
 

DOES THE LAKE HURON SHORELINE INFLUENCE DISTRIBUTIONS, ALTITUDES, AND 

FLIGHT DIRECTIONS OF NOCTURNALLY MIGRATING BIRDS? 

 

by 

 

Thomas J. Villeneuve 

 

A thesis submitted to the Faculty of Graduate and Postdoctoral 

Affairs in partial fulfillment of the requirements for the degree of 

Master of Science 

 

in 

 

Biology 

 

 

Carleton University 

Ottawa, Ontario 

 

 

© 2015 Thomas J. Villeneuve



ii 
 
 

ABSTRACT 

An increase in the number of wind turbines caused by a developing need for 

renewable energy has led to concerns about their potential effects on birds and 

other wildlife. It is not well known whether turbines placed along shorelines may 

present a greater risk to migrating birds than turbines farther inland. I used five 

marine radars to test whether numbers and flight behaviours of migrating birds 

differed along a shoreline compared to inland. Radars were positioned at various 

distances from the Lake Huron shoreline along two transects, with one shoreline 

radar and one or two inland radars on each transect. Radars were operational 

between April 18th and May 31st 2014. The numbers of birds detected varied 

significantly among nights ranging between thousands to hundreds of thousands. 

There were small differences in the numbers of birds detected among sites, but no 

significant difference between shoreline and inland sites. The flight altitude varied 

significantly among nights, but there was no strong evidence that shorelines 

influenced the migratory flight altitude of birds. Flight direction varied among nights 

but within a night was generally similar among sites, with most birds on nights of 

heavy migration migrating north to north-east. The results from this study provide 

no evidence that placing wind turbines along the Lake Huron shoreline would 

present an increased risk of collisions to passing migrants.  
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INTRODUCTION 

An increase in the number of wind turbines caused by a developing need for 

renewable energy has led to concerns about their potential effects on birds (Hüppop et 

al. 2006; Liechti et al. 2013; Zimmerling et al. 2013). Birds can be affected by wind 

turbines in various ways. Visual or noise disturbance during and after construction may 

displace certain bird species from suitable habitat (Langston & Pullan, 2003; Schmidt et 

al. 2003; Pearce-Higgins et al. 2009, 2012). Once wind turbines are erect, birds aloft not 

only risk colliding with rotor blades but also with associated structures such as guy 

wires, power lines and meteorological towers (Drewitt & Langston, 2006). Cumulative 

bird mortality due to wind turbines is relatively low compared to other structures such 

as communication towers and transmission lines (Calvert et al. 2013). However, the 

potential effects of wind turbines on birds remain a concern because the United-States 

and Canada’s wind energy developments continue to grow every year (Sawyer & Rave, 

2015).  

Locating wind turbines in areas with elevated bird activity might increase the risk 

of collisions. Concerns involving selecting appropriate wind turbine sites were raised 

after studies conducted at Altamont Pass (California, U.S.) showed a large number of 

avian mortalities associated with wind turbines in the area (Orloff & Flannery, 1982). 

Diurnal migrants such as hawks and other birds of prey rely on thermal convection for 

their migration and in the absence of thermals rely on cliffs for lift (Alerstam, 1990a; 

Barrios & Rodriguez, 2004). Wind turbine developments along geographical features 
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such as rolling hills or cliffs that provide rising air columns may result in diurnal migrants 

unintentionally flying in the same airspace as revolving rotor blades (Howell and 

DiDonato, 1991; Drewitt & Langston, 2006). Though there are concerns surrounding 

diurnal migrants, recent work shows that 80% of bird mortality due to wind turbines in 

North America are passerines, which are mainly nocturnal migrants (Mabee et al. 2006; 

Kuvlesky et al. 2007). Unlike many diurnal migrants, nocturnal migrants use powered 

flight for migration (Hedenström, 1993). Accordingly, nocturnal migrants may be less 

reliant on geographical features than diurnal migrants and are able to cross various 

terrains without deviation (Bruderer, 2001). There is question, therefore, as to how and 

whether nocturnal migrants are concentrated by geographical features.  

There is some uncertainty about the extent to which North American nocturnal 

migrants migrate in a broad front or are concentrated by geographical features 

(Richardson, 1978; Williams et al. 1977; Bingman et al. 1982; Williams et al. 2001). 

Broad front migration implies that migrants travel in a fairly uniform concentration and 

direction across the landscape (van Dobben, 1953; Ralph, 1981). Broad fronts may 

contain numerous populations of birds that fly parallel to each other over a large 

geographic area, both over land and water (Richardson, 1978; Berthold, 2001). 

However, geographical barriers encountered during migration may affect a bird’s 

navigational decisions and could lead to concentrations of birds. Geographical barriers 

such as large bodies of water may alter the distribution of migrants across the landscape 

into concentrations along shorelines, especially when the configuration of the barrier 

does not follow that of the endogenous migratory flight direction (Gagnon et al. 2011).  
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Many nocturnal migrants pass through the Great Lakes region every year but it is 

not well known whether or where they concentrate along shorelines (Diehl et al. 2003). 

Many wind turbine developments are located near shorelines, where the winds are 

often strongest, and thus could pose a greater risk to birds if they also concentrate in 

the same areas. The Great Lakes represent a barrier that birds may choose to cross or 

navigate around (Diehl et al. 2003; Ewert et al. 2011). Crossing may depend on a bird’s 

physical condition, the time at which it reaches the barrier, and the environmental 

conditions (Able, 1972; Alerstam & Pettersson, 1977; Fortin et al, 1999; Deutschlander 

& Muheim, 2009). Birds with lower fuel reserves, for example, may be less likely to 

engage in crossing because of the dangers and physical demands associated with 

crossing large bodies of water (Alerstam & Pettersson, 1977; Alerstam, 1978; Bruderer 

& Liechti, 1998; Fortin et al. 1999). Birds may also follow the shoreline and avoid 

crossing, if it is oriented more or less along the birds intended migratory direction, 

potentially to facilitate orientation (Alerstam et al. 1974 as cited in Alerstam, 1990b). 

