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Abstract
The increasing development of offshore wind farms raises concerns about potential effects on migratory songbirds. Current wind farm monitoring techniques, such as radar, infrared cameras and motion detectors, capture this risk in general, but cannot reliably identify individuals to species level and thus fail to detect species-specific exposure to these structures. Due to their spatial focus on the wind farms, we lack information on where, when and how regional weather conditions affect a bird’s decision to fly offshore instead of along the coastline. To fill parts of these critical knowledge gaps, we radio-tracked eleven common migratory songbird species in the German Bight, i.e. the south-eastern North Sea, to quantify three key components of migratory decisions in songbirds: the species-specificity, geographical, and weather drivers of offshore flights. We also quantify the distances flown over open water. Our findings reveal that offshore flight behaviour is highly species-specific, with notable variation in both the probability of flying offshore and the distances travelled offshore. While we observed the highest probability of offshore flights among thrushes, especially Song Thrushes Turdus philomelos with almost 50% offshore flights during autumn migration, Sedge Warblers Acrocephalus schoenobaenus avoided sea-crossings entirely. Among all species, offshore flight probability increased with increasing wind speed towards the sea and decreased with increasing distance to the coastline at the point of departure. Our results underscore that species identity, departure geography, and weather conditions are essential factors in offshore wind farm risk assessments for migratory songbirds; neglecting these context dependencies would compromise the accuracy of assessments and the effectiveness of mitigation strategies.
Introduction
As global demand for renewable energy continues to rise, offshore wind farms have emerged as a central component of sustainable energy strategies (Esteban et al. 2011). Their rapid expansion has prompted growing concern about potential ecological impacts, particularly for wildlife that intersects with offshore infrastructure. In addition to marine animals, migratory songbirds also face potential risks when crossing the sea during migration. First, they may suffer direct mortality from collisions with offshore structures—a hazard that has been documented for songbirds (e.g. Hüppop et al. 2016). Second, avoidance of wind farms could increase the energetic cost of migration and delay arrival at the migratory destination. Both effects are poorly understood (Hüppop et al. 2006). To gain a comprehensive understanding of these direct interactions with wind farms and potential risks to populations, we need to understand what proportion of migratory birds actually choose the route across the sea.
Addressing these knowledge gaps requires individual tracking on an regional scale. For larger species that can be tracked using GPS devices, evidence shows that birds fly at altitudes associated with collision risk and exhibit avoidance behaviour in response to offshore wind farms. Birds may detour horizontally around wind farms or increase their flight altitude to avoid them (Schwemmer et al. 2023), and they might even return to their initial location (Lai et al. 2024). Conversely, attraction to offshore wind farms has also been observed at different spatial scales, indicating complex and species-specific responses to offshore infrastructure (Johnston et al. 2022).
Most migratory birds belong to the songbird suborder Passeri, a group that is both taxonomically diverse and numerically dominant. Many species migrate nocturnally (Dorka 1966) and undertake long-distance flights over open water (DeLuca et al. 2015; Bairlein et al. 2012), yet their offshore movements remain largely undocumented at the species level. Conventional monitoring approaches used around wind farms, such as radar and infrared cameras, provide valuable general information but cannot identify birds to species—a critical limitation when assessing population-level vulnerability. While acoustic monitoring can identify species through their calls, many species do not vocalise during flight, making it impossible to quantify the proportion of individuals using offshore routes (Béasse et al. 2025).
Previous tracking studies in the North Sea region have shown that up to 25% of songbird individuals migrate offshore (Brust and Hüppop 2021), and that environmental conditions—particularly weather—strongly influence migratory decisions over open water (Brust et al. 2019; Rüppel, Hüppop, Lagerveld, et al. 2023). Offshore wind in particular is a key driver increasing offshore flight probability (Deppe et al. 2015; Dossman et al. 2015; Rüppel, Hüppop, Schmaljohann, et al. 2023). Although general patterns of migration phenology (e.g. Tøttrup et al. 2011; Lemke et al. 2013) and flight altitude (e.g. Bruderer et al. 2018; Liechti et al. 2018; Sjöberg et al. 2018) are well documented, critical species-specific behaviours remain largely unresolved. Consequently, substantial gaps persist in our understanding of how individuals and species with different migration strategies interact with offshore wind farms during migration, and how these differences translate into collision risk.
Due to their small body size, monitoring songbirds in offshore environments requires lightweight radio transmitters and automated telemetry networks capable of detecting and recording individual movements (Taylor et al. 2017; Mitchell et al. 2025). Radio-telemetry data, while powerful, present inherent methodological challenges, including imperfect detection and limited spatial coverage (Crewe et al. 2019). To address these limitations, we apply a novel method to reconstruct flight paths by inferring birds’ movements from raw detection data (Rüppel et al. 2026) and explicitly accounting for detection uncertainty.
