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i Chautauqua Fall Migration Study

EXECUTIVE SUMMARY

� This report presents the results of a radar study
of bird migration conducted during 2
September�10 October 2003 at the proposed
Chautauqua Wind Energy Facility, located in
western New York. Radar observations were
conducted for ~6 h/night during 30 nights
within the 40-day study period.

� The goal of this study was to collect
information that will be used to help evaluate
the potential impacts of these proposed
wind-energy facilities on migratory passerines
during the peak fall migration period. The
objectives of this study were to use radar
techniques to collect baseline information on
flight direction, migration intensity (i.e.,
passage rates), and flight altitude of nocturnal
passerine migrants at the proposed Chautauqua
Wind Project area during 2 September�10
October 2003.

� At night, the mean flight direction of targets
observed on radar was 199° ± 58° (i.e., slightly
southwest).

� In fall 2003, we recorded moderate passage
rates of nocturnal songbird migrants over the
Chautauqua Study Area. Fall nocturnal
passage rates (mean ± SE = 238 ± 48
targets/km/h) were significantly lower than
spring rates (395 ± 69 targets/km/h). Similar to
spring, however, there were no dramatic
within-night patterns in passage rates.

� Nocturnal passage rates were highly variable
among nights in fall 2003, ranging from 10 to
905 targets/km/h. Nocturnal passage rates
generally were higher after mid-September
than they were during early September.

� Mean flight altitudes observed on radar
(1.5-km-range) were highly variable among
nights in fall 2003. Mean nocturnal flight
altitudes in fall (532 ± 3 m agl) were not
significantly different from nocturnal flight
altitudes in spring (528 ± 3 m agl). There were
no discernable hourly patterns in flight altitude
within the nocturnal hours in either fall or
spring.

� The mean percentage of nocturnal targets
flying 1�125 m agl was 4.0% in fall, or only
slightly higher than the 3.8% in spring.

� During fall, birds were flying on both sides of
the ridgeline where the proposed turbine string
would be located in roughly equal proportions,
unlike spring, when there was a distinctive
concentration of targets along the northern and
western side of the ridgeline. It is possible that
the spring concentration occurred due to lake
avoidance, similar to what is seen for
migratory hawks (i.e., concentrations of
northbound migrants tend to fly around the
southern shore of Lake Erie during spring and
thus avoid flying over the lake, whereas
concentrations of southbound migrants tend to
fly around the northern shore in fall, with a
corresponding drop in numbers on the far side
of the lake in both seasons).

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

� Flight altitudes were significantly lower during
favorable (light or tail) winds (492 ± 4 m agl)
than during head winds (560 ± 4 m agl).

� The Chautauqua Study Area had fall nocturnal
migration passage rates that was similar to one
other location that has been studied in New
York (i.e., at Wethersfield [~100 km northeast
of this study site]), and higher rates than at two
other locations (i.e., Carthage [~20 km east of
Watertown and ~300 km northeast of this study
site] and Harrisburg [~30 km southeast of
Watertown and ~300 km northeast of this study
site]). We estimated that ~32,000�33,000
nocturnal migrants (i.e., birds and bats) flew
over the Chautauqua Wind Resource Area (at
or below turbine height) during our 30-day fall
study period.
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(above sea level), and the land immediately north
of the ridge slopes down toward Lake Erie, which
lies at 190 m asl. The majority of the ridge is
covered in mature stands of hardwood forest.
Flatter areas on top of the ridgeline are separated
by shallow to steep ravines.

The proposed turbine corridor traverses
several habitat types, including agricultural areas,
forested areas, and wetlands. Agricultural areas
consist of dairy grazing and corn, alfalfa, hay, and
fallow fields. Eastern hardwood stands dominate
the forested areas and contain indigenous species
such as red and sugar maple (Acer rubrum and
A saccharum), black cherry (Prunus serotina),
white ash (Fraxinus Americana), American beech
(Fagus grandifolia), aspen (Populas tremula), tulip
poplar (Tirodendroan tilipifera), and yellow birch
(Betula lutea). There also are several conifer
plantations throughout the corridor that are
dominated by red pine (Pinus resinosa), white pine
(Pinus strobus), Scotch pine (Pinus sylvestris), and
Norway spruce (Picea abies). 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). This was the same
location as the Ripley Hawkwatch Station Number
5 because it provides an excellent view of the
surrounding terrain.

