoring of the south polar skua population at Rothera point, we aim 

to construct population models to assess changes in population trends owed to various scenarios of increased mortality due 

to collision and/or reduced productivity due to disturbance.  

With the undertaking of this study, the project will investigate the effectiveness and usefulness of using mobile radars to 
record bird flight activity in Antarctica. Owing to the potential constraints of polar regions such as weather, topography, 

sea surface, snow cover and ice sheets, the limitations on using observers for visual surveys or various technologies is unclear. 
For example, topography, rough sea state and rain can cause clutter in the radar signal as well as clutter from reflections 

created by ice sheets and/or snow cover. All of which can make the use of radar less efficient. This study assesses the 

various methods that can be used to ascertain the required data. 
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