The Lake Huron shoreline is oriented more or less along the endogenous migration 

direction of many songbirds in southern Ontario. Therefore, birds may redirect their 

overwater flights to fly over the shoreline. This might be expected to lead to an increase 

in numbers of birds along the shoreline, which could increase the risk of collisions if 

turbines are developed there.  

To understand whether nocturnal migrants concentrate along shorelines during 

migration, technology must be used because they are difficult to detect visually. Studies 

conducted over the Great Lakes using weather surveillance radars (WSR-88D) provide 
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valuable information on crossing or coasting behaviours of migrating birds (Diehl et al. 

2003), but it is difficult to use them to quantify numbers of birds and to document 

migration patterns at a fine scale (Gauthreaux & Belser, 2003; Gauthreaux et al. 2003). 

Small X-band marine radars allow the opportunity to detect and count individual birds at 

a local and regional scale. In addition, small changes in migratory behaviours such as 

flight altitude and flight direction can also be studied. Fine-scale assessments are 

essential to help address whether birds flying along shorelines are at a greater risk of 

wind turbine collisions.  

The objective of my study was to use marine radars to test whether nocturnal 

migrating birds fly in higher concentrations along shorelines compared to inland. I also 

tested whether their flight altitude and flight direction was influenced by the shoreline. 

This information can be used to test whether wind turbines placed along shorelines 

would present a greater risk to nocturnal migrants.   
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METHODS 

 

Radar locations and study period 

I used two 12 kW (Furuno 1954BB) and three 25 kW (Furuno 1964BB) modified 

X-band marine radars to record nocturnal migrants passing near the shoreline of Lake 

Huron (Table 1, Figure 1 & 2). I deployed the radars at various distances from the 

shoreline along two transects and collected data between April 18th and May 31st, 2014. 

I compared the number of birds, flight altitude and flight direction within transects. 

 

Table 1: Summary of study locations and radar types. Transect 1: A & B. Transect 2: C, D 

& E.   

  

Site name 

 

Radar Type 

 

Latitude 

 

Longitude 

Distance from 

Shoreline (km) 

 

A 

 

Pierce 

 

25 kW 

 

44° 07' 59.274" N 

 

81° 40' 49.986" W 

 

0.5 

B Gibson 12 kW 44° 04' 49.362"N 81° 34' 18.696"W 10.9 

C Wallis 12 kW 43° 36' 19.432"N 81° 42' 8.532"W 0.8 

D Dutot 25 kW 43° 35' 33.300"N 81° 37' 15.402"W 7.2 

E Hullett 25 kW 43° 36' 13.944"N 81° 27' 22.896"W 20.6 
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Figure 1: Map of the Great Lakes Region. Black box represents the 2014 spring bird 

migration study area.  
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Figure 2: Map of the eastern shoreline of Lake Huron. Hollow circles and letters 

represent radar locations.  A: Pierce, B: Gibson, C: Wallis, D: Dutot, E: Hullett.  

 

Radar description 

Radars were retrofitted with a parabolic dish that rotates 2.4 times per second 

for a complete scan (360°) of its surroundings. Electromagnetic beams are emitted from 

the radar antenna with a frequency of 9410 MHz and a beam width of ~3.5°. Echoes 

from the emitted radar beam return to the dish if they hit an object or target in the 

environment. The dishes of the radars were programmed to tilt on a schedule from 15°  
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to 40° above the horizon by 5° increments using radR, an open source computer 

program (Taylor et al. 2010). The radar scanned the environment at each angle for five 

minutes before moving up to the next increment. After scanning at 40° the antenna 

returned to the initial angle setting of 15°.  

 

Processing radar data 

Extracting data on a bird detected by radar is meticulous and requires multiple 

steps to reach the end result. Outlined below is the framework used to collect radar 

data and identify which targets likely represent birds.   

 

Recording blipmovies 

The overall data collection process largely follows that described by Taylor et al. 

(2010), although a few features used updated technologies. A modified Universal 

Software Radio Peripheral (USRP) was used to digitize analog radar signals. radR was 

used to acquire and process the signals of each radar scan. To detect targets in the 

environment, radR computes the temporal mean and mean deviation of a user-defined 

area of pulses (radial dimension) and samples (angular dimension) across multiple scans 

to identify the average background noise in each region of the radar. If the relative 

intensity (z-score) of subsequent samples within a scan exceeds that of the background 

distribution in that portion of the scan they are considered “hot”; a collection of 

adjacent hot samples form a patch. Patches that fall within user-defined filtering criteria 



9 
 
 

are classified as “blips” (Table 2 & 3). In this way, much of the background noise, as well 

as stationary clutter (e.g., generated by buildings) is eliminated. The background map is 

updated continuously, to allow for changes in the clutter due to changes in the antenna 

angle or other changes. Each radar scan produces a new array of blips which can be 

saved as digital archives known as “blipmovies” to an external hard drive. Therefore, 

blipmovies may be analyzed at a later time. During the recording of blipmovies I used 

lenient maximum and minimum filtering criteria (Table 2) to reduce the risk that blips 

generated by birds were lost due to strict parameters. The filtering criteria were subject 

to change during the next phase of blipmovie processing.  

 

Table 2: Minimum and maximum threshold values used as filtering criteria to generate 

blips during the recording of marine radar scans.   

Criteria Minimum Maximum 

Blip samples  30 5,000 

PPI area* (m2) 20 10,000 

Angular Span (# samples) 3 -1* 

Radial Span (# samples) 2 25 

*-1 is equal to infinity radR’s blip processing parameters  

 

Processing blipmovies 

I tested the limits of the blip filtering criteria (seen in Table 2) in radR by playing 

a previously recorded blipmovie and adjusting the minimum and maximum values of 
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each filtering criteria to eliminate blips that are unlikely to be birds. The limits chosen 

for the processing of radar data are seen in Table 3. The blip samples criteria are the 

minimum and maximum number of samples or “hot” sample slots that make up a patch. 

