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Executive Summary 
 
Spring surveys of bird and bat migration activities were initiated by Evergreen Wind Power V, LLC at the 
proposed Stetson Wind Project, east of Lincoln, Maine, Washington County.  The surveys included 
daytime surveys of raptor migration activity, nocturnal marine radar surveys, analysis of weather radar 
data, and bat detector surveys.  
 
Raptor Surveys 
 
Raptor surveys were conducted on nine days between April 26 and May 24, 2007.  A total of 34 raptors 
representing 10 species were observed during 58.75 observation hours.  Turkey vulture (Cathartes aura) 
was the most abundant species observed, followed by red-tailed hawk (Buteo jamaicensis) and osprey 
(Pandion haliaetus).  The observation rate was 0.6 birds per hour (birds/hour), which is low compared to 
the nearest reported spring hawk watch site (Bradbury Mountain, Maine, 5.4 birds/hour) and very low 
compared to regionally significant hawk watch sites (Braddock Bay, New York, 336 birds/hour and 
Derby Hill, New York, 57 birds/hour). 
 
Marine Radar Surveys 
 
Radar surveys were conducted on 21 nights between April 23 and May 26, 2007, from the ridge top of 
Stetson Mountain.  Surveys were conducted using X-band radar, sampling during the first six to seven 
hours of the night.  Each hour of sampling included the recording of radar video files during horizontal 
and vertical operation.  The radar site provided excellent visibility of the surrounding airspace, and targets 
flying above and below the ridge top were visible to the radar in both horizontal and vertical operation. 
 
The mean seasonal passage rate at Stetson Mountain was 147 ± 30 targets/kilometer/hour (t/km/hr), with 
a range in nightly passage rates of 3 ± 1 t/km/hr (April 30) to 434 ± 75 t/km/hr (May 21).  The seasonal 
flight direction over the mountain was 55° ± 42°, at an approximately 45° angle to the alignment of the 
ridgeline.  The mean flight height of night migrants over the radar station was 210 ± 19 meters (m) (688’ 
± 63’) and the nightly mean flight height ranged from 38 ± 29 m (125’ ± 96’) to 379 ± 44 (1243’± 145’).  
The average flight height of migrants on most nights sampled was above the proposed turbine height of 
120 m (394’).  Over the course of the season, 22 percent of migrants were documented flying below the 
mean turbine height.   
 
The radar surveys conducted in the project area fall within the range of other surveys conducted in the 
Northeast that used the same equipment, sampling methods, and data analysis procedures.  The overall 
low passage rate suggests that a very small proportion of night migrants have the potential to encounter 
wind turbines on Stetson Mountain during the migration period. 
 
NEXRAD Weather Radar Analysis 
 
NEXRAD weather radar data from the Houlton, Maine station were collected for 58 nights from April 9 
to June 10, 2007.  Migration activity for each night was classified as 1) no documented activity due to 
rain; 2) light activity; and 3) heavy activity.  Analysis of the NEXRAD data indicated that approximately 
16 percent of the migration season included nights with rain, 64 percent included light migration, and 21 
percent included heavy migration.  Of the nights sampled with on-site radar, nights of light and heavy 
migration were generally sampled in proportion to their occurrence within the migration season (57% on 
nights with light migration, and 29% on nights with heavy migration).  This similarity between sample 
night allocation and migration activity indicates that the seasonal mean passage rate documented at the 
project is likely to be representative of the true seasonal mean activity level in the area. 
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Bat Detector Surveys 
 
Bat detector surveys included documentation of spring bat activity through passive (i.e., detectors 
deployed and left in place for long durations) surveys.  These surveys included acoustic detectors 
deployed for a total of 159 detector-nights (approximately 1,908 hours of operation) from April 24 to 
June 18, 2007.  Three detectors were deployed in three different meteorological measurement towers on 
the Stetson Mountain ridgeline.  A total of 323 bat call sequences were recorded during the sampling 
period.  The mean detection rate of all detectors was 2.0 sequences per detector-night (or 0.17 call 
sequences/hour).  This detection rate was generally similar to the detection rate documented in the 
summer and fall of 2006.  
 
Bat call sequences were identified to the lowest possible taxonomic level.  These were then grouped into 
four guilds.  Guilds were established based on similarities in call sequence characteristics between some 
species, and uncertainty in the ability of the detectors to adequately provide information for this 
differentiation.  The majority of calls (48%) were identified as within the Big Brown guild, which 
includes the big brown bat (Eptesicus fuscus), hoary bat (Lasiurus cinereus), and silver-haired bat 
(Lasionycteris noctivagans).  Call sequences of the genus Myotis accounted for 7 percent of all recorded 
sequences.  The remaining call sequences were identified as unknown (45%) due to poor quality, a lack of 
distinguishing characteristics, or too few call pulses within the recorded call sequence.  No call sequences 
were recorded from eastern red bat (Lasiurus borealis) or eastern pipistrelle (Pipistrellus subflavus).  
 
In general, the species composition, timing and relative abundance of call sequences recorded during 
sampling was what would be expected at a low elevation forested ridgeline in eastern Maine.  The species 
composition and number of call sequences recorded were generally similar to other studies conducted in 
the region, and include variations attributable to the habitats sampled, seasonal conditions and the method 
of sampling. 
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1.0 Introduction 

1.1 Project Context 

Evergreen Wind Power V, LLC (Evergreen) has proposed the construction of a 57 megawatt (MW) wind 
project, located in Penobscot County and Washington Counties, ME.  The project, called the Stetson 
Wind Project, would include the construction of 38 General Electric (GE) 1.5 MW wind turbines, located 
along the ridge top of Stetson Mountain (Figure 1-1).  The GE turbines have a maximum height of 
approximately 120 meters (m) (394’). 
 
In advance of permitting activities for the project, Evergreen initiated a series of ecological field surveys 
to characterize bird and bat use of the project area.  The surveys will provide data to help assess the 
potential for the proposed project to impact birds and bats.  The scope of the surveys was based on a 
combination of standard methods that are developing within the wind power industry for pre-construction 
surveys and guidelines outlined by the Maine Wind Power Advisory Group and are consistent with 
several other studies conducted recently in the state and the Northeast.   

1.2 Project Area Description 

The project area for the surveys included Stetson Mountain in T8 R3 NBPP Township, ME (Figure 1-1).  
The project area occurs in the Maine-New Brunswick Lowlands Biophysical Region in the east region of 
the State, bordering New Brunswick, Canada.  The Maine-New Brunswick Lowlands Biophysical Region 
ranges in elevation from about 122 m (400’) to 182 m (600’), with the exception of a few mountains over 
182 m (600’) above sea level, including Stetson Mountain at 330 m (1,085’).  The surrounding region 
includes some of the most extensive peatlands, marshes, and swamps in Maine and is the southern limit of 
the ribbed fen and other northern wetland systems.  The climate is relatively uniform throughout the 
region, with the highest average temperature in July of 79 ºFahrenheit (F) and an average low temperature 
in January of 3ºF.  The mean annual precipitation is approximately 117 centimeters (cm) (46”).   
 
Stetson Mountain consists of a nearly 9.7-kilometer (6 mile) long ridgeline oriented largely north to 
south.  The ridge itself consists predominantly of well to excessively well-drained soils.  Timber 
harvesting operations are common and areas surveyed during the spring 2007 period exhibited various 
signs of recent forest harvesting.  Northern hardwoods and mixed conifers are the dominant forests in the 
region (McMahon 1990) and the forest cover on Stetson Mountain is largely mixed northern hardwoods.   

1.3 Survey Overview 

Woodlot Alternatives, Inc. (Woodlot) conducted field investigations for bird and bat migration during the 
spring of 2007, representing the second season of surveys conducted for this project.  The overall goals of 
the investigations were to document: 
 

• the occurrence and flight patterns of diurnally migrating raptors (hawks, falcons, harriers, and 
eagles) in the project area, including number and species, general flight direction, and 
approximate flight altitude;  

• the overall passage rates for nocturnal migration in the vicinity of the project area, including the 
number of migrants, their flight direction, and their flight altitude; and 

• the presence of bats in the area, including the rate of occurrence and, when possible, species 
present during the spring migration period. 
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Surveys were conducted from April 15 to June 15, 2007, although effort for the different aspects of the 
work varied within this time period.  A total of 9 days of raptor survey were collected, 21 nights of radar 
survey data were recorded, and 3 bat detectors were deployed over a 60-night period. 
 
This report is divided into primary sections that discuss the methods and results for each field survey.  
Each section includes summary graphs of the survey results.  In addition, supporting data tables are 
provided in a separate appendix for each chapter. 

2.0 Diurnal Raptor Surveys 

2.1 Introduction 

The project area is located in the northeastern portion of the Eastern Continental Hawk Flyway.  
Geography and topography are major factors in shaping migration dynamics in this flyway.  The northeast 
to southwest orientation of the northern North American coast and the inland mountain ranges influence 
hawks migrating in eastern Canada and New England to fly southwestward to their wintering grounds and 
northeastward toward their breeding grounds in the spring (Kerlinger 1989; Kellogg 2004).  The 
juxtaposition of the Appalachian mountain ranges and large bodies of water further influence raptor 
migration.  Away from features such as the Atlantic shoreline, the Kitatinny and Appalachian mountains, 
with their continuous ridges and updrafts, provide "leading lines" for hawks to follow and large numbers 
of raptors use those areas (Kellogg 2004). 

Because Maine lies at the northern end of many species’ breeding ranges, there are fewer birds passing 
through Maine compared to more southern locations in the North American hawk flyways.  Raptor 
migration through Maine is not as concentrated as in other flyways because the state lacks long, 
continuous ridges found to be important to hawk migration in other regions of the Eastern Continental 
Hawk Flyway.  Rather, migrating hawks following the short, fractured ridges that are more common to 
Maine could be expected to travel from ridge to ridge or travel in broad front types of movements 
between localized concentration points.  In this way, raptors are able to use the northern ends of ridges or 
mountains to gain altitude via thermal development or ridge-generated updrafts before gliding as far as 
possible to another suitable lift site (Kerlinger 1989).    

 
Woodlot conducted raptor surveys in the Fall of 2006 and the Spring of 2007 to determine if significant 
raptor migration occurred in the vicinity of the proposed project location.  In the fall, surveys were 
conducted on seven days during the months of September and October.  In the spring, surveys were 
conducted on 9 days during the months of April and May.  The goal of the surveys was to document the 
occurrence of raptors in the vicinity of the project area, including the number and species, approximate 
flight height, general direction and flight path, as well as other notable flight behavior. 