METHODS

GENERAL SAMPLING STRATEGY
Passerines are known to migrate over the

vicinity of the Chautauqua Study Area from
August through November; however, the peak
migration period for many common species occurs
between early September and mid-October (Bull
1985, Cooper and Mabee 2000, Buffalo
Ornithological Society 2002). We conducted 30
nights of radar observations of bird migration
during 2�25 September and 5�10 October 2003, to

time our study to overlap with the peak migration
periods of as many passerine species as possible.

Each night, one observer would conduct ~6 h
of nocturnal migration observations between
2100 h and 0300 h (Table 1). This sample provided
coverage of the peak period of nocturnal migration
within a night (Lowery 1951, Gauthreaux 1971,
Alerstam 1990, Kerlinger 1995).

RADAR OBSERVATIONS

EQUIPMENT
Our mobile laboratory consisted of a marine

radar mounted on a van. In the horizontal position
(i.e., in surveillance mode), the radar scanned the
entire area around the lab and was used to obtain
information on passage rates, flight paths, and
ground speeds of birds. When turned to the vertical
position, the radar measured altitudes of flight. A
description of a similar radar laboratory can be
found in Gauthreaux (1985a, 1985b) and Cooper et
al. (1991), and a similar vertical radar setup is
described by Harmata et al. (1999, 2003).

The radar unit (Furuno Model FR-1510
MKIII; Furuno Electric Company, Nishinomiya,
Japan) is a standard marine radar transmitting at
9,410 MHz (i.e., X-band) through a slotted wave
guide (antenna) 2 m long with a peak power output
of 12 kW. The 2-m antenna was a slotted
waveguide array with a beam width of 1.23°
(horizontal) × 25° (vertical) and a sidelobe of ±
~10°. This radar can be operated at a variety of
ranges, from 0.5 km to 133 km. Range accuracy is
1% of the maximal range of the scale in use, or
30 m, whichever is greater. Bearing discrimination
is >2.5°, and bearing accuracy is ± 1º. Pulse length
can be set at 0.07, 0.15, 0.5, or 1.0 µsec, depending
on the range-setting used. At shorter pulse lengths,
echo definition is improved (giving more accurate
information on target location and, hence,
distance), whereas, at longer pulse lengths, echo
detection is improved (increasing the probability of
detecting a target). (An echo is a picture of a target
on the radar display screen; a target is one or more
birds that are flying so closely together that the
radar displays them as one echo on the display
screen.) This radar has a digital color display with
several scientifically useful features, including
color-coded echoes (to differentiate the strength of
return signals) on-screen plotting of a sequence of
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echoes (to depict flight paths), and True North
correction for the display screen (to determine
flight directions easily). The plotting function
plotted the location of a target every sweep of the
antenna; because each sweep of the radar takes the
same length of time, ground speed is directly
proportional to the distance between consecutive
echoes and can be measured with a hand-held
scale.

Whenever energy is reflected from the
ground, surrounding vegetation, and other objects
that surround the radar unit, a ground-clutter echo
appears on the display screen. Because
ground-clutter echoes can obscure bird targets, we
minimized their occurrence by elevating the
forward edge of the antenna by ~15° and by
parking the radar lab in locations that were
surrounded fairly closely by low trees or low hills.
These objects act as radar fence that shields the

Table 1. Visual/acoustic and radar sampling schedule at the Chautauqua Study Area, New York, during 
fall 2003.

Date 
Visual/acoustic sampling 

hours Radar sampling hours 

2 September 2050�2055; 2355�0000 2100�0100 
3 September 2050�2055; 2355�0000 2100�0300 
4 September 2050�2055; 2300�2305 2100�03002 

5 September 2050�2055; 2357�0002 2100�0300 
6 September 2050�2055; 2356�0001 2100�0300 
7 September 2055�2100; 2356�0001 2100�0300 
8 September 2055�2100; 2355�0000 2100�03002 

9 September     2055�2100; 2355�0000 2100�0300 
10 September 2055�2100; 2355�0000 2100�0300 
11 September 2055�2100; 2355�0000 2100�0300 
12 September 2055�2100; 2355�0000 2100�0300 
13 September 2055�2100; 0050�0055 2100�0300 
14 September 2055�2100; 2355�0000 2100�0300 
15 September 2055�2100; 0050�0055 2100�0300 
16 September 2055�2100; 2355�0000 2100�0300 
17 September 2055�2100; 2355�0000 2100�0300 
18 September 2055�2100 2100�0300 
19 September 2155�2200; 0055�0100 2100�0300 
20 September 2055�2100; 2355�0000 2100�0300 
21 September 2055�2100; 2355�0000 2100�0300 
22 September 2255�2300; 0055�0100 2100�0300 
23 September 2155�2200; 2355�0000 2100�0300 
24 September 2055�2100 2100�0300 
25 September 2055�2100; 2355�0000 2100�0300 
5 October 2055�2100; 2355�0000 2100�0300 
6 October 2055�2100; 2355�0000 2100�0300 
7 October 2055�2100; 2355�0000 2100�0300 
8 October 2055�2100; 2355�0000 2100�0300 
9 October 2055�2100; 2355�0000 2100�0300 
10 October 2055�2100; 2355�0000 2100�0300 

