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We describe and compare the migration routes, length of migration, and duration of
migration of Peregrine Falcons Fulco peregrinus tundrius and Swamson’s Hawks
Buteo swainsoni in the Western Hemisphere. We radio tracked migrants using the
Argos satellite system. Our injtial samples were 34 Swainson’s Hawks from represen-
tative areas of their breeding range, and 61 Peregrine Falcons captured at nest sites
across the North American boreal forest and low Arctic or on the migration routes
along the mid-Atlantic and Gulf of Mexico coasts. The average distance of migration
for Peregrines was 8,624 km southward, and 8247 km northward. Peregrines
travelled at an average rate of 172 km/d southward and 198 km/d going north.
Peregrine Falcons used at least three broad, general routes south from the breeding
areas, and individuals stopped migrating as far north as the U.S.A. mid-Atlantic
coast and as [ar south as central Argentina. The radiomarked Peregrine Falcons used
coastal routes, mid-continental routes, and water-crossing routes: the Davis Strait
and Caribbean Sea. During northward migration, Peregrines migrating through at
Padre Island, Texas diverged for destinations from central Alaska across the conti-
nent to central West Greenland, Swainson’s Hawks migrated an average of about
13,504 km southward and 11,952 km northward, and travelled 188 km/d southward
and 150 km/d northward. Swainson’s Hawks converged in eastern Mexico on the
Gulf of Mexico coast. Southward, these hawks followed a narrow, well-defined path
through Central America, across the Andes Mountains in Columbia, and east of the
Andes to central Argentina where they all spent the austral summer. Swainson’s
Hawks northward migration largely retraced their southward route,
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In this paper we describe the difference in migration
patterns of two species of raptor with different flight
behavior; predominately soaring flight by Swainson’s
Hawks Buteo swainsoni and predominately flapping
flight by Peregrine Falcons Falco peregrinus tundrius.
Members of both species make regular, long, inter-
continental migrations between North America and
South America. We relate our results to some con-
cepts found in the bird migration literature (Ker-
linger 1989, Berthold 1993) and to general
information about Peregrine Falcon (Palmer 1988)
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and Swainson’s Hawk migration (England et al
1997).

Our results are based on radio tracking individuals
either through complete migration, or incomplete
tracks of migration from a “‘midpoint” stop over to
the end of migration. Regular tracking of birds dur-
g their migration is possible because of the develop-
ment of small radio transmitters (Fuller et al. 1984,
Mita and Kanmuri 1994, Strikwerda et al. 1986),
whose signals can be received and located via the
Argos satellite system (Fancy et al. 1988, Taillade



lade 1992). This technology has been used to study
movements of large raptors (e.g., Meyburg et al. 1995a,
b, Brodeur et al. 1996, Kjellén et al. 1997) and other
types of birds (e.g.. Nowak et al. 1990, Priede and Swift
1992, Fuller et al. 1993, Pennycuick et al. 1996). Our
goal was to obtain location estimates, about once every
three days, and use them to map individual migration
routes and to estimate distances and rates of travel.

Methods

Individual birds were captured and radio marked from
autumn 1993 through the summer 1997. The method of
capture varied by location and species. Among the
methods used were bal-chatri with bait, noose carpets,
harnessed pigeons, and dho-gaza with bait or lure
animal (Bloom 1987). Satellite-received transmitters
(Microwave PTT [00) weighing 20 g or 30 g were
attached with backpack harness methods (Snyder et al.
1989). Transmission cycles generally were 8 h on and
the off-periods ranged from | to 6 days.