2.2 Methods 

Field Surveys 
 
Raptor surveys were conducted from the meteorological measurement tower (met tower) clearing atop the 
summit of Stetson Mountain (Figure 2-1).  The clearing from this location offered views in all directions 
and over the tree tops toward the south and north ends of Stetson Mountain.  On the clearest days, Mount 
Katahdin could be seen to the northwest and Baskahegan Lake could be observed to the east.    
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Raptor surveys occurred on 9 days from April 26 to May 24, 2007, and were generally conducted from 
9:00 am to 3:00 pm in order to include the time of day when the strongest thermal lift is produced and the 
majority of raptor migration activity typically occurs.  Days with favorable flight conditions produced by 
low-pressure systems bringing southerly winds, and days following the passage of a weather front were 
targeted as survey days.  
 
Surveys were based on Hawk Migration Association of North America (HMANA) methods.  Observers 
scanned the sky and surrounding landscape for raptors flying into the survey area.  Observations were 
recorded onto HMANA data sheets, which summarize the data by hour.  Detailed notes on each 
observation, including location and flight path, flight height, and activity of the animal, were recorded.  
Height of flight was categorized as less than or greater than 120 m (394’) above ground, which is the 
assumed maximum height of the proposed wind turbines.  Nearby objects with known heights, such as the 
met towers and surrounding trees, as well as Bushnell range finders were used to gauge flight height.  
Information regarding the raptors’ behavior and whether a raptor was observed in the same locations 
throughout the study period was noted to differentiate between migrant and resident birds.  When possible, 
general flight paths of individuals observed were plotted on topographic maps of the project area.   
 
Hourly weather observations, including wind speed, direction from which the wind was coming, 
temperature, percent cloud cover, and precipitation, were recorded on HMANA data sheets.  Birds that 
flew too rapidly or were too far to accurately identify were recorded as unidentified to their genus or, if 
the identification of genus was not possible, unidentified raptor.   
 
Data Analysis 
 
Field observations were summarized by species for each survey day and for the whole survey period.  
This included a tally of the total number of individuals observed for each species, the observation rate 
(birds/hour), and an estimate of how many of those observations were suspected to be resident birds.  The 
total number of birds, by species and by hour, was also calculated, as was the species composition of 
birds observed flying below and above 120 m (394’).  Finally, the mapped flight locations of individuals 
were reviewed to identify any overall patterns for migrating raptors. 
 
Observations from the project area were compared to data from local or regional HMANA hawk watch 
sites available on the HMANA web site or from HMANA yearly reports.  Those HMANA watch sites 
included Bradbury Mountain, ME; Barre Falls, MA; Blueberry Hill, MA; Derby Hill in Mexico, NY; 
Braddock Bay in Hilton, NY; Hamburg, NY; and Hawk Mountain, PA.  Only hawk watch counts from 
April to May were used in this report. 

2.3 Results 

Surveys were generally conducted on clear to partly cloudy days with no precipitation allowing for 
optimal visibility.  However, two surveys were conducted during drizzle and fog.  These days were 
included in the study because it is valuable to survey during a range of weather conditions as some raptors 
will fly under suboptimal conditions.  During the spring survey period, morning temperatures ranged 
from 6 to 28 ºCelsius (C) and afternoon temperatures ranged from 7 to 30 ºC.  Surveys generally occurred 
after the passage of cold fronts.  The development of thermals on these days was evident as temperatures 
increased and cumulus clouds were formed.  Wind speed during surveys ranged from light to moderate.  
Days with predominantly south winds were targeted and therefore five out of the nine survey days 
experienced south winds.  However, one survey day experienced predominantly north winds and the 
remainder of the days were either variable winds or predominantly from the west.   
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Surveys were conducted for a total of 58.75 hours during the 9 survey days.  A total of 34 raptors 
representing 10 species were observed, yielding an observation rate of 0.6 birds/hour (Appendix A Table 
1; Figure 2-2).  Among the nine survey days, the range of passage rates varied from 0 to 0.7 birds/hour.  
Turkey vulture (Cathartes aura) 1 was the most commonly observed species accounting for 41 percent  
(N=14) of the total observations.  Red-tailed hawks (Buteo jamaicensis) were the next most abundant 
species (N=5) and represented 15 percent of the total observations, followed by osprey (Pandion 
haliaetus) and broad-winged hawk (B. platypterus), each accounting for 8 percent of the total 
observations (N=3).  One buteo was not identifiable to species due to distance from the surveyor.  An 
adult bald eagle (Haliaeetus leucocephalus), listed as state and federally threatened, was observed.  No 
other listed species were observed during the spring 2007 surveys. 
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Figure 2-2.  Species composition of raptors observed during spring 2007 surveys 

 
Twenty-nine percent of the total observations were of raptors believed to be resident to the project area.  
These individuals were identified as residents based on repeated flight through the project area or 
repeated observations of hunting behavior.  Resident birds included a pair of American kestrel (Falco 
sparverius), a pair of red-tailed hawk, an immature red-tailed hawk, and an adult bald eagle.  However, 
the majority of raptors observed were believed to be actively migrating.     
 
Flight heights were categorized as below or above 120 m (394’), the maximum height of the proposed 
turbines.  Overall, 74 percent of the raptors observed were flying less than 120 m above the ground.  
Differences in flight altitudes between species were observed (Figure 2-4; Appendix A Table 3).  All of 
the falcon, broad-winged hawk, and red-shouldered hawk (Buteo lineatus) sightings occurred below  
120 m.  The majority of turkey vulture observations (86%) also occurred below 120 m.  The osprey, 
Cooper’s hawk (Accipiter cooperii), and unidentified buteo observations all occurred above the maximum 
rotor swept zone.  The majority of red-tailed hawk observations (80%) occurred below the rotor swept 
zone. 

                                                      
1 While turkey vultures are not true raptors, they are diurnal migrants that exhibit flight characteristics similar to 
hawks and other raptors and are typically included during hawk watch surveys. 
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Figure 2-3.  Raptor flight height distribution during spring 2007 surveys 

 
The flight habits of raptors in the project area were variable, though the positions of those observations 
often occurred in similar locations.  Flight direction was generally to the north. Flight paths were largely 
dependent on wind conditions and predominantly occurred along the side slopes of the ridge, however, 
some birds flew directly over the ridge.  The majority of birds observed flying north crossed the ridge 
near the summit, gaining updrafts from the side slopes.  These individuals demonstrated more direct flight 
paths over the project area than those birds that were believed to be resident.  Resident birds, particularly 
red-tailed hawks and turkey vultures flew in varying directions over the observation site and were 
typically observed kiting (using updrafts to hover in-place) and hunting.  Relative to ground level, flight 
heights of raptors over valleys were usually higher than when flying along ridges.   

2.4 Discussion 

A total of 34 raptors representing 10 species were observed during 9 days of field surveys from April to 
May 2007.  Turkey vultures were the most abundant species observed and comprised approximately 41 
percent of all observations.  A few resident turkey vultures likely accounted for some of these 
observations; however, nearly 80 percent observed were believed to be actively migrating.  The turkey 
vulture is likely the most common raptor-type bird in North America and their northern range is 
expanding (Wheeler 2003).  Red-tailed hawks accounted for 15 percent of the total observations and are 
considered one of the most common raptors that breed in the East (Wheeler 2003).  Osprey and broad-
winged hawk each accounted for 8 percent of the total observations.  The osprey is considered locally 
fairly common in the region, while broad-winged hawk is considered one of the most common breeding 
raptors in the U.S. (Wheeler 2003).  Broad-winged hawks are known to be less concentrated at migration 
sites in the spring than they are in the fall mainly because they have a more punctual, narrow window of 
migration.  Stetson Mountain surveys were consistent with this trend as during fall 2006 surveys, broad-
winged hawks accounted for 33 percent (N=28) of the total observations.  
 
Two bald eagles, a state-threatened species were observed during the spring survey period.  Historically, 
bald eagle have nested within the region surrounding the project area.  The closest known nest is located 
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on Baskahegan Lake, 8 kilometers (km) (5 miles) east of the project area.  The adults observed during the 
spring survey were likely breeding at one of the local nest sites.   
 
Observation rates recorded at the project site are relatively low compared to other sites in the region, 
where raptor migration surveys were conducted during the same time frame (April through May).  
Observation rates at other sites ranged from approximately 3.8 to 336.4 birds/hour (Appendix A Table 4).  
The most active site surveyed in the spring was Braddock Bay, NY with a total count of 52,140 raptors.  
The hawk watch site nearest to Stetson Mountain, Bradbury Mountain, ME, experienced at total of 1,042 
raptors (3.8 birds/hour). 
 
There are several reasons for the differences in passage rates observed among hawk watch sites in spring 
2007, although location is probably the most significant.  Geographic location can affect the magnitude of 
raptor migration at a particular site.  Other sites that are located at prominent topographic points such as 
Hawk Mountain, PA, are along ridgelines known to influence concentrated use; therefore, organized 
hawk count locations target such areas.  The low passage rate documented at the proposed Stetson Wind 
Project is likely due to a lack of large landscape features that could concentrate raptor migration activity 
at the project area.  Rather, the surrounding landscape consists of a series of widely dispersed interrupted 
ridges and individual peaks that migrating raptors use as stepping stones as they pass through the area.  
While Stetson Mountain may be one of the longest, continuous ridges in the area, it is not very prominent, 
extending less than 200 m (656’) above the surrounding landscape.  Consequently, it does not appear to 
represent a significant regional feature that attracts migrant raptors.    
 
The flight heights of raptors observed in the project area indicate that birds do occur in the height zone of 
the blade-swept area of the proposed turbines.  Approximately 74 percent of the raptors observed were 
flying below 120 m (394’).  Differences in flight heights between species and individuals were observed 
and could be due to differences in species’ flight behaviors.  Resident birds predominantly flew at lower 
heights than migrants, as they were typically undertaking small-scale movements while foraging.  One of 
the bald eagles (state and federally threatened) observed during the spring surveys occurred at a flight 
height above the rotor swept zone, while one was observed flying both above and below the rotor swept 
zone.  The greater occurrence of raptors at low altitudes increases the potential for migrating raptors to 
encounter the proposed wind power development.  However, the overall number of raptors observed at 
Stetson Mountain was very low relative to other sites in the region.   
 
Different species of raptors may have greater or lesser risk of collision with wind turbines, dependent 
upon various factors.  Some species of raptors (i.e., golden eagles [Aquila chrysaetos], rough-legged 
hawk [Buteo lagopus], northern goshawk [Accipiter gentilis], red-shouldered hawk, and red-tailed hawk) 
migrate during time periods when thermal production is generally low and must rely on topographical 
features such as side slopes and narrow ridge-tops to produce updrafts; consequently, they do not attain 
excessively high altitudes (Brandes 2005).  Species of raptor that use thermals, such as broad-winged 
hawks, often rise with thermals to very high altitudes and may have a lower risk of encountering turbines 
during migration.    
 