The plan position indicator (PPI) area is the apparent size of the blip seen on the plot 

window in radR (see blip size differences in Figure 3). The angular (length) and radial 

(depth) span criteria are the minimum and maximum sample dimensions that comprise 

a blip. Although choosing the criteria is subjective, I found that the limits chosen 

encompassed the potential wide range of bird blip sizes.  

 

Table 3: Minimum and maximum threshold values used as filtering criteria to generate 

blips during the processing of marine radar scans.   

Criteria Minimum Maximum 

Blip samples  30 5,000 

PPI area* (m2) 100 5,000 

Angular Span (# samples) 3 -1* 

Radial Span (# samples) 2 25 

*-1 is equal to infinity radR’s blip processing parameters  
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Figure 3: Example of a digitized radar scan showing variation in blip sizes and blip 

intensity (different colours) detected overhead at Kincardine, Lake Huron, Canada. 

Yellow circle indicates radar location (site name: Pierce).  

 

Removing clutter 

Persistent but fluctuating clutter (e.g. swaying trees) may also generate blips. 

radR’s basic target finding algorithm works poorly at eliminating this type of clutter. 

Therefore, I removed blips generated by fluctuating clutter using radR’s “declutter” 

plugin. Clutter patterns may differ among nights; therefore, I separated blipmovies that 

contained more than one night of radar scans into individual nights. The “declutter” 

plugin creates a cluttermap of all blips likely to be clutter on that night. I used periods of 

time in blipmovies with high amounts of clutter to record a cluttermap. I subsequently 
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saved cluttermaps as R scripts and used them to eliminate clutter during data 

extraction.  

Eliminating rain 

Precipitation also generates blips that need to be removed before extracting bird 

information. During data collection, persistent rain in one location is largely eliminated 

by radR because it becomes part of the background. Some additional rain blips may be 

removed by the clutter algorithm, but others remain, such that residual rain blips must 

be removed manually. To help identify potential rain blips, the altitude of all blips 

detected each night was plotted over time; periods with extensive high altitude blips are 

likely to be rain (Figure 4). I manually noted the start date/time and end date/time of 

each potential rain period in an excel file. Once clusters were identified, I replayed the 

blipmovie in radR to verify that they were likely rain; the spatial distribution of rain blips 

in blipmovies was also distinctive and helped to verify that the blips detected from the 

altitude plot were rain (Figure 5). Afterwards, I used an R script to eliminate all blips 

during any time periods when rain was occurring somewhere within the radar collection 

area. .  
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Figure 4: Example plot showing the pattern of blips generated by rain clouds on April 

30th 2014 at Bayfield, Lake Huron, Canada. Rain blip pattern indicated by red boxes.  
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Figure 5: Example of blips generated by rain clouds from a blipmovie detected overhead 

on April 30th 2014 at Bayfield, Lake Huron, Canada. Yellow circle indicates radar location 

(site name: Wallis). 

 

Creating tracks 
 

A moving target needs to be detected in multiple scans in order to identify it as a 

biological target. One blip will be generated per scan as long as the radar beam 

continues to make contact with the target. Many scans may then create a series of 

consecutive blips. I used a multiframe correspondence (MFC) algorithm from the 

“tracker” plugin in radR to identify “tracks” that are likely to correspond to the same 

biological target (Taylor et al. 2010). The algorithm is implemented using the techniques 

described in Shafique & Shah (2005). It begins by pairing two blips on consecutive scans 

using a nearest neighbour approach and calculating the velocity. The algorithm then 
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considers all possible matches between that pair of blips and blips from the third and 

subsequent scans. A blip is added to a track only if it fits within user-defined 

parameters, “alpha” and “gain”.   

Alpha is a measure of the directional consistency achieved by adding the blip to 

the track (values ranging from 0-1; 1 being the straightest possible track). The gain 

function evaluates the proximity of the new blip to the track and the consistency of the 

velocity when a new blip is added to the track. Gain effectively assesses the quality of 

the track after adding a new blip with values ranging from 0-1 (0 being a poorly matched 

blip to a track and 1 being a perfectly matched blip to a track). I used an alpha of 0.6 and 

a gain of 0.9843 based on suggestions from previous research completed using the same 

software (Bethany Thurber, pers. comm.). I only retained tracks with a minimum of 3 

blips (e.g., Figure 6). 
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Figure 6: Example of tracks (orange lines) generated by strings of blips detected using a 

marine radar on May 8th 2014 at Bayfield, Lake Huron, Canada. Yellow circle indicates 

radar location (site name: Wallis). 

 

Calculating track characteristics 

I restricted analysis to tracks potentially corresponding to nocturnal migrants by 

including only tracks between sunset and sunrise. For each track, I calculated the 

bearing (deg), flight altitude (m) and groundspeed (m/s) using its initial and final 

position relative to the radar as well as the time difference between the detection of the 

first and last blip comprising the track. To obtain heading (deg) and airspeed (m/s), I 

subtracted the wind vector (wind direction (deg) and wind speed (m/s)) from the 

bearing. I retrieved wind data from the National Center of Environmental Predictions 

(NCEP) and National Center for Atmospheric Predictions (NCAR). I queried the online 
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datasets via an R package (RNCEP) that interpolated wind information to each radar site 

every half-hour (Kalnay et al. 1996; Kemp et al. 2012; R Core Team, 2013). After, I used 

the modelled wind speed (m/s), track altitude (m) and a wind speed profile equation to 

estimate the wind conditions aloft for each bird.  

 

Separating insect tracks from bird tracks 

Radars can detect and track large migrating insects as well as small birds. These 

are not easily distinguished based on blip size, due to the fact that echo strength is not 

necessarily proportional to target size, when targets are similar in size to the radar wave 

length (3 cm). Instead, I used airspeed to help differentiate between bird and insect 

tracks. I kept only tracks with airspeeds greater or equal to 7m/s. Using this airspeed as 

a cut-off point may likely keep some faster flying insects and eliminate some slower 

migration birds but will assure that the majority of tracks are comprised of bird migrants 

(Cabrera-Cruz et al. 2013).  