We used the Argos satellite system (Argos 1996,
Taillade 1992) to radio track the birds. Argos is a polar
orbiting-based system that collects and processes envi-
ronmental data, including location estimates, from au-
tonomous platform transmitter terminals (PTTs) and
distributes the data to users. Argos sends processed
data from the satellites to the distribution centers for
additional computing of the location estimate of the
PTT, using principles of the Doppler shift. Computed
locations and sensor data (e.g., battery voltage. activity)
are then distributed to users. Each location estimate is
associated with a measure of accuracy; location accu-
racy (designated by location class, LC) is assigned by
Argos and is determined using parameters of the satel-
lite overpass and PTT position relative to the overpass.
Standard locations are: LC 3, with an estimated accu-
racy < 150 m; LC 2, with an estimated accuracy of
150-350 m; LC I, with an estimated accuracy of 350—
1000 m; and LC 0, with an estimated accuracy > 1000
m. LC 0, LC A, LC B, and LC Z location estimates
have failed certain quality control checks; consequently,
there is no upper limit on their accuracy (Argos 1996).
However, these location estimates are available upon
request and we used them because data with estimated
accuracy < 1000 m can be sparse, and the scale at
which we were working (the Western Hemisphere) is
compatible with the additional possible error.

We categorized each location estimate as having been
obtained during a northward (outward) migration, a
southward (return) migration, or on a breeding area or
a “winter” (goal) area (austral summer south of the
equator). We defined the start of a migration as the first
location after which all subsequent locations occurred
away from the breeding, wintering, or migration cap-
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ture site (a relatively uni-directional movement). Like-
wise, we defined the end of migration as the point after
which all subsequent points were localized (non-direc-
tional movement). Typically there was a lapse of at
least 48 h between transmitting cycles, therefore the
first or last location estimate during migration usually
was easily discernible because of the relatively long
distance moved during migration compared to the
proximity of locations in the breeding or wintering
area. If we ceased 1o obtain location estimates before
we received multiple days of localized location esti-
mates from a PTT, we categorized that migration data
set as incomplete. Likewise, if a migration ended with a
PTT activity sensor indicating that the PTT had ceased
all motion, we presumed that the PTT had fallen off or
that the bird had died, and thus categorized the migra-
tion as incomplete.

Our analyses of rates of migration are based on one
location estimate selected from each transmission cycle
for each bird (during some cycles, no location estimates
were obtained). Within each transmission cycle for each
bird, we selected a “‘representative” location estimate
based on the LC (in order of preference: 3, 2, 1, 0, A,
B. 7). If there was more than one location estimate
with the preferred LC within the cycle, the first one
acquired was selected. Visual inspection of the estimates
was the basis for removing obvious outliers from the
data.

We calculated the distance travelled (km) from a
representative location estimate to the subsequent rep-
resentative location estimate as the orthodromes (great
circle distance) between positions, thereby obtaining a
distance travelled between successive pairs of represen-
tative location estimates for each bird. Rates of travel
between pairs of representative location estimates (km;
d) were calculated from time and distance between
representative successive location estimates.

The total number of days from the last day that a
bird’s location was recorded at the departure point
(breeding, wintering, migration capture location) to the
day it was first recorded at the destination at the other
end of the migration was divided into three segments
for full migration data sets (breeding to wintering or
vice versa) and into two segments for incomplete tracks
(migration capture location to wintering or breeding
area).

We compared the cumulative distance travelled (the
sum of the two or three segments) for each individual
with the shortest distance between the beginning and
the end of the migration (the straight line distance
between the first and last representative migration loca-
tion estimates) for all complete migrations using paired
T-tests. We analysed the following seven subsets of the
data: each species’ northward and southward migration
separately (4 tests), each species” combined northward
and southward migrations (2 tests), and the entire data
set (species combined).
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We used the rate of travel data that are associated
with the segments of the migrations to describe the
pattern of the rate of travel, as well as to compare rates
of travel per se. By pattern, we mean the general
tendency for the rate of travel through all the segments.
We tested for differences of patterns between species or
between northward and southward migration. Rates of
travel for complete migrations were compared among
species (Peregrine Falcon, Swainson’s Hawk) and direc-
tion of travel (north, south) using two-factor repeated
measures ANOVA with migration segment as the re-
peated measure.