1 Rain clutter made it impossible to collect radar data for at least part of the night. 
2 Insect contamination made it impossible to collect 3-km vertical radar data for at least part of the night. 
3 Insect contamination made it impossible to collect any radar data for at least part of the night. 
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radar from low-lying objects farther away from the
lab and that produces only a small amount of
ground clutter in the center of the display screen.
For further discussion of radar fences, see
Eastwood (1967), Williams et al. (1972), Skolnik
(1980), and Cooper et al. (1991).

Maximal distances of detection of birds by the
surveillance radar depends on radar settings (e.g.,
gain and pulse length), body size of bird, flock
size, flight profile, atmospheric conditions, and, to
some extent, the amount and location of ground
clutter. Flocks of waterfowl routinely are
detectable out to 5�6 km, individual hawks usually
are detectable to 2�3 km, and single, small
passerines are detectable to 1�2 km (Cooper et al.
1991; Cooper and Mabee, unpubl. data). 

DATA COLLECTION
Each of the six, 60-min nocturnal radar

sampling sessions consisted of: (1) one 10-min
session to collect weather data and adjust the radar
to surveillance mode; (2) one 5-min session with
the radar in surveillance mode at the 1.5-km-range
(pulse length = 0.07 µsec), collecting information
on migration passage rates; (3) one 10-min session
with the radar in surveillance mode at
1.5-km-range (pulse length = 0.07 µsec) collecting
information on ground speed, flight direction (°),
tangential range, transect crossed (the four cardinal
directions�north, south, east, and west), species
(if known), number (if known), flight behavior
(straight, erratic, circling), and whether or not the
target crossed the proposed turbine string, for as
many targets as time allowed; (4) one 10-min
session to adjust the radar to vertical mode; (5) one
10-min session in the vertical mode at
1.5-km-range (pulse length = 0.07 µsec) to collect
fine-scale information on flight altitudes below
1500 m agl; (6) one 5-min session in the vertical
mode at 1.5-km-range (pulse length = 0.07 µsec) to
collect fine-scale GIS information on flight
altitudes below 1500 m agl by plotting the height
and distance of all targets on an acetate sheet; (7)
one 5-min session in the vertical mode at
1.5-km-range (pulse length = 0.07 µsec) to collect
information on the passage rates of migrants below
140 m agl; and (8) one 5-min session in the vertical
mode at 3.0-km-range (pulse length = 0.50 µsec) to
collect coarse-scale information on flight altitudes
below 3000 m agl. �Coarse-scale� refers to the fact

that it is more difficult to differentiate individual
targets or to determine exact flight altitudes with
the 3-km setting than with the finer-scale 1.5-km
setting, and, more importantly, it is especially
difficult to get accurate counts within ~100 m agl
(the zone of primary interest). The vertical radar
always was oriented so that it collected data along
an east�west transect that was approximately
perpendicular to the main axis of nocturnal
migration.

We also conducted 5 min of acoustic/visual
observations before radar observations began each
night (i.e., at ~2050 h) and midway through
sampling (at ~0000 h), primarily to identify
low-flying targets to help assess insect activity
levels (Appendix 1). During acoustic/visual
sampling, the observers stationed themselves
within 30 m of the radar sampling station and made
visual observations of insects, bats, and birds along
a vertically-oriented, 2,000,000-Cp spotlight beam
while listening for bird call notes. For each 5-min
session, the observer recorded the number of bird
call notes heard, the number and primary flight
directions of airborne insects observed flying
through the light beam at >5 m agl, and the
number, species (if possible), and flight directions
of any birds and bats that were seen flying through
the beam (up to ~100 m agl, beyond which we
could not effectively detect small birds with the
naked eye). We attempted to conduct the
acoustic/visual sampling so that it ended at least 10
min before radar sampling resumed, to avoid any
light attraction bias in the radar data from the
spotlight beam.