 

Statistical analysis 

Numbers of birds 

To test for differences in numbers of birds detected among sites, while 

controlling for variation among nights, I used a generalized linear mixed model (GLMM) 

with a Negative-binomial distribution with site (A = Pierce, B = Gibson, C = Wallis, D = 

Dutot, E = Hullett) as a fixed effect and day of year as a random effect. The values for 
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day of year ranged between 108 and 151 (April 18th, 2014 to May 31st, 2014). I repeated 

the analysis separately for Transect 1 (Pierce and Gibson) and Transect 2 (Wallace, 

Dutot and Hullett).  

Flight altitude 

To explore potential differences in flight altitude of birds detected among sites, 

while controlling for variation among nights, I used a generalized linear mixed model 

(GLMM) with a Negative-binomial distribution to model the average flight altitude, with 

site (A = Pierce, B = Gibson, C = Wallis, D = Dutot, E = Hullett) as a fixed effect and day of 

year (108:151) nested within site as a random effect. I repeated the analysis separately 

for Transect 1 (Pierce and Gibson) and Transect 2 (Wallace, Dutot and Hullett).  

 

Flight direction  

I explored differences in flight direction of birds detected by first organizing data 

into nights that had at least one shoreline and one inland site per transect. I tested for a 

difference in flight direction within transects using a Watson’s Large-sample 

Nonparametric Test for common mean direction. I then reported the test statistic and p 

value for every comparison. 
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RESULTS 

Among five radar sites a total of 111 complete nights of recording were collected 

and 783,631 migratory birds were detected (Table 4). Radar failures resulted in many 

nights having no usable data and are classified as incomplete nights. Some nights had 

intermittent but heavy periods of rain which caused only partial nights of recording. 

Radar recordings on these nights recorded very little migratory bird activity. Therefore, 

only complete nights of recording were used for analyses.  

 

Table 4: Summary of radar data collection during the 2014 spring migration season.   

Site Period of recording 
Number of 

birds 
Complete 

nights 
Incomplete 

nights 
Partial 
nights  

 

Pierce May 8 - May 31 

 

151376 13 10 1 

Gibson May 5 - May 30 107165 17 8 2 

Wallis April 18 - May 31 136186 26 9 9 

Dutot April 19 - May 29 194592 25 9 7 

Hullett April 20 - May 31 194312 30 7 5 

Total   783631 111 43 24 

 

Numbers of birds 

Numbers of birds detected varied considerably among nights, but there were no 

consistent differences between shoreline and inland sites (Figure 7 and 8). More birds 

were detected at Pierce compared to Wallis (Wald T-test = 24.320, p = 0.0094). More 

birds were also detected at Pierce compared to Hullett, but this was only marginally 
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statistically significant (Wald T- test = 25.056, p = 0.0624). Within transect comparisons 

revealed no shoreline effect. On Transect 1, more birds were detected at Pierce 

compared to Gibson but the difference was not statistically significant (Wald T-test = 

17.626, p = 0.143). On Transect 2, fewer birds were detected at Wallis compared to 

either Dutot or Hullett but again this was not statistically significant (Dutot: Wald T-test 

= 31.784, p = 0.166; Hullett: Wald T-test = 31.441, p = 0.297).  

 

 

Figure 7: Number of birds detected (natural log) at five radar sites located on the 

shoreline of Lake Huron during the 2014 spring migration season. 
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Figure 8: Comparison of the estimated mean number of birds detected per night for five 

radar sites during the 2014 spring bird migration season. Error bars indicate 95% 

confidence intervals.  

 

Flight altitude 

Across sites, most birds were detected flying below 1000 meters, with the 

majority more or less concentrated around 300-500 m (Figure 9). However, this does 

not represent the true distribution of birds, because detectability of birds varies with 

altitude, with high and low altitude birds less likely to be detected (Bruderer, 1997). 

Here, I assumed that the radars at each of the five sites in our study had common 

detectability issues and hence compared relative altitudes among sites.  
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Figure 9: Box plot representing the relative flight altitude (m) distribution of nocturnal 

migrating birds detected at five radar sites during the 2014 spring migration season. 

Whiskers define data falling within the lower and upper 1.5 x interquartile range.   

 

There were small differences in mean flight altitude among sites (Figure 10). 

Birds detected at Pierce flew at lower altitudes compared to Wallis, Dutot and Hullett 

(Wallis: Wald T-test = 139.5, p = 1.99E-5, Dutot: Wald T-test = 137.19, p = 0.0495, Hullett: 

Wald T-test = 139.47, p = 2.19E-5). Within transect comparisons revealed inconsistent 

shoreline effects. On Transect 1, there was no difference between the flight altitude of 

birds detected at the shoreline and inland sites (i.e., Pierce vs Gibson; Wald T-test = 

71.59, p = 0.399). On Transect 2, birds detected at the shoreline site (Wallis) were flying 

at a slightly, and significantly, higher altitude than birds detected at Dutot (estimated 
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altitude difference per night ~ 55m; Wald T-test = 153.96, p = 0.041). However, there 

was no significant difference between the shoreline site and Hullett (Wald T-test = 

154.39, p = 0.312). 

 

  

Figure 10: Comparison of the estimated mean flight altitude (m) of detected birds per 

night for five radar sites during the 2014 spring bird migration season. Error bars 

indicate 95% confidence intervals.  

 

Flight direction 

Flight direction varied among nights, potentially related to wind direction, but 

within nights did not appear to vary consistently among sites (Appendix B). Nights with 

heavy migration (minimum > 4000 birds detected per site) when all five radar sites were 

working (e.g., Figures 11 & 12), reveal an overall migration direction in the North to 
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North-East direction. Birds detected during heavy migration also show similar flight 

directions among sites with no indication of a shoreline effect (Figures 11 & 12). 

