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i Chautauqua Bird Migration Study

EXECUTIVE SUMMARY

� This report presents the results of a radar and
visual study of bird migration conducted
during 15 April�15 May 2003 at the proposed
Chautauqua Wind Energy Facility, located in
western New York. Concurrent radar and
visual observations were conducted for
~4 h/day, and radar observations were
conducted for ~5 h/night, throughout the study
period.

� The goal of this study was to collect
information that will be used to help evaluate
the potential impacts of the proposed
wind-energy facilities on migratory raptors and
passerines during the peak spring migration
period. The objectives of this study were to:

-use radar and visual techniques to collect 
baseline information on flight direction, 
migration intensity, and flight altitude of 
daytime raptor and nocturnal passerine 
migrants at the proposed Chautauqua Wind 
Project area during 15 April�15 May 2003.

� In spring 2003, we recorded 3,765 individual
birds (112 waterbirds, 2,578 raptors, and 1,075
landbirds) of 43 species during 115 visual
sampling sessions. The five most abundant
species were (in decreasing order of
abundance) Broad-winged Hawk (1,059
individuals), Turkey Vulture (899),
Red-winged Blackbird (355), Red-tailed Hawk
(220), and Barn Swallow (138).

� We observed 10 federal- or state-listed species
during spring 2003: Common Loon (19
individuals, State Species of Special Concern),
Osprey (14; State Species of Special Concern),
Bald Eagle (14; State and Federal Threatened
Species), Northern Harrier (31; State
Threatened Species), Sharp-shinned Hawk (43;
State Species of Special Concern), Cooper�s
Hawk (41; State Species of Special Concern),
Red-shouldered Hawk (6; State Species of
Special Concern), Golden Eagle (7; State
Endangered Species), Peregrine Falcon (2;
State Endangered Species), and Common
Nighthawk (1; State Species of Special
Concern).

� During the day, the mean flight direction (± 1
angular deviation) of targets observed on radar
was 040 ± 49°. At night, the mean flight
direction of targets observed on radar was 029
± 40°.

� In spring 2003, we recorded low numbers of
waterfowl and landbirds and moderate�high
numbers of raptors during the day.
Moderate�high numbers of landbirds flew over
at night in April and May; during April,
waterfowl-like targets also were present at
night. There was high among-day variability in
movement rates for all species and times.

� Our surveillance radar observations indicated
that passage rates in spring 2003 were
significantly higher at night (395 ±
69 targets/km/h) than during the day (79 ±
13 targets/km/h).

� Mean daytime flight altitudes (372 ± 6 m
above ground level [agl]) were significantly
lower than nocturnal flight altitudes (528 ± 3 m
agl). Similarly, the mean percentage of targets
flying below 125 m agl was higher during the
day (17.2% of all daytime targets) than at night
(3.8%).

� Our vertical radar observations suggested that
there was a tendency during both the day and
night for birds to concentrate either over, or
northwest of, the ridgeline where the proposed
turbine string would be located. During the
daytime, this pattern matched the pattern that
we observed visually: raptors often flew over
the ridgeline or the valley immediately to the
north of the ridgeline and in a direction
roughly parallel to the ridgeline.

� Based on our data sets, the largest pulses of
migration often tended to be associated with
tail winds; however, overall passage rates were
not significantly different between days with
tail winds and days with other winds.

� Flight altitudes during both day and night were
significantly lower during periods with
precipitation than without it and during periods
with low ceiling heights than with high ones.
Flight altitudes also were significantly lower
during foggy daytime periods than during
periods with no fog; in contrast, at night, birds
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flew significantly higher during foggy periods.
Tail winds did not affect flight altitudes during
the day or the night.

� This study focused on providing information
on daytime raptor and nocturnal passerine
migration because the Chautauqua site is
located in a known spring raptor migration
corridor and because little is known about
nocturnal migration in the area. We found that
the Chautauqua Study Area had relatively high
spring passage rates for daytime migration of
raptors and for nocturnal migration of
passerines.  We estimated that ~5,200�5,300
raptors during peak daylight hours and
~30,000�31,000 nocturnal migrants passed
through Chautauqua Wind Resource Area (at
or below turbine height) during our 30-day
study. 
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consist of dairy grazing, corn, alfalfa, hay, and
fallow fields. Eastern hardwood stands dominate
the forested areas and contain indigenous species,
such as red and sugar maple, black cherry, white
ash, American beech, aspen, tulip poplar, and
yellow birch. There also are several conifer
plantations throughout the corridor that are
dominated by red pine, white pine, Scotch pine,
and Norway spruce. The forested areas vary from
early succession (10 to ~40 yr old to late
succession (60 to ~100 yr old). Some of the
forested areas have evidence of periodic mowing
and thinning, with an understory plant community
dominated by hardwood seedlings of the species
noted above and a variety of shrubs.

Our radar and visual sampling station was
located ~ 20 m south of the ~100-m-high
telecommunication tower, ~50 m east of the
junction of Creamery and Belson Roads
(42°16�24.6�N 79°37�26.6�W). The same location
is used as the Ripley Hawkwatch Station Number
5, because it provides an excellent view of the
surrounding terrain.