Migration of raptors is a dynamic process due to various behavioral and environmental factors.  As a 
result, flight pathways and movements along ridges, slide slopes, and across valleys may vary.  Raptors 
may shift and use different ridge lines and cross different valleys from year to year or season to season.  
Weather and wind are major factors which influence migration pathways.  The flight paths of raptors 
observed in the project area varied between survey dates and were influenced by varying wind direction 
and weather.  Wind strongly affects the propensity of raptors to concentrate along linear features (such as 
rivers and ridges).  The precise location of the migrants relative to the linear feature is what directs 
concentrations of migrating birds along linear features and can be related to lateral drift caused by 
crosswinds (Richardson 1998).   
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The spring passage rate was lower than that detected during the fall 2006 surveys.  During the fall, 
surveys were conducted for a total of 42 hours on 7 days.  A total of 86 raptors, representing 11 species, 
were observed during that time, yielding an overall observation rate of 2.05 birds/hour.  The difference in 
results between seasons is typical among watch sites within the region. 
 
While survey effort can play a role in the observation rate and total number of individuals documented at 
a site, the overall low numbers of raptors documented during the spring 2007 survey may indicate a low 
risk of raptor collision with wind turbines.  It is also still largely unknown what avoidance behavior 
migrating raptors exhibit when flying near wind turbines.  Unpublished observations of hawk migration 
activity at an existing facility in New England (Woodlot, unpublished data) indicate that the passage of 
small raptors, such as sharp-shinned hawks (Accipiter striatus), often occurs below the blade-swept area 
of turbines, and the passage of larger raptors occurs well above the turbines.  Birds have also been 
observed rising above operating turbines and then decreasing altitude between turbines.   

2.5 Conclusions 

The results of the field surveys indicate that spring raptor migration in the Stetson Wind Project area is 
low relative to other sites in the northeast.  Observation rates at other sites ranged from approximately 3.8 
to 336.4 birds/hour, while Stetson Mountain experienced a passage rate of 0.6 birds/hour.  The low 
passage rate is likely due to the fact that the project area is not located along a concentrated raptor 
migration corridor.  However, raptors do use the project area’s topographical features such as ridges, side 
slopes, and valleys to gain updraft and thermals during migration.  Seventy-four percent of raptors 
observed during spring surveys occurred below the rotor-swept zone.  In addition, there are nesting 
raptors such as bald eagle, American kestrel, red-tailed hawk, and turkey vulture in the vicinity of the 
project area.  Resident birds typically fly at lower heights than migrants, as they are undertaking relatively 
small-scale movements while foraging.   
 
Migrants observed passing near or through the project area typically flew higher than resident birds.  
These birds were taking advantage of thermals and updrafts flowing up hillsides.  Consequently, migrants 
were typically observed gaining altitude in these areas before following a generally northward path.  
Based on the flight paths of migrants observed, it is likely that the plateaus, where most wind turbines are 
being proposed, receive low use by migrating raptors, as the majority of birds follow valleys and side 
slopes that develop stronger thermals and crosswinds for migration.  Although the majority of flight 
heights occurred below the maximum height of the proposed turbines, the low occurrence of raptors in the 
project area in relation to other more active migration sites decreases the risk of collision of raptors with 
the proposed turbines. 

3.0 Nocturnal Radar Survey 

3.1 Introduction 

The majority of North American landbirds migrate at night.  The strategy to migrate at night may be to 
take advantage of more stable atmospheric conditions for flapping flight (Kerlinger 1995).  Conversely, 
species using soaring flight, such as raptors, migrate during the day to take advantage of warm rising air 
in thermals and laminar flow of air over the landscape, which can create updrafts along hillsides and 
ridgelines.  Additionally, night migration may provide a more efficient medium to regulate body 
temperature during active, flapping flight and could reduce the potential for predation while in flight 
(Alerstam 1990, Kerlinger 1995). 
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Radar surveys were conducted to characterize spring nocturnal migration patterns in the area.  The goal of 
the surveys was to document the overall passage rates for nocturnal migration in the vicinity of the project 
area, the flight direction of night migrants, and the flight height of night migrants. 

3.2 Methods 

Field Methods 
 
The radar study was conducted from near the northern end of the Stetson Mountain ridgeline, below the 
central met tower (Figure 3-1).  This site, at an elevation of 360 m (1,180’), provided a view in all 
directions.  Marine surveillance radar similar to that described by Cooper et al. (1991) was used during  
field data collection.  The radar has a peak power output of 12 kilowatts and has the ability to track small 
animals, including birds, bats, and even insects, based on settings selected for the radar functions.  It 
cannot, however, readily distinguish between different types of animals being detected.  Consequently, all 
animals observed on the radar screen are called targets.  The radar has an echo trail function that 
maintains past echoes of trails.  During all operations, the radar’s echo trail was set to 30 seconds. 
 
The radar was equipped with a 2-m (6.5’) waveguide antenna.  The antenna has a vertical beam height of 
20º (10º above and below horizontal), and the front end of the antenna was inclined approximately 5º to 
increase the proportion of the beam directed into the sky.  
 
Objects on the ground detected by the radar cause returns on the radar screen (echoes) that appear as 
blotches called ground clutter.  Large amounts of ground clutter reduce the ability of the radar to track 
birds and bats flying over those areas.  However, vegetation and hilltops near the radar can be used to 
reduce or eliminate ground clutter by ‘hiding’ clutter-causing objects from the radar.  These nearby 
features also cause ground clutter, but their proximity to the radar antenna generally limits the ground 
clutter to the center of the radar screen (Figure 3-2).  The presence of ground clutter and other objects that 
could reduce clutter were important factors considered during the survey site selection process and 
configuration of the radar stations. 
 
Radar surveys were targeted for the first six hours of each survey night, although this varied based on 
weather conditions.  Twenty-one nights of survey data were collected between April 23 and May 26, 
2007.  Because the anti-rain function of the radar must be turned down to detect small songbirds and bats, 
surveys could not be conducted during periods of inclement weather.  Therefore, surveys were targeted 
largely for nights without rain.  However, in order to characterize migration patterns during nights 
without optimal conditions, some nights with weather forecasts that included occasional showers were 
sampled. 
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Figure 3-2.  Ground clutter in project area.   

 
The radar was operated in two modes during each hour of operation.  In the first mode, surveillance, the 
antenna spins horizontally to survey the airspace around the radar and detects targets moving through the 
area.  By analyzing the echo trail, the flight direction of targets can be determined.  In the second mode of 
operation, vertical, the antenna is rotated 90º to vertically survey the airspace above the radar (Harmata et 
al. 1999).  In vertical mode, target echoes do not provide directional data but do provide information on 
the altitude of targets passing through the vertical, 20º radar beam.  Both modes of operation were used 
during each hour of sampling. 
 
The radar was operated at a range of 1.4 km (0.75 nautical miles).  At this range, the echoes of small birds 
can be easily detected, observed, and tracked.  At greater ranges, larger birds can be detected, but the 
echoes of small birds are reduced in size and restricted to a smaller portion of the radar screen, reducing 
the ability to observe the movement pattern of individual targets.  
 
Data Collection 
 
The radar display was connected to the video recording software of a computer.  Based on a random 
sequence for each night, approximately 25 minutes of video samples were recorded during each hour of 
operation.  These included 15 one-minute horizontal samples and 10 one-minute vertical samples.  
 
During each hour, additional information was also recorded, including weather conditions and ceilometer 
observations.  Ceilometer observations involved directing a one-million candlepower spotlight vertically 
into the sky in a manner similar to that described by Gauthreaux (1969).  The ceilometer beam was 
observed by eye for 5 minutes to document and characterize low-flying (below 120 m [394’]) targets.  
The ceilometer was held in-hand so that any birds, bats, or insects passing through it could be tracked for 
several seconds, if needed.  Observations from each ceilometer observation period were recorded, 
including the number of birds, bats, and insects observed.  This information was used during data analysis 
to help characterize activity of insects, birds, and bats.   
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Data Analysis 
 
Video samples were analyzed using a digital analysis software tool developed by Woodlot.  For 
horizontal samples, targets were identified as birds and bats rather than insects based on their speed.  The 
speed of targets was corrected for wind speed and direction; targets traveling faster than approximately 
6 m (20’) per second were identified as a bird or bat target (Larkin 1991, Bruderer and Boldt 2001).  The 
software tool recorded the time, location, and flight vector for each target traveling fast enough to be a 
bird or bat.  The results for each sample were output to a spreadsheet.  For vertical samples, the software 
tool recorded the entry point of targets passing through the vertical radar beam, the time, and flight 
altitude above the radar location.  The results for each sample were output to a spreadsheet.  These data 
sets were then used to calculate passage rate (reported as targets per km of migratory front per hour), 
flight direction, and flight altitude of targets.   
 
Mean target flight directions (± 1 circular standard deviation) were summarized using software designed 
specifically to analyze directional data (Oriana2© Kovach Computing Services).  The statistics used for 
this are based on Batschelet (1965), which take into account the circular nature of the data.  Nightly wind 
direction was also summarized using similar methods and data collected from the nearest met tower to the 
radar. 
 
Flight altitude data were summarized using linear statistics.  Mean flight altitudes (± 1 standard error) 
were calculated by hour, night, and the overall season.  The percent of targets flying below 120 m (394’), 
the approximate maximum height of the larger of the two types of wind turbines that could be used at the 
site, was also calculated hourly, for each night, and for the entire survey period. 
 
NEXRAD Radar Data Analysis 
 
NEXRAD weather radar images from the National Weather Service station in Houlton, ME, were 
compiled for the full migration period (approximately April 10 to June 10, 2007).  These radar images 
were used to determine the proportion of the spring 2007 migration season that was sampled at Stetson 
Mountain with the on-site radar.   
 
NEXRAD radar provides a different type of data than the marine surveillance radar used at the Stetson 
Wind Project area.  This long range Doppler radar produces reflectivity data on objects (and precipitation) 
in the sky, as well as velocity of those objects.  It does not individually track birds but can be used to 
interpret large-scale bird migration patterns (Gauthreaux and Belser 1998).   
 
