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Abstract.—Flight altitudes of birds were monitored in east-central Alaska during spring and
fall migration periods with visual (1987-1989) and radar (1988-1989) methods. Visual ob-
servations indicated that diurnal flights occurred primarily below 300 m above ground level
(agl). Radar observations indicated that nocturnal flights generally occurred below 500 m
agl. Flight altitudes were significantly higher in fall than in spring, and there were interannual
differences in both seasons. There was high night-to-night variability in nocturnal flight al-
titudes during both seasons. This night-to-night variability probably was not related to daily
changes in the magnitude of migration: there was a very low correlation between mean
nightly flight altitudes and mean nightly migration rates. Nocturnal flight altitudes were
higher from April to early May than from mid- to late May and higher from late August to
early September than from mid-September to mid-October. These seasonal differences in
flight altitudes largely were due to changing species composition within a season. When
spring radar data were partitioned among light conditions, flight altitudes were found to be
similar between daylight and crepuscular periods and between daylight and nocturnal peri-
ods, but birds flew significantly higher in crepuscular than nocturnal periods. In fall, noc-
turnal altitudes were significantly higher than crepuscular and daylight altitudes, which were
similar. Within a night, there was no near-midnight peak in flight altitudes in either spring
or fall.

LA ALTITUD DE LA MIGRACION DE AVES EN LA ALASKA
CENTRO-ORIENTAL: UN ESTUDIO VISUAL Y DE RADAR

Sinopsis.—Se monitorearon las altitudes de vuelo de aves en la region centro-oriental de
Alaska durante los periodos de migracién de la primavera y el otofio con métodos visuales
(de 1987 a 1989) y de radar (en 1988 y 1989). Observaciones visuales indicaron que los
vuelos diurnos ocurrieron principalmente bajo los 300 m sobre el nivel del terreno (snt).
Observaciones de radar indicaron que los vuelos nocturnos generalmente ocurrieron sobre
los 500 m snt. Las alturas de los vuelos fueron significativamente mas altas en otofno que en
primavera, y existieron diferencias interanuales en ambos periodos. Se documenté una alta
variabilidad en las alturas de vuelo de noche a noche en ambas estaciones. La probabilidad
de esta variabilidad entre noche y noche no estuvo relacionada a cambios diarios en la
magnitud de la migracion: se obtuvo una correlaciéon muy pobre entre el promedio de las
altitudes de vuelo nocturnos y el promedio de las tasas de migracién nocturna. Las altitudes
de vuelo nocturno fueron mayores entre abril y principios de mayo que entre mitad y finales
de mayo y fueron mayores entre finales de agosto y principios de septiembre que entre
mediados de septiembre y mediados de octubre. Estas diferencias estacionales en altitudes
de vuelo fueron causadas principalmente a los cambios en la composiciéon de especies dentro
de una estaciéon. Cuando los datos primaverales de radar se dividieron entre las condiciones
de luz, se hall6 que las alturas de vuelo eran similares entre luz de dia y los periodos cre-
pusculares y entre luz de dia y periodos nocturnos, pero pocas aves volaron significativamente
mas alto en periodos crepusculares que en periodos nocturnos. En otono, las altitudes noc-
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turnas fueron significativamente mayores que las altitudes crepusculares y diurnas, las cuales
fueron similares. Dentro de una noche no se evidenciaron picos en altitudes de vuelo cer-
canos a la medianoche en primavera o en otofo.

Several species of birds are prone to collisions with structures (Avery
et al. 1980, Banks 1979, Weir 1976). Collectively, these collisions may be
a significant mortality factor for some populations: approximately 1.25
million birds are killed each year in collisions with tall structures (Banks
1979). Declines of several species of Neotropical migrants in recent de-
cades (Robbins et al. 1989, Terborgh 1989) suggest that reducing colli-
sion-caused mortality in these species may even be more critical than was
previously thought. Consequently, information on the altitude at which
birds fly is important, not only for understanding bird migration but when
planning the construction of tall structures and utility lines, to minimize
bird collisions.

Unfortunately, the altitude of migration is extremely variable, depend-
ing upon species, location, geographic feature, season, time of day and
weather condition (Alerstam 1992, Kerlinger 1989). Despite numerous
studies, our knowledge of species-specific, diel, seasonal and geographic
variation in migration altitude is limited. Further, few data on the migra-
tion altitude of birds are available for Alaska.