 

 

Figure 11: Circular histogram of recorded flight directions of the number of birds 

detected at five radar sites on May 8th 2014. Red line indicates approximate shoreline 

orientation.   
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Figure 12: Circular histogram of recorded flight directions of the number of birds 

detected at five radar sites on May 17th 2014. Red line indicates approximate shoreline 

orientation. 

 

Results from night by night comparisons within transects indicate that more 

often than not shoreline and inland sites share common mean flight directions. In other 

words, birds detected at shoreline and inland sites have the same flight directions. The 

mean flight direction, the measure of uniformity (rho) and results from a Watson’s 

Large-sample Test for common mean directions are displayed in Table 5 and Table 6 for 

Transect 1 and Transect 2, respectively. Values for rho range from 0-1. A measure of 0 

indicates that flight directions are highly scattered, and a measure of 1 indicates that 

flight directions are highly concentrated. A p value less than 0.05 rejects the null 
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hypothesis that there is a common mean direction. On Transect 1, no tests for common 

mean direction between sites yielded significant results (Table 5). On Transect 2, only 3 

out of 26 tests for common mean direction yielded significant results (Table 6). Out of 

these 3 tests, only 2 nights showed signs that birds flying over the shoreline had a flight 

direction paralleling the shoreline (Table 6 & Appendix B: April 19th, May 21st 2014).  

 

Table 5: Summary table of mean flight direction, rho, and test statistic for common 

mean direction (Watson’s Large-sample test) of nocturnal migrants detected on 

Transect 1 per night. Shoreline site: Pierce.  

Site Pierce Gibson Watson's L-S Test 

Measure Mean (Rho) Mean (Rho) Yg p 

Date         

May-08 22˚  (0.86) 20˚  (0.88) 0.1137 0.7360 

May-09 47˚  (0.79) 55˚  (0.77) 0.0149 0.9028 

May-15 50˚  (0.68) 41˚  (0.60) 0.2013 0.6537 

May-16 4˚  (0.18) 360˚ ( 0.39) 0.0140 0.9057 

May-17 36˚  (0.84) 32˚  (0.87) 0.4037 0.5252 

May-23 117˚  (0.37) 78˚  (0.35) 0.0018 0.9659 

May-27 253˚  (0.23) 262˚  (0.46) 0.6838 0.4083 

May-28 340˚  (0.79) 341˚  (0.53) 0.0123 0.9118 
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Table 6: Summary table of mean flight direction, rho, and test statistic for common 

mean direction (Watson’s Large-sample test) of nocturnal migrants detected on 

Transect 2 per night. Shoreline site: Wallis. * indicates (p < 0.05).    

 

 

 

 

 

Site Wallis Dutot Hullett

Measure Mean (Rho) Mean (Rho) Mean (Rho) Yg p

Date

Apr-19 341˚  (0.72) 14˚  (0.10) 7.9812 0.0047*

Apr-20 18˚  (0.83) 26˚  (0.65) 0.7990 0.3714

Apr-28 343˚  (0.35) 323˚  (0.90) 318˚ (0.91) 3.0828 0.2141

Apr-30 17˚  (0.85) 18˚  (0.29) 41˚  (0.74) 2.4424 0.2949

May-03 113˚  (0.43) 102˚  (0.66) 99˚  (0.79) 2.2808 0.3197

May-04 43˚  (0.33) 19˚  (0.20) 91˚  (0.32) 11.5070 0.0032*

May-05 8˚  (0.67) 10˚  (0.73) 0.0146 0.9039

May-06 354˚  (0.81) 354˚  (0.71) 347˚  (0.81) 4.4426 0.1085

May-07 1˚  (0.88) 3˚  (0.81) 355˚  (0.87) 1.2219 0.5428

May-08 28˚  (0.87) 31˚  (0.86) 29˚  (0.86) 5.5257 0.0631

May-10 173˚  (0.45) 148˚  (0.22) 147˚  (0.37) 1.7315 0.4207

May-11 17˚  (0.88) 17˚  (0.88) 22˚  (0.90) 2.9580 0.2279

May-15 70˚  (0.31) 243˚  (0.07) 66˚  (0.46) 3.0189 0.2210

May-16 334˚  (0.35) 3˚  (0.37) 2˚  (0.37) 4.8009 0.0907

May-17 26˚  (0.78) 32˚  (0.81) 36˚  (0.88) 1.9898 0.3698

May-18 32˚  (0.78) 39˚  (0.76) 38˚  (0.89) 2.9876 0.2245

May-19 22˚  (0.74) 33˚  (0.82) 0.0481 0.8264

May-20 13˚  (0.72) 12˚   (0.83) 0.0233 0.8788

May-21 358˚  (0.47) 14˚  (0.71) 4.5375 0.0332*

May-22 172˚  (0.58) 171˚  (0.64) 0.1849 0.6672

May-23 120˚  (0.40) 145˚  (0.24) 148˚  (0.60) 0.1634 0.9215

May-27 247˚  (0.39) 242˚  (0.34) 2.3114 0.1284

May-28 341˚  (0.74) 333˚  (0.86) 0.5379 0.4633

May-29 11˚  (0.73) 19˚  (0.70) 0.1970 0.6571

May-30 341˚  (0.65) 311˚  (0.58) 2.0022 0.1571

May-31 2˚  (0.89) 348˚  (0.86) 0.2217 0.6377

Watson's L-S Test
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DISCUSSION 

I found no indication that migratory birds aloft concentrated along the Lake 

Huron shoreline or that they followed the shoreline, contrary to my expectations and to 

some previous studies along shorelines (Lowery & Newman, 1966; Belrose, 1967; 

Richardson, 1978; Åkesson 1993). I detected similar numbers and flight directions of 

birds with radars placed at shoreline and inland locations along two transects away from 

a North-South portion of the Lake Huron Coast. Gagnon et al. (2011), using weather 

radar, found that birds approaching the St. Lawrence estuary during fall migration 

tended to concentrate along the North coast. Moreover, the tendency to follow the 

coast increased as the night progressed. Gagnon et al. (2011) suggested that the St. 