Nightly samples of reflectivity and velocity images were obtained from the National Oceanic and 
Atmospheric Administration website at http://www.nws.noaa.gov, and visually assessed to determine the 
overall intensity of nightly migration.  Each night was qualitatively categorized as: 1) no migration (very 
low activity or rainy nights); 2) light migration; or 3) heavy migration (Figure 3-3).  These determinations 
were made based on the color-coded strength of the radar reflectance data, velocity and direction, and 
winds aloft data.  The images selected for this assessment were generally timed to be from two to four 
hours after sunset.  For data interpretation purposes, bird migration is discernable from most precipitation.  
Bird activity was detected on some nights when rain occurred periodically.  On those nights, radar 
reflectivity patterns indicative of migrating birds were observed forming and then dissolving during those 
periods between rain events.  Nights exhibiting these conditions were given a classification of light 
migration activity. 
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Figure 3-3.  Examples of NEXRAD radar images depicting (from left to right) rain, light migration, and heavy 
migration activity. 

 
Once the NEXRAD images were analyzed, the nights of on-site surveys at Stetson Mountain were 
compared with those same nights of NEXRAD data.  Additionally, the remainder of the nightly 
NEXRAD data was summarized to identify the proportion of nights with light and heavy migration from 
the entire season that were sampled at Stetson Mountain.   

3.3 Results 

The radar site provided exceptional visibility of the surrounding airspace, and targets were observed in all 
areas of the radar display unit (Appendix B, Table 1).  The location of the radar at the crest of the 
ridgeline and within a clearing for an existing met tower resulted in most of the surrounding tree canopy 
being level with or slightly below the antenna of the radar.  This resulted in a better than average view by 
the radar to sample upwards 15° in all directions and downwards 5° to the east and to the west.  The result 
of this was an overall increased volume of airspace sampled by the radar relative to most other available 
radar studies.  Additionally, during vertical operation, the low tree canopy to the east and west provided 
the radar with a view downward, into the adjacent lowlands, and the radar was able to document targets 
located below the elevation of the radar and the ridgeline.  The potential effects of this exceptional view 
on the results of this survey are discussed in Section 3.4. 
 
Passage Rates 
 
Nightly passage rates varied from 3 ± 1 targets per km per hour (t/km/hr) on April 30 to 434 ± 75 t/km/hr 
on May 21.  The mean passage rate for the season was 147 ± 30 t/km/hr.  (Figure 3-4, Appendix B Table 
2).  Individual hourly passage rates varied throughout the entire season from 1 to 715 t/km/hr (Appendix 
B, Table 2).  Hourly passage rates varied throughout each night and for the season overall (Figure 3-5).   
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Figure 3-4.  Nightly passage rates (error bars = ±1 SE) observed at Stetson Wind Project, spring 2007 
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Figure 3-5.  Hourly passage rates for entire season  
 
Flight Direction 
 
The seasonal average mean flight direction over Stetson Mountain was 55º ± 42º (Figure 3-6).  There was 
considerable night-to-night variation in mean direction, although most nights included flight directions 
generally to the south and southwest (Appendix B, Table 3) 
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Figure 3-6.  Mean flight direction for the entire season  

(the bracket along the margin of the histogram is the 95% confidence interval) 
 
 

Flight Altitude 
 
The flight height of all targets was 210 m ± 19 m (688’ ± 63’) above the radar site, and the average 
nightly flight height ranged from 38 m ± 29 m (125’ ± 96’) to 379 m ± 44 m (1,243’ ± 145’) (Figure 3-7, 
Appendix B Table 4).  The percent of targets observed flying below 120 m (394’) also varied by night, 
from 7 percent to 95 percent.  On nights with the greatest percent of targets below 120 m, lower passage 
rates were observed (Figure 3-8) and were typically less than the seasonal average.  The seasonal average 
of targets flying below 120 m (394’) was 22 percent.   
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Figure 3-7.  Mean nightly flight height of targets (error bars = ±1 SE) 
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Figure 3-8.  Nightly percent of targets flying below turbine height 

0

50

100

150

200

250

300

350

400

450

4/
23

4/
24

4/
25

4/
26

4/
30 5/
1

5/
2

5/
3

5/
7

5/
8

5/
9

5/
10

5/
11

5/
15

5/
17

5/
21

5/
22

5/
23

5/
24

5/
25

5/
26

Night of

M
ea

n 
Fl

ig
ht

 H
ei

gh
t  

(m
) 

Max  Turbine Height = 120 m

Mean Flight Height = 210 m  



A Spring 2007 Radar, Visual, and Acoustic Survey of Bird and Bat Migration 
Proposed Stetson Wind Project Page 18 

Woodlot Alternatives, Inc.  July 2007 

NEXRAD Weather Radar Analysis 
 
A total of 58 nights of NEXRAD weather data were analyzed from the spring migration period.  
Migration activity occurred on 49 of those nights, with 9 nights of no migration observed due to 
prolonged intense rain.  There were 12 nights of heavy migration and 37 nights of light migration.  In 
general, the nights of sampling with on-site radar occurred on nights with light and heavy migration in 
proportion to how those nights occurred over the entire migration season (Table 3-1).  
 

Table 3-1.  Summary of NEXRAD and on-site radar data collection 

Migration Activity 
Category 

Number of 
nights 

(NEXRAD) 

Percent of 
Migration 

Nights 

Number of 
nights with on-

site radar 
Percent of on-site 

radar data set 
No Migration  9 16% 1 5% 

Light Migration 37 64% 12 57% 
Heavy Migration 12 21% 6 29% 

 

3.4 Discussion 

Spring 2007 radar surveys documented migration activity and patterns in the vicinity of the proposed 
Stetson Wind Project area.  In general, migration activity and flight patterns varied between and within 
nights, which is very typical of nighttime migration.  Nightly variation in the magnitude and flight 
characteristics of nocturnally-migrating songbirds is not uncommon and is often attributed to weather 
patterns, such as cold fronts and winds aloft (Hassler et al. 1963, Gauthreaux and Able 1970, Richardson 
1972, Able 1973, Bingman et al. 1982, and Gauthreaux 1991).   
 
Data from regional radar surveys using similar methods and equipment conducted within the last several 
years are rapidly becoming increasingly available.  These other studies provide an opportunity to 
reference the results from the proposed Stetson Wind Project to other areas of Maine, the Northeast, and 
the central Appalachian states.  However, there are limitations in comparing data from previous years 
with data from 2007, as year-to-year variation in continental bird populations and weather patterns may 
effect how many birds migrate through an area or region.  Additionally, differences in site characteristics 
at each radar survey location, particularly topography, local landscape conditions and vegetation 
surrounding a radar site, can play a significant role in any radar’s ability to detect targets in all directions 
around it and the subsequent calculation of passage rate.   
 
This last factor should be recognized as one of, if not the most, significant limiting factor, in making 
direct site-to-site comparisons in passage rates.  As previously mentioned, the radar station at Stetson 
Mountain had exceptional visibility of the airspace around it.  This is not the case with many radar 
studies, which have hillsides and trees that block the radar beam in certain directions around the radar and 
hide low-flying night migrants.  Additionally, the placement of the radar at the top of the ridge allowed 
excellent visibility to the east and west (the alignment of the radar beam while in vertical mode) and 
resulted in the radar being able to ‘see’ down into the adjacent lowlands and therefore document night 
migrants flying below the radar.  The vast majority of radar studies have not had similarly clear views of 
airspace below the horizon.  It should, however, be noted that this consideration is not as important for the 
calculation of flight height, as the main portion of the radar beam is directed skyward, rather than in a 
360° horizontal plane around the radar, and the potential effects of surrounding vegetation on the radar’s 
view can generally be more easily controlled to be more similar across sites. 
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Regardless of any potential differences between site conditions at radar survey locations, the nightly mean 
passage rates observed at the proposed Stetson Wind Project (147 t/km/hr) were comparatively low and 
within the range of other available studies (Table 3-2).   
 
Some research suggests that bird migration may be affected by landscape features, such as coastlines, 
large river valleys, and mountain ranges.  This has been documented for diurnally-migrating birds, such 
as raptors, but is not as well established for nocturnally migrating birds (Sielman et al. 1981; Bingman 
1980; Bingman et al. 1982; Bruderer and Jenni 1990; Richardson 1998; Fortin et al. 1999; Williams et al. 
2001; Diehl et al. 2003; Woodlot, unpublished data). 
 
Evidence suggesting topographic effects to night-migrating birds has typically included areas of varied 
topography, such as the most rugged areas of the northern Appalachians and the Alps.  The landscape 
around the Stetson Wind Project consists of lowlands with some low elevation hills and ridgelines.  The 
area has relatively gentle gradients with elevation differentials of less than 91 m to 360 m (300’ to 
1,180’).  This differential is considerably less than in those other areas where potential topographic effects 
on flight direction have been previously observed.  The mean flight direction of 55º at Stetson takes 
migrants over the top of the mountain at an angle and suggests that migrants use a broad front migratory 
path across the project area, and that areas of concentrated night-migrant density are not likely to occur in 
the project area.   
 
The emerging body of studies characterizing nighttime bird movements shows a relatively consistent 
trend in regards to the altitude at which night migrants fly (Table 3-2).  In general, nighttime migration 
typically occurs several hundred meters or more above the ground.  The range in mean flight heights is 
approximately 300 m (1,000’) to 600 m (2,000’) above the ground.  The percentage of targets 
documented at heights below that of typical modern wind turbines is variable, but is usually 10 to 20 
percent.  The flight height documented (210 m above the radar location) is within the range of other 
available studies, particularly when compared to surveys conducted on forested ridges within northern 
New England.  A review of the seasonal mean flight height data for the thirteen sites identified in Table  
3-2 studied in both spring and fall shows a consistent trend for lower flight heights in the spring than in 
the fall.  The similarity in flight height between sites is likely due to consistent ways in which migrants 
respond to nightly atmospheric conditions and, as mentioned previously, the relatively uniform way that 
radars view the airspace over them while in vertical operation mode across survey sites.  The observed 
percentage of targets flying below the height of the turbines was within the higher range of results at other 
survey locations.  Although 22 percent of targets for the overall season were documented below the 
maximum turbine heights, on nights with the greatest percent of targets below 120 m, lower passage rates 
were observed and were typically less than the seasonal average. 
 