We then compared rates between direction of travel
for the two species separately and rates between the
species for the two directions of travel separately using
one-factor repeated measures ANOVASs; the segment of
the migration was the repeated measure for both analy-
ses. We used orthogonal contrasts to test for differences
among the three segments of migration for each of the
four species-direction combinations. Rates of travel for
incomplete migration tracks were compared for Pere-
grine Falcons only (no Swainson’s Hawks were cap-
tured on migration). For incomplete migration tracks,

rates were compared between directions of travel
(north, south) using one-factor repeated measures

ANOVA with the segment of the migration (first half
or early, second half or late) as the repeated measure
(Systat 1992).

Results

We captured 57 Peregrine Falcons and 34 Swainson’s
Hawks. Of the Peregrine Falcons, three individuals
were radio marked with 20 g PTTs and 54 were radio
marked with 30 g PTTs; two were after hatch year
(AHY) males, 55 were AHY females: 31 were marked
on migration at Padre Island or Assateague Island; 26
were marked on breeding grounds in Greenland, Que-
bec, or the Northwest Territories (Table 1). We marked
all of the Swainson’s Hlawks with 30 g PTTs within the

breeding range in nine states and provinces; all were
AHY and the sex distribution was unknown (Table 1).
We omitted 17 Peregrine Falcons and seven Swainson’s
Hawks from analyses because we did not obtain a
migration track from an origin (breeding area, migra-
tion capture site) to a destination (breeding area, winter
area).

Peregrine Falcons

We obtained 22 complete and 12 incomplete southward
migration tracks and seven complete and 11 incomplete
northward migration tracks of Peregrine Falcons
(Table 2). The average southward migration covered
8,624 km, and the rate over this distance was 172 km/d.
Southward tracks occurred over a broad front, includ-
ing coastal and inland routes over large landmasses,
with frequent use of water crossings over the Gulf of
Mexico and Caribbean Sea (Fig. 1). Winter destinations
ranged from 40°N to 40°S and 36° to 98°W. Northward
routes tended to be inland undl the Texas Gulf Coast,
from which the Peregrines headed toward various
northern destinations: north routes rarely included wa-
ter crossings. The average northward migration was
8,247 km, and the rate over this distance was 198 km/d.

Swainson’s Hawks

We obtained 27 complete southward and 19 complete
northward migration tracks of Swainson’s Hawks
(Table 2). Southward and northward tracks followed a
similar route, almost entirely inland except through
Central America where some tracks were coastal. There
were no crossings of large bodies of water. The rates
over this distance were 188 km/d and 150 km/d for
southward and northward migrations respectively (Fig.
2). Swainson’s Hawks converged on a general region
during the winter (30° to 40°S, 61° to 64°W).

Table 1. Locations and year of capture and radio marking of Peregrine Falcons (PEFA) and Swainson’s Hawks (SWHA).

Species Location 1993

1994 1995 1996 1997

PEFA Kangertussuaq, Greenland
Assateague Island, MD/VA 2
Padre island, TX

Rankin inlet, NT

Leaf pass, PQ

Koksoak, PQ
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Utah

Canada

Arizona
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Minnesola

SWHA

6

9 oo
[SSRISH S

[N E)

2

NSRS S

[IORSEI s N S IEN LSS e

JOURNAL OF AVIAN BIOLOGY 29:4 (1998)

435



Table 2. Sample sizes (n). mean distance travelled (km) and
mean rates of travel (km per day) for Peregrine Falcons
(PEFA) and Swainson’s Hawks (SWHA).