Lawrence represented a barrier to migration to some birds and promoted flight paths 

paralleling the estuary. Similar barrier avoidance behaviours in nocturnal migrants were 

documented near the Iberian Peninsula (Bruderer & Liechti, 1998) and the 

Mediterranean Sea (Fortin et al. 1999). Studies in Nova Scotia (Richardson, 1978) and in 

New York (Bingman et al. 1982) also showed nocturnal migrants following shorelines, 

but only under wind conditions that promoted drift.  

The results from this study are contrary to what I had expected if birds were 

avoiding flying across the lake. Initially I speculated that birds approaching the sound 

shore of Lake Huron during spring migration may redirect overwater flights towards the 

shoreline. However, no differences were detected between shoreline and inland sites. 

The findings in this study may suggest that many birds continue to fly over Lake Huron. 

Benefits of crossing the lake may include a reduction in migration time and distance 
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(Alerstam, 2001; Åkesson & Hedenström, 2007). However, birds flying lengthy distances 

over water may be challenged with disorientation, wind drift and associated energetic 

expenses (Spina, 2011). The decision to cross may be a compromise between early 

arrival at the final migration destination and taking risks by selecting hazardous 

migration routes to arrive at the destination (Bruderer & Liechti, 1998). Alternatively, 

migrants may avoid crossing the lake, but then disperse over a large inland area east of 

Lake Huron. Further studies of migrant behaviour over the lake would be required to 

differentiate these hypotheses. 

There is no indication from this study that flight altitudes of nocturnal migrants 

were influenced by the shoreline, although they did vary among nights. Birds may select 

their migratory flight altitude based on environmental conditions, particularly wind, to 

help minimize energy output and time migrating (Bruderer et al. 1995; Kalhert et al. 

2012). Flying at low altitudes during head winds may be favoured because wind speed is 

reduced closer to the ground. Flying at high altitudes may be favoured in tailwinds 

because winds are typically stronger with height (Bruderer, 1971 as cited in Alerstam, 

1990a, p. 283). Since wind direction and speed vary with altitude and from night to 

night, adjusting flight altitude may help migrants reduce their energetic output 

throughout their migration. Consequently, this may be the reason why I detected 

nightly variation in flight altitude (Appendix A). Testing this hypothesis may be possible 

in future studies by calculating the wind speed at various altitude intervals for each 

location on a night by night basis.  It may then be possible to compare the wind speeds 

at various altitudes to the number of birds detected at each altitude interval and deduce 



30 
 
 

whether birds were actively selecting favourable wind conditions. It is important to note 

that it was not possible to compare the true flight altitude distribution of birds because 

of radar detectability issues. Marine radars are less likely to detect birds at high and low 

altitudes due to the shape of the beam (Bruderer, 1997). Nevertheless, as all of the 

radars had similar antennae, it seems reasonable to assume that relative comparisons of 

the flight altitudes of birds detected among radars are valid.  

There were some challenges to overcome from using marine radars to compare 

migration numbers between shoreline and inland sites. Frequent radar failures resulted 

in a limited number of nights when all five radars were working at the same time. 

Consequently, the ability to thoroughly compare shoreline versus inland migration 

patterns was reduced. A further change is that two different radar types were used in 

this study, which are 12 kW and 25 kW radars. Beams emitted from a 25 kW radar have 

more power than 12 kW radars. Thus, echoes returning to the radar dish have more 

energy. This allows 25 kW radars to detect smaller targets at further distances. 

Accordingly, this may result in more targets being detected by 25 kW radars. While 

correcting for radar type differences may change the estimates of numbers of birds 

detected, this is unlikely to change the overall conclusions of the study. If I reduced the 

estimate of numbers of birds detected for 25 kW radar to resemble that of a 12 kW 

radar the difference in estimates between Wallis (12 kW radar) and Dutot (25 kW radar) 

and between Wallis and Hullett (25 kW radar) would be less than shown in Figure 8. 

Similarly, corrected numbers of birds detected due to radar type differences between 
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the Pierce (25 kW radar) and Gibson (12 kW radar) sites would also reduce the 

difference between the two estimates (Figure 8). 

Overall, my study presents no evidence that wind turbine developments along 

the shoreline of Lake Huron would cause higher risks of collision to passing migrants 

compared to developments inland, at least during spring migration. However, this does 

not necessarily mean that there would be no differences during fall migration, or along 

other coastlines of the Great Lakes, or that the same species would be affected. The 

radars used in this study do not provide data that can be used to differentiate between 

potential bird species composition differences among sites. Therefore, there is a 

possibility that some bird species are found in higher concentrations along shoreline 

sites compared to inland. If migration strategies in these species are different than other 

species they may be more or less susceptible to wind turbine collisions. Furthermore, 

migrants may interact differently to shorelines depending on the geographical 

orientation of the lake and the time of year. Migrants may favour a slightly altered 

course to avoid crossing water if the direction of flight increasingly parallels the 

shoreline (Alerstam & Pettersson, 1977). Alternatively, migrants may be inclined to cross 

the lake if the shoreline runs perpendicular to the direction of travel (Diehl et al. 2003). 

Based on the geographical orientation Lake Ontario in relation to expected flight 

directions during both migratory seasons, Diehl et al. (2003) hypothesized and found 

results suggesting that migrants showed an increased tendency for lake avoidance 

during spring migration and a decreased tendency during fall migration.  
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Further studies of bird migration along other shorelines in the Great Lakes region 

would help to test the generality of these results. Locating marine radars at different 

locations in following spring migration seasons may help increase our understanding 

about the dynamics of nocturnal bird migration along the east coast of Lake Huron. 