We collected the following weather data at the
beginning of each hour 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 (m 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); minimal 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,
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snow flurries, light snowfall, heavy snowfall, sleet,
hail); and air temperature (to the nearest 1°C). We
used an �OMNI� anemometer to measure wind
speed and a hand-held thermometer to measure
temperature. We visually estimated cloud cover,
ceiling height, visibility, light conditions, and
precipitation. We also obtained 10-min averages of
wind speed and direction at 40 m agl from a
meteorological tower located ~1.5 km west of our
sampling station.

Differentiating the various target types
encountered (e.g., birds, bats, insects) is central to
any radar study, especially with X-band radars that
can detect small flying animals. Bat flight speeds
overlap with flight speeds of songbirds (i.e., are
>6 m/s; Tuttle 1988, Larkin 1991, Bruderer and
Boldt 2001, Kunz and Fenton 2003; Cooper and
Day, unpubl. data). Thus, it was not possible to
separate bird targets from migrating bats based
upon flight speeds, so it is likely that some
migratory bat targets are included in our data. Of
primary importance, however, is removing insect
targets from the data. Our fall sampling season had
several nights with obvious insect contamination,
and the contamination generally was higher earlier
in the survey season. We used a combination of
techniques to reduce insect contamination in the
data when possible and omitted sampling sessions
(or whole nights) when insects severely
contaminated our sample. We reduced insect
contamination by (1) omitting surveillance radar
targets with corrected airspeeds <6 m/s
(<13.4 mph, following Diehl et al. 2003), and (2)
omitting targets with poor reflectivity and/or
limited range (for example, targets that plotted
erratically or inconsistently in locations with good
radar coverage). The 6 m/s cut-off speed was based
upon radar studies that have determined that most
insects have an airspeed of <6 m/s, whereas the
airspeed of birds usually is ≥6 m/s (Larkin 1991,
Bruderer and Boldt 2001).

We could not collect radar data during periods
of rain because the electronic filtering required to
remove the echoes of the precipitation from the
display screen also removed bird targets. In
addition, there were periods when insects became
so abundant, particularly on the vertical radar, that
sampling was not possible (Table 1).

DATA ANALYSES
The species composition and size of a flock of

birds observed on the radar usually was unknown.
Therefore, the term �target,� rather than �flock� or
�individual,� is used to describe birds detected by
the radar. Airspeeds (i.e., ground speed corrected
for wind speed and direction) of surveillance radar
targets were computed as:

where Vg is the target groundspeed (as determined
from the radar flight track), Vw is the wind
velocity, and  is the difference between the
observed flight direction and the direction of the
wind vector.

The few targets with corrected airspeeds <6
m/s (most slower targets already were excluded
during field sampling) were deleted from all
analyses. We analyzed flight-direction data
following procedures for circular statistics (Zar
1999). Migration passage rates are reported as the
mean (± 1 standard error [SE]) number of targets
passing along 1 km of migratory front/h
(targets/km/h ± 1 SE). Radar data were not
corrected for differences in detectability with
distance.

All statistical summaries of flight-altitude data
were made with the 1.5-km-scale data because this
scale provided adequate target resolution within
1,500 m agl, whereas the 3.0-km range did not
provide adequate target resolution at low altitudes.
All flight-altitude data are presented in m agl
relative to a horizontal plane passing through the
radar sampling site. Thus, the actual height above
ground level for the subset of targets we detected
while flying over the valley to the north of the
station would actually be more than the heights that
we report.

For calculations of the daily patterns in
migration passage rates and flight altitudes, we
assumed that a day began and ended at 0600 h so
that a sampling night was not split between two
dates. We used percent of the total nightly targets
within each 1-h period to compare relative passage
rates within each night, using only nights with
complete sampling (i.e., with no sessions cancelled

cosθV2VVVV wg
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by rain or insects). To compare relative rates
among hours of the night for the entire season, we
then computed the mean percentage for each 1-h
period. We used Mann�Whitney tests to test for
differences between spring and fall nocturnal mean
passage rates and used a t-test to test for
differences between mean spring and fall flight
altitudes (SPSS 2002).

For weather analyses, we defined tail wind
conditions as nights when over half of the sessions
had winds aloft (i.e., winds at 40 m agl) blowing
from WNW to ENE (i.e., 293º to 068º) at a mean
speed of >4.4 m/s (i.e., >10 mph).  We defined
head wind conditions as nights when over half of
the sessions had winds aloft (i.e., winds at 40 m
agl) blowing from ESE to ESW (i.e., 113º to 248º)
at a mean speed of >4.4 m/s.  Weak wind
conditions were defined as nights when mean
winds aloft were ≤4.4 m/s. We used
Mann�Whitney tests to compare passage rates
between tail or weak wind conditions and head
wind conditions. Tail and weak wind conditions
were lumped for the Mann�Whitney test because
they both are favorable migration conditions
(Richardson 1978, 1990) and because there was a
low sample size (only one night) of tail wind
conditions. We used t-tests to compare flight
altitudes between sessions with tail winds or weak
wind conditions and sessions with head winds.