The purpose of this paper is to summarize seasonal, diel and species-
specific patterns of flight altitude of birds during spring and fall migration
in east-central Alaska, determined from visual observations during 1987
to 1989 and from radar observations in 1988 and 1989. The visual obser-
vations provided data on flight altitudes for individual species, whereas
the radar data provided more precise altitudinal information for both day
and night (when visual observations were not possible). These data were
collected as part of a study designed to assess the potential impact of a
large antenna array on birds during migration. Detailed analyses of the
effects of weather and other variables on flight altitude will be presented
in another paper.

STUDY AREA

The study area was located in the upper Tanana River Valley, near Tok,
Alaska (63°20'N, 142°59'W; Fig. 1). The Tanana River Valley, which ex-
tends northwestward from the Yukon Territory of Canada into central
Alaska, is a major migration corridor for many species of birds (e.g., Bell-
rose 1976, Gabrielson and Lincoln 1959, Irving 1961, Kessel 1984, Sladen
1973, Spindler and Hall 1991, West et al. 1968).

The study area is part of the Northway-Tanacross Lowland (Wahrhaftig
1965) and is nearly flat, ranging in elevation from 530 to 560 m asl (above
sea level). In the study area, the valley is approximately 15 km wide and
is bordered to the north by broad hills (the Yukon-Tanana Uplands) that
crest at approximately 750 m asl and to the south by mountains of the
Alaska Range that crest at 2000-3000 m asl. The area is forested with
large tracts of black spruce (Picea mariana), white spruce (Picea glauca),
and quaking aspen (Populus tremuloides).
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FIGURE 1. Map of Alaska showing location of study area and major migration pathways.
Locations of pathways determined from Bellrose (1976), Gabrielson and Lincoln (1959),
Irving (1961), Kessel (1984), Sladen (1973), Spindler and Hall (1991), West et al.
(1968), S. Ambrose (USFWS, pers. comm.), J. King (USFWS, retired, pers. comm.) and
R. King (USFWS, pers. comm.).

METHODS

Visual—Visual observations were conducted daily 10 Apr—24 May
1987, 16 Aug.—6 Oct. 1987, 6 Apr.—21 May 1988, 16 Aug.—17 Oct. 1988, 5
Apr.—25 May 1989, and 16 Aug.—15 Oct. 1989. Observers equipped with
binoculars and a variable-power spotting scope made observations from
a 6-m-high tower or from natural vantage points for the entire daylight
period during peak migration (i.e., approximately 20 April to 20 May and
15 August to 5-15 October) and for approximately 6-10 h/d at other
times. Systematic scans from zenith to horizon in all directions were made
when searching for birds. Data were recorded as each flock of birds (mi-
grant species only) crossed an imaginary North/South transect extending
from the observer (or an East/West line for birds headed to the North
or South; note that the predominant direction of flight is westward or
northwestward in spring and eastward or southeastward in fall). For each
flock, the following data were recorded: time, species, number of birds,
flight altitude category above ground level (agl; 0-15 m, 16-30 m, 31—
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150 m, 151-300 m, and >300 m agl), distance to bird, and flight direc-
tion.

Flight altitude and distance to birds were estimated with the aid of
several reference points of known height and distance: trees marked with
colored flagging, human-made structures (e.g., 220-m-tall Loran towers
and 15-m-tall telephone poles) and nearby geological features (e.g.,
mountains and hills). When possible, visual estimates of altitude were
checked against altitudes measured with radar.

For all statistical analyses, “‘flocks” and not birds were used as the sam-
pling unit, because of problems of independence among individuals with-
in a flock. A “flock” was defined as two or more birds flying in proximity,
or any birds flying singly. Thus, individual birds and different-sized flocks
had equal weight for statistical tests. Further, our data set was restricted
to migrant species that flew <500 m horizontal distance from the observ-
er, because it was difficult to detect low-flying birds at greater distances.
This lack of detection would bias the altitude data and, hence, would
inflate our estimates of mean flight altitudes.