Using a marine radar to detect birds south of Lake Huron (Figure 1: near Lambton 

Shores) may give researchers an idea about how nocturnal migrants react as they 

approach the lake. This may present a great opportunity to detect whether nocturnal 

migrants take off over the lake or navigate around.  

 

 
 

 

 

 

 

 

 
  



33 
 
 

REFERENCES 
 

Able, K.P. (1972). Fall migration in coastal Louisiana and the evolution of migration 

 patterns in the Gulf region. The Wilson Bulletin. 84: 231-242 

Åkesson, S. (1993). Coastal migration and wind drift compensation in nocturnal 

 passerine migrants. Ornis Scandinavica. 24: 87-94 

Åkesson, S. & Hedenström, A. (2007). How migrants get there: Migratory performance 

 and orientation. BioScience. 57:123-133 

Alerstam, T. (1978). Reoriented bird migration in coastal areas: Dispersal to suitable 

 resting grounds? Oikos. 30: 405-408  

Alerstam, T. (1990a). Bird Migration. Cambridge, UK: Cambridge. University Press. 

Alerstam, T. (1990b). Ecological causes and consequences of bird migration. Experientia. 

 46: 405-415 

Alerstam, T. (2001). Detours in migration. Journal of Theoretical Biology. 209: 319-

 331 

Alerstam, T. & Pettersson, S-G. (1977). Why do migrating birds fly along coastlines? 

 Journal of Theoretical Biology. 65: 699-712 

Alerstam, T., Bauer, C-A., Roos, G. (1974). Field and radar studies of the spring migration 

 of the Baltic Eider Somateria mollissima. Vår Fågelvärld. 33: 15-27 

Barrios, L. & Rodriguez, A. (2004). Behavioural and environmental correlates of soaring-

 bird mortality at on-shore wind turbines. Journal of Applied Ecology. 41: 72-81 



34 
 
 

Belrose, F.C. (1967). Radar in orientation research. Proceedings of the International 

 Ornithological Congress. 14: 281-309 

Berthold, Peter. (2001). Bird migration: a general survey. Vol. 12. Oxford University 

 Press. 

Bingman, V.P., Able, K.P. & Kerlinger, P. (1982). Wind drift, compensation, and the use 

 of landmarks by nocturnal bird migrants. Animal Behaviour. 30: 49-53 

Bruderer, B. (1971). Radarbeobachtungen über den Frühlingszug im Schweizerischen 

 Mittelland. Orn. Beob. 68: 89-158 

Bruderer, B. (1997). The study of bird migration by radar. Part 1: The technical basis. 

 Naturwissenschaften. 84: 1-8 

Bruderer, B. (2001). Recent studies modifying current views of nocturnal bird migration 

 in the Mediterranean. Avian Ecological Behaviour. 7: 11-25 

Bruderer, B. & Liechti, F. (1998). Flight behaviour of nocturnally migrating birds in 

 coastal areas – crossing or coasting. Journal of Avian Biology. 29: 499-507 

Bruderer, B., Underhill, L.G. & Liechti, F. (1995). Altitude choice by night migrants in a 

 desert  area predicted by meteorological factors. Ibis.  137: 44-55 

Cabrera-Cruz, S.A., Mabee, T.J. & Patraca, R.V. (2013). Using theoretical flight speeds to 

 discriminate birds from insects in radar studies. The Condor. 115: 263-272 

Calvert, A.M., Bishop, C.A., Elliot, R. D., Krebs, E.A., Kydd, T.M., Machtans, C.S. & 

 Robertson,  G.J. (2013). A Synthesis of human-related avian mortality in 

 Canada. Avian Conservation  and Ecology. 8: 11 



35 
 
 

Deutschlander, M.E. & Muheim, R. (2009). Fuel reserves affect migratory orientation of 

 thrushes and sparrows both before and after crossing an ecological barrier near 

 their breeding grounds. Journal of Avian Biology. 40: 85-89 

Diehl, R.H., Larkin, R.P. & Black, J.E. (2003). Radar observations of bird migrations over 

 the Great Lakes. The Auk. 120: 278-290 

Drewitt, A.L. & Langston, R.H.W. (2006). Assessing the impacts of wind farms on birds. 

 Ibis. 148: 29-42 

Ewert, D.N., Hama, M.J., Smith, R.J., Dallman, M.E. & Jorgensen, S.W. (2011). 

 Distribution of migratory landbirds along the Northern Lake Huron Shoreline. The 

 Wilson Journal of Ornithology. 123: 536-547 

Fortin, D., Liechti, F. & Bruderer, B. (1999). Variation in the nocturnal flight behaviour of 

 migratory birds along the northwest coast of the Mediterranean Sea. Ibis. 141: 

 480-488 

Gagnon, F., Ibarzabal, J., Savard, J-P.L., Bélisle, M. & Vaillancourt, P. (2011). Autumnal 

 patterns of nocturnal passerine migration in the St. Lawrence estuary region, 

 Quebec, Canada: a weather radar study. Canadian Journal of Zoology. 89: 31-46 

Gauthreaux, S.A. Jr. & Belser, C.G. (2003). Radar ornithology and biological conservation. 

 The Auk. 120: 266-277 

Gauthreaux, S.A. Jr., Belser, C.G., van Blaricom, D. (2003). Using a network of WSR-88D 

 weather surveillance radars to define patterns of birds migration at large spatial 

 scales.  Pages 335-346 in P. Berthold, E. Gwinner, and E. Sonnenchein, editors. 

 Avian migration. Springer-Verlag, Berlin 



36 
 
 

Hedenström, A. (1993). Migration by soaring or flapping flight in birds: The relative 

 importance of energy cost and speed. Philosophical Transactions: Biological 

 Sciences. 342: 353-361 

Howell, J. & DiDonato, J. (1991). Assessment of avian use and mortality related to wind 

 turbine operations, Altamont Pass, Alameda and Contra Costa Counties, 

 California, September 1988 through August 1989. Final Report. Submitted to U.S. 

