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In North America, reports of passage birds striking illuminated towers and other
man-made structures date from the late 19th century (Coues 1876, Gastman 1886,
Beebe 1954). Many studies have examined the composition and causes of large kills
of night migrants at towers and buildings (e.g., Allen 1880, McAtee 1905, Aronoff
1949, Johnston and Haines 1957, Brewer and Ellis 1958, Kemper 1996, Morris et al
2003). Most nocturnal bird collisions occur on nights with inclement weather
primarily from early August through late October at towers with fixed lights. Small
nocturnally migrating songbirds, such as warblers and vireos, are the ones most
likely to be killed. Here in New York State several studies have been published
about night migrants colliding with tall towers (see Able 1963, Eaton 1967, Welles
1978, Clark et al. 2005). For North America, a summary of the extensive literature
on the subject is provided by Avery et al. (1980), Trapp (1998) and Kerlinger (2000).
In New York City, ornithologists first reported the deaths of a few (< 25)
nocturnal migrants from collisions with the Statue of Liberty beginning in May
1887, several weeks after the installation of electrical lights on that tower (see
Anonymous 1889). Many more (~ 1500) were killed on the night of 22-23 August
1887, after the passage of the first autumn cold front that year (Anonymous 1889).
Large numbers of birds (~ 750) killed during migration at the Empire State Building
(ESB) on the foggy night of 11 September 1948 drew media attention to the problem
(Anonymous 1948, Pough 1948, Aronoff 1949). In the mid-1950s, the National
Audubon Society negotiated an agreement for night lights to be turned off on the
ESB during spring and autumn migration (Anonymous 1957). Beginning in autumn
2001 through spring 2004, lights illuminating the upper floors of the ESB have
sometimes remained on after midnight, and occasionally all night. While this
situation has concerned birdwatchers, the effect(s) on nocturnal migrants passing the
ESB have not been studied. Here we report a spring 2004 count of nocturnal
migrants at the ESB, and some observations about the behavior of the birds in regard
to the lights of the building.
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Methods
In spring 2004, from 19 April through 25 May (inclusive), a visual count of night
migrating birds was made from the 86th floor outdoor observation deck (elevation ~
325 meters/1050 feet above ground level) of the ESB in New York City. At ~ 450 m
(1474 feet) above ground level, the ESB is the tallest structure in New York City,
and provides an unobstructed view to the horizon in all directions. The majority of
the night migrants were counted from the southwest corner of the observation deck
since they primarily passed on the west side of the building. Birds were easily
observed via the external metal halide spotlights used to illuminate the upper floors
of the building, combined with the internal fluorescent lights of the tower that rises
above the observation deck. The tower fluorescent lights were turned off at
midnight, while the metal halide lights sometimes remained on all evening. On the
observation deck, metal halide spotlights and fluorescent lights are used inside the
gift shop to illuminate the store. These lights are easily seen through large, plate
glass windows that surround the gift shop.
Migrating birds were counted by one observer using 8-10x binoculars and
assisted at times by others who acted as spotters. Observations began at dusk
(approximately 8:00 pm DST) nightly and usually ended at 11:45 pm DST when the
observation deck was closed to all visitors. Weather conditions (wind speed,
barometric pressure, temperature, humidity) were monitored hourly from the
observation deck throughout the evening with a hand-held “weather station,” the
Kestrel 4000 (Nielsen-Kellerman Corporation, USA). Wind direction was
determined with a compass. Time of sunset was obtained from data posted on the
web site of the local weather service.
Observers scanned primarily south for approaching migrants. An individual
was considered a migrant if it passed south-to-north across an imaginary east-west
line at the watch site, and continued north out of sight. We were particularly
interested in birds that “circled” the tower and/or observation deck. In circling
behavior, birds were observed approaching the ESB and then making a complete,
though loose, circle (oval) around the building. Sometimes the migrants would go
out of sight as they dropped below eye-level or flew away (and out of the light) from
the building. Because of the number of birds circling on big flight nights, on three
occasions, it was necessary to estimate the actual number of migrants from 10:00 pm
to 11:45 pm (DST). On these nights, we counted the number of migrants passing the
ESB each hour, and then added to this total the highest number of migrants we
observed circling the tower for that hour.