METHODS

GENERAL SAMPLING STRATEGY
Raptors and passerines are known to migrate

over the vicinity of the Chautauqua Study Area
from March through May; however, the peak
migration period for many common species occurs
between mid-April and early May for raptors and
between late April and mid-May for passerines
(Haugh 1972, Bull 1985, Cooper and Mabee 2000,
Zalles and Bildstein 2000, Buffalo Ornithological
Society 2002). We conducted visual and radar
observations of bird migration during 15
April�15 May 2003, to time our study to overlap
with the migration peaks of as many raptor and
passerine species as possible.

Each day, one radar observer and one visual
observer sampled concurrently for ~4 h during
midday between 1000 h and 1500 h, then one
observer would conduct ~5 h of nocturnal
migration observations (radar only) between
2100 h and 0300 h (Table 1). Our daytime sample
provided coverage of what normally is the peak
daily period of raptor migration, and our evening
sample provided coverage of the peak period of

nocturnal migration within a night (Lowery 1951,
Gauthreaux 1971, Alerstam 1990, Kerlinger 1995).

VISUAL OBSERVATIONS

DATA COLLECTION
A single observer equipped with 10X

binoculars and a 20�50X spotting scope recorded
data on all birds except American Crows, Rock
Doves, and Starlings (see Appendix 1 for scientific
names of all bird species). Each 50-min sampling
session was begun at 10 min past the hour, and we
recorded the following data for each flock or single
bird: time; species (to lowest practical taxon); flock
size; general location (>500 m north of proposed
turbine string, over 1,000-m-wide transect centered
on proposed turbine string, >500 m south of turbine
string); closest distance to bird (in m); flight altitude
above ground level (visually estimated in m agl);
whether the bird/flock passed over the proposed
turbine string (yes or no); and general flight direction
(north, northeast, east, southeast, south, southwest,
west, northwest, circling, erratic/local movements).

We estimated flight altitude and distance to
birds with the aid of several reference points,
including trees and artificial structures (e.g., radio
towers, telephone poles) of known height and
distance. Whenever possible, we checked visual
estimates of altitude against altitudes measured
with radar. An attempt was made to not make
duplicate counts of the same individual birds within
a sampling session.

We collected the following weather data at the
beginning of each visual (and radar) sampling
session: wind speed (in 5-mph [2.2 m/s] categories),
wind direction (north, northeast, east, southeast,
south, southwest, west, northwest, variable, calm);
cloud cover (to the nearest 5%); ceiling height (agl;
1�50 m, 51�100 m, 100�150 m, 151�500 m,
501�1,000 m, 1,001�2,500 m, 2,501�5,000 m,
>5,000 m); visibility (0�50 m, 51�100 m,
101�500 m, 501�1,000 m, 1,001�2,500 m,
2,501�5,000 m, >5,000 m); light condition (daylight
without precipitation, daylight with precipitation,
twilight without precipitation, twilight with
precipitation, darkness without precipitation,
darkness with precipitation); precipitation (no
precipitation, fog, drizzle, light rain, heavy rain,
snow flurries, light snowfall, heavy snowfall, sleet,
hail); and air temperature (to the nearest 1°C). We
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Figure 2. Nightly mean airspeeds (+ 1 SE; corrected for wind speed and direction) of targets observed 
on surveillance radar at the Chautauqua Study Area, New York, during spring 2003.  
Asterisks indicate days when sampling was not possible due to precipitation or insect 
contamination.
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Table 2. Diurnal flight directions of waterbirds, raptors, and landbirds at the Chautauqua Study Area, 
New York, during spring 2003.

 Number (%) of flocks 
Flight direction Waterbirds Raptors Landbirds 

North 3 (4.8) 63 (5.4) 33 (9.3) 
Northeast 11 (17.5) 483 (41.1) 44 (12.4) 
East 3 (4.8) 64 (5.4) 14 (3.9) 
Southeast 0 (0.0) 11 (0.9) 8 (2.3) 
South 6 (9.5) 32 (2.7) 24 (6.8) 
Southwest 4 (6.3) 42 (3.6) 18 (5.1) 
West 5 (7.9) 35 (3.0) 8 (2.3) 
Northwest 12 (19.0) 13 (1.1) 12 (3.4) 
Local1 17 (27.0) 270 (23.0) 190 (53.5) 
Circling 2 (3.20) 162 (13.8) 4 (1.1) 

Total (n) 63 1,175 355 
1 Local refers to short, erratic flights made by birds that appeared to be local residents. 
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Passage rates of raptors tended to be highest during
the latter half of April (Fig. 4). The large peaks in
passage rates on 19 and 21 April primarily were
composed of Broad-winged Hawks and Turkey
Vultures, the two most numerous bird species
observed (Appendix 1). Landbird movement rates
also were highly variable, with strong pulses of
movement on 21 April and over several days
during the second week of May (Fig. 4). The mean
landbird passage rate for the season was 11.0 ±
2.2 birds/h (n = 30 days).