Analyses of the effects of ceiling height or
precipitation on passage rates or flight altitudes
were not possible because of the low sample size of
low ceiling and precipitation conditions during fall
2003. For example, we only had six surveillance
radar sessions and seven vertical radar sessions
with low-ceiling conditions (i.e., cloud ceiling
≤500 m agl) in fall 2003 and had three surveillance
radar sessions and no vertical radar sessions with
precipitation. There were additional periods with
precipitation during our sampling hours, but they
occurred with precipitation so heavy that we could
not sample with radar because the attenuation
required to eliminate rain echoes also eliminated
bird echoes.

Confounding factors that decreased our
sample size of the various summaries and analyses
included insects and inclement weather (rain).
Therefore, sample sizes sometimes vary among the
different summaries and analyses. The level of
significance (α) for all tests was set at 0.05.

CALCULATION OF NUMBER OF BIRDS IN 
THE WRA

To calculate the number of nocturnal migrants
flying over the Chautauqua Wind Resource Area
(WRA) at or below turbine height, we needed to
account for the width of the WRA relative to the
predominant direction of flight. The width of the
WRA was 6,125 m for nocturnal migrants (that had
a mean flight direction of 199°). For migration
rates, we used the mean number of targets observed
on vertical radar below 140 m agl and 500�1000 m
away from (and either side of) the sampling station
as the base number of targets/h. Most radar and
visual studies indicate that nocturnal passerine
migrants (the most common group of bird at night)
generally fly singly and not in tight flocks
(Gauthreaux 1972, Kerlinger 1995), so we
assumed that flock size at night was 1 bird/flock.
We then multiplied the average passage rate ×
height of turbine × width of WRA × number of
days × number of hours per day to compute
number of birds flying over the WRA at or below
turbine height, for the 30-d study period (see
Appendix 2 for more details on the calculations).

RESULTS

SPECIES COMPOSITION
Most landbirds other than tanagers, vireos,

and flycatchers make call notes while they are
migrating at night; these calls can be used to
identify individual species (Evans and O�Brien
2002). All of the acoustic and visual observations
of nocturnal birds we made during fall 2003 were
of passerines, but we were unable to identify any to
the species level. Flight behavior and/or flight
speeds (corrected for wind speed and direction)
also provide some information on whether a target
is a waterbird, a raptor, or a landbird. For instance,
during daylight hours, raptor targets usually exhibit
circling behavior on the radar. At night, flight
speeds generally were 11� 15 m/s (Fig. 2),
suggesting that songbirds and/or bats and not
faster-flying bird species, such as shorebirds or
waterfowl (Bruderer and Boldt 2001), composed a
sizable portion of the nocturnal targets during the
entire fall study period. Further, only 1% of our
surveillance radar targets flew < 6 m/s, suggesting
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that insect contamination was insignificant in our
surveillance radar data.

Many bat species fly at speeds similar to
passerines (i.e., >6 m/s; Tuttle 1988, Larkin 1991,
Bruderer and Boldt 2001, Kunz and Fenton 2003;
Cooper and Day, unpubl. data), which makes them
difficult to separate from bird targets on the radar.
Further, our visual data suggest that some of our
radar targets (at least in the lower 100 m of
airspace) were bats of one or more species. We
visually observed 2.5 ± 0.8 birds/h (n = 12 birds
during 9 of 58 sampling sessions) and 3.5 ±
1.1 bats/h (n = 17 bats during 13 of 58 sessions)
along a vertically-oriented ceilometer beam during
fall 2003 (Appendix 1). All of the birds and bats
that we observed were flying below 100 m agl,
which was the approximate range of our visual
sampling effectiveness for songbird/bat-sized
individuals.

FLIGHT DIRECTION
The mean flight direction of targets observed on
radar in fall was 199° ± 58° (n = 4,778 targets).
Thus, fall flight directions were almost exactly in
the opposite direction from those in spring (i.e.,
027° ± 40°; n = 7,128 targets). A large proportion
of the nocturnal targets in fall (56.2%) were
traveling toward the south or southwest, but flight
directions were more variable in fall than in spring,
when nearly all targets were headed north or
northeast (Fig. 3).