In order to determine if there was any relation between nights when large
numbers of migrants were counted and the numbers of birds seen the following day
in Central Park, we examined numbers of warbler species reported each day in the
park in April-May 2004. Since there was no way to assess overall abundance of
migrants in Central Park, we assumed that days when the greatest number of warbler
species were reported likely indicated that a large number of individuals were
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migrating the previous evening over Manhattan. Conversely, we also wanted to
know if nights when large numbers of migrants were counted at the ESB were
related to high numbers of warbler species seen the following day in Central Park.

Results
In total, we counted 3,415 migrants in 117 observation hours (Ŷ = 29.2 birds/hour; s
= 52.9) on 33 evenings (Figure 1). Migration was observed on 22 evenings (66% of
observation nights), even on nights with rainy weather (e.g., 27 April; 5 May). The
upward directed lights of the building as well as the internal tower lights provided
enough illumination to detect migrants that flew within 50 m to our left (east) or
right (west), and up to approximately 20 m above the top of the tower (1550 feet).
Very few (161) migrants could be identified to species or even particular groups of
birds. These were shorebirds (103), waterfowl (29), gulls (18), loons (4), as well as
Black-crowned Night Heron (5) and Common Nighthawk (2). On two occasions (24
April; 2 May), lone Peregrine Falcons landed after dark on the tower above the
observation deck. See DeCandido and Allen (2006) for detailed information
regarding nocturnal activities of peregrines at the ESB. See DeCandido et al. (2006)
for details about night migrating Ospreys at the ESB. Lone bats were observed
migrating on four evenings.
On average, the first migrant was seen 65 minutes past sunset each evening
(earliest = 45 min past sunset on 29 April; latest = 112 min. past sunset on 27 April).
Our data suggest that the number of migrants passing the ESB peaked after midnight
(Figure 2). Significantly more migrants were seen when winds were from the south
to west, than when winds were from other directions (χ² = 923.1; P < 0.05). The
majority of migrants (71%) were seen when winds were >10 mph. Significantly
more migrants were observed with rising rather than falling or steady barometric
pressure (χ² = 406.3; P < 0.05). On flight nights when more than 50 migrants were
seen, significantly more migrants were counted when skies were partly cloudy (<
80% cloud cover) or clear, than when it was mostly cloudy (80-100% cloud cover)
or foggy (χ² = 6.3; P < 0.05). Both the highest single hour count (319) and highest
evening count of migrants (811) occurred on 6 May with west to southwest winds,
rising barometric pressure and mostly cloudy sky conditions.
D. Allen (2004) reported for Central Park that observers found 15 or more
warbler species in spring 2004 on six days (April 23; Apr. 29; May 4; May 9; May
20; May 26). According to Figure 1, on only one evening (April 28) that preceded
these high warbler species counts, were > 100 migrants counted at the ESB.
However, following the night (May 6) with the highest migration count in spring
2004, large numbers of migrants were seen the next day in Central Park (pers. obs.).
On big flight nights, it was our impression that passerines typically arrived in
waves or “loose associations” of 5-15 migrants throughout the evening, and neither
randomly nor in tight flocks (see Balcomb 1977 for a similar observation). Migrant
birds used “bounding” flight (sensu Kerlinger 1995). When winds were light (< 15
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Figure 1. Number of Migrants Counted from 19 April through 25 May 2004 at the Empire State
Building, New York, NY.
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Figure 2. Average Number of Migrants Counted/hr at the Empire State Building, 19 April-25 May
2004, New York, NY.
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mph) migrants tended to fly at higher elevations, with many passing near/above the
top of the tower. When winds were stronger (at least 15-20 mph) migrants tended to
fly at the level of the observation deck.
No migrants were observed striking the observation deck or the tower of the
ESB during this study. Occasionally, until about 10 May 2004, up to 5% of the
migrants on big flight nights were observed circling the tower of the ESB for 1-5
minutes before resuming migration. On one occasion, a migrant circled the tower for
25 minutes (8 May 2004). We were able to study this migrant (a wren sized bird)
from ca. 10:35pm until 11:00pm since there were only 13 other migrants that hour.