 Wind Power. 

Hüppop, O., Dierschke, J., Exo, K-M, Frederich, E. & Hill, R. (2006). Bird migration studies 

 and potential collision risk with offshore wind turbines. Ibis. 148: 90-109 

Kalhert, J., Leito, A., Laubek, B., Luigujõe, L., Kuresoo, A., Aaen, K. & Luud, A. (2012). 

 Factors affecting the flight altitude of migrating waterbirds in Western Estonia. 

 Ornis Fennica. 89: 1-13 

Kalnay, E., Kanamitsu, M., Kistler, R., Collins, W., Deaven, D. […] Joseph, D. (1996). The 

 NCEP/NCAR 40-Year reanalysis project. Bulleting of the Meteorological Society. 

 77: 437-471 

Kemp, M.U., van Loon, E.E., Shamoun-Baranes, J. & Bouten, W. (2012). RNCEP: global 

 weather and climate data at your fingertips. Methods in Ecology and Evolution. 

 3: 65-70 

Kuvlesky, W.P., Brennan, L.A. Jr., Morrison, M.L., Boydston, K.K., Ballard, B.M. & 

 Bryant,F.C. (2007). Wind energy development and wildlife conservation: 

 Challenges and opportunities. The Journal of Wildlife Management. 71: 2487-

 2498 



37 
 
 

Langston, R. & Pullan J.D. (2003). Wind farms and birds: an analysis of the effects of 

 wind farms on birds, and guidance on environmental assessment criteria and site 

 selection issues. Council of Europe T-PVS/Inf  12 

Liechti, F., Guélat, J. & Komenda-Zehnder, S. (2013). Modelling the spatial 

 concentrations of bird migration to assess conflicts with wind turbines. Biological 

 Conservation. 162: 24-32 

Lowery, G.H. & Newman, R.J. (1966). A continentwide view of birds migration on four 

 nights in October. The Auk. 83: 547-586 

Mabee, T.J., Cooper, B.A., Plissner, J.H. & Young, D.P. (2006). Nocturnal bird migration 

 over an Appalachian ridge at a proposed wind power project. Wildlife Society 

 Bulletin. 34: 682-690 

Orloff, S. & Flannery A. (1992). Wind turbine effects on avian activity, habitat use and 

 mortality in Altamont Pass and Solano County Wind Resource Area. Prepared by 

 BioSystems Analysis, Inc., Tiburon, CA, for the California Energy Commission, 

 Sacremento 

Pearce-Higgins, J.W., Stephen, L., Douse, A. & Langston, R. H.W. (2012). Greater impacts 

 of wind farms on bird populations during construction than subsequent 

 operation: Results of a multi-site and multi-species analysis. Journal of Applied 

 Ecology. 49: 386-394 

Pearce-Higgins, J.W., Stephen, L, Langston, R.H., Bainbridge, I.P. & Bullman, R. (2009). 

 The distribution of breeding birds around upland wind farms. Journal of Applied 

 Ecology. 46: 1323-1331 



38 
 
 

R Core Team. (2013). R: A language and environment for statistical computing. R 

 Foundation for Statistical Computing, Vienna, Austria. URL: http://www.R-

 project.org/. 

Ralph, C.J. (1981). Age ratios and their possible use in determining autumn routes of 

 passerine migrants. Wilson Bulletin.  93:  164-188 

Richardson, W.J. (1978). Reorientation of nocturnal landbird migrants over the Atlantic 

 Ocean  near Nova Scotia in autumn. The Auk. 95: 717-732 

Sawyer, S. & Rave, K. (2015). Global Wind Report. Annual Market Update 2014. Global 

 Wind Energy Council. 

 

Schmidt, E.P., Bock, C.E. & Armstrong, D.M. (2003). National Wind. Technology Center 

 Site Environmental Assessment: Bird and Bat Use and Fatalities – Final 

 Report; Period of Performance: April 23, 2001–December 31, 2002. Golden, 

 Colorado: National Renewable Energy Laboratory. 

Shafique, K. &Shah, M. (2005). A noniterative greedy algorithm for multiframe point 

 correspondence. IEEE Transactions on Pattern Analysis and Machine Intelligence. 

 27: 51-65 

Spina, F. (2011). Joint ringing efforts to unravel complex migratory patterns cross 

 ecological barriers: the potential of networking. Journal of Ornithology. 152: 41-

 48 



39 
 
 

Taylor, P.D., Brzustowski, J.M., Matkovich, C., Peckford, M.L., Wilson, D. (2010). radR: an 

 open-source platform for acquiring and analysing data on biological targets 

 observed by surveillance radar. BMC Ecology, 10: 22 

van Dobben, W.H. (1953). Bird migration in the Netherlands. Ibis.  95: 212-234 

Williams, T.C., Williams, J.M., Ireland, L.C. & Teal, J.M. (1977). Autumnal bird migration 

 over the western North Atlantic Ocean. American Birds. 31: 251-267 

Williams, T.C., Williams, J.M., Williams, P.G. & Stokstad, P. (2001). Bird migration 

 through a mountain pass studied with high resolution radar, ceilometers and 

 census. The Auk. 118: 389-403 

Zimmerling, R., Pomeroy, A.C., d’Entremont, M.N. & Francis, C.M. (2013). Canadian 

 estimate of bird mortality due to collisions and direct habitat loss associated 

 with wind turbine developments. Avian Conservation and Ecology. 8: 10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



40 
 
 

APPENDIX A 
 
 

Summary of flight altitude by night of nocturnal migrants detected at five locations 

along the shoreline of Lake Huron during the 2014 spring migration season 
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APPENDIX B 
 
 

Summary of flight direction by night of nocturnal migrants detected at five locations 

along the shoreline of Lake Huron during the 2014 spring migration season 
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*Flight directions significantly different (p < 0.05) 
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*Flight directions significantly different (p < 0.05) 
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*Flight directions significantly different (p < 0.05) 
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