RADAR DATA
Daytime migration passage rates on

surveillance radar were variable in spring 2003,
ranging from 15 to 325 targets/km/h (Fig. 5). The
mean daytime passage rate observed on
surveillance radar was 79 ± 13 targets/km/h.
Nocturnal passage rates were highly variable,
ranging from 15 to 1,702 targets/km/h. The highest
nocturnal passage rates occurred during the second
week of May, during what probably was the peak
of passerine migration. Mean nocturnal passage
rates (395 ± 69 targets/km/h) were significantly

higher than were mean day rates (Z = �4.257,
P < 0.001, n = 24 days). There were no dramatic
hourly patterns in passage rates within the daytime
or the nocturnal sampling periods, however
(Fig. 6).

FLIGHT ALTITUDE
During daylight hours, we were able to obtain

species identifications for several of the vertical
radar targets (Table 3). Mean flight altitudes of
individual species observed on radar ranged from
37 m agl for American Kestrel to 594 m agl for
Red-shouldered Hawk. The two most numerous
species, Broad-winged Hawks and Turkey
Vultures, had mean flight altitudes of 384 and
121 m agl, respectively. All but 3 of the 17 species
or species-groups that we obtained radar data for
had mean flight altitudes above the ~125-m-high
zone of the proposed turbines; however, 13 of the
17 groups had at least some individuals flying
below 140 m. The overall mean flight altitude for
raptors as a group was 278 ± 12 m agl (n = 343
targets).

Figure 3. Diurnal and nocturnal flight directions of targets observed on radar in the Chautauqua Study 
Area, New York, during spring 2003.
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Figure 4. Mean daily diurnal passage rates (± 1 SE) of waterbirds, raptors, and landbirds observed 
during visual observations at the Chautauqua Study Area, New York, during spring 2003.  
Asterisks indicate days when sampling did not occur.
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Figure 5. Diurnal and nocturnal passage rates (± 1 SE) on surveillance radar at the Chautauqua Study 
Area, New York, during spring 2003.  Asterisks indicate days when sampling was not 
possible due to precipitation or insect contamination.
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Figure 6. Mean percent of total daily surveillance radar targets (± 1 SE) by hour of the day at the 
Chautauqua Study Area, New York, during spring 2003.  Asterisks indicate hours when 
sampling did not occur.
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Table 3. Radar-measured flight altitudes (m agl) of birds observed in the Chautauqua Study Area, New 
York, during spring 2003, and number of flocks observed flying ≤140 m agl.

 Flight altitude (m agl)   
 
 
 
Species/species-group 

 
 
 

Mean 

 
 
 

SE 

 
 
 

Minimum 

 
 
 

Maximum 

 
Number 
of flocks 

(n) 

Number 
flocks 

 ≤ 140m 
agl 

       
Common Loon 543 66 315 934 9 0 
Turkey Vulture 121 12 28 504 83 63 
Osprey 246 91 58 471 4 1 
Bald Eagle 566 56 467 662 3 0 
Northern Harrier 169 35 107 229 3 1 
Sharp-shinned Hawk 148 42 58 220 4 2 
Cooper's Hawk 178 93 50 181 3 2 
Accipiter spp. 308 70 80 800 13 4 
Red-shouldered Hawk 594 207 387 800 2 0 
Broad-winged Hawk 384 17 73 833 172 30 
Red-tailed Hawk 167 23 42 800 37 23 
Buteo spp. 145 24 50 283 10 7 
American Kestrel 37 2 35 39 2 2 
Raptor spp. 267 42 70 355 7 1 
Shorebird spp. 215 0 215 215 4 0 
Barn Swallow 116 66 50 181 2 1 
Passerine spp. 376 111 40 668 8 4 
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We also obtained visual-only estimates of
flight altitudes for all of the species that we
observed during visual sampling, however, note
that these data probably are more biased to
low-flying birds than the radar data and thus should
be considered minimum flight altitudes (Appendix
4). For waterbirds, the mean visually estimated
flight altitude was 186 ± 28 m agl (range =
1�934 m agl, n = 56 flocks). For raptors, the mean
visually estimated flight altitude was 163 ± 4 m agl
(range = 1�1,000 m agl, n = 1,174 flocks). For
landbirds, the mean visually estimated flight
altitude was 35 ± 3 m agl (range = 1�700 m agl,
n = 351 flocks).

Mean flight altitudes observed on radar
(1.5-km-range) were highly variable among both
days and nights during spring 2003 (Fig. 7). Mean
daytime flight altitudes (372 ± 6 m agl, n = 1,945
targets) were considerably lower than nocturnal
flight altitudes (528 ± 3 m agl, n = 9,755 targets).
Within a day, radar altitudes were significantly
lower during daylight hours than at night
(t = �8.573, df = 23, P < 0.001, n = 24 days). We
also compared radar altitudes among hours of the
day and again found that daytime flights were
lower than evening flights but that there were no
discernable hourly patterns in flight altitude within
the daylight sampling hours or within the nocturnal
hours (Fig. 8). The mean percentage of targets
flying 1�125 m agl was higher during the day
(17.2% of all daytime targets) than at night (3.8%;
Appendix 5).