PEFA SWHA
Individuals tagged (n) 57 34
Individuals used in analyses (n) 40 27
None-way origin to destination (N 72 46

or S) (n)

Incomplete track S (n) 12
Incomplete N (n) Il
Distance total mig S (n) 22 27
Distance total mig N (n) 7 19
Mean total complete distances S 8,624.40 13.503.70
Mean total complete distances N 8,247.31 11,951.63
Mean total incomplete track dis-  6,450.26

tances S

Mean total incomplete track dis- 5,583,206
tances N
Mean segment distance S 755.92 540.95
Mean segment distance N 962.19 946.01
Mean rate complete distance S 171.93 188.00
Mean rate complete distance N 197.50 149.59
Full migration
Rate Ist segment S 143.54 142.67
Rate 2nd segment S 184.94 219.77
Rate 3rd segment S 187.31 201.58
Rate Ist segment N 220.56 11118
Rate 2nd segment N 227.03 186.87
Rate 3rd segment N 193.63 150.68
Incomplete track migration
Rate fst segment S 172.53
Rate 2nd segment S 181.07
Rate Ist segment N 152.20
Rate 2nd segment N 140.59

Analyses of full migration

Regardless of migration direction, routes taken by mi-
grating Peregrine Falcons and Swainson’s Hawks did
not correspond (o the shortest distance between breed-
ing and wintering areas (Table 3). Overall, the pattern
in rates of travel across the three segments of full
migration (early. mid, late; Table 2) on northward
migration compared to southward migration did not
differ depending on the species (3-way interaction
among direction of travel, species, and segment of
migration: F,, = 1.67, P =0.20). However, patterns of
rates in segments did vary depending upon species
(2-way interaction between species and segment of
travel, combining north and south migrations: F,;, =
3.20, P=0.04) and upon whether the birds travelled
north or south (2-way interaction between direction
and segment of travel, species: F,,=3.37, P=0.04)
Generally, both Peregrine Falcons and Swainson’s
Hawks started and finished migration at slower rates
than they travelled during the middle of migration;
however, Peregrines travel [aster than Swainson’s
Hawks at the beginning of a migration, whereas they
travelled more slowly than Swainson’s Hawks towards
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A Northward migfation
vV Southward migration

Fig. |. Peregrine Falcon migration as recorded by satellite
telemetry.

the end of a migration. Likewise, for the two species
combined, rates of travel for northward and southward
migrations were similar at the beginning and in the
middle of migration, but travel rates were different at
the end of migration; birds slowed northward as they
approached the breeding area, whereas the rate of
travel remained constant from the middle to the end of
southward migration.

Given these interactions, we examined species and
direction of travel separately to isolate differences in
patterns of rate of travel among segments of migration.

A Northward}giération'f
N v Southward migration:

Fig. 2. Swainson’s Hawk migration as recorded by satellite
telemetry.
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Table 3. Results of paired T-tests comparing the cumulative distance travelled (the sum of all segments of travel) with the direct
{or shortest possible) distance travelled (the straight-line distance between origin and destination) for Swainson’s Hawks

(SWHA) and Peregrine Falcons (PEFA).

Mean Mean Mean 95%
cumulative direct difference confidence
N distance distance (SD) interval t d.f. P
All 74 11,188.65 8,896.61 2,292.04 2,020.81 - 16.84 73 < 0.000
(1,178.88) 2,563.28
SWHA All 46 12,862.63 10,151.77 2,710.86 2,406.20— 17.92 45 <0.000
(1,025.90) 3,015.51
North 19 11,951.63 10,170.57 1308.34 1,497.29- 13.19 18 <0.000
(588.75) 2,064.83
South 27 13,503.70 10,138.55 3,365.16 3,083.97— 24.60 26 <0.000
(710.82) 3,646.35
PEFA All 29 8,533.37 6,905.65 1,627.72 1,204.80— 7.88 28 <0.000
(1111.84) 2,050.64
North 7 8.247.3] 6,930.93 1,316.38 686.30 S.H 6 =0.002
(681.29) 1,946.50
South 22 8,624.39 6.897.61 1,726.78 1,188.66— 6.67 21 <0.000
(1,213.69) 2,264.90

Neither Peregrines nor Swainson's Hawks differed in
their patterns of travel between north and south migra-
tions (2-way interaction between segment of migration
and direction of travel: Peregrine Falcon: F, 5 = 2.85,
P =0.08; Swainson’s Hawk: F, ;; = 0.44, P = 0.65). Ad-
ditionally, neither Peregrine Falcons nor Swainson’s
Hawks travelled at different rates on southward and
northward migration (effect of direction of travel: Pere-
grine Falcons: F, ,, = 2.20, P = 0.15; Swainson’s Hawks:
F 4= 1.54, P =0.22).