The mean flight altitude of targets documented during this study likely further supports the presumption 
that relatively gentle topographic features have little, if any effect on migration patterns, particularly flight 
direction.  The mean flight altitude is above the radar site, which was located at the peak of a mountain, 
and indicates that most birds are flying at an altitude that their flight is unimpeded by topographic 
features, such as the hilltops of the project area.   
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Project Site Landscape Season and Year

Average 
Passage 

Rate 
(t/km/hr)

Range in 
Nightly 
Passage 
Rates

Average 
Flight 

Direction 

Average 
Flight 
Height 

(m)

Percent 
Targets Below 
Turbine Height

Citation

Franklin, WV Forested ridge Fall 2004 229 18-643 175 583 (125 m) 8% Woodlot 2004
Franklin, WV Forested ridge Spring 2005 457 34-240 53 492 (125 m) 11% Woodlot 2005a
Fairfield, NY Agric. plateau/ADK foothills Spring 2005 509 80-1175 44 419 (125 m) 20% Woodlot 2005b
Fairfield, NY Agric. plateau/ADK foothills Fall 2005 691 116-1351 198 516 (125 m) 4% Woodlot 2005c

Kibby, ME (Mountain) Forested ridge Fall 2005 565 109-1107 167 370 (125 m) 16% Woodlot 2006a
Kibby, ME (Range 1) Forested ridge Fall 2005 201 12-783 196 352 (125 m) 12% Woodlot 2006a

Kibby, ME (Valley Site) Forested valley Fall 2005 452 52-995 193 391 (125 m) 16% Woodlot 2006a
Kibby, ME (Mountain) Forested ridge Spring 2006 456 88-1500 67 368 (120 m) 14% Woodlot 2006b
Kibby, ME (Range 1) Forested ridge Spring 2006 197 6-471 50 412 (120 m) 22% Woodlot 2006b
Kibby, ME (Range 2) Forested ridge Spring 2006 512 18-757 86 378 (120 m) 25% Woodlot 2006b

Kibby, ME (Valley Site) Forested valley Spring 2006 443 45-1242 61 334 (120 m) n/a Woodlot 2006b
Lempster, NH Forested ridge Fall 2006 620 133-1609 206 387 (125 m) 8% Woodlot 2007a

An eastern Maine mountain Forested ridge Fall 2006 631 237 - 1308 220 369 (125 m) 13% Woodlot unpubl. data
Stetson Mountain, ME Forested ridge Fall 2006 476 131 - 1192 227 376 (125 m) 13% Woodlot 2007b
Stetson Mountain, ME Forested ridge Spring 2007 147 3-434 55 210 (120 m) 22% this report

Mars Hill, ME Forested ridge Fall 2005 512 60-1092 228 424 (120 m) 8% Woodlot 2005d
Mars Hill, ME Forested ridge Spring 2006 338 76-374 58 384 (120 m) 16% Woodlot 2006c

Jordanville, NY Agricultural plateau Spring 2005 409 26-1410 40 371 (125 m) 21% Woodlot 2005e
Jordanville, NY Agricultural plateau Fall 2005 380 26-1019 208 440 (125 m) 6% Woodlot 2005f
Deerfield, VT Forested ridge Fall 2004 178 7-1121 212 611 (100 m) 3% Woodlot 2005g
Deerfield, VT Forested ridge Spring 2005 404 74-973 69 523 (125 m) 4% Woodlot 2005h

Mt. Storm, WV Forested ridge Fall 2003 241 8-852 184 410 N/A Cooper et al. 2004a
Chautauqua, NY Great Lakes shore Spring 2003 395 15-1702 29 528 (125 m) 4% Cooper et al. 2004b
Chautauqua, NY Great Lakes shore Fall 2003 238 10-905 199 532 (125 m) 4 % Cooper et al. 2004b
Prattsburgh, NY Agricultural plateau Fall 2004 193 12-474 188 516 (125 m) 3% Woodlot 2005i
Prattsburgh, NY Agricultural plateau Spring 2005 277 70-621 22 370 (125 m) 16% Woodlot 2005j
Prattsburgh, NY Agricultural plateau Fall 2004 200 18-863 177 365 (125 m) 9% Mabee et al. 2005a
Prattsburgh, NY Agricultural plateau Spring 2005 170 3-844 18 319 (125 m) 18% Mabee et al.  2005b
Cohocton, NY Agricultural plateau Spring 2005 371 133-773 28 609 (125 m) 12% Woodlot 2006d

Churubusco, NY Grt Lks plain/ADK foothills Spring 2005 254 3-728 40 422 (120 m) 11% Woodlot 2005k
Churubusco, NY Grt Lks plain/ADK foothills Fall 2005 152 9-429 193 438 (120 m) 5% Woodlot 2005l

Clinton County, NY Grt Lks plain/ADK foothills Spring 2005 110 n/a 30 338 (n/a) 20% Mabee et al. 2006
Clinton County, NY Grt Lks plain/ADK foothills Fall 2005 197 n/a 162 333 (n/a) 12% Mabee et al. 2006

Dairy Hills, NY Great Lakes shore Spring 2005 117 n/a 14 397 (n/a) 15% Young 2006
Dairy Hills, NY Agricultural plateau Fall 2005 94 n/a 180 466 (n/a) 10% Young 2006

Wethersfield, NY Agricultural plateau Fall 1998 168 N/A 179 N/A N/A Cooper and Mabee 1999
Harrisburg, NY Grt Lks plain/ADK foothills Fall 1998 122 N/A 181 N/A N/A Cooper and Mabee 1999

Sheldon, NY Great Lakes shore Spring 2005 112 6-558 25 371 (125 m) 21% Woodlot 2006e
Sheldon, NY Agricultural plateau Fall 2005 197 43-529 213 422 (120 m) 3% Woodlot 2006f
Sheffield, VT Forested ridge Fall 2004 114 19-320 200 566 (125 m) 1% Woodlot 2006g
Sheffield, VT Forested ridge Spring 2005 208 11-439 40 522 (125 m) 6% Woodlot 2006g

Table 3-2.  Summary of Available Radar Survey Results†

† Studies are listed in seasonal order, by site, and from known or suspected visibility around the radar; starting with the most visibility and ending with the least.  
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3.5 Conclusions 

Radar surveys during the spring 2007 migration period have provided important information on nocturnal 
bird migration patterns in the vicinity of the Stetson project area.  The results of the surveys indicate that 
bird migration patterns are generally similar to patterns observed at other sites in the region, especially 
other sites in Maine.   
 
Migration activity varied throughout the season, which is likely largely attributable to weather patterns.  
The mean passage rate is generally within the lower range of passage rates observed at other regional sites 
studied with similar methods and equipment, even though the radar view far surpassed that of most other 
available studies.  The combination of the flight height and flight direction data indicates that the majority 
of the migrants are flying at altitudes above Stetson Mountain and are unimpeded by topography.  The 
percent of targets flying below turbine height was comparable to percentages observed at other sites, 
particularly when considering the increased ability to survey the surrounding airspace located below the 
horizon. 

4.0 Acoustic Bat Survey 

4.1 Introduction 

Seven species of bats occur in Washington County, based upon their normal geographic range.  These are 
the little brown bat (Myotis lucifugus), northern myotis (M. septentrionalis), silver-haired bat 
(Lasionycteris noctivagans), eastern pipistrelle (Pipistrellus subflavus), big brown bat (Eptesicus fuscus), 
eastern red bat (Lasiurus borealis), and hoary bat (L. cinereus) (Whitaker and Hamilton 1998).  Eastern 
small-footed myotis (Myotis leibii) are also known to occur in this region of Maine, although no suitable 
habitat exists within the project area. 
 
To document bat activity in the proposed Stetson Wind Project area, acoustic monitoring surveys were 
conducted during the spring of 2007.  Anabat II detectors were used for the duration of the survey.  The 
survey was designed largely to document bat activity near the rotor zone of the proposed turbines and 
near the ground throughout the project area.  These surveys were conducted at three separate met towers 
on Stetson Mountain (at the northern met tower, at a central met tower near the radar site, and at  the 
southern met tower).       

4.2 Methods 

Field Surveys 
 
Anabat detectors are frequency division detectors that divide the frequency of ultrasonic calls made by 
bats by a division factor so that they are audible to humans.  A factor of 16 was used in this study.  
Frequency division detectors were selected based upon their widespread use for this type of survey, their 
ability to be deployed for long periods of time, and their ability to detect a broad frequency range, which 
allows detection of all species of bats that could occur in Maine.  Data from the Anabat detectors were 
logged onto compact flash media using a CF ZCAIM (Titley Electronics Pty Ltd.) and downloaded to a 
computer for analysis.  Passive surveys involved suspending bat detectors from the guy wires of the three 
met towers on Stetson Mountain (Figure 4-1).  Detectors were suspended at a height of approximately 30 
m (66’) in each of the three met towers.  Detectors were deployed from April 24 to June 18, 2007. 
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Data Analysis 
 
Potential call files were extracted from data files using CFCread© software.  The default settings for 
CFCread© were used during this file extraction process, as these settings are recommended for the calls 
that are characteristic of northeastern bats.  This software screens all data recorded by the bat detector and 
extracts call files using a filter.  The filter simply removes files created by noises other than bat calls 
based on the characteristics of the call file and the established characteristics of northeastern bat calls.  
Using the default settings for this initial screen also ensures comparability between data sets.  Settings 
used by the filter include a max TBC (time between calls) of 5 seconds, a minimum line length of 5 
milliseconds, and a smoothing factor of 50.  The smoothing factor refers to whether or not adjacent pixels 
on the call spectrogram can be connected with a smooth line.  The higher the smoothing factor, the less 
restrictive the filter is and the more noise files and poor quality call sequences are retained within the data 
set.  A call is a single pulse of sound produced by a bat.  A call sequence is a combination of two or more 
pulses recorded in a call file. 
 
Following the initial screening, the spectrogram of each file was visually inspected to ensure that files 
created by static or some other form of interference that were still within the frequency range of 
northeastern bats were not included in the data set.  Call sequences were identified based on visual 
comparison of call sequences with reference libraries, including known calls recorded by Woodlot during 
mist netting surveys in 2006 in New York and Pennsylvania, and reference calls from 2002 to 2005 
provided by nationally-recognized bat experts Lynn Robbins and Chris Corben, who is also the developer 
of the Anabat software.  Bat calls typically include a series of pulses characteristic of normal flight or 
prey location and capture periods (feeding ‘buzzes’) and visually look very different than static, which 
typically forms a solid line at either a constant frequency or with great frequency variation.  Using these 
characteristics, bat call files are easily distinguished from non-bat files. 
 