We also were able to collect data on the
number and flight altitudes of birds along our
daytime southeast�northwest vertical radar transect
and along our nocturnal east�west vertical radar
transect (Figs. 9 and 10). These radar data
indicated that birds were flying lower during the
day than at night but, more importantly, that there
was a tendency during both the day and night for
birds to concentrate either over or northwest of the
ridgeline where the proposed turbine string would
be located. During the daytime, this pattern
matched the pattern that we observed visually:
raptors often flew over the ridgeline or valley
immediately to the north of the ridgeline and in a
direction roughly parallel to the ridgeline.  Note
that the drop in densities beyond ~1,000 m for the
radar at night probably is an artifact of effective
radar range for small birds (i.e., detectability of

targets drops rapidly beyond ~1000 m from the
radar), rather than lower densities of birds in those
areas.

Another pattern that emerges from figures 9
and 10 is that there was a higher proportion of bird
flights near ground level (i.e., in the primary zone
of interest) during the day than at night. For
example, of the flights below 200 m during the day,
10% were 1�50 m agl, 30% were 51�100 m agl,
33% were 101�150 m agl, and 27% were
151�200 m agl. In contrast, at night 2% were
1�50 m agl, 16% were 51�100 m agl, 34% were
101�150 m agl, and 49% were 151�200 m agl. 

Our 3.0-km vertical radar sampling indicated
that 82.4% of the sampling nights (n = 17 nights)
had at least one target flying 1,500�3,000 m agl.
Overall, 10.0% of all targets were flying at
1,500�3,000 m agl, and the highest-flying target
was recorded at 2,842 m agl. Thus, the mean flight
altitudes we report based upon the 1.5-km-range
radar should be considered as minima because they
do not include these birds flying >1,500 m agl.

EFFECTS OF WEATHER ON MIGRATION
It often is difficult to separate the effects of

individual weather parameters on bird migration,
because many parameters are strongly
intercorrelated (Richardson 1978, 1990). A
detailed, multivariate analysis of the effect of
weather on migration passage rates was not
conducted for this study, however, because it
would require many more data from a variety of
weather conditions and because it was beyond the
scope of this study. Because wind direction is such
an important factor influencing migration,
however, we made a simple comparison of wind
direction and migration rates. Based on our limited
data sets, the largest pulses of migration tended to
be associated with tail winds (i.e., from the SE, S,
SW, or W; Fig. 11). Migration passage rates,
however, were not significantly different between
days with tailwinds and days with other winds (U =
72.5, P = 0.833, n = 26 days) or between nights
with tail winds and nights with other winds (U =
66.0, P = 0.174, n = 28 nights).

Flight altitudes during both day and night
were significantly lower during sessions with
precipitation than without it and during sessions
with low ceiling heights than with high ones
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Figure 7. Mean (± 1 SE) daytime and nocturnal flight altitudes of bird targets detected by 1.5-km-range 
radar for each sampling date at the Chautauqua Study Area, New York, during spring 2003.  
Asterisks indicate dates when sampling was not possible due to precipitation or insect 
contamination.
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(Table 4). Flight altitudes also were significantly
lower during foggy daytime sessions than during
sessions with no fog; in contrast, at night, birds
flew significantly higher during foggy sessions.
Tail winds did not affect flight altitudes during the
day or the night.

NUMBER OF BIRDS IN THE WRA 
We estimated that ~5,200�5,300 raptors

during peak daylight hours and ~30,000�31,000
nocturnal migrants passed through Chautauqua
Wind Resource Area (at or below turbine height)
during our 30-day study (Appendices 2 and 3).
Note that both the day and night numbers are based
upon our sampling which was designed to capture
the peak daily times of raptor migration and
nocturnal migration, and we applied these peak

rates to an 8-h day for the raptor count and to all
night hours for the count of nocturnal migrants.

DISCUSSION

Relative to other locations we have studied in
New York (i.e., at Wethersfield [~100 km northeast
of this study site; Cooper and Mabee 2000] and
near Carthage [~20 km east of Watertown and
~300 km northeast of the study site; Cooper et al.
1995b]), we observed low numbers of waterfowl
and landbirds and moderate�high numbers of
raptors during the day. Moderate�high numbers of
landbirds flew over at night in April and May, and
there also were waterfowl-like targets present at
night during April. There was high among-day
variability in movement rates for all species and
times. 

Figure 8. Mean (± 1 SE) flight altitude of bird targets detected by 1.5-km-range radar for each hour of 
the sampling day at the Chautauqua Study Area, New York, during spring 2003.  Asterisks 
indicate hours when sampling did not occur.
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Figure 11. Daytime passage rates of raptors (±1  SE) and diurnal and nocturnal passage rates on 
surveillance radar at the Chautauqua Study Area, New York, during spring 2003; t = dates 
with tail winds.  Asterisks indicate days when sampling was not possible due to precipitation 
or insect contamination.
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Raptors and passerines are known to migrate
over the vicinity of the Chautauqua Study Area
from March through May; however, the peak
migration period for many common species occurs
between mid-April and early May for raptors and
between late April and mid-May for passerines
(Haugh 1972, Bull 1985, Cooper and Mabee 2000,
Zalles and Bildstein 2000, Buffalo Ornithological
Society 2002). Thus, while our study was designed
to bracket the major peaks in raptor and passerine
migration, there is no doubt that we missed some
early raptor migration and some later passerine
migrants. Further, spring 2003 was unusually cold,
wet, and late, all of which represent weather
conditions that could have delayed migration. The
timing and species-composition of bird migration
that we observed generally fit with what is known
for the study area during the period we were there,
however.

