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Flight speeds of some British Columbia birds
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Abstract: Flight speeds of many birds remain unknown, or are known only from one or two localities. We present data on flight
speeds for 34 species of birds from British Columbia. For birds with sample sizes greater than one, the slowest average flight
speed (22 km·hr-1) was for Vaux’s Swift (Chaetura vauxi) and the highest average flight speed (85 km·hr-1) was for Marbled
Murrelets (Brachyramphus marmoratus) during pre-incubation. Observations of the same species using marine radar were
usually consistent, but tended to be much higher than studies using Doppler radar. This may be an artifact of location as
Doppler radar tended to be used in terrestrial environments and marine radar over water, where birds may fly faster. Across
bird species, flight speed was mostly explained by wingloading, and increased with wingloading0.27. The low value of this
exponent suggests that muscle efficiency may also vary with body mass. We encourage anyone with access to radar to
measure flight speeds of more birds.
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Intr oduction

Flying defines the popular notion of what it is to be a bird.
Nevertheless, several aspects of avian flight remain incom-
pletely understood. For example, despite extensive mathemati-
cal modeling (e.g. Pennycuick 1998), the energy costs for birds
during flight are often poorly predicted by existing models and
certain critical parameters, such as muscle efficiency, parasite
drag coefficient and profile power, remain poorly known
(Pennycuick et al. 1996; Rayner 1999; Tobalske et al. 2003;
Ward et al. 2004). One of the difficulties in determining appro-
priate parameters for mathematical models of avian flight is
the difficulty in obtaining data for wild birds. The flight speeds
of many wild birds are unknown or known only from a single
location because it is relatively difficult to measure flight speeds
in the wild. For example, a recent study using radar to docu-
ment flight speeds included less than 1.5% (n = 138) of all bird
species (Alerstam et al. 2007). Even if we include earlier work
using less reliable techniques (e.g. Meinertzhagen 1955), it is
likely that the flight speed is known for less than 5% of all bird
species, representing less than a quarter of all bird families.

Methods

Here, we measure the flight speeds of some of British
Columbia’s birds. We compile data from the literature and

data we collected during radar surveys for Marbled Murrelets
along the mainland coast. Marine radar picks up the loca-
tion of birds that can be tracked across consecutive sweeps
as the bird flies past. Thus, we were able to derive flight
speeds for many birds from the murrelet radar surveys by
placing a plastic transparency on top of the radar screen and
recording the location of a target (bird or group of birds) on
consecutive sweeps (each sweep took precisely 2.5 s). Our
FURUNO radars were salvaged from old BC Ferries. We
recorded only one flight speed per flock, so sample sizes
refer to number of flocks for flocking species. We recorded
flight speeds of birds using flapping flight in the absence of
wind and when all birds flew within a few metres of the
water surface. We excluded birds circling from analyses (see
Elliott et al. 2004 for details). We report flight speeds in
km·hr-1 rather than the conventional m·s-1 to aid readers in
getting an impression of the flight speeds. Where possible,
we compare our flight speeds to flight speeds obtained else-
where for the same species. All averages are reported ± one
standard deviation (Table 1).

Results

Flight speeds recorded by radar (Burger 2001; Elliott et
al. 2004; Alerstam et al. 2007; our own data) were largely
consistent within 10 km·hr-1 when sample sizes were sufficient,
but were much higher than those recorded using a hand-held,
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Table 1. Flight speeds (km·hr-1) of British Columbia birds. Sample size represents only one bird per flock. Ranges are
given for Burger 2001; standard deviations for other studies.
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Species Location Speed n Source 

     
Mainland Coast 75 ± 3 5 Our study Canada Goose 
Sweden 60 1 Alerstam et al. 2007 

Blue-winged Teal Mainland Coast 86 1 Our study 
Barrow’s Goldeneye Mainland Coast 68 1 Our study 

Mainland Coast 59 1 Our study Common Goldeneye 
Sweden 80 ± 5 10 Alerstam et al. 2007 

Surf Scoter Mainland Coast 64 ± 16 36 Our study 
Mainland Coast 70 ± 15 11 Burger 2001 White-winged Scoter 
Sweden 72 ± 17 32 Alerstam et al. 2007 

Harlequin Duck Mainland Coast 65 ± 15 12 Our study 
Clayoquot Sound 59 (48-72) 6 Burger 2001 
Mainland Coast 70 ± 14 11 Our study 