Qualitative visual comparison of recorded call sequences of sufficient length to reference libraries of bat 
calls allows for relatively accurate identification of bat species (O’Farrell et al. 1999, O’Farrell and 
Gannon 1999).  A call sequence was considered of suitable quality and duration if the individual call 
pulses were ‘clean’ (i.e., consisting of sharp, distinct lines), and at least seven pulses were included within 
the sequence if it was thought to be a myotid and at least five pulses for non-myotids (all pulses less than 
35-40 kilohertz [kHz]).  Call sequences were classified to species whenever possible, using the reference 
calls described above.  However, due to similarity of call signatures between several species, all classified 
calls have been categorized into four guilds for presentation in this report.  This classification scheme 
follows that of Gannon et al. (2003) and is as follows: 
 

• Unknown (UNKN) – all call sequences with too few pulses (less than five) or of poor quality 
(such as indistinct pulse characteristics or background static);  

• Myotid (MYSP) – All bats of the genus Myotis.  While there are some general characteristics 
believed to be distinctive for several of the species in this genus, these characteristics do not 
occur consistently enough for any one species to be relied upon at all times when using Anabat 
recordings; 

• Red bat/pipistrelle (RBEP) – Eastern red bats and eastern pipistrelles.  Like many of the other 
northeastern bats, these two species can produce calls distinctive only to each species.  However, 
significant overlap in the call pulse shape, frequency range, and slope can also occur; and 

• Big brown/silver-haired/hoary bat (BBSHHB) – This guild will be referred to as the big brown 
guild.  These species’ call signatures commonly overlap and have therefore been included as one 
guild in this report. 
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This guild grouping represents a conservative approach to bat call identification.  Since some species do 
sometimes produce calls unique only to that species, all calls were identified to the lowest possible 
taxonomic level before being grouped into the listed guilds.  Tables and figures in the body of this report 
will reflect those guilds.  However, since species-specific identification did occur in some cases, each 
guild will also be briefly discussed with respect to potential species composition of recorded call 
sequences. 
 
Once all of the call files were identified and placed into the appropriate guilds, nightly tallies of detected 
calls were compiled.  Mean detection rates (number of calls/detector-night) for the entire sampling period 
were calculated for each detector and for all detectors combined.  It is important to note that detection 
rates indicate only the number of calls detected and do not necessarily reflect the number of individual 
bats in an area.  For example, a single individual can produce one or many call files recorded by the bat 
detector, but the bat detector cannot differentiate between individuals of the same species producing those 
calls.  Consequently, each pass of a single individual repeatedly flying by or foraging around a detector is 
considered a different individual bat. As a result, detections recorded by the bat detector system likely 
over-estimates the actual number of animals that produced the recorded calls. 
 
Weather Data 
 
Temperature, relative humidity and dew point were recorded every ten-minutes by a remotely deployed 
HOBO Data Logger.  This data logger was attached to the detector deployed in the central met tower, 
approximately 30 m above ground level.  Wind speed and temperature data was not available from the on-
site met towers at the time of this report.       

4.3 Results 

During spring 2007, one detector was deployed in each of three met towers in the project area for a total 
of 159 detector-nights (or 1,908 hours) of passive acoustic bat survey effort.  One detector was deployed 
in the central met tower and one detector was deployed in the southern met tower on Stetson Mountain, 
from the night of April 24 to the night of June 18, for a total of 56 nights per detector.  One other detector 
was deployed in or near the northern met tower from the night of April 24 through June 18.  Problems 
associated with the northern Stetson Mountain met tower caused the detector to be deployed at a lower 
height during a two night period.  The detector was deployed in a tree at approximately 5 m (15’) from 
April 24 through April 26.  After the met tower was repaired the detector was redeployed at a height of  
30 m through the end of the survey period (June 18) yielding a total of 47 detector nights.  During a  
9-night period the detector powered down and data were not collected (Table 4-1).   
 
A total of 323 call sequences were recorded during surveys at the three met towers.  A large portion 
(45%) of the call sequences were identified simply as ‘unknown’ due to poor file quality or too few call 
pulses on which to base identification (Table 4-2).  Approximately 49 percent of the recorded call 
sequences were identified as from within the guild of bat calls that includes the big brown bat, 
silver-haired bat, and hoary bat, while 7 percent were identified as myotid in origin.  No call sequences 
were that of the eastern red bat or eastern pipistrelle.   
 
Within each guild, some individual call sequences were identified to species (Appendix C, Tables 1 – 4).  
Call sequences within the guild of unknown bat calls were identified as such primarily due to too few 
pulses being included within the recorded call sequence.  Approximately one-third, however, had pulses 
that were steep and above 35 to 40 kHz.  Most of these calls were probably those of the myotids.  
However, the upper portion of feeding buzzes for several other species extends above this frequency and 
precludes making definitive identification of these sequences.  The majority (two-thirds) of calls labeled 
as ‘unknown’ had lower frequency call pulses, 18 to 35 kHz.  Calls within this lower frequency range can 
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almost certainly be attributed to species of the big brown guild, but these individual calls were not 
identified to species or genus level due to poor call quality and too few call pulses.     
 

Table 4-1.  Summary of bat detector field survey effort and results 

Location Dates # 
Nights 

# 
Detector-
Nights* 

# 
Recorded 
sequences 

Detection 
Rate ** 

Maximum 
# calls 

recorded 
*** 

Northern Met 
Tower April 24 - June 18 47 47 52 1.1 10 

Central Met Tower April 24 - June 18 56 56 235 4.2 88 

Southern Met 
Tower April 24 - June 18 56 56 36 0.6 5 

Overall Results April 24-June 18 159 323 2.0 -- 

* Detector-night is a sampling unit during which a single detector is deployed overnight.  On nights 
when two detectors are deployed, the sampling effort equals two detector-nights, etc. 

 ** Number of bat passes recorded per detector-night. 
 *** Maximum number of bat passes recorded from any single detector for a 12-hour sampling period. 

 
Table 4-2.  Summary of the composition of recorded bat call sequences 

Guild 

Detector 

Big brown 
guild 

Red bat/ 
E. pipistrelle Myotis Unknown 

Total 

Northern 
Met Tower 

29 0 4 19 52 
Central Met 

Tower 119 0 7 109 235 

Southern 
Met Tower 

7 0 13 16 36 
Total 155 0 24 144 323 

 
The distribution of bat calls varied hourly and nightly throughout the survey period.  Bat call sequences 
peaked in abundance during the early evening, and then peaked again in the few hours before dawn.  The 
greatest numbers of calls were recorded between 9:00 and 11:00 pm, with a secondary peak in activity at 
approximately 1:00 am.  Patterns of peak activity and foraging behavior can be attributed to a number of 
factors.  Mean nightly temperature and prey abundance may influence the timing and frequency of 
resident or migratory bat use in a particular area (Anthony et al. 1981). 
  
Appendix C provides a series of tables with more specific information on the nightly number and 
suspected species composition of recorded bat call sequences at each of the eight detectors deployed 
during the passive sampling.  Specifically, Appendix C Tables 1 through 3 provide information on the 
number of call sequences, by guild and suspected species, recorded at each detector and the weather 
conditions for that night.  It is important to note that although certain calls may be attributed to a specific 
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species, this is merely educated conjecture.  There exists a great deal of uncertainty when identifying calls 
to any specific species as there is often overlap in identifying call sequence characteristics.  The 
identification to guild level is made so that the analysis is as conservative as possible in determining the 
specific taxa of each call.  This minimizes the possibility of false identification, and still provides 
important information regarding the bat assemblage and timing of occurrence, within the project area.     
 
Stetson Mountain North  
 
During the 56-night deployment period, the Stetson Mountain North met tower detector (5 m to 30 m) 
operated for 47 nights.  A total of 52 bat call sequences were recorded during the sampling period at 
Stetson Mountain North (Tables 4-1 and 4-2).  The mean detection rate for this detector was 1.1 call 
sequences/detector-night.  Of the 52 call sequences recorded, 54 percent were grouped as the big brown 
guild, 36 percent were classified as unknown, and 10 percent were classified as the genus Myotis.  
Overall, during the survey period at Stetson Mountain North, the majority of calls were recorded between 
3:00 and 6:00 am (Figure 4-2).   
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Figure 4-2.  Hourly distribution of bat calls at Stetson Mountain North 

 
Stetson Mountain Central-Radar Location 
 
During the 56-night deployment period, the Stetson Mountain Central-Radar Location met tower detector 
(30 m) operated for 56 nights.  A total of 235 bat call sequences were recorded during the sampling period 
at Stetson Mountain Central-Radar Location detector (Table 4-1, 4-2).  The detection rate for the 
detectors was 4.2 call sequences/detector night.  Of the 235 call sequences recorded, 51 percent were 
grouped as the big brown guild, 46 percent were classified as unknown, and 3 percent were classified as 
the genus Myotis and.  Overall, during the survey period at Stetson Mountain Central-Radar detector, the 
majority of calls were recorded between 9:00 and 11:00 pm (Figure 4-3).   
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Figure 4-3.  Hourly distribution of bat calls at Stetson Mountain Central-Radar 
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Stetson Mountain South 
 
During the 56-night deployment period, the Stetson Mountain South met tower high detector (30 m) 
operated for 56 nights.  A total of 36 bat call sequences were recorded during the sampling period at 
Stetson Mountain South (Table 4-1, 4-2).  The overall detection rate for the detector was 0.6 call 
sequences/detector night.  Of the 36 call sequences recorded, 44 percent were classified as unknown, 36 
percent were classified as the genus Myotis and 19 percent were grouped as the big brown guild.  Overall, 
during the survey period at Stetson Mountain South, the majority of calls were recorded between 2:00 and 
6:00 am (Figure 4-4).   
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Figure 4-4.  Hourly distribution of bat calls at Stetson Mountain South 

 
Weather Data 
 
Mean nightly wind speeds from the met towers at the Stetson Mountain area were not available at the 
time of this report.  Temperature and relative humidity were recorded by the Hobo Data Logger deployed 
with the detector at the Central met tower near the radar location.  The statistical relationship between 
temperature and number of bat detections showed a weak and not very significant linear relationship (r-
square = 0.786). 
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Figure 4-5.  Nightly mean temperatures (Celsius) and bat detections (red line) at Stetson Mountain.  
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4.4 Discussion 

Bat echolocation surveys in 2007 at the proposed Stetson Wind Project provide some insight into activity 
patterns, possible species composition, and timing of movements of bats in the project area.  The bimodal 
nighttime distribution of bat activity documented at the three met towers seems to be a consistent 
behavioral trend in a number of species (Hayes 1997).  Anthony et al. (1981) documented that bats appear 
to leave roosting sites at dusk to forage for a given period, return to their roosts during the middle portion 
of the night, then forage again later in the evening, closer to dawn.  This pattern of activity and foraging 
trends was also seen in the spring 2007 surveys conducted on Stetson Mountain.   
 