RAPTORS
Raptors migrating during the spring were taxa

of primary interest, because two of the five Ripley
Hawkwatch sites (Fig. 1) are located near the

proposed facility. Each spring, an average of
approximately 14,000 raptors representing 18
species are observed at the Ripley sites (Zalles and
Bildstein 2000). In general, a large number of
raptors migrate along the southern shore of the
Lake Erie in the spring and concentrate along the
lake�s edge (Haugh 1972). Because no thermals
form over the cold lake surface, soaring birds
approaching Lake Erie must turn and follow the
shoreline as a leading line. The result of this
behavior is that thousands of raptors migrate along
the southern shores of Lake Erie and Lake Ontario
between March and May (Haugh 1972). During
spring 2003, 19,298 raptors representing 18 species
were observed by the Ripley Hawkwatch
volunteers at the five sites (Ripley Hawkwatch,
unpubl. data). Similar to our study, the most
numerous species at the Ripley Hawkwatch sites
were Turkey Vultures (7,782 individuals),
Broad-winged Hawk (5,886), Sharp-shinned
Hawks (1,695), and Red-tailed Hawks (1,332). Our
counts of raptors (2,578 individuals) were lower
than the Ripley Hawkwatch counts because they
made observations for a larger part of the season
(i.e., 8 March to ~1 June), had greater geographic

Table 4. Mean flight altitudes observed on vertical radar during different weather conditions and 
results of statistical comparisons of flight altitudes under different conditions during spring 
2003 at the Chautauqua Study Area, New York.

   Flight altitude (m agl)   

Comparison Time Condition Mean SE n t P 

Ceiling height Day Low 189 23 14 �7.62 <0.001 
  High 373 6 1,931   
 Night Low 441 9 688 �10.15 <0.001 
  High 534 3 9,067   
Precipitation Day Precip. 127 17 37 �14.20 <0.001 
  No precip. 376 6 1,908   
 Night Precip. 487 11 483 �4.57 <0.001 
  No precip. 530 3 9,272   
Fog Day Fog 117 22 26 �11.34 <0.001 
  No fog 375 6 1,919   
 Night Fog 584 20 157 2.42 0.017 
  No fog 527 3 9,598   
Wind direction Day Tail wind 381 11 510 0.99 0.324 
  Other wind 369 7 1,435   
 Night Tail wind 525 4 6,427 �1.54 0.123 
  Other wind 535 5 3,328   
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coverage extending northward to the shore of Lake
Erie, and sampled for more hours per day than this
study.

NOCTURNAL LANDBIRD MIGRANTS
Another species-group of primary interest was

landbirds. In spring 2003, migration passage rates
of nocturnal landbird migrants generally were
moderate�high, and among-day variation in those
rates was high. Nocturnal passage rates generally
were higher at the Chautauqua Study Area than at
other areas in New York where we have conducted
similar radar studies. For example, the mean spring
nocturnal passage rate in this study was
395 targets/km/h, compared with 41 targets/km/h
at Wethersfield (~100 km northeast of this study
site; Cooper and Mabee 2000) and
159 targets/km/h near Carthage (~20 km east of
Watertown and ~300 km northeast of the study
site; Cooper et al. 1995b). The higher migration
passage rates that we observed here could partially
be related to the apparent concentration of
nocturnal migrants along, and just north of, the
ridgeline in the Chautauqua Study Area (Fig. 10).
The higher rates also could partially be related to a
buildup of migrants along the south shore of the
lake, similar to the raptor buildup that occurs in
spring. Diehl et al. (2003) made NEXRAD radar
observations and found that, while large numbers
of nocturnal migrants fly over the Great Lakes,
there also was some lake avoidance (which would
result in a buildup of migrants flying along the
front and sides of the lake and fewer birds on the
far side), particularly in spring. It has been
suggested that lake avoidance occurs as a matter of
convenience: as the direction of travel increasingly
parallels the shoreline (as we observed in spring
2003), birds may increasingly alter their flight
paths to remain over land and avoid lake crossings
(Alerstam and Pettersson 1977). Alternatively, as
the direction becomes more perpendicular to the
shoreline, birds may be more inclined to cross a
lake. 

LISTED SPECIES
Other birds of interest included the state or

federally listed species that we observed. In spring
2003, we observed two species listed as
endangered by New York state (Golden Eagle and

Peregrine Falcon), two species listed by the state as
threatened (Bald Eagle [also listed as a Federally
Threatened Species] and Northern Harrier), and six
state Species of Special Concern (Common Loon,
Osprey, Sharp-shinned Hawk, Cooper�s Hawk,
Red-shouldered Hawk, and Common Nighthawk).
These listed species made up 4.7% of the total
number of birds we observed in spring 2003 (i.e.,
178 of 3,765 birds). Because there were some
locally-breeding Northern Harriers, Sharp-shinned
Hawks, Cooper�s Hawks, and Red-shouldered
Hawks in the area, it is likely that certain
individuals of those species were counted more
than once. Thus, our counts of those species
probably are higher than the actual number of
individuals that passed over the study site. Some of
the threatened and endangered species were flying
at altitudes below 140 m agl (i.e., within the zone
of potential risk), including 1 of 2 Peregrine
Falcons, 2 of 7 Golden Eagles, 2 of 14 Bald Eagles,
and 17 of 31 Northern Harriers. 