In this study, we quantify two key dimensions of potential exposure to offshore wind farms for songbirds facing the North Sea during autumn migration: (i) the offshore flight probability, i.e. the probability to cross the North Sea, and (ii) the distance travelled over water. These metrics can reveal inter-specific variation in offshore flight probability, identify which species combine a high offshore flight probability with long-distance offshore flights (the combination that yields the greatest potential exposure), and how departure geography—specifically the distance of an individual’s initial location from the coastline—modulates offshore flight probability and thus overall exposure risk. Together, these insights provide empirical behavioural data needed to parameterise collision risk models and to guide conservation planning decisions for offshore wind farm development in the North Sea.
Methods
Radio-tracking
During the autumn migration periods (August to October) from 2017 to 2025, we tracked a total of 828 songbirds from 11 common species across Schleswig-Holstein, northern Germany (Table 1). The tracked species are expected to follow a south-western migration direction based on ring recoveries (Bairlein et al. 2014), and would therefore have to cross or circumvent the North Sea. All birds were captured using mist nets at various locations within the region (Figure 1) during species-specific peak migration times; this fieldwork was conducted annually throughout the study period (except for 2022). We tagged both adults and juveniles in proportion to their natural abundances, thereby ensuring that our sample accurately reflects the species’ overall age structure. Each bird was equipped with a uniquely signalling radio transmitter using flexible leg-loop harnesses adjusted to the bird’s body size (Naef-Daenzer 2007). Transmitters were manufactured by Lotek Wireless Inc. and had similar transmitting properties at burst intervals below 10 s. Most individuals were fitted with NTQB2-1 tags, while Willow Warblers Phylloscopus trochilus received lighter NTP-1-M tags to account for their smaller body mass. For larger species such as Song Thrush Turdus philomelos and Eurasian Skylark Alauda arvensis we partially used NTQB2-4-2 tags. Radio transmitters including harness did not exceed 4% of the lowest birds’ body mass recorded in this study.
After tagging, birds were released immediately at the capture site. Individual movements were monitored using an automated radio-telemetry receiver network (Figure 1). The network comprises >200 receiver stations that extend across the German Bight’s coastline and islands, enabling regional-scale tracking of tagged individuals during migration. Each directional antenna reliably detects tags out to roughly 10 km along its main beam, with peak performance extending as far as 50 km under optimal conditions. All receiver stations are part of the global collaborative Motus Wildlife Tracking System (Taylor et al. 2017); for more information, see https://motus.org.
Data processing
All analyses were conducted in R 4.5.2 (R Core Team 2025). Detection data was retrieved from Motus using the motus R package (Birds Canada 2024). To ensure data reliability, we used run length—the number of consecutive detections of a uniquely coded signal burst—to filter out likely false positives, as very short bursts are more likely to represent noise. Only detections with run lengths of more than three consecutive bursts were included in the analysis. A few biologically implausible detections located far outside the study region were also removed using a geographic filter. We identified individual flights, defining a ‘flight’ as a sequence of detections within a single day (from noon to noon, as we expected that the tracked species migrate primarily during night or the early morning hours) that: (i) originated east of 8°E and north of 54°N, and (ii) spanned a minimum of 50 km between the first and last receiver of that day. The 50 km threshold was chosen to filter out local movements—such as short relocations to nearby suitable habitat—or spurious detections caused by a bird being picked up by adjacent receiver stations without any real displacement and therefore is based on the typical distance between receiver stations. Because diurnal departures (such as those occasionally recorded for Eurasian Skylarks) generally fail to meet these criteria, they are implicitly excluded by this method, ensuring that behaviours are directly comparable across species. Coarse flight paths were modelled using the movetrack R package (Rüppel et al. 2026) and intersected with the coastline using sf (Pebesma and Bivand 2023), allowing us to quantify the flight distance over water for each flight (Figure 2). Because detection probabilities are imperfect, we sometimes recorded a departure even though the bird was not detected again later that night. In those cases we defined a ‘departure’ as any instance in which a bird was observed at a site at least 50 km from its previous location within the following 24 h. For these individuals we know only the date of departure—the exact route is unknown—but, based on this information, we can account for differing detection probabilities across behavioural states. To support a multi-state model accounting for differing detection probabilities, routing behaviour was discretised by classifying flights as ‘offshore’ if at least one location estimate within the flight path was situated more than 10 km from the nearest landmass, and ‘onshore’ otherwise. Although the 10 km threshold is somewhat arbitrary, it offers a practical and biologically informed criterion that improves upon previous approaches, which relied solely on the start and end points of a flight (Brust et al. 2019; Rüppel, Hüppop, Schmaljohann, et al. 2023, Supplement S1).
	Table 1: Number of tagged birds, detected flights, and departures without flight data per species.
	Species
	Tagged
	Flights
	Departures