Bat activity has been shown to correlate negatively to low nightly mean temperatures (Hayes 1997).  For 
example, low temperatures may encourage species of the genus Myotis to remain in nocturnal roosts, as 
indicated by observations of roosts occupied for longer periods of time when temperatures are low 
(Anthony et al. 1981).  No obvious or strong correlation between bat activity and nighttime temperature 
appeared to occur in the project area.  However, this overall trend may provide an explanation for the 
relatively low number of calls recorded at Stetson Mountain, particularly in early spring.   
 
The overall mean passive detection rate at the proposed Stetson Wind Project during the spring 2007 
survey period was 2.0 call sequences/detector-night.  This rate is generally similar to the fall 2006 passive 
detection rate as well as to results found at other forested ridges in northern New England (Table 4-3).  
 
Of those calls that were identifiable to species or guild, calls of the species within the big brown guild 
were most abundant, followed by those of the Myotis spp.  This pattern in guild abundance is generally 
consistent with most of the studies listed in Table 4-3.  Spring 2007 passive surveys resulted in 323 bat 
call sequences, of which 155 were of the big brown bat guild, 144 were ‘unknown’ and 24 were myotid.  
The species composition of calls recorded during spring surveys was generally similar to that of the fall 
2006 surveys.  However, the fall surveys detected 10 call sequences from the red bat/eastern pipistrelle 
guild, and the spring surveys detected no calls from this guild.  It is possible that red bat/eastern 
pipistrelle exist at a lower density within the project area than do species of the big brown guild and 
Myotis spp, which were frequently recorded.  The relatively few number of red bat/ eastern pipistrelle 
calls from the fall, and the absence in the spring recordings, may be based on the passive detector 
locations and habitat use, rather than relative density.  The timing and level of effort of the spring surveys 
(159 detector-nights from April to June) in comparison to that of the fall surveys (361 detector-nights 
from July to October) may have also resulted in the lack of detection of any red bat/eastern pipistrelle call 
sequences (Table 4-4). 
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Table 4.3.  Summary of available bat detector survey results 

Project Site Landscape Calls Per Detector Night Citation 

Fall 2004    
Liberty Gap, WV Forested ridge 9.24 Woodlot 2004 

Cohocton, NY Agricultural plateau 2.00 Woodlot 2006d 
Prattsburgh, NY Agricultural plateau 2.22 Woodlot 2005i 

Sheffield, VT Forested ridge 1.76 Woodlot 2006g 
Spring 2005    
Fairfield, NY Agricultural plateau/ADK foothills  Woodlot 2005b 

Jordanville, NY Agricultural plateau 0.50 Woodlot 2005e 
Churubusco, NY Great Lakes plain/ADK foothills 0.26 Woodlot 2005k 
Cohocton, NY Agricultural plateau 0.72 Woodlot 2006d 

Prattsburgh, NY Agricultural plateau 0.28 Woodlot 2005j 
Sheldon, NY Agricultural plateau 0.17 Woodlot 2006e 
Clayton, NY Agricultural plateau 0.90 Woodlot 2005m 
Deerfield, VT Forested ridge 0.07 Woodlot 2005h 
Sheffield, VT Forested ridge 0.17 Woodlot 2006g 
Franklin, WV Forested ridge 0.50 Woodlot 2005a 

Fall 2005    
Churubusco, NY Great Lakes plain/ADK foothills 5.56 Woodlot 2005l 

Fairfield, NY Agricultural plateau/ADK foothills 1.70 Woodlot 2005c 
Cohocton, NY Agricultural plateau 1.57 Woodlot 2006d 
Sheldon, NY Agricultural plateau 34.92 Woodlot 2006f 

Jordanville, NY Agricultural plateau 4.79 Woodlot 2005f 
Clayton, NY  Agricultural plateau 4.70 Woodlot 2005n 

Deerfield, VT Forested ridge 0.52 Woodlot 2005o 
Sheffield, VT Forested ridge 1.18 Woodlot 2006g 

Redington, ME Forested ridge 4.20 Woodlot 2005t 
Mars Hill, ME Forested ridge 0.83 Woodlot 2005d 
Spring 2006  

Chateaugay, NY Great Lakes plain/ADK foothills 2.00 Woodlot 2006h 
Brandon, NY Great Lakes plain/ADK foothills 13.00 Woodlot 2006i 

Wethersfield, NY Agricultural plateau 1.50 Woodlot 2006j 
Centerville, NY Agricultural plateau 2.10 Woodlot 2006k 

Kibby, ME Forested ridge 0.30 Woodlot 2006b 
Sheffield, VT Forested ridge 7.90 Woodlot 2006g 
Deerfield, VT Forested ridge 0.10 Woodlot 2006i 

Fall 2006  
Chateaugay, NY Great Lakes plain/ADK foothills 5.10 Woodlot 2006l 

Brandon, NY Great Lakes plain/ADK foothills 13.10 Woodlot 2006m 
Wethersfield, NY Agricultural plateau 0.30 Woodlot 2006n 
Centerville, NY Agricultural plateau 0.06 Woodlot 2006o 
Lempster, NH Forested ridge 3.47 Woodlot 2007a 
Sheffield, VT Forested ridge 1.10 Woodlot 2006g 
Stetson, ME Forested ridge 2.60 Woodlot 2007b 
Spring 2007  
Stetson, ME Forested ridge 2.00 this report 
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Results of acoustic surveys must be interpreted with caution.  Considerable room for error exists in 
identification of bats based upon acoustic calls alone, especially if a site or regionally specific library of 
recorded reference calls is not available (Gannon 2003).  Also, detection rates are not necessarily 
correlated with the actual numbers of bats in an area because it is not possible to differentiate between 
individual bats.    

4.5 Conclusions 

Detector surveys conducted during the spring migration period have provided information on bat activity 
in the vicinity of the proposed Stetson Wind Project.  The surveys documented species that would be 
expected in the area based on the species’ range and abundance, as well as the habitat types present in the 
project area.  The overall detection rate of call sequences provides a good representation of the bat 
activity during the spring migration period throughout the Stetson project area.  The level of effort 
undertaken during both the summer/fall 2006 survey period, and the spring 2007 survey period yielded a 
fairly consistent call detection rate across seasons.  The majority of Stetson Mountain was surveyed by 
both passive surveys in habitats representative of the project area as well as at heights near the rotor zone.  
It is likely that these passive surveys conducted in 2006 and 2007 provide an accurate representation of 
the bat activity patterns and relative diversity on and around Stetson Mountain.     
 

Table 4-4.  Summary of results from fall 2006 and spring 2007 passive bat surveys at Stetson Mountain 
 Detections Guild 

Season 

Total 
number of 

call 
sequences  

Detection 
rate 

Number 
of 

detector 
nights 

Big 
brown 
guild 

Red bat/
E. 

pipistrelle 
Myotis Unknown 

Spring 2007 
(April – 

June) 
323 2 159 155 0 24 144 

Fall 2006 
(July-

October) 
937 2.6 361 315 10 203 409 
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Appendix A Table 1.  Summary of Daily Raptor Migration Observations during Spring 2007 

Species 4/26/2007 4/30/2007 5/8/2007 5/9/2007 5/10/2007 5/11/2007 5/22/2007 5/23/2007 5/24/2007 
Grand 
Total 

Turkey vulture 4   3 3 1   1 2   14 
Osprey 1     1   1       3 
Bald eagle     1       1     2 
Cooper's hawk                 1 1 
Broad-winged hawk 1   2             3 
Red-tailed hawk 1   1   2       1 5 
Red-shouldered hawk 1     1           2 
Unidentified buteo     1             1 
American kestrel             2     2 
Merlin     1             1 

Grand Total 8 0 9 5 3 1 4 2 2 34 
Number of obs. hours 8 5.25 9 7.17 6 5.33 6 6 6 58.75 

Daily passage rate 1 0 1 0.7 0.5 0.19 0.67 0.33 0.33 0.6 
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Appendix A Table 2.  Raptor species distribution below or above 

maximum turbine height at Stetson Mountain in spring 2007.  
Species Total <120 Total >120 Grand Total 

Turkey vulture 12 2 14 
Osprey 0 3 3 
Bald eagle 1 1 2 
Cooper's hawk 0 1 1 
Broad-winged hawk 3 0 3 
Red-tailed hawk 4 1 5 
Red-shouldered hawk 2 0 2 
Unidentified buteo 0 1 1 
American kestrel 2 0 2 
Merlin 1 0 1 
Grand Total 25 9 34 
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Appendix B Table 1.  Survey dates, results, level of effort, and weather - Spring 2007 

Date Passage 
rate  

Flight 
Direction 

Flight 
Height (m) 

% below 
120 m 

NEXRAD 
migration 

Hours of 
Survey 

Temperature 
(c) 

Relative 
Humidity Dew Point 

4/23/2007 45 9.553° 379 13% n/a 6 17.0 45.7 4.0 
4/24/2007 34 108.503° 119 59% moderate 8 2.3 49.8 -7.2 
4/25/2007 27 70.859° 130 59% moderate 6 2.5 41.1 -9.6 
4/26/2007 25 82.768° 293 10% heavy 6 8.7 30.6 -8.3 
4/30/2007 3 125.343° 38 95% n/a 5 2.9 99.8 2.9 
5/1/2007 89 52.025° 193 42% heavy 6 3.7 79.7 0.5 
5/2/2007 76 76.981° 145 44% moderate 5 4.2 61.5 -2.6 
5/3/2007 49 63.846° 78 78% light 6 2.1 60.7 -4.8 
5/7/2007 155 47.258° 248 21% light 7 11.1 38.3 -2.8 
5/8/2007 423 45.312° 245 26% n/a 7 16.2 36.6 1.0 
5/9/2007 272 45.159° 290 17% moderate 7 18.7 34.7 2.8 

5/10/2007 145 7.016° 294 10% moderate 7 12.6 80.4 8.5 
5/11/2007 89 116.491° 231 28% light 6 8.2 90.8 6.8 
5/15/2007 82 81.649° 114 60% light 7 8.8 93.7 7.8 
5/17/2007 30 22.682° 145 53% light 7 1.2 96.7 0.7 
5/21/2007 434 58.129° 229 28% moderate 7 5.3 64.8 -0.8 
5/22/2007 170 27.122° 298 10% heavy 7 4.8 71.7 -0.4 
5/23/2007 138 49.806° 299 7% heavy 7 15.5 43.6 2.6 
5/24/2007 319 69.71° 205 29% n/a 7 21.0 57.8 12.3 
5/25/2007 328 57.706° 215 31% heavy 7 21.7 52.1 10.9 
5/26/2007 156 124.165° 215 20% moderate 7 12.5 45.7 1.0 