EFFECT OF TIME OF DAY ON PASSAGE 
RATES

Some birds, including loons, swans, geese,
ducks, gulls, terns, and shorebirds, migrate both at
night and during the day. Most small birds,
including most passerines, generally migrate at
night. Raptors, cranes, corvids, swallows,
blackbirds, and bluebirds generally migrate during
the day (Weir 1976, Gauthreaux 1978, Kessel
1984, Alerstam 1990). These general patterns also
were observed at the Chautauqua site.

Our radar observations indicated that passage
rates in spring 2003 were higher at night than
during the day. Data from surveillance radars
across North America also indicate that
considerably more birds migrate at night than
during the day (Gauthreaux 1975, Cooper et al.
1995b, Cooper and Mabee 2000). Several studies
also have found that nocturnal migration begins to
increase ~30�45 min after sunset, peaking just
before midnight and declining steadily until dawn
(e.g., Lowery 1951, Gauthreaux 1971). We also
observed an increase in movement rates
~30�45 min after sunset but found that rates over
the remainder of the night generally did not vary
after that initial buildup.
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FLIGHT ALTITUDE

DIURNAL FLIGHT ALTITUDE
Diurnal flight altitudes at the Chautauqua

Study Area generally were higher than altitudes at
other sites we have studied in New York. For
instance, the mean visually-estimated flight
altitude of waterbirds at Chautauqua was 186 m
agl, compared with means of 23�167 m agl at three
other locations in New York (Cooper et al. 1995b,
Cooper and Mabee 2000). Further, mean flight
altitudes of raptors were 163 m agl (visual
estimate) at Chautauqua compared to 59�139 m agl
(visual estimate) at the other sites. Mean visual
estimates of daytime flight altitudes of landbirds
were similar between Chautauqua (35 m agl) and
the other sites (13�37 m agl).

Flight-altitude data from other areas varies
widely. For example, geese migrate mostly at
100�1,110 m agl (Cooch 1955, Meinertzhagen
1955, Blokpoel 1974, Bellrose 1976, Ogilvie 1978,
Wege and Raveling 1984). Ducks migrating during
the �Grand Passage� along the Central Flyway
generally fly at 460-850 m agl during the day
(Bellrose and Sieh 1960). In Alaska, flight altitudes
for ducks and geese are 16�300 m agl (Cooper and
Ritchie 1995). 

Migrating raptors in North America usually
fly 200-1,100 m agl (Kerlinger 1980; Kerlinger
and Gauthreaux 1984, 1985; Kerlinger et al. 1985;
Heintzelman 1986), although flights below 50 m
agl occur along some ridges and coastal areas and
have been observed in Alaska (Kerlinger 1989;
Cooper and Ritchie 1995; M. Morgante, E&E,
unpubl. data).

Landbirds have been observed to migrate at
low altitudes: Bingman (1980), Wiedner et al.
(1992), Cooper and Ritchie (1995), and several of
the sources cited by Kerlinger and Moore (1989)
observed diurnal passerine migration below 150 m
agl. Others report that passerines generally migrate
below 1,000 m agl but that some have been
observed at much greater heights (Meinertzhagen
1955, Lack 1960, Eastwood and Rider 1965,
Gauthreaux 1972, Williams et al. 1977, Kerlinger
and Moore 1989). 

It is likely that our visual samples and others
at the various Hawkwatch sites are biased to
low-flying birds because visual observers tend to
miss higher-flying birds (Meinertzhagen 1955;

Kerlinger and Gauthreaux 1984, 1985; Kerlinger et
al. 1985). For example, the substantial difference
between visual estimates of flight altitude (163 ±
4 m agl) and radar-measured flight altitudes (278 ±
12 m agl) of raptors observed in this study
probably occurred because of the visual bias.
Because of the visual bias, visual counts also are
likely to be lower than the actual number of birds
flying past the station.

We did not observe any patterns in flight
altitudes of radar targets among diurnal hours, but
others have found that flight altitudes of migrating
raptors are highest during midday when
development of thermals is greatest (Kerlinger et
al. 1985). It is likely that we did not observe this
increase in flight altitudes because our radar data
set included many non-soaring birds that do not
depend upon thermal updrafts to migrate. For
example, when our radar data set was limited to
raptors only, flight altitudes were higher during
1300�1359 h (346 ± 26 m agl, n = 93 targets) and
1500�1559 h (340 ± 49 m agl, n = 34) than during
1000�1059 h (229 ± 60 m agl, n = 13),
1100�1159 h (240 ± 21 m agl, n = 61),
1200�1259 h (244 ± 25 m agl, n = 68), or
1400�1459 h (233 ± 21 m agl, n = 74). 