	Dunnock Prunella modularis
	46
	10
	2

	Eurasian Blackbird Turdus merula
	49
	5
	0

	Eurasian Blackcap Sylvia atricapilla
	99
	32
	3

	Eurasian Reed Warbler Acrocephalus scirpaceus
	42
	30
	2

	Eurasian Skylark Alauda arvensis
	88
	29
	5

	Garden Warbler Sylvia borin
	104
	68
	2

	Greater Whitethroat Curruca communis
	117
	73
	9

	Redwing Turdus iliacus
	48
	18
	0

	Sedge Warbler Acrocephalus schoenobaenus
	89
	38
	8

	Song Thrush Turdus philomelos
	107
	54
	2

	Willow Warbler Phylloscopus trochilus
	39
	19
	2

	Total
	828
	376
	35
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Figure 1: Tagging sites (diamonds) and radio-telemetry receiver locations (dots) together with the modelled flight path for each individual flight (all species combined, n = 376 flights). Colours indicate flight classification as offshore and onshore.
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Figure 2: Modelled flight paths per species indicating flight distance over water. The easternmost flight of an Greater Whitethroat Curruca communis (grey line) is the only one that did not cross any water.


Hourly wind data with a spatial resolution of 0.25°  0.25° was sourced from the ERA5 reanalysis dataset provided by the Copernicus Climate Change Service (Hersbach et al. 2023). This included westerly and southerly wind components at 10 m above ground, representing the near-surface wind conditions birds encounter prior to departure. Moreover, songbird migration in coastal central Europe is concentrated at low elevations, typically between 0 and 1500 m above sea level (Bruderer et al. 2018; Hüppop et al. 2006). For each flight, wind conditions at the initial location were extracted for every sunset between tagging and departure, using the nearest ERA5 grid cell at sunset, rounded to the nearest hour.
Analysis
Offshore flight probability
To assess species-specificity in migratory departure behaviour, we applied a multi-state modelling framework adapted from Rüppel, Hüppop, Schmaljohann, et al. (2023). In this four-state model, all individuals began in the ‘stopover’ state at the time of tag deployment. When a flight was detected, the individual transitioned to either the ‘onshore’ or ‘offshore’ state—depending on the classification described in the data processing section—and subsequently to the final ‘departed’ state. In an ‘departure’ event, when a bird left the stopover site but no flight path could be estimated, the model inferred the departure route by estimating continuous-state probabilities from the joint posterior distribution of all observations. Transitions were assumed to be unbiased, with separate detection probabilities for onshore and offshore flights. Two birds exhibiting a prolonged stopover of at least two months were excluded from this analysis. The resulting encounter history matrix contained 409 individuals observed over a period of up to 38 days. For 34 of these individuals only the departure time was known, but no flight path was recorded.
Species-specific intercepts were included for both departure and offshore flight probabilities, while assuming that behavioural responses to wind conditions were comparable across species. To share information across species, we therefore defined joint populations of species-specific varying slopes for both components of the model and modelled their covariance using a multivariate normal distribution. Daily departure probability was modelled using quadratic effects of both wind components (westerly and southerly) to allow for reduced likelihood of departure under strong wind conditions. Offshore flight probability was modelled as a linear function of wind speed, based on the assumption that birds select for favourable conditions before departing (e.g. Brust et al. 2019; Deppe et al. 2015; Dossman et al. 2015). Initial location—represented by the interaction between longitude and latitude—was included as a covariate in the offshore flight model, accounting for potential spatial influences on route selection.
Flight distance over water
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Figure 3: Directed acyclic graph (DAG) demonstrating the state-based model.  indicates the hidden migratory state,  is the total flight distance, and  (the estimand) and  denote the true and the observed flight distance over water, respectively.