Mean flight altitudes were computed by using the midpoint of the flight
altitude category in which a flock was observed. The upper flight altitude
category (>300 m) was problematic because it did not have an upper
boundary. To solve this problem, we computed a median flight altitude
for targets above 300 m that were observed during daylight hours on
radar. Half of all flights measured on radar above 300 m during daylight
hours occurred below 350 m in spring and below 650 m in fall. Thus,
350 m was used as the midpoint of the >300 m altitude category for
spring observations and 650 m was used as the midpoint for fall.

Radar—Three models of Furuno X-band marine radars (FR-1900, FR-
8050 and FR-8100) also were used to measure flight altitudes. Different
models were used in different seasons, depending upon their availability.
Each was modified with a fixed, vertically-aligned parabolic antenna. Peak
power output was 3 kW, 5 kW and 10 kW for these three models, respec-
tively. The maximal range of detection for birds on these radars was un-
known; however, small individual passerines could be detected to approx-
imately 1 km, and large species and flocks of passerines could be detected
at higher altitudes. For a description of the radar systems, see Cooper et
al. (1991).

We operated the radar 2-15 h/d during 6 Apr.—21 May 1988 (FR-1900),
17 Aug.-17 Oct. 1988 (FR-1900), 12 Apr.-23 May 1989 (FR-8050) and 16
Aug.—17 Oct. 1989 (FR-8100). During periods of peak migration, we op-
erated the radar from dusk to dawn and for at least 2 h during daylight,
to provide information on diel patterns of flight altitude. Data could not
be collected during periods of rain or wet snow. We recorded the follow-
ing information for each radar target: time, altitude and light condition.
Information on light condition (daylight, crepuscular [the dawn/dusk
period between sunrise/sunset and nocturnal periods], and nocturnal
[the periods when it was dark enough that one could not read a typed
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page at arms’ length]) was collected at the beginning of each hour of
sampling.

We used the 1.4-km range setting (actual range = 1900 m) on the FR-
8100 and FR-8050 radars and the 0.9-km range setting (actual range =
1000 m) on the FR-1900 radar, which did not have a 1.4km setting. As
0.2% (51) of the targets observed in spring 1989 and 0.1% (7) of the
targets observed in fall 1989 (when we used the FR-8050 and FR-8100
models, respectively) flew above 1000 m (the vertical range of the FR-
1900 that we used in 1988 was 1000 m), all analyses were restricted to
include only those observations below 1000 m agl, so that data from both
1988 and 1989 could be combined into a single data set.

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.
For data summaries and analyses, flight altitude data were corrected be-
cause the vertical radar had a beam that was approximately cone-shaped
at the altitudes we sampled, which meant that the area sampled increased
with increasing altitude. Refer to Blokpoel (1971) for a detailed expla-
nation of correction factors for a vertically-aligned radar.

As the lower limit of detection for the vertical radar was approximately
30 m agl, we sampled the 0-29-m agl zone at night with a 5X Noctron V
night-vision scope from a 6-m-high tower. Observations were conducted
for 1-2 h/night within the seasonal peak of migration for 30 nights in
1988 (16 nights in spring and 14 in fall) and 32 nights in 1989 (6 in
spring and 26 in fall). Observers oriented the night-vision scope toward
the northeast (perpendicular to the main axis of migration), at a slight
angle above horizontal, so that the upper.edge of the field of view was at
30 m agl at the distance where we discontinued night-vision sampling (100
m). To determine the proportion of birds that flew below 30 m agl, the
night-vision data were converted to flocks per m?, which was multiplied
by the area that the vertical radar would have sampled below 30 m. Ap-
plying the correction factor for sampling area of a vertically-aligned radar
to this number allowed us to determine the number of birds that would
have been detected by the radar below 30 m agl (if that was possible). By
dividing this corrected number (x) by x + total corrected number of
targets concurrently observed with vertical radar, we could estimate the
proportion of birds that flew below 30 m agl during concurrent radar
and nightvision sampling.

RESULTS

Visual —Flight altitudes varied among species groups, although the ma-
jority of birds in all groups flew below 300 m agl (Fig. 2). In general,
swans, geese, ducks and cranes flew higher than did raptors, shorebirds
and passerines. There was a great amount of variability in flight altitudes
among species within each group (Appendix 1). For instance, the bimod-
al distribution in altitude of raptors (Fig. 2) largely reflected the differ-
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FIGURE 2. Flight altitudes of birds observed in east-central Alaska during spring (light shad-
ing) and fall (dark shading) 1987-1989. These data include only diurnal, visual obser-
vations of birds recorded within 500 m (horizontal distance) of the observer.

ence between low-flying Northern Harriers (see Appendix 1 for scientific
names) and high-flying buteos.