NOCTURNAL FLIGHT ALTITUDE
We do not believe that it is appropriate to

directly compare nocturnal flight altitudes between
Chautauqua (mean = 528 m agl) with flight
altitudes measured at the other sites we have
studied in New York (Cooper et al. 1995b, Cooper
and Mabee 2000), because those studies used
different methods and equipment. Other radar
studies besides the Chautauqua study have found
that nocturnal migration usually occurs below
600 m agl, however (Bellrose 1971; Gauthreaux
1972, 1978, 1991; Bruderer and Steidinger 1972;
Cooper and Ritchie 1995; Kerlinger 1995). Large
kills of birds at tall, manmade structures also
indicate that large numbers of nocturnal migrants
fly <500 m on at least some nights (Avery et al.
1980). In contrast, others have found that peak
nocturnal densities extend over a broad altitudinal
range below ~2,000 m (Harper 1958 in Eastwood
1967; Graber and Hassler 1962; Nisbet 1963;
Bellrose and Graber 1963; Eastwood and Rider
1965; Bellrose 1967; Blokpoel 1971; Richardson
1971, 1972; Blokpoel and Burton 1975). We
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suspect that differences between the two groups of
studies are due to differences in location,
species-composition of migrating birds, and
perhaps weather conditions. It also has been
suggested that limitations in equipment and
sampling methods of some previous radar studies
may have been responsible for their overestimation
of the altitude of bird migration (Able 1970,
Kerlinger and Moore 1989). For example, the
radars used by Bellrose and Graber (1963),
Blokpoel (1971), and Nisbet (1963) could not
detect birds below 450 m, 370 m, and 180 m agl,
respectively. In contrast, our vertical radar could
detect targets down to ~10 m above ground level.
Given the number of birds we observed below
180 m agl, we believe that the data we collected for
this study more accurately reflect actual flight
altitudes than those studies that used radar that did
not detect birds below 180 m agl. 

We found that flight altitudes were higher at
night than during the day. Although a few studies
have found that flight altitudes of birds are higher
during the day (e.g., Bellrose and Sieh 1960,
Gauthreaux 1972), most have found that flight
altitudes are higher at night (e.g., Lack 1960,
Eastwood and Rider 1965, Bruderer and Steidinger
1972, Gauthreaux 1978, Buurma and Bruderer
1990). We did not observe any patterns in flight
altitude among hours of the night, but others have
found that flight altitudes of migrating birds are not
constant and vary within a night and are highest
near or just before midnight, declining slowly until
dawn (Graber and Hassler 1962, Nisbet 1963, Able
1970, Bellrose 1971, Richardson 1971, Blokpoel
and Burton 1975, Buurma and Bruderer 1990).
This behavior probably explains why more birds
are killed at tall obstacles after midnight than
before midnight (Weir 1976).

Similar to our other migration studies in New
York and elsewhere (Cooper and Ritchie 1995;
Cooper et al. 1995a, 1995b; Cooper and Mabee
2000; Mabee and Cooper 2002), we recorded large
among-day variation in nocturnal flight altitudes.
This variation probably reflected changes in both
species-composition and vertical structure of the
atmosphere and weather. Among-day variation in
the flight altitude of migrants across the Gulf of
Mexico is considerable and primarily is related to
changes in the vertical structure of the atmosphere
(Gauthreaux 1991). Those birds appear to fly at

altitudes at which favorable winds minimize the
energetic cost of migration. Kerlinger and Moore
(1989) have concluded that atmospheric structure
is the primary selective force determining the
height at which migrants fly.

EFFECTS OF WEATHER ON MIGRATION

EFFECTS OF WEATHER ON MIGRATION 
PASSAGE RATES

It is a well-known fact that general weather
patterns and their associated temperatures and
winds affect migration (Richardson 1990). In the
Northern Hemisphere, air moves counterclockwise
around low-pressure systems and clockwise around
high-pressure ones. Thus, winds are warm and
southerly when the area is affected by a low to the
west or a high to the east and cold and northerly in
the reverse situation. Clouds, precipitation, and
strong, variable winds are typical in the centers of
lows and near fronts, whereas weather is usually
fair with weak or moderate winds in high-pressure
areas. Numerous studies in the Northern
Hemisphere have shown that, in spring, most bird
migration tends to occur in the eastern parts of
lows, the western or central parts of highs, or in
intervening transitional areas. In contrast, cold
fronts, which are accompanied by northerly
(unfavorable) winds and colder temperatures, tend
to slow migration in spring (Lowery 1951;
Gauthreaux 1971; Able 1973, 1974; Blokpoel and
Gauthier 1974; Richardson 1990).