Common Merganser 

Sweden 70 ± 4 2 Alerstam et al. 2007 
Clayoquot Sound 66 (60-77) 3 Burger 2001 Common Loon 
Mainland Coast 76 ± 7 22 Our study 
Mainland Coast 64 ± 13 11 Our study Red-throated Loon 
Sweden 67 ± 14 7 Alerstam et al. 2007 

Pacific Loon Mainland Coast 69 ± 15 13 Our study 
Arctic Loon Sweden 70 ± 8 13 Alerstam et al. 2007 
Red-necked Grebe Creston WMA 39 ± 3 64 Blake and Chan 2006 

Mandarte Island (inside ground effect) 40 ± 7 80 de la Cueva 1991 Double-crested Cormorant 
Mandarte Island (outside ground effect) 36 ± 7 145 de la Cueva 1991 
Clayoquot Sound 37 6 Burger 2001 Bald Eagle 
Mainland Coast 50 ± 9 16 Our study 

White-tailed Eagle Sweden 49 ± 3 2 Alerstam et al. 2007 
Spotted Sandpiper Mainland Coast 36 ± 3 2 Our study 
Western Sandpiper Mainland Coast 57 ± 6 6 Our study 
Black Tern Creston WMA 26 ± 2 41 Blake and Chan 2006 
Bonaparte’s Gull Mainland Coast 57 1 Our study 

Clayoquot Sound 34 (24-48) 18 Burger 2001 
Mainland Coast 37 ± 14 327 Our study 

Mew Gull 

Sweden 48 ± 10 36 Alerstam et al. 2007 
Glaucous-winged Gull Mainland Coast 41 ± 12 79 Our study 
Common Murre Mainland Coast 71 ± 10 20 Our study 

Mainland Coast 38 ± 4 230 Our study Pigeon Guillemot 
Mandarte Island 68 ± 11 16 Blake and Chan 2006 

Rhinoceros Auklet Mainland Coast 64 ± 7 9 Our study 
Mainland Coast (pre-incubation) 85 ± 12  100 Our study 
Mainland Coast (incubation) 81 ± 12 1435 Our study 
Mainland Coast (chick-rearing) 76 ± 15 1435 Our study 
Mainland Coast (non-breeding) 77 ± 14 30 Our study 
Clayoquot Sound (outgoing) 105  Burger 2001 

Marbled Murrelet 

Clayoquot Sound (incoming) 66  Burger 2001 
Clayoquot Sound 48 1 Burger 2001 
Okanagan Falls (Doppler radar) 24 ± 4 64 

Common Nighthawk 

Okanagan Falls (direct measurement) 19 ± 4 36 
Brigham et al. 1998 

Vaux’s Swift Clayoquot Sound 22 12 Burger 2001 
White-throated Swift Doc English Bluff 36 ± 4 104 Blake and Chan 2006 

Mainland Coast 49 ± 7 3 Our study 
Sweden 41 ± 7 110 Alerstam et al. 2007 
Fraser River (<0.5 m from water) 31 ± 9 571 Blake et al. 1990,  

de la Cueva and Blake 1997 

Barn Swallow 

Fraser River (>0.5 m from water) 22 ± 9 250 Blake et al. 1990,  
de la Cueva and Blake 1997 

Violet-green Swallow Clayoquot Sound 26 (21-33) 15 Burger 2001 
Tree Swallow Riske Creek 24 ± 2 313 Blake and Chan 2006 
Mountain Bluebird Riske Creek 30 ± 2 263 Blake and Chan 2006 

Clayoquot Sound 32 (24-48) 12 Burger 2001 Northwestern Crow 
Mainland Coast 38 ± 14 22 Our study 
Mainland Coast 57 ± 10 2 Our study Common Raven 
Sweden 57 ± 3 5 Alerstam et al. 2007 

American Robin Mainland Coast 52 1 Our study 
Scout Island, Williams Lake 35 ± 2 163 Blake and Chan 2006 European Starling 
Sweden 49 ± 15 13 Alerstam et al. 2007 

Bat (unknown sp.) Clayoquot Sound 21 (8-38) 29 Burger 2001 
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Doppler radar gun for the same species (all other references)
than direct observations (time to cross a set distance) be-
cause Doppler radar measured instantaneous flight speeds
without including small deviations from a straight line
(Brigham et al. 1998). All authors have gone to consider-
able lengths to verify their techniques and used high preci-
sion instruments so mismeasurement is unlikely. However,
either one or both of the radar methods may misrepresent
flight speeds.