Seasonal and/or annual differences in flight altitudes were found for
all species groups (2-way ANOVA; Tables 1 and 2). Flight altitudes of most
species groups tended to be higher in fall than spring and lower in 1989
than in other years.
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TABLE 1. Mean flight altitude (m agl) of flocks® of birds observed visually in east-central
Alaska during spring and fall 1987-1989. These data include only daytime observations
of flocks within 500 m.

Species Spring Fall
Year group Mean SD n Mean SD n
1987 Swans 126 97 60 143 124 48
Geese 170 119 91 353 248 73
Ducks 63 90 139 49 66 12
Raptors 82 110 365 80 140 664
Cranes 173 108 127 224 169 61
Shorebirds 53 62 182 71 145 19
Passerines 17 23 1567 32 69 1001
1988 Swans 138 115 73 204 169 317
Geese 147 113 59 354 256 61
Ducks 56 81 162 108 163 72
Raptors 67 100 309 123 205 609
Cranes 201 129 44 349 258 23
Shorebirds 32 46 192 59 150 18
Passerines 21 30 1362 23 37 1534
1989 Swans 89 61 147 150 164 125
Geese 109 81 83 294 226 120
Ducks 47 55 231 27 45 30
Raptors 52 78 252 63 126 533
Cranes 113 92 43 155 131 25
Shorebirds 30 46 626 12 18 20
Passerines 17 23 2466 27 38 2251

2 A flock was defined as two or more birds flying in proximity or any birds flying singly.

To determine if our visual observations were biased toward low-flying
birds, we compared them with concurrent radar observations, which do
not have this bias for observations below 1000 m. When we divided con-
current visual and diurnal radar observations into three altitudinal cate-
gories (31-150, 151-300 and 301-1000 m agl; no birds were observed

TaBLE 2. Two-factor analysis of variance of daytime flight altitudes of flocks* of birds ob-
served visually in eastcentral Alaska during spring and fall 1987-1989. Refer to Table 1
for mean (=SD) flight altitudes for each season and year.

Speci Season Year Season X year
pecies

group df F P df F P af F P
Swans 1 15.02  <0.001 2 8.65  <0.001 2 1.24 0.290
Geese 1 11957  <0.001 2 5.10 0.006 2 0.16 0.850
Ducks 1 0.24 0.624 2 9.51 <0.001 2 6.96 0.001
Raptors 1 1437  <0.001 2 1287  <0.001 2 9.35  <0.001
Cranes 1 1958  <0.001 2 15687  <0.001 2 3.06 0.048
Shorebirds 1 1.40 0.237 2 1047  <0.001 2 3.43 0.033
Passerines 1 14275 <0.001 2 3.97 0.019 2 2295  <0.001

2 See Table 1 for definition of flock.
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TaBLE 3. Mean (=SD) flight altitudes (m agl) of bird targets measured on radar at night
in east-central Alaska during spring and fall 1988-1989.

Spring Fall
Year Mean SD n Mean SD n
1988 184 133 211 426 189 1064
1989 146 120 1198 341 199 2835

above 1000 m during concurrent observations), we found that flocks had
a significantly higher distribution on radar than were recorded visually,
both in spring (x? = 56.5, df = 2, P < 0.001) and fall (x> = 140.5, df =
2, P < 0.001). In spring, 10% of the visual sightings and 14% of the radar
observations were above 300 m agl. In fall, 12% of the visual sightings
and 28% of the radar observations were above 300 m agl. These results
indicate that lower-flying birds were detected better than higherflying
birds when using visual observation techniques.

Radar—Nocturnal flight altitudes on radar were significantly higher in
the fall than spring and altitudes were higher in 1988 than in 1989 (2-
way ANOVA; Tables 3 and 4; Fig. 3). Night-to-night variability in nocturnal
flight altitudes was high for both spring and fall; mean flight altitudes
commonly differed by 100-200 m on consecutive nights.

The nightvision data indicated that a small percentage of birds flew
<30 m agl during nocturnal hours in both spring (0.7% of all targets)
and fall (2.4%). In 1989, we also were able to obtain information on flight
altitudes between 1000 and 1900 m agl. Only a small percentage of the
targets observed in spring 1989 (0.2%) and fall 1989 (0.1%) flew >1000
m agl.