Examining northward and southward migrations sep-
arately, we can compare patterns of rate of travel
between species. On southward migration, there was no
difference between species in pattern of their rates of
travel across segments of the migration (2-way interac-
tion between segment of migration and species: F, 45 =
0.97, P =0.39) or in the rates ol travel (effect of species;
Fy .7 = 1.68, P =0.20). Conversely, on northward migra-
tion, Peregrine Falcons travelled faster than did Swain-
son’s Hawks (F,,,=3594, P=0.02). Specifically,
Peregrines started travelling at a faster rate than did
Swainson’s Hawks, but Swainson’s Hawks’ rates in-
creased to nearly match Peregrine Falcons’ rates during
the middle of migration, and both decreased again
towards the end of migration (2-way interaction between
segment of migration and species: F,,;=4.50, P=
0.02).

Considering each direction of travel for each species
separately, comparisons among segments of travel reveal
that there were no differences in rates of travel among
segments for either north or south migration of Pere-
grine Falcons. However, over all segments there was a
tendency for an increasing rate as Peregrines approached
the winter areas (linear contrast: F,,, = 5.91, P = 0.03),
but not for their northward migration (Table 4). Swain-
son’s Hawks travelled more slowly at the beginning of
their southward migrations, whereas the rates of travel
in the middle and end segments of migration were similar
(Table 4). On northward migration, they travelled more
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slowly at the beginning of the migration than in the
middle segment, but then reduced their rate of travel as
they neared their breeding grounds to a rate similar to
those in the first segment.

Analyses of incomplete tracks of Peregrine
Falcons

The travelling pattern of Peregrine Falcons [rom capture
locations on Padre Island and Assateague Island to
breeding or wintering areas did not differ depending on
whether the birds were travelling north towards a breed-
ing area or south to a wintering area (2-way interaction
between direction of travel and segment of migration;
Fi5,=0.39, P=0.54). Likewise, the overall rate of
travel on northward migrations did not differ from rates
on southward migrations (effect of direction of travel:
Fi =101, P=0.33). Within migrations of a given
direction, there was no difference in rates of travel
(north: F,,=0.03, P=0.86; south: F, ,=0.78, P=
0.40).

Discussion

Most of the information about avian migration routes
and migratory movements is based on observation of
visible migration from a few locations along routes, or
on an initial and a final location of ringed individuals.
Radar and radio telemetry (from the ground or aircraft)
have provided data about continuous movements over
longer distances (tens to thousands of km). Radio
tracking via satellites is a method that can provide
samples of a bird’s location over the entire course of its
migration. This type of data should be useful for study
of migration. Our sample of 57 Peregrine Falcons and
34 Swainson’s Hawks provides a basis for comparing
results from tracking via satetlites with characterizations,
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conclusions, and concepts derived from other tech-
niques used to study avian migration.