We propose a causal framework to investigate the drivers of individual flight distance over water, as depicted in the directed acyclic graph (DAG) in Figure 3. In this framework, we assume that the observed flight distance over water for birds departing from a stopover site in the study area during autumn arises from one of two distinct migratory states: (i) flight distances over water shaped by wind and initial location, or (ii) stochastic flight distances over water, with little influence from wind or spatial factors, such as the crossing of large rivers or minor inaccuracies in the modelled flight path.
To estimate the causal effects of wind and initial location on the individual flight distance over water, we therefore used a state-based mixture model. This approach assumes two possible states () for each bird. The probability of a bird being in state  (wind- and location-dependent flight) was modelled as a linear function of wind parameters at sunset prior to departure () and initial location (, including the interaction between latitude and longitude):

Flight distance over water () was modelled as a mixture of two Log-Normal distributions, corresponding to the two migratory states:

In both cases,  is defined as a proportion of the total flight length  (with ). For , the proportion is a linear function of wind parameters  and initial location , while we capture small, random overflights of coastal waters () with a species-specific intercept.
Since we do not know the exact flight distances, but can only model coarse flight paths to calculate the observed flight distances over water , we include a Log-Normal measurement error model (see Supplement S2 for simulation):

Individuals that departed without a detected flight, but with a known departure date, were also included in the analysis. For those birds, we imputed flight distances over water assuming the minimum total flight length to be at least the distance between the receiver station of the first and last detection:

where  is the mean total flight length per species. We defined regularising priors with minimal influence on the results:

For the slope parameters  and , we pooled information across species by defining the joint normal distribution prior

with hyper-priors

using non-centred parameterisation. The same structure with its own set of hyper-priors was used for . The model was fitted using the Hamiltonian Monte Carlo engine Stan (Stan Development Team 2024) through CmdStanR (Gabry et al. 2025). We validated the model with simulated data to ensure that it could recover the simulated parameter values and performed posterior predictive checks to assess the fit of the model to the data. Visual inspection of the trace plots indicated model convergence and inferences are based on over 1000 effective samples from the posterior distribution. We report posterior distribution means and 90% highest posterior density intervals (HPDI).
Results
We tracked 376 individual ‘flights’ and 35 ‘departures’ of 828 individuals of 11 songbird species facing the North Sea (Table 1). 22 birds left the stopover site during the night following tagging. The mean daily departure probability was estimated at 13% (2–22%), corresponding to a median minimum stopover duration of 9 days and a maximum of 78 days. Departure probability was highest under easterly (offshore) winds and tended to increase with northerly winds (i.e. tailwind for southbound migration, see Supplement S3).
Offshore flight probability
The mean offshore flight probability was estimated at 22% (0–45%), varying from as low as 2% (0–5%) in the Sedge Warbler Acrocephalus schoenobaenus to as high as 45% (34–58%) in the Song Thrush (Figure 4). While not all birds in the sample encountered offshore winds, the probability of offshore flight increased with easterly (i.e. offshore) wind, a trend that was relatively consistent across species (Figure 5).
Offshore flight probability also showed geographic patterns: it decreased with increasing longitude (i.e. farther inland) and increased with latitude. At our north-western coastal tagging sites, the probability was around 50%, compared to approximately 20% at the south-western coastal site. Beyond roughly 50 km from the coast, offshore flight probability dropped to essentially zero (Figure 6).
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Figure 4: Posterior distributions of mean offshore flight probability per species. For sample size see Table 1.
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Figure 5: Effect of westerly (top panels) and southerly (bottom panels) wind on offshore flight probability, as predicted by the multi-state model with all other variables held at their mean values. The left panels show posterior mean predictions for each species, while the right panels present the overall posterior means, 100 lines sampled from the posterior, and the raw data distributions for flights classified as offshore (top) and onshore (bottom).
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Figure 6: Effect of initial longitude (i.e. distance from the coast) on offshore flight probability, shown as 500 lines sampled from the posterior. Lightblue curves correspond to 54.9°N, darkblue curves to 54.3°N. The marginal plots on the left give the posterior distributions of offshore flight probability for the north-western and south-western coastal site, respectively. The horizontal extent of the figure spans ~50 km, with the right edge situated about 50 km inland.