We also compared radar observations of nocturnal flight altitudes
among early, mid- and late spring periods (10-25 April, 26 April-10 May,
and 11-25 May, respectively) and among early, mid- and late fall (15 Au-
gust-b September, 6-21 September, and 22 September—15 October, re-
spectively). Flight altitudes were significantly higher in early and mid-
spring than in late spring (Table 5). In fall, altitudes were significantly
higher in early fall than in mid-fall and late fall.

Both these within-season patterns of flight altitudes and day-to-day vari-
ability in nocturnal flight altitudes apparently were not related to seasonal

TABLE 4. Two-factor analysis of variance of nocturnal flight altitudes of bird targets mea-
sured on radar in east-central Alaska during spring and fall 1988-1989. Refer to Table
3 for mean (*SD) flight altitudes for each season and year.

Source df F P
Season 1 1216.2 <0.001
Year 1 95.3 <0.001

Season X year 1 14.2 <0.001
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FIGURE 3. Nocturnal flight altitudes of bird targets detected by radar (corrected for sam-
pling area) in east-central Alaska during spring (light shading) and fall (dark shading)
1988-1989. Numbers in parentheses are the actual number of targets observed.

changes in the magnitude of migration; the correlation between mean
nightly flight altitudes and mean nightly migration rates (targets/hour)
was very low in both spring (r = —0.252, n = 46, P = 0.091) and fall (r
= 0.146, n = 82, P = 0.192).

Mean altitudes of flight for each hour of the day and night were highly
variable and there was no strong nearmidnight peak in flight altitudes
(Fig. 4). Flight altitudes during daylight, crepuscular and nocturnal pe-
riods also were compared. Flight altitudes in spring were similar between
daylight and crepuscular periods and between daylight and nocturnal pe-
riods, but crepuscular altitudes were significantly higher than nocturnal
altitudes (Table 6). In fall, nocturnal altitudes were significantly higher
than were crepuscular and daylight altitudes, which were similar.

TaBLE 5. Comparisons of nocturnal flight altitudes (m agl) of bird targets observed by radar
during early, mid- and late spring and fall periods in east-central Alaska during spring
and fall 1988-1989.

Period
Early Mid Late
Season  Mean SD Mean SD Mean SD n H P

Spring 140 132 157 125 133 107 1409 62.4 <0.001
Fall 449 197 340 189 355 206 3899 121.9 <0.001
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FIGURE 4. Mean (*SD) flight altitudes of bird targets by hour of the day, as measured by
radar (corrected for samling area) in east-central Alaska during spring and fall 1988-
1989. (* = sample size =5)

DISCUSSION

Diurnal altitudes of flight—The flight altitudes of the birds we studied
visually in east-central Alaska generally were lower than altitudes reported
in the literature. For example, most swans flew =300 m agl, whereas Bell-
rose (1976) stated that most Tundra Swans migrate at 900-1500 m agl.
Most of the geese we studied flew =300 m agl; others report that geese
migrate mostly at 100-1110 m agl (e.g., Bellrose 1976, Blokpoel 1974,
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TABLE 6. Comparisons of flight altitudes (m agl) of bird targets observed on radar during
daylight, crepuscular and nocturnal periods in east-central Alaska during spring and fall
1988-1989.

Light condition

Daylight Crepuscular Nocturnal
Season Mean SD Mean SD Mean SD n H P
Spring 155 128 168 134 150 122 2865 19.9 <0.001
Fall 319 278 314 227 361 200 4402 50.8 <0.001

Cooch 1955, Meinertzhagen 1955). In addition, most of the ducks that
we studied during daylight hours flew =150 m agl. Seaducks migrating
along the northern coast of Alaska also flew <150 m agl (Johnson and
Richardson 1982). Ducks migrating during the “grand passage” along
the Central Flyway generally flew at 460-850 m agl during the day and
dropped to a minimum of 150 m at night (Bellrose and Sieh 1960).

Flight altitudes of raptors also were lower in this study (most flew =150
m agl) than in many others. Flights below 50 m agl are common along
some ridges and coastal areas in North America, however (Kerlinger
1989). Migrating raptors in North America previously have been reported
to migrate at 200-1100 m agl (e.g., Kerlinger 1980; Kerlinger and Gauth-
reaux 1984, 1985; Kerlinger et al. 1985).