The map of Peregrine Falcon locations reveals a
scatter of paths across the North and South American
continents with some concentrations of locations along
the Atlantic coast of North America, the Caribbean
Islands, and Central American coasts (Fig. 1). These
concentrations might in part be due to our radio mark-
ing at the Assateague Island and Padre Island sites.
However, these are documented as stopover areas for
relatively large numbers of Peregrines (Yates et al.
1988). Therefore, we consider our samples from these
sites, in conjunction with samples from breeding areas,
to be representative of a large portion of the tundra
Peregrine migration. Apart from these coastal concen-
trations, the map of locations suggests breeding Pere-
grines from North America migrate over a relatively
broad front, and that their migration is dispersive
(Berthold 1993). Further evidence that these Peregrines
fit the dispersive characterization is the large area
within which they settle for the winter or austral sum-
mer period. This range of latitudes spanning boreal
winter and austral summer areas is greater than previ-
ously expected for Falco peregrinus tundrius (Palmer
1988, Kerlinger 1989). We suggest that the shape of the
Peregrine migration is more like that resulting from a
sieve, than like the funnel- and fan-shaped migration of
many species (Berthold 1993),

Migrating Swainson’s Hawks location estimates pro-
duce a map of movement that is broad front at the
onset (Berthold 1993), but changes to a funnel shape
during the southward (outward) migration. The north-
ward (return) migration is of the fan shape (Berthold
1993). Swainson's Hawk migration can be characterized
as concentration migration (Berthold 1993). The adult
birds we sampled from throughout most of the breed-
ing range spent the austral summer in central Ar-
gentina, an area known to be part of the species” goal
or resting area (England et al. 1997). None of our radio
marked birds went to Florida or central California
where wintering Swainson’s Hawks occur regularly in
relatively small numbers.

The routes taken by Peregrines appear to be influ-
enced by coastlines that might act as ecological barriers
that can influence migration direction (Berthold 1993).
The Appalachian Mountains seem to create a migra-
tory divide between birds flying along the coast or
coastal plain, and those flying west of the mountains

over the mid-continent. However, the tracks of the
radio marked birds also confirm Kerlinger's (1989)
characterization of Peregrines as a species that can
undertake long distance water crossings. Our sample
itustrates relatively long non-stop flights over the Davis
Strait between West Greenland and Canada, and over
Hudson Bay. Our map ol Peregrine tracks also illus-
trates island hopping (Kerlinger 1989) along the north-
eastern coast of Canada, the U.S.A. Atlantic coast,
among the Caribbean Islands, along the eastern Mexico
and Central American coasts, and northern South
American coasts.

Swainson’s Hawks became concentrated at the Cen-
tral Mexican coast of the Gulf of Mexico, and re-
mained concentrated along the other ecological barriers
of the Pacific coast of Central America, through
Panama, and along the eastern flanks of the Andes
Mountains. The Isthmus of Tehuantepec and the Isth-
mus of Panama are areas of extreme canalization of the
Swainson’s Hawks™ migratory routes. Kerlinger (1989)
used a variety of empirical data and models to make
general predictions about which species, under certain
circumstances, would be likely to make water crossings
or detour around water. Based largely on data for
Red-tailed Hawks Buteo jamaiicensis and Broad-winged
Hawks B. platypterus. he predicted that Buteo hawks
will be less likely to make water crossings than many
other raptors. Our tracks along the Swainson’s Hawks’
migration route, and Smith’s (1985) observations in
Panama indicate Swainson’s Hawks conform with the
prediction. The map of the Swainson’s Hawks move-
ments reveals that this species performs an arched
migration, making gradual turns to detour ecological
barriers (Berthold 1993).

The average distances covered by Peregrines, 8,624
km southward and 8,247 km northward, lack any basis
of comparison in the literature. We suspect that the
ranges of latitudes from which, and to which Peregrines
migrate complicates any efforts to estimate migration
distance. The average migration distances of 13,504 km
(southward) and 11,952 km (northward) for our sample
of Swainson’s Hawks greatly exceed the 8,000 km value
Kerlinger (1989) used to estimate daily flight distances.

In addition to the routes taken by migrants. another
important component of the migration strategy is the
rate of travel. We calculated rates of travel based on
location estimates obtained about one day out of three
during the migration. We used pattern as another mea-

Table 4. Results of contrasts among segments of complete migration. Analyses were done separately for each direction of travel

for each species.