We suggest that birds in the marine radar studies were
actually flying faster than those in the Doppler radar gun
studies. It is evident to any birder that individual birds can
use a variety of flight speeds, depending on the purpose of
their activity. For example, it is easy to imagine that birds
flying across salt water are commuting or migrating and
unlikely to be feeding (e.g. most birds in the marine radar
studies). They are likely to fly faster than birds foraging
aerobatically for insects above the Fraser River (e.g.
nighthawks, swallows; most birds in the Doppler radar
studies).

Two seabirds stand out for variation in flight speed within
a single species. Pigeon Guillemots at Mandarte Island ob-
served using Doppler radar averaged 38 ± 4 km·hr-1 while
birds observed using marine radar along the mainland coast

averaged 68 ± 11 km·hr-1. The large discrepancy in flight speed
between these two marine locations is difficult to explain.
Perhaps birds flying near the breeding colony in summer
(Blake and Chan 2006) may be accelerating, decelerating as
they approach a “splashdown” site where they can preen or
socialize. They may be less motivated to fly as fast as birds
commuting longer distances between winter foraging sites
(our study). In an analogous situation, we found no differ-
ence between arrival and departures speeds of Marbled
Murrelets along the mainland coast. At Clayoquot Sound,
murrelets departed at 105 km·hr-1 (range = 42–166 km·hr-1)
but arrived at 66 km·hr-1 (range = 35–139 km·hr-1), possibly
because the departing birds were using gravitational energy
to increase speed as they flew down from the mountains
(Burger 2001). The difference in speeds may be due to local
topography. In Clayoquot Sound, the land often rises steeply
from the shore, drainages are often short with little estuarine
development, and the radar station was onshore. Many birds
could have been approaching from higher elevations, exploit-
ing the effect of gravity. Along the mainland coast, drainages
are often large and the birds may have been following a river
at low elevation for fairly long distances before they reached
salt water. In addition, the boat carrying the radar was usually
anchored at the very edge of the inlet.

Figure 1. Flight speed
increases with mass (R2

= 0.45), wingspan (R2 =
0.18) and wingloading
(R2 = 0.52). Units for
morphometrics are:
mass in dg, wingspan in
m, wingloading in g/m2.
Values were logarithmi-
cally-transformed be-
cause flight speed is ex-
pected to relate allo-
metrically to morphol-
ogy. Triangles represent
observations using Dop-
pler radar, squares rep-
resent marine radar.
Morphometrics were ob-
tained from the sources
themselves or from
Alerstam et al. (2008).
The mean for each inde-
pendent set of measure-
ments for each species
is included in the regres-
sion.
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Discussion

Birds do not have a single “flight speed”, but use a variety
of different speeds depending on circumstances (see
Hedenström and Alerstam 1996 or Blake and Chan 2006 for
some examples of why birds may use different speeds). When
crossing exposed areas (such as open water) birds may increase
speed to avoid predation. Such bursts of speed are expected to
have a higher velocity than the energetically-optimal maximum
range speed. Thus, it should be unsurprising that flight speeds
differ based on location.

Although flight speeds are highly variable within and across
species, there is a general trend for flight speeds to increase
with mass, wingspan and wing-loading (Fig. 1). Interestingly,
flight speed is expected to vary as mass0.17 and wing-loading0.5

based on current models for avian flight (Alerstam et al. 2007).
In contrast, our observed flight speed varied with mass0.13 and
wing-loading0.25 (mass0.11 and wing-loading0.22 excluding Dop-
pler radar measurements). Our exponents were close to those
for the relationships mass0.13 and wing-loading0.31 observed by
Alerstam et al. (2007) based on a much larger sample size (138
species). Thus, large birds are flying slower than expected and
small birds faster than expected by current models for avian
flight (Alerstam et al. 2007). Alerstam et al. (2007) suggest
that variation in muscle efficiency with mass and flight speed
may account for the observed differences. Another possibility
is that the drag coefficient, which is poorly known, may in-
crease with bird size (Rayner 1999). Alternatively, small birds
have higher maximal muscle capability compared to average
muscle requirements during flight, meaning that smaller birds
can exploit a greater range of flight speeds than larger birds
(Ellington 1991). Consequently, large birds may be limited to
a single, slow speed while small birds may have a greater abil-
ity to increase their speed when they are motivated to do so,
reducing the difference in flight speed between large and small
birds. In either case, it is clear that our understanding of avian
flight speed still needs considerable improvement. We suggest
that anyone with access to radar equipment could make a sig-
nificant contribution to ornithology by continuing to measure
the flight speed of birds.
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