The bird remained above the observation deck and within sight for the entire time.
After 10 May, more migrants (up to 25% on big flight nights) circled the tower
for longer time periods (< 15 minutes). On the evening of 12 May, the greatest
number of birds (40) simultaneously circled the ESB after 10:00 pm (DST). Though
we could not determine how long an individual bird may have circled the ESB on
these big flight nights, it seemed as though the number of birds circling would
increase, and then decrease, at intervals. On several occasions we saw birds that had
been circling continue north and out of sight. We could not be completely certain if
others landed or struck the building below the observation deck. Overall, light
winds (< 15 mph) and cloudy skies (> 50% cloud cover) were associated with higher
numbers of migrants circling the tower. On nights with strong winds (> 15 mph),
some migrants attempted to circle the tower, but had difficulty flying back against
the wind. Many of these remained aloft on the lee side of the tower, before resuming
migration with strong, southerly tail winds.

Discussion
According to early observations made by J. Dwight, Jr. and others at the Statue of
Liberty (see Anonymous 1891), bird collisions with that structure at night were rare
in spring and much more common during autumn migration: “Only on a few nights
every autumn, however, is there a marked destruction of birds, while in the spring
the loss of a feathered life is very rare. The principal sufferers against the hard sides
of the Statue have been the little Maryland [common] yellow throats, which have
furnished about 75% of the dead fliers, except in the present year [autumn 1891],
when the slate-colored junco outnumbers them on the record. A total of 345 birds
was recorded in 1890. So far this year [Nov. 1891], the record is 386.”
Studies of bird collisions at towers indicate that structures taller than 120-160 m
kill many more birds than smaller ones (Kemper 1996; Kerlinger 2000). Illuminated
towers with guy lines are particularly hazardous to nocturnal migrants. Since most
small, night migrating birds travel with favorable tail winds primarily at altitudes
between 200-800 m above ground level (Gauthreaux 1991; Moore et al 1995,
Gauthreaux and Belser 2003), the observation deck of the Empire State Building
provides a unique opportunity to study this migration, and observe the behavior of
the migrants as they approach the building lights.
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Our results suggest that the ESB, a lone super-structure rising sharply above the
surrounding buildings of mid-Manhattan, is not an important obstacle to nocturnal
migrants in spring. We did not see a single bird strike either the building or the
tower during this study. However, since we were not able to observe the migration
after midnight, we do not know if the behavior of the migrants changed after this
time due to fatigue or other (unknown) factors. We also do not know if the
illuminated lower floors of the building proved to be hazardous to migrants
throughout the night. On the other hand, no dead birds were reported or brought to
us by building staff who monitored the observation deck and outdoor terraces on the
lower floors during our spring 2004 survey. Though birds have been known to strike
the ESB during migration seasons in the past, there have been no reports of large
(>100) numbers of migrants striking the building at night since ca. 1980. Why fewer
birds now strike the building than in the past may be due to (a) differences in the
type of lighting used at the ESB now compared to the 1940-1960s; (b) fewer birds
migrating at night in northeastern North America due to overall population declines
that have occurred for a variety of reasons; (c) a greater number of illuminated tall
structures in the metropolitan area today, so that migrants are not concentrated near
one tower. Since at least 2000, more migrant birds are killed each year in New York
City after colliding with plate glass windows at or near ground level than are killed
at the Empire State Building (Seewagen 2007). Other long-term studies in New York
State and elsewhere have also documented that since ca. 1990, fewer birds are now
killed by colliding with towers and their associated support structures (guy lines) at
night during migration (see Morris et al. 2003).
Migrants reacted differently to the building lights early vs. late in the season.
Before 10 May, we rarely saw migrants circling the tower or building. After this
date, especially on foggy nights or when skies were 100% overcast with light wind
(< 15 mph), small birds were more likely to circle the ESB. It appeared to us that
their migration was delayed by up to 15 minutes and not otherwise affected to any
great degree. We were able to visually verify that some of the birds that circled the
ESB were able to continue their migration. On several occasions, we observed
migrants land on the building, especially in inclement weather (e.g., 13 May).