Detection probability was estimated at 97% (93–100%) for offshore flights and 89% (87–92%) for onshore flights.
Flight distance over water
The mean probability that flight distance over water was influenced by wind and initial location () was estimated at 69% (46–92%). However, this effect declined significantly with increasing longitude (i.e. further inland). At the coast, approximately 70–80% of flights were affected by wind and initial location, while around 50 km inland, this proportion decreased to 10–30%. Strong westerly and easterly winds had the greatest influence on state probability, with higher wind speeds associated with a greater likelihood of being in state  (see Supplement S3). Flight distances over water increased substantially with easterly (i.e. offshore) winds (Figure 7).
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Figure 7: Effect of westerly wind on flight distance over water, as predicted by the state-based mixture model for 200 km flights, with all other variables held at their mean values. The left panel shows posterior mean predictions for each species, while the right panel presents the overall posterior mean along with 100 lines sampled from the posterior. Observed flight distances over water  (circles), scaled to a total flight distance of 200 km, and the corresponding model predictions  (dots) based on the measurement model are shown. Colours indicate the predicted value of , i.e. the probability of being wind- and location dependent, for each flight.


Discussion
Offshore flight probability
Our findings demonstrate substantial interspecific variation in the offshore flight probability during autumn migration among songbird species. Even within genera, we observed a high variation—for example, between Song Thrush and Eurasian Blackbird Turdus merula, as well as between Eurasian Reed Warbler Acrocephalus scirpaceus and Sedge Warbler. Notably, no Sedge Warblers were observed crossing the sea, likely because their migration is oriented slightly more toward the south (Bairlein et al. 2014). In contrast, larger species such as Song Thrush and Eurasian Skylark showed a greater tendency for offshore flights. These contrasting behaviours may be related to species-specific energetics. Larger birds can store a greater relative fuel load because metabolic costs scale less steeply than body mass, yielding a more favourable energy-to-weight ratio (Hedenström 2010). This advantage enables longer non-stop flight ranges and higher cruise speeds, which potentially raises the probability that birds will cross barriers rather than detour around unsuitable habitat. A higher offshore flight probability not only increases theoretical exposure to risks associated with offshore structures, potentially leading to increased mortality. Hüppop et al. (2016) empirically showed that the majority of carcasses found on an offshore platform within our study area were thrushes, whereas many smaller, abundant species were under-represented. Given these pattern, we argue that assessments of exposure to offshore wind farms—and the associated risk of collision—are best conducted at the species level (Hüppop et al. 2006). Offshore flight probability may also vary among biogeographical populations. However, the inability to reliably distinguish these populations in the field renders such population-level inferences speculative. Consequently, our findings should be interpreted at the species level, applying to individuals that transit the study area during peak autumn migration.
Our results support a two-step, wind-mediated migration process. First, songbirds appear to select departure nights based on favourable wind conditions—typically light tailwinds. At a broader scale, these wind patterns shape seasonal variations in migration intensity across taxa (Bradarić et al. 2020; Erni et al. 2002). In Europe, autumn migration is often concentrated during just a few nights due to the predominance of westerly (head) winds. Second, once in flight, birds’ routing decisions are strongly influenced by wind direction. The probability of offshore flight increased significantly under easterly (offshore) winds—an effect consistent across most species and robust across studies (Brust et al. 2019; Rüppel, Hüppop, Lagerveld, et al. 2023; Rüppel, Hüppop, Schmaljohann, et al. 2023). Since we lack departures under easterly winds of some species, interspecific differences in wind response may partly reflect unequal wind exposure rather than genuine behavioural divergence.
While wind drift can lead to substantial displacements in migratory birds (Liechti 2006), we consider this explanation unlikely in our study. Only 24 individuals (6% of the sample) migrated when wind speeds exceeding 8 ms-1 (> Beaufort 4). Moreover, Sedge Warblers stayed near the coast regardless of wind direction, and birds detected at the same time sometimes made opposite routing decisions (Rüppel, Hüppop, Lagerveld, et al. 2023). Several birds also crossed the German Bight despite headwinds, indicating notable behavioural flexibility. Taken together, these findings indicate that active navigation is involved in the birds’ movements.