Species Direction Early vs Mid Mid vs Late Early vs Late
Peregrine Falcon South F,. =227, P=013 Flyop=0.65 P=0.58

North Fiam=0.01, P=0.99

South I 12.04, P <0.01
North Fy;=7.04, P=0.01

Swainson’s Hawk

=428, P=008
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sure to study migration strategy. The pattern of migra-
tion is the relationship among the rates of travel of the
segments. Regardless of species or direction of migra-
tion the pattern of the rates of travel were statistically
simifar, Generally birds travelled faster during the mid-
dle third of migration than at the start, then maintained
or slowed their rate of travel during the last third. This
result is not especially interesting, but some compari-
sons of the actual travel rates, rather than the pattern,
reveal other aspects of the strategies.

We detected no difference in rates of travel on north-
ward versus southward migrations for either Peregrine
Falcons or Swainson’s Hawks; both travelled at about
the same rate whether they were flying to or from
breeding areas. Further, although the two species trav-
elled at similar rates during their southward migration,
Peregrine Falcons moved at a [aster travel rate than
Swainson’s Hawks on the northward migration. The
average rate of travel by Peregrines was about [72
km/day going south, and 198 km/day going north.
Those travel rates fall in the range of predicted rates
Kerlinger (1989) derived for Peregrines flying in oppos-
ing and following winds (—9 to -+ 9 m/s; about 80—
450 km/d), and in a 6 m/s wind from various directions
relative to flight direction (120-450 km/d). The ob-
served rates of migration in Peregrines and Swainson’s
Hawks arc similar to those of other large raptors
studied by satellite telemetry (e.g. Meyburg et al. 1995a,
b. Kjellen et al. 1997).

By using thermal soaring large birds can achieve
much higher migration speeds than had they used flap-
ping flight (Hedenstrom 1993). By using the soaring
flight strategy they can even reach overall travel rates in
excess of what small passerines can achieve (Heden-
strom and Alerstam 1998). However, the Peregrine
might actually use flapping flight to a significant extent,
which makes this species less dependent on thermals
and which can explain the very high migration speed
observed (especially during spring migration). Cochran
and Applegate (1986) reported flight speeds of a few
radio-tracked Peregrines of on average 12.1 m/s (about
1045 km/d) during migration, which would result in an
overall rate of migration five times that reported here.
This means that on average during migration Peregri-
nes are stopping over four days for every day of flight.
This comparison refers to flapping flight. When Peregri-
nes use soaring flight their cross-country speed is re-
duced and the true relationship between stopover and
flight time therefore is probably smaller than 4:1.

For birds migrating by thermal soaring the cross-
country speed is partly determined by the rate at which
the bird gains altitude while circling in thermals; that is,
the higher climb rate the higher migration speed (Pen-
nycuick 1972, Hedenstrom 1993). An interesting obser-
vation was that the birds of this study showed the
highest speeds during the middle third of their journey.
This coincides with the passage of the equatorial re-
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gion, where thermals are stronger than in more temper-
ale regions.

Location estimates of migrant birds obtained by ra-
dio tracking via satellites are available regularly and
frequently compared to those based on observation of
passing migrants, or a few radar or radio tracking sites.
These location estimates are less likely to be biased by
our inability to gather data in remote areas or during
inclement weather. Data obtained via satellite telemetry
contribute to more complete maps of migration routes,
and more accurate estimates of the distance and dura-
tion of migration. Our initial analyses of radio tracking
comparatively large samples of Peregrine Falcons and
Swainson’s Hawks suggest the migrations of these two
species conform with some general characterizations of
avian migration and with some general strategies, but
more continuous data also reveal some differences. This
is to be expected as greater amounts of data become
available. Thus, we are not so bold as to claim that our
data describe the optimal migration of Peregrines and
Swainson’s Hawks, but we do believe they are represen-
tative of the migratory movements of after hatching
year birds (largely females) in North America.
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