When south to west winds exceeded 15 mph, a few migrants occasionally
started to circle the ESB. However, when these birds encountered a head wind on
turning a corner of the ESB, they would usually hang in the oncoming wind for a
few seconds, and then resume their northward migration with the wind at their backs
again. For more information about the effect of strong wind upon halting the circling
behavior of birds at the ESB, see DeCandido 2005. In both spring and fall, the vast
majority (>99%) of circling birds did so in a counter-clockwise direction around the
building (see DeCandido 2005). This is most readily observed from street level (east
side of Fifth Avenue between 32nd and 35th streets) as one looks up toward the tower.
On such nights, it is possible to see migrants moving slowly outside of the
illuminated area near the tower and into the darkness, and then returning to the
illuminated area again. Similar observations to ours about the behavior of small
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birds circling illuminated towers at night have been made by Cochran and Graber
(1958) and Larkin and Frase (1988).
Studies have also shown that birds collide with towers and buildings principally
on foggy evenings or nights with low cloud cover, since the migrants are forced to
lower elevations by inclement weather (Seets and Bohlen 1977). In Manhattan in
spring, fog occurs with easterly winds that bring in cool, moist air, while most
migration was observed when winds were from the south to west. Migrants such as
gulls, waterfowl, shorebirds and even bats were not attracted to the lights of the ESB
at any time in any weather conditions during this study. Other birds, such as
Peregrine Falcons, used the light of the ESB to their advantage (DeCandido and
Allen 2005). However, 19th century scientists, occasionally found that waterfowl and
shorebirds (but not gulls and bats) collided with Lighthouses in North America and
Europe (see Dutcher 1889). Reports from other cities indicate that tall, illuminated
structures can be hazardous to nocturnal migrants (Overing 1938; Evans Ogden
1996). It is likely that most North America cities, with their unique arrangement of
tall buildings each with its own lighting scheme, pose different challenges to
migrants. Site specific studies are necessary to determine if, when and how particular
skyscrapers pose hazards to birds migrating at night high above the city.

Recommendations
The observation deck of the Empire State Building offers a unique opportunity to
observe and enjoy the night migration of birds during spring and autumn. Persons
interested in seeing large numbers of night migrants in spring should visit the
Empire State Building on nights when winds are from the south to west, during the
last few days of April through the fist half of May (see Figure 1). In autumn, the best
nights to see the highest number of migrants is during the first two weeks of
October, on nights when winds are from the west to northwest after the passage of a
“cold front” (see DeCandido 2005; DeCandido and Allen 2006). Check weather
forecasts for the New York City area: www.weatherunderground.com, and make
advanced plans accordingly, including on-line purchase of tickets ($20/person) to the
observation deck of the ESB.
In the past, the management of the ESB kindly agreed to keep the building lights
off each night during spring and fall migration seasons (see Anonymous 1957). The
current policy is to turn the external, upward directed halogen lights off when
significant numbers of birds are observed circling the ESB. We suggest a return to
the previous policy of lights out from dusk to dawn on certain evenings during the
migration: foggy and rainy nights from 20 April through 31 May, and again on
nights with inclement weather from 1 August through 30 October (see
recommendations in DeCandido 2005).
We suggest that a descriptive flyer (brochure) providing information about the
night migration of birds over New York City be distributed to Security Guards and
other personnel who work on the observation deck of the ESB. Readily available
information would make these important observers aware of what to look for on
potential problem nights. In this way, observers could notify the ESB engineer in
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charge of lighting to turn off the lights if birds begin colliding with the ESB. The
descriptive brochure could provide accurate information about the night migration,
including: Why do birds migrate at night? Why do birds circle the tower of the ESB?
Why are Peregrine Falcons seen at the ESB at night? What to look and listen for
when studying night migration, etc. Such a brochure that emphasizes the interesting
and unique observations that can be made at the ESB would also be of interest to the
general public as well. The brochure could be developed by New York City
Audubon, New York State Audubon, National Audubon, or the New York State
Ornithological Association, or all four organizations in collaboration, and sold at the
gift shop of the ESB.
Finally, future studies should be considered from midnight to dawn in order to
determine if the number and behavior of migrating birds varies significantly from
what we observed from dusk until 11:45 pm (DST).
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