We also detected clear spatial gradients in offshore flight probability, with values decreasing from west to east and from north to south across the study area. As offshore flight probability decreases further inland, this suggests that birds staging closer to the coast—particularly in the northern part of our study area—are more likely to cross the sea. It is important to note, however, that absolute estimates of offshore flight probability are influenced by how ‘offshore’ flights are defined. Consequently, while our results are consistent with previous work, they cannot be compared numerically with studies that use different offshore criteria (e.g.  Brust et al. 2019; Rüppel, Hüppop, Schmaljohann, et al. 2023).
Detection probabilities differed from those reported in Rüppel, Hüppop, Schmaljohann, et al. (2023) analysing spring migration. Offshore detection probability was higher in our study, likely due to more extensive receiver coverage along the southward (autumn) migration route. In contrast, onshore detection was lower, as the receiver network is restricted to the immediate coastline, while some individuals might have chosen a southward route further inland. These differences underscore the importance of accounting for detection bias when interpreting raw telemetry data.
Flight distance over water
Despite interspecific differences in offshore flight probability, the distance travelled over water was relatively similar across species. This pattern is likely driven by the triangular geometry of the coastline, which constrains flight distance over water. Nonetheless, most flights had a wind- and initial location-dependent flight distance over water, again highlighting the strong effects of wind on songbird migration patterns (Liechti 2006).
Easterly (offshore) winds prolonged these flights, particularly affecting departures close to the coast. This could potentially be time saving by crossing the North Sea within the presumed south-westward migration direction (Alerstam 2001), but could also involve wind drift (Liechti 2006). Extended flight distances over water increase the likelihood that birds will encounter offshore wind farms, because the majority of existing farms are situated far from the coast. Consequently, birds experience greater cumulative exposure to turbines—a pattern that will accelerate as offshore wind capacity expands, since future developments are being concentrated in these offshore zones. In addition, they face a heightened risk of encountering deteriorating weather, a particularly serious threat given the lack of suitable landing options for songbirds at sea (Hüppop et al. 2006, 2019).
Exposure to offshore wind farms, and thus collision risk, is altitude-dependent (Johnston et al. 2013). In our study we used VHF tags, which only transmit radio-signals, so altitudinal information could not be derived. However, most songbird migration occurs at relatively low altitudes (<2000 m, Bruderer et al. 2018) and altitude is strongly influenced by wind and weather conditions (Liechti 2006; Shamoun-Baranes et al. 2017). Under poor visibility birds tend to descent while searching for landing sites and may be attracted to artificial lighting, potentially increasing collision risk (Walsh et al. 2025). Incorporating complementary radar surveys into future study designs would allow for more detailed, altitude-specific collision risk assessments.
Conclusion
In this study we use individual-level behavioural data to quantify the potential exposure of migratory songbirds to offshore wind farms, uncovering species-specific differences in offshore flight behaviour during autumn migration. These insights provide empirical data needed to parameterise collision risk models and to guide spatial planning decisions for offshore wind farm development. Although the flight distance over water was similar across species, thrushes showed the highest offshore flight probabilities, rendering them especially vulnerable—a pattern that matches the elevated fatality rates reported for this group (Hüppop et al. 2016). These findings underscore the importance of conducting risk assessments at the species level when developing conservation plans, The behavioural parameters we provide, constitute essential inputs for comprehensive collision risk models for migratory songbirds. However, accurate assessments of collision risk require not only data on exposure but also on avoidance behaviour (Skov et al. 2025). Such information exists for larger taxa like seabirds and waders (e.g. Schwemmer et al. 2023), but is currently unavailable for offshore migrating songbirds and for other migratory groups such as bats (Hüppop et al. 2019; Solick and Newman 2021). Future research should fill this gap for songbirds, particularly through improved tracking technologies enabling behavioural observations. Minimising attraction through lighting design and implementing temporary turbine shutdowns during peak migration nights may also substantially reduce risk (Hüppop et al. 2006). Effective mitigation measures should prioritise siting and design decisions that reduce exposure in high-risk areas, such as avoiding turbine placement in zones with concentrated migration, e.g. near coastal bottlenecks and coastal areas in general.
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