MIGRATION PASSAGE RATES
Nocturnal passage rates were highly variable

during fall, ranging from 10 to 905 targets/km/h
(Fig. 4). Nocturnal passage rates generally were
higher after mid-September than during early
September. Fall nocturnal passage rates (mean =
238 ± 48 targets/km/h, n = 29 days) were
significantly lower than spring rates (395 ±
69 targets/km/h, n = 24 days; U = 272.5, P =
0.033). Similar to spring, however, there were no

Figure 2. Mean (± 1 SE; corrected for wind speed and direction) airspeeds of targets observed on 
surveillance radar at the Chautauqua Study Area, New York, during fall 2003, by date.  
Asterisks indicate days when sampling was not conducted or was not possible due to 
excessive precipitation or insect contamination.
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Figure 3. Nocturnal flight directions of targets observed on surveillance radar in the Chautauqua Study 
Area, New York, during spring and fall 2003.
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Figure 4. Mean (± 1 SE) nocturnal passage rates on surveillance radar at the Chautauqua Study Area, 
New York, during fall 2003.  Asterisks indicate days when sampling was not conducted or 
was not possible due to excessive precipitation or insect contamination.
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dramatic within-night patterns in passage rates
among hours of the night during fall (Fig. 5).

FLIGHT ALTITUDE
Mean flight altitudes observed on radar

(1.5-km-range) were highly variable among nights
during fall 2003 (Fig. 6). Mean nocturnal flight
altitudes in fall (532 ± 3 m agl, n = 9,791 targets)
were not significantly different from nocturnal
flight altitudes in spring (528 ± 3 m agl, n = 9,755
targets; t = 1.146, df = 7837, P = 0.252). There also
were no discernable hourly patterns in flight
altitude within the nocturnal hours in either fall or
spring (Fig. 7). The mean percentage of nocturnal
targets flying below 125 m agl was 4.0% in fall,
compared with 3.8% in spring (Appendix 3).

We also were able to collect data on the
number and flight altitudes of birds along our
east�west vertical radar transect. During fall, birds
were flying on both sides of the ridgeline where the
proposed turbine string would be located in
roughly equal proportions (Fig. 8), unlike spring,

when there was a distinctive concentration of
targets along the northern and western side of the
ridgeline (Fig. 9). Note that the drop in densities
beyond ~1,000 m for the radar in both spring and
fall 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. 

Targets flying within the zone of potential risk
were not evenly distributed with altitude. For
example, of the fall flights recorded at or below
200 m during the night, 2% occurred at 1�50 m agl,
14% occurred at 51�100 m agl, 34% occurred at
101�150 m agl, and 51% occurred at 151�200 m
agl.

Our 3.0-km vertical radar sampling indicated
that 93.1% of the fall sampling nights (n = 29
nights) had at least one target flying 1,500�3,000 m
agl, compared with 82.4% of the nights in spring
(n = 17 nights). Overall, 11.2% of all fall nocturnal
targets and 10.0% of all spring nocturnal targets
were flying at 1,500�3,000 m agl; the
highest-flying target in fall was recorded at 2,760

Figure 5. Mean (± 1 SE) percent of total daily surveillance radar targets at the Chautauqua Study Area, 
New York, during fall 2003, by hour of the day.
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Figure 6. Mean (± 1 SE) nocturnal flight altitudes of bird targets detected by 1.5-km-range vertical 
radar at the Chautauqua Study Area, New York, during fall 2003, by date.  Asterisks indicate 
dates when sampling was not conducted or was not possible due to excessive precipitation or 
insect contamination.
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Figure 7. Mean (± 1 SE) flight altitude of bird targets detected by 1.5-km-range vertical radar at the 
Chautauqua Study Area, New York, during spring and fall 2003, by hour of the day.
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m agl. Thus, the mean flight altitudes we report
based upon the 1.5-km-range radar should be
considered as minimal 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 fall study or the spring study
(Cooper et al. 2003), however, because we did not
have sufficient data from a variety of weather
conditions to explore that relationship. It was not
even possible to conduct univariate analyses on the
effects of ceiling height, fog, or other precipitation
on passage rates and flight altitudes during fall
2003 because of the extremely low number of
sampling sessions with low ceiling heights, fog, or

other precipitation. Because wind is such an
important factor influencing migration, however,
we made a simple comparison of wind
strength/direction and migration rates. Mean
migration passage rates were not significantly
different between nights with favorable winds
(weak or tail winds) and nights with headwinds (t =
1.47, P = 0.15, df = 27). However, the largest
pulses of migration tended to be associated with
weak wind conditions (i.e., winds <10 mph
[4.5 m/sec]; Fig. 10). In fact, the three largest
nightly passage rates in fall 2003 occurred during
weak wind conditions. Tail winds also are known
to be favorable to migration, but on the one night
with a tail wind during our fall sampling, passage
rates were fairly low (Fig. 10). 