A detailed analysis of the effect of weather on
migration passage rates was not conducted for this
study because it would require many more data
from a variety of weather conditions. Because
wind direction is such an important factor
influencing migration in the vicinity of this
proposed wind farm (Haugh 1972; W. Evans, pers.
comm.), however, we made a simple comparison
of wind direction and migration rates and found
that the largest pulses of diurnal and nocturnal
migration often occurred on days with tail winds.
Overall, however, migration passage rates were not
significantly different between days with tail winds
and days with other winds. It is likely that a
combination of small sample sizes and different
conditions further south along the migration route
contributed to these contradictory results.
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UNUSUAL CIRCLING PATTERN DURING 
FOGGY NIGHT

On the night of 7 May 2003, we observed
unusual circling behavior by birds under foggy
conditions. When radar sampling began at 2200 h,
nocturnal migration rates were fairly high, and
there was a heavy fog layer at the sampling station.
At that time, many of the birds that we observed
within ~800 m of the radar sampling site were
flying in a circling pattern around the site. Circling
continued until ~0000 h, when the fog dissipated
and one could see patches of clear sky. The flight
paths were then northerly, linear tracks until the
fog again became dense at 0200�0300 h, and the
circling resumed. We speculate that the circling
could have occurred because birds were attracted
to, and disoriented by, the flashing white strobe
light on the telecommunications tower near our
sampling station. This type of circling behavior
around lights under foggy conditions has been
observed elsewhere (Cochrane and Graber 1958,
Larkin and Frase 1988) and it has been suggested
that it could lead to nocturnal bird kills at tall, lit
towers. It is doubtful that much mortality would
have occurred on the night of 7 May 2003,
however, because mean flight altitude that night
(i.e., 496 ± 12 m agl) was far above the proposed
facility heights. Further, no dead birds were found
the next morning below the ~100-m-high
telecommunications tower that is located near the
radar sampling site (M. Morgante, E&E, unpubl.
data).

EFFECTS OF WEATHER ON FLIGHT 
ALTITUDE OF BIRDS

Most studies (except for Bellrose 1971) have
found that clouds influence flight altitude, but the
results are not consistent among studies. For
instance, some studies (Bellrose and Graber 1963,
Blokpoel and Burton 1975) found that birds flew
both below and above cloud layers, whereas others
(Nisbet 1963, Able 1970) found that birds tended to
fly below clouds. Radar observations at the
Chautauqua Study Area indicated that flight altitudes
during both the day and night were lower during
periods of low (< 500 m agl) cloud ceilings than
during periods of high (> 500 m agl) cloud ceilings
or clear skies.

Gauthreaux (1978) found that daytime
migrants flew lower when visibility was poor and

when there was dense cloud cover and drizzle.
Kessel (1984) noted that cranes in east-central
Alaska flew lower during �bad flying weather�
than in �good flying weather.� We found that flight
altitudes during both day and night were lowest
during periods with precipitation. Flight altitudes
at Chautauqua also were lower during foggy
conditions than clear conditions during the day but
at night were higher during foggy conditions. We
suspect that the reason nocturnal flights were
higher during the foggy conditions is because the
birds were flying above what appeared to be a
fairly thin layer of ground fog on several nights.

Radar studies have shown that wind is a key
factor in migratory flight altitudes (Alerstam
1990). The birds fly mainly at heights where head
winds are minimized and tail winds are
maximized. Thus, as a rule of thumb, bird
migration takes place at low altitudes in head
winds and at higher altitudes in tail winds, if winds
of all layers are heading in the same direction. Our
data from Chautauqua do not fit with this general
pattern, in that there was no difference in flight
altitudes between tail winds and other winds during
spring 2003. We cannot explain this difference;
perhaps it is an artifact of the sample sizes of
different wind conditions that we experienced.

Although the ability of weather to influence
migration passage rates and flight altitudes of
nocturnal birds has been established in many
studies, it will require additional field data under a
greater variety of weather conditions throughout
the full migratory season to build predictive
models that would identify those conditions that
would put nocturnal migrants at risk of collision
with wind turbines. Large kills of migratory birds
have not been documented at wind power
developments, but they have sporadically occurred
at other, taller structures (e.g., guyed and lighted
towers >130 m high) in many places across the
country during periods of heavy migration,
especially on foggy, overcast nights in fall (Weir
1976, Avery et al. 1980, Evans 1998; Erickson et
al. 2001). Recently, however, 27 nocturnal spring
migrants (passerines) were killed on one foggy
spring night, when they collided with turbines near
a brightly lit substation at the Mountaineer wind
power development on Backbone Mountain in
West Virginia (Kerns and Kerlinger 2004).
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CONCLUSIONS

This study focused on raptor and nocturnal
songbird migration because the Chautauqua site is
located in a known spring raptor migration corridor
and because little is known about spring nocturnal
migration in the area. We found that the
Chautauqua Study Area has higher spring daytime
migration of raptors and spring nocturnal migration
of passerines than other locations that have been
studied in New York (i.e., at Wethersfield
[~100 km northeast of this study site; Cooper and
Mabee 2000] and near Carthage [~20 km east of
Watertown and ~300 km northeast of the study
site; Cooper et al. 1995b]). We estimated that
~5,200�5,300 raptors during peak daylight hours
and ~30,000�31,000 nocturnal migrants passed
through Chautauqua Wind Resource Area (at or
below turbine height) during our 30-day study.
Mean daytime flight altitudes (372 m agl) were
significantly lower than nocturnal flight altitudes
(528 m agl), and the mean percentage of targets
flying below 125 m agl was 17% during the day
and 4% at night. We observed a tendency during
both the day and night for birds to concentrate
either over, or northwest of, the ridgeline where the
proposed turbine string would be located. These
types of data will be used for an evaluation of the
potential risk of the proposed wind farm to daytime
raptor migrants and nocturnal passerine migrants
that is presented in a separate document.
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