The flight altitudes of the other species groups that we studied also
were lower than those in the literature. For example, most of the Sandhill
Cranes we observed flew 30-300 m agl, whereas Kessel (1984) reported
that most cranes in east-central Alaska migrated at 300-900 m agl. The
shorebirds that we observed generally flew <150 m agl, but others report
flights between ~200 m and 4000 m agl (e.g., Kerlinger and Moore 1989,
Mascher 1962). Most of the passerines that we observed during the day
flew below 30 m agl. Similarly, Bingman (1980), Wiedner et al. (1992),
and several of the sources cited by Kerlinger and Moore (1989) observed
diurnal passerine migration below 50-150 m agl. Others report that pas-
serines generally migrate below 1000 m agl but that some have been
observed at much greater heights (e.g., Gauthreaux 1972, Kerlinger and
Moore 1989, Lack 1960, Meinertzhagen 1955).

The primary reason for the low diurnal flight altitudes that we observed
visually may be related to location: the study area is near the northern
terminus of migration for many species. Thus, these species are not in
the middle of a long, non-stop trip as they pass over the study area, and
many may linger before and after the breeding season for feeding or
resting, especially if breeding areas are frozen or snow-covered. If birds
did stop to use the area, one would expect to observe lower flight altitudes
as they flew down into, or out of, the area. The extensive wetlands in the
Tanana River Valley attract large numbers of migrant waterbirds, and
many of the flights that we observed for those species probably repre-
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sented low-level flights of birds that had used this area on their way to or
from the breeding grounds.

It is likely that only a small portion of the differences in diurnal flight
altitudes between this study and others occurred because some of the
individuals (especially passerines) we observed were local breeders mak-
ing low-altitude foraging flights. Flight directions indicated that most of
our records were of migrating birds, even though it was daylight. For all
species groups combined, over 90% of the birds that we observed flew
toward the West or Northwest in spring, and over 90% flew toward the
East or Southeast in fall. ’

Another reason why diurnal flight altitudes were lower for this study is
because our visual observations are biased to low-flying birds, although
some of the other visual studies we cite may also have had this bias. This
bias probably was greatest for the smaller or less vocal species (i.e., shore-
birds, passerines, some of the smaller raptors) and was greater in fall than
in spring. Other authors also report that visual observers tend to miss the
higher flying birds (e.g., Kerlinger et al. 1985; Kerlinger and Gauthreaux
1984, 1985; Meinertzhagen 1955). Comparisons of our concurrent radar
and visual observations did not indicate that this bias in our visual data
was great enough to account entirely for the large differences in flight
altitudes between our study and others, however.

Nocturnal altitudes of flight—At night, a large proportion (98% in
spring and 77% in fall) of the radar targets were flying <500 m agl.
Nocturnal flight altitudes in spring and fall at two other locations in in-
terior Alaska (Fairbanks in 1992 and Gulkana in 1989) also indicated that
most birds in the area flew below 500 m agl at night (Cooper, unpubl.
data). Likewise, several other radar studies have found that nocturnal
migration usually occurs below 500 m agl (e.g., Bellrose 1971; Bruderer
and Steidinger 1972; Gauthreaux 1972, 1978, 1991). Large Kkills of birds
at tall structures also indicate that 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 ap-
proximately 2000 m (e.g., Eastwood and Rider 1965; Nisbet 1963; Rich-
ardson 1971, 1972). We suspect that differences between the two groups
of studies are due to differences in location, species composition of mi-
grant birds, and perhaps weather conditions. We do not believe that dif-
ferences between our study and the studies that report higher altitudes
occurred because birds flew above the zone we sampled (i.e., >1000 m
agl), because we also sampled 1000-1800 m agl in 1989 and found that
<0.3% of the targets occurred in that zone. Further, we do not believe
that the differences were due to range limitations of the radars. Our
radars (especially the FR-1900 model) probably could not detect some of
the smallest birds that were flying singly at 1000-1800 m agl; however, the
distribution of flight altitudes (Fig. 3) shows that the number of birds
dropped off to nearly zero well below the minimum range of 1000 m agl.
Additionally, if large numbers of birds were migrating at 1000-1800 m agl
we should have had more numerous observations of the large-bodied or
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flocked bird targets, which we know were detectable at those altitudes.
Thus, we believe that it is extremely unlikely that a large proportion of
birds were flying at 1000-1800 m agl. The relatively low flight altitudes
we observed probably were due in large part to the location of our study
area near the northern terminus of migration.