Mean flight altitudes were significantly lower
during favorable winds (weak winds or tail winds)
than during head winds (t = �11.27, P < 0.001, df =
9,789). The mean flight altitude was 492 ± 4 m agl

Figure 10.  Mean (± 1 SE) nocturnal passage rates on surveillance radar at the Chautauqua Study Area, 
New York, during fall 2003, by date; t = dates with tail winds and c = dates with weak winds 
(<4.4 m/sec).  Asterisks indicate days when sampling was not possible due to excessive 
precipitation or insect contamination.
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(n = 3,974) during weak winds and tail winds and
560 ± 4 m agl (n = 5,817) during head winds.

NUMBER OF BIRDS IN THE WRA
We estimated that ~32,000�33,000 nocturnal

migrants (i.e., birds and bats) passed through
Chautauqua Wind Resource Area (at or below
turbine height) during our 30-day fall study
(Appendix 2). Note that those numbers are based
upon our sample of the peak nightly hours of
nocturnal migration, and we applied those peak
rates to a 10-h night to calculate the count of
nocturnal migrants.

DISCUSSION

Flight speeds observed on surveillance radar
suggested that most of the avian radar targets we
observed in fall 2003 were songbirds and not
faster-flying bird species, such as shorebirds or
waterfowl. Bats also were present and undoubtedly
were counted as radar targets, however. Visual
observations within 100 m of ground level
suggested that bats could have formed over half of
the targets in that zone, but it is unknown whether
bats were as common above 100 m agl, where
vertical radar indicated that >95% of the migrants
were located. Although there are some exceptions
(LaVal et al. 1977, LaVal and LaVal 1979), bats
generally forage below 10 m agl (Fenton and Bell
1979, Barclay 1984, Fitzgerald et al. 1994). Little
is known about the height at which bats migrate,
however, most of the bat mortality at wind
facilities and other tall structures occurs during
mid-July to mid-September and involves
migratory, not summer resident species (Erickson
2002, Johnson et al. 2003), suggesting that at least
some bats do migrate below ~125 m agl. For
example, the Hoary, Red (Lasiurus borealis), and
Silver-haired (Lasionycterus noctivagans) bats all
are long-range migrants and together compose
86% of all bat fatalities at wind facilities. Another
study found that bats migrating during the daytime
near Washington, DC, were flying 46�140 m agl
(Allen 1939), while Altrington (1996) reports that
at least some bats migrate much higher than 100 m
agl. We were unable to determine the species of the
bats we observed in the Chautauqua Study Area, so
we do not know whether they were migrant bats or
simply were low-flying summer resident species.

In summary, we believe that it is possible that bats
composed a substantial proportion of the radar
targets in the lower 100 m, but the proportion of
bats above 100 m agl is unknown and probably is
much lower. For the purposes of this study, we
made the assumption that most of the radar targets
we observed above ~100 m agl were birds, because
we know through acoustic monitoring and moon
watching studies in other areas that birds generally
migrate in large numbers in that zone (Lowery
1951; Lowery and Newman 1966, Gauthreaux
1972, Larkin et al. 2002; B. Evans, Old Bird, Inc.,
Ithaca, NY, pers. comm.); in contrast, there are
essentially no data on bats in that zone.

Nocturnal passage rates at the Chautauqua
Study Area in fall 2003 were similar to or higher
than, other areas in New York where we have
conducted similar radar studies. For example, the
mean fall nocturnal passage rate in this study was
238 targets/km/h, compared with 168 targets/km/h
at Wethersfield (~100 km northeast of this study
site; Cooper and Mabee 2000), 122 targets/km/h at
Harrisburg (~30 km southeast of Watertown and
~300 km northeast of this study site; Cooper and
Mabee 2000), and ~225 targets/km/h near Carthage
(~20 km east of Watertown and ~300 km northeast
of this study site; Cooper et al. 1995b). 