Entire 
Season 147 55° 210 22%  138 10 61 1 
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Appendix B Table 2.  Summary of passage rates by hour, night, and for entire season. 
Passage Rate (targets/km/hr) by hour after 

sunset Entire Night Night of 
1 2 3 4 5 6 7 8 Mean Stdev SE

4/23/2007 -- 28 21 48 40 86 -- -- 45 25 9 
4/24/2007 -- 9 0 1 4 63 68 89 34 38 14 
4/25/2007 4 0 9 41 49 57 -- -- 27 25 9 
4/26/2007 16 19 7 5 46 56 -- -- 25 21 7 
4/30/2007 5 0 0 3 6 -- -- -- 3 3 1 
5/1/2007 10 96 88 90 117 132 -- -- 89 42 15 
5/2/2007 33 76 92 93 86 -- -- -- 76 25 9 
5/3/2007 3 36 67 51 73 64 -- -- 49 26 9 
5/7/2007 93 138 154 251 103 194 150 -- 155 54 19 
5/8/2007 124 319 341 473 559 606 536 -- 423 170 60 
5/9/2007 116 216 298 388 377 292 214 -- 272 97 34 
5/10/2007 109 139 121 221 160 114 150 -- 145 38 14 
5/11/2007 34 138 -- 81 103 -- -- -- 89 43 15 
5/15/2007 20 96 87 97 138 71 64 -- 82 36 13 
5/17/2007 3 54 47 59 35 13 0 -- 30 25 9 
5/21/2007 63 466 715 527 349 413 504 -- 434 200 71 
5/22/2007 93 539 343 77 55 40 43 -- 170 194 69 
5/23/2007 79 184 199 136 145 109 114 -- 138 42 15 
5/24/2007 123 484 451 469 346 229 129 -- 319 159 56 
5/25/2007 126 413 394 377 361 336 289 -- 328 98 35 
5/26/2007 94 329 224 158 99 103 86 -- 156 91 32 

Entire Season 60 180 183 174 155 165 181 -- 147 132 29 
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Appendix B Table 3.  Mean Nightly Flight Direction 

Night of Mean Flight Direction Circular Stdev 
4/23/2007 9.553° 50.386° 
4/24/2007 108.503° 89.385° 
4/25/2007 70.859° 57.658° 
4/26/2007 82.768° 49.039° 
4/30/2007 125.343° 105.768° 
5/1/2007 52.025° 33.272° 
5/2/2007 76.981° 37.519° 
5/3/2007 63.846° 35.64° 
5/7/2007 47.258° 31.914° 
5/8/2007 45.312° 24.821° 
5/9/2007 45.159° 27.313° 
5/10/2007 7.016° 57.732° 
5/11/2007 116.491° 59.017° 
5/15/2007 81.649° 47.602° 
5/17/2007 22.682° 92.474° 
5/21/2007 58.129° 27.611° 
5/22/2007 27.122° 30.331° 
5/23/2007 49.806° 32.125° 
5/24/2007 69.71° 23.497° 
5/25/2007 57.706° 39.443° 
5/26/2007 124.165° 70.248° 

Entire Season 55° 42° 
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Appendix B Table 4.  Summary of mean flight heights by hour, night, and for entire season. 

Mean Flight Height (m) by hour after 
sunset Entire Night 

Night of 

1 2 3 4 5 6 7 Mean STDV SE 

% of targets 
below 120 

meters 

4/23/2007 -- 251 451 402 412 -- -- 379 88 44 13% 
4/24/2007 -- -- -- 41 141 124 169 119 55 28 59% 
4/25/2007 197 27 37 125 161 175 187 130 71 27 59% 
4/26/2007 295 297 201 142 256 457 403 293 110 41 10% 
4/30/2007 -- -- 10 8 97 -- -- 38 51 29 95% 
5/1/2007 138 248 154 171 153 148 341 193 75 28 42% 
5/2/2007 58 232 154 142 138 -- -- 145 62 28 44% 
5/3/2007 -- 173 107 73 33 7 -- 78 65 29 78% 
5/7/2007 232 251 236 188 196 386 -- 248 72 29 21% 
5/8/2007 318 275 277 297 185 159 201 245 62 23 26% 
5/9/2007 252 346 283 279 261 316 -- 290 35 14 17% 
5/10/2007 237 370 324 297 308 275 251 294 45 17 10% 
5/11/2007 193 250 330 185 197 -- -- 231 61 27 28% 
5/15/2007 134 129 125 109 121 103 74 114 21 8 60% 
5/17/2007 103 151 184 199 141 94 -- 145 42 17 53% 
5/21/2007 -- 323 246 218 225 135 -- 229 67 30 28% 
5/22/2007 227 385 257 250 303 334 333 298 57 21 10% 
5/23/2007 201 355 339 303 284 311 -- 299 54 22 7% 
5/24/2007 228 238 201 165 176 225 -- 205 30 12 29% 
5/25/2007 199 221 215 179 231 244 -- 215 23 9 31% 
5/26/2007 214 223 219 202 231 202 211 215 11 4 20% 

Entire Season 202 250 218 189 202 217 241 210 86 19 22% 
-- indicates no data for that hour 
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(mph) (degrees) (C)
24-Apr 1 0
25-Apr 1 0
26-Apr 1 0
27-Apr 1 0
28-Apr 1 0
29-Apr 1 0
30-Apr 1 0
1-May 1 0
2-May 1 0
3-May 1 0
4-May 1 0
5-May 1 0
6-May 1 2 2
7-May 1 1 1
8-May 1 1 1 2
9-May 0 n/o

10-May 0 n/o
11-May 0 n/o
12-May 0 n/o
13-May 0 n/o
14-May 0 n/o
15-May 0 n/o
16-May 0 n/o
17-May 1 0
18-May 1 0
19-May 1 0
20-May 1 0
21-May 1 0
22-May 1 0
23-May 1 0
24-May 1 0
25-May 1 0
26-May 1 0
27-May 1 0
28-May 1 1 1
29-May 1 1 1
30-May 1 0
31-May 1 1 1

1-Jun 1 1 1 2
2-Jun 1 0
3-Jun 1 1 1
4-Jun 1 0
5-Jun 1 0
6-Jun 1 0
7-Jun 1 2 4 4 10
8-Jun 1 0
9-Jun 1 1 1 2 4

10-Jun 1 2 4 6
11-Jun 1 1 3 1 5
12-Jun 1 0
13-Jun 1 1 1 2
14-Jun 1 1 3 2 6
15-Jun 1 1 1
16-Jun 1 5 1 6
17-Jun 1 0
18-Jun 1 1 1

By Species 0 5 17 7 0 0 2 2 0 0 19
By Guild 19

UNK Total

Appendix C Table 1.  Summary of species and weather during each survey night at the Stetson North detector – Spring 2007

Total

29 0 4 52

BIG BROWN GUILD RBEP MYSP

BIG BROWN GUILD RBEP MYSP  
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(mph) (degrees) (C)
24-Apr 1 0 0
25-Apr 1 0 0
26-Apr 1 0 0
27-Apr 1 0 0
28-Apr 1 0 0
29-Apr 1 0 0
30-Apr 1 0 0
1-May 1 0 0
2-May 1 0 0
3-May 1 0 0
4-May 1 0 0
5-May 1 0 0
6-May 1 0 0
7-May 1 1 0 1
8-May 1 0 0
9-May 1 0 0

10-May 1 0 0
11-May 1 0 0
12-May 1 1 1 0 2
13-May 1 0 0
14-May 1 1 1
15-May 1 0 0
16-May 1 0 0
17-May 1 0 0
18-May 1 0 0
19-May 1 0 0
20-May 1 0 0
21-May 1 0 0
22-May 1 0 0
23-May 1 0 0
24-May 1 1 1
25-May 1 0 0
26-May 1 1 1
27-May 1 0 0
28-May 1 1 1 2
29-May 1 1 1
30-May 1 0 0
31-May 1 0 0

1-Jun 1 0 0
2-Jun 1 1 1 2
3-Jun 1 0 0
4-Jun 1 0 0
5-Jun 1 1 1
6-Jun 1 0 0
7-Jun 1 41 1 25 67
8-Jun 1 1 0 1
9-Jun 1 9 1 2 1 8 21

10-Jun 1 1 1 3 5
11-Jun 1 1 3 7 11
12-Jun 1 0 0
13-Jun 1 3 1 4 8
14-Jun 1 42 3 43 88
15-Jun 1 2 4 6
16-Jun 1 1 1
17-Jun 1 1 1 2
18-Jun 1 3 3 1 0 0 6 13

By Species 3 1 100 15 0 0 3 4 0 0 109
By Guild 109

UNKN

MYSP

235
BIG BROWN GUILD RBEP MYSP

Appendix C Table 2.  Summary of species and weather during each survey night at the Stetson Central detector – Spring 2007

Total

119 0 7

BIG BROWN GUILD RBEP
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(mph) (degrees) (C)
24-Apr 1 0
25-Apr 1 0
26-Apr 1 1 1
27-Apr 1 0
28-Apr 1 0
29-Apr 1 0
30-Apr 1 0
1-May 1 0
2-May 1 0
3-May 1 0
4-May 1 3 3
5-May 1 0
6-May 1 2 3 5
7-May 1 2 2
8-May 1 1 1 3 5
9-May 1 1 1

10-May 1 1 1
11-May 1 0
12-May 1 1 1
13-May 1 0
14-May 1 1 1
15-May 1 1 1 2
16-May 1 0
17-May 1 0
18-May 1 0
19-May 1 0
20-May 1 0
21-May 1 0
22-May 1 0
23-May 1 1 1
24-May 1 2 2
25-May 1 1 1
26-May 1 1 1 2
27-May 1 0
28-May 1 1 1
29-May 1 1 1 2
30-May 1 0
31-May 1 0
1-Jun 1 0
2-Jun 1 0
3-Jun 1 0
4-Jun 1 0
5-Jun 1 1 1
6-Jun 1 0
7-Jun 1 0
8-Jun 1 0
9-Jun 1 0
10-Jun 1 1 1
11-Jun 1 0
12-Jun 1 0
13-Jun 1 0
14-Jun 1 1 1
15-Jun 1 1 1 2
16-Jun 1 0
17-Jun 1 0
18-Jun 1 0 0

By Species 1 0 1 5 0 0 2 11 0 0 16
By Guild 16

UNKNBIG BROWN GUILD RBEP MYSP
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Appendix C Table 3.  Summary of species and weather during each survey night at the Stetson South detector – Spring 2007

Total

BIG BROWN GUILD RBEP MYSP

7 0 13
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