Seasonal patterns in altitude of flight—Both radar and visual observa-
tions indicated that flight altitudes generally were higher in fall than in
spring, as has been observed elsewhere (e.g., Belirose 1976, Bellrose and

,Graber 1963, Blokpoel and Burton 1975, Gauthreaux 1978). In contrast,
other studies found that migration occurred at lower altitudes in fall than
in spring (Eastwood and Rider 1965, Kessel 1984, Lack 1960) and a third
group of studies found that flight altitudes of both small birds and wa-
terfowl did not differ between spring and fall (Bellrose 1971; Richardson
1971, 1972).

Bellrose (1976) noted that, in general, the longer the migratory flight,
the higher the altitude at which it occurs. Perhaps spring flight altitudes
in east-central Alaska were lower because spring migrants made shorter
migration flights than did fall migrants. In spring, migrants to Alaska
encounter ice- or snow-covered habitat and low food availability as they
advance northward. These barriers are not present in fall, which may lead
to lengthier, higher flights over the area.

We observed high night-to-night variability in nocturnal flight altitudes
for both spring and fall. Judging by the low correlation between mean
nightly flight altitude and migration rates, the day-to-day variability was
not related to daily changes in the magnitude of migration. This vari-
ability may have been related to changing species composition and
changes in vertical structure of the atmosphere, however. Birds tend to
migrate at altitudes where favorable winds minimize the cost of migration
(Bruderer et al. 1995, Gauthreaux 1991, Kerlinger and Moore 1989). As
mentioned, we plan to discuss the effects of atmospheric structure on
flight altitude in a different paper.

In addition to the high day-to-day variability, there were within-season
patterns of nocturnal flight altitudes among early, mid, and late periods
of the spring and the fall. These patterns were not related to seasonal
changes in the magnitude of migration but probably were related to
changing species composition. In spring, flight altitudes were highest in
April and early May, when waterfowl were the dominant migrants and
lowest in mid-late May, when lower-flying passerines were the dominant
migrants. The high flight altitudes observed during late August and early
September probably were due to Greater White-fronted Geese, which
were one of the most numerous fall migrants and had the highest mean
flight altitudes of all species in fall (Appendix 1).

Diel patterns in altitude of flight—The radar data indicated that flight
altitudes within a day were highly variable and that there was no near-
midnight peak in flight altitudes. Further, birds flew higher at night than
during daylight or crepuscular conditions in fall but not in spring. Al-
though a few studies have found that flight altitudes of birds are highest
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during the day (Bellrose and Sieh 1960, Gauthreaux 1972), most have
found that altitudes tend to be lowest during the day (e.g., Bruderer and
Steidinger 1972, Eastwood and Rider 1965, Gauthreaux 1978, Lack 1960).
Further, flight altitudes of migrating birds generally are highest near or
just before midnight and decline slowly until dawn (e.g., Able 1970, Blok-
poel and Burton 1975, Nisbet 1963, Richardson 1971).

The lack of a near-midnight peak in flight altitudes may be related to
the rapidly changing day length in Alaska. During both fall and spring in
Alaska, the amount of daylight can change by up to 8 min/d (nearly 1
h/wk), so times of sunrise and sunset change dramatically (compared
with lower latitudes) over the course of a spring or fall study period. Such
changes would tend to dampen hourly trends in flight altitudes, if alti-
tudes were related to the amount of time elapsed since sunset.

In summary, results of this study indicate that substantial numbers of
birds migrated at low altitudes in east-central Alaska. The relatively low
altitudes we observed are a good example of the high degree of geograph-
ic variability in flight altitudes of birds during migration. Given this vari-
ability and the geographic variability in bird abundance, we recommend
that site-specific field studies, in conjunction with regional assessments
(e.g., literature reviews) be conducted to assess the potential for bird
collisions at sites where tall structures are to be constructed. In addition
to addressing conservation concerns, there clearly is a need for more
studies of flight altitude in a variety of geographic locations before we
will fully understand this important facet of bird migration.
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