There often is an increase in passage rates
from spring to fall because of the addition of
young-of-the-year birds to the pool of migrants.
For example, fall counts were 42�190% higher
than spring counts at two other areas in New York
(Cooper et al. 1995b, Cooper and Mabee 2000). In
contrast to this general pattern, nocturnal passage
rates at the Chautauqua Study Area were
significantly lower during fall (238 targets/km/h)
than during spring (395 targets/km/h). It is likely
that the high spring counts occurred because of a
buildup of northbound birds following the southern
shore of Lake Erie occurs in spring (with a
corresponding avoidance of the far [northern]
shore) and the reverse pattern occurs during fall
migration, somewhat like what is seen for
migratory hawks (Haugh 1974). There is some
information available suggesting that this pattern
also occurs for nocturnal migrants: 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
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buildup of migrants flying along the front and sides
of the lake and fewer birds on the far side). It has
been suggested that lake avoidance occurs as a
matter of convenience: as the direction of travel
increasingly parallels the shoreline, 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. The flight
directions that we observed suggested that the
flight direction of nocturnal migrants in this area
was fairly parallel to the shoreline of Lake Erie in
the spring and more perpendicular to the shoreline
in fall, suggesting that it would be more likely for
birds to cross the lake in fall than in spring. In fact,
Diehl et al. (2003) found that there was a greater
tendency for lake avoidance in spring than fall,
thus providing further corroboration with the
apparent concentration of birds on the northern and
western sides of the study area (i.e., along the
southern shore of Lake Erie) that we observed
during spring 2003, but not in fall 2003.

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, and the passerines 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
in spring and fall.

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 did not
observe this midnight peak in either spring or fall
at the Chautauqua Study Area.

FLIGHT ALTITUDE
We do not believe that it is appropriate to

make a statistical comparison of nocturnal flight
altitudes between those measured at Chautauqua
(mean = 532 m agl in fall and 528 m agl in spring)
and those 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 our work in New York 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, human-made 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
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 agl. Because of the
large number of birds that we recorded 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 did not observe any patterns in flight
altitude among the hours of the night that we
sampled in either spring or fall, but others have
found that flight altitudes of migrating birds are not
constant, vary within a night, and are highest near
or just before midnight, declining slowly until
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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-night variation in 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 crossing the Gulf
of Mexico 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.

There were no differences in nocturnal flight
altitudes between spring and fall 2003 at the
Chautauqua Study Area, similar to the results of
Richardson (1971, 1972) for landbirds. In contrast,
another group of studies found that nocturnal
landbird migrants flew higher in fall than in spring
(Bellrose 1971, Bellrose and Graber 1963,
Gauthreaux 1978), and a third group of studies
found nocturnal landbird migrants flew higher in
spring than in fall (Eastwood and Rider 1965, Lack
1960). 

EFFECTS OF WEATHER ON MIGRATION
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 an area is affected by a low to the
west or a high to the east and are cold and northerly
in the reverse situation. Clouds, precipitation, and
strong, variable winds are typical in the centers of
lows and near fronts between pressure systems,
whereas weather usually is 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).
Conversely, fall migration tends to occur in the
western parts of lows, the eastern or central parts of
highs, or in intervening transitional areas. 

A detailed analysis of the effect of weather on
migration passage rates was not conducted for this
study. 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 migration passage rates were not significantly
different between nights with favorable winds
(weak winds or tail winds) and nights with head
winds. However, the largest pulses of migration
tended to be associated with weak wind conditions
(the three largest nightly passage rates in fall 2003
occurred during weak wind conditions). It is
possible that a combination of small sample sizes
and different conditions further north along the
migration route contributed to these contradictory
results.

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.
Because of a low sample size of tail wind
conditions, we were unable to test whether or not
flight altitudes were different between head winds
and tail winds at Chautauqua in fall 2003, however,
we did find that flight altitudes were significantly
higher in head winds than in favorable winds
(weak winds or tail winds).

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
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greater variety of weather conditions throughout
the full migratory season to build predictive
models that would identify those conditions that
could 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).

CONCLUSIONS

The fall study focused on providing
information on nocturnal songbird migration
because little is known about nocturnal migration
in the area. We found that the Chautauqua Study
Area had fall nocturnal migration passage rates that
were similar to one other location that has been
studied in New York (i.e., at Wethersfield; Cooper
and Mabee 2000), and had higher rates than two
other locations (i.e., Carthage {Cooper et al.
1995b] and Harrisburg [Cooper and Mabee 2000]).
We estimated that ~32,000�33,000 nocturnal
migrants (birds and bats) passed through
Chautauqua Wind Resource Area (at or below
turbine height) during our 30-day study. The mean
percentage of targets flying below 125 m agl was
4% at night. In fall (unlike spring), there was no
tendency 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 nocturnal
passerine migrants that is presented in a separate
document.
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