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Abstract Atmospheric currents influence the choice of migratory routes and flight
characteristics of birds as well as their decisions regarding migration onset and stop-
overs. Among long distance avian migrants, soaring birds are particularly dependent
on wind and updrafts to help them complete their journeys. This review focuses on
the behavioral adaptations of migratory soaring birds at various scales with regard to
these atmospheric phenomena. Soaring landbirds and soaring seabirds have evolved
morphological characteristics that make them specialists in soaring flight, thus
enabling them to reduce the costs of migration significantly. We introduce the flight
strategies of each group and discuss how migratory routes, flight characteristics, and
onset and stopover decisions are all adjusted in relation to atmospheric conditions
best suited for soaring. In addition, we discuss briefly how this strong dependence on
atmospheric conditions makes soaring birds vulnerable to anthropogenic threats, such
as wind energy development and climate change.
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Atmospheric conditions have considerable influ-
ence on various aspects of bird migration, such as
migratory routes (Richardson 1976; Kranstauber
et al. 2015), orientation (Richardson 1990a), flight
characteristics (Alerstam 1979; Liechti & Bruderer
1998), departure and stopover decisions (Liechti
2006), and intensity of migration (Richardson 1978).
A bird’s responses to local weather conditions affect
the regional and seasonal efficiency of its migration,
consequently impacting its reproductive success and
population dynamics, thereby generating optimal
migratory strategies through natural selection. Air
movements (both horizontal and vertical) are par-
ticularly important in shaping the migratory behav-
ior of birds. Horizontal winds are within the same
order of magnitude as avian flight speeds. Therefore,
winds that blow along the migratory track (tailwind)
may increase flight speed (Liechti & Bruderer 1998),
while those blowing from the opposite direction
(head wind) or from the side (side-wind or cross-
wind) may pose major obstacles to migratory move-
ments by reducing ground speed, forcing deviation
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from the intended flight direction, or temporarily
halting migration.

While horizontal winds impact all avian migrants
regardless of their phylogeny and morphology
(Liechti 2006), changes in vertical air movement par-
ticularly impact soaring birds, as for them vertical air
movements are essential and indispensable facilita-
tors of migration. The vertical air movements that
allow birds to gain height while using little energy,
are generated by two major phenomena: the upward
deflection of horizontal winds against tall struc-
tures, topographic features, or waves (i.e. orographic
updrafts); and localized columns of rising air gener-
ated as the sun warms the Earth’s surface during the
day (i.e. thermals).

Soaring flight, also known as soaring-gliding
flight, refers to the ability of birds to use atmo-
spheric currents in order to sustain long periods of
flight without flapping their wings, which is the most
energetically cost-efficient form of flight (Kerlinger
1989; Hedenstrom 1993; Pennycuick 1998). Birds
soar in upward moving air to gain altitude with-
out spending much energy and complement it with
gliding toward their preferred direction. Many large
birds depend on soaring flight for their long-distance
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migratory movements, as they cannot accumulate
enough fat reserves to fuel long periods of flapping
flight (Smith et al. 1986; Watanabe 2016). Examples
include seabirds (mostly Procellariiformes) as well
as birds that fly predominantly over landmasses and
inland water bodies (hereafter landbirds), particu-
larly raptors (Accipitridae, Pandionidae, Falconidae
and Cathartidae), storks (Ciconiidae), pelicans (Pele-
canidae), anhingas (Anhingidae), and to some extent
cranes (Gruidae), herons (Ardeidae), and bee-caters
(Meropidae). Passerines, such as the Common Star-
ling Sturnus vulgaris, also occasionally engage in
soaring flight (Cone 1968).

Various reviews have dealt with the effects of
atmospheric conditions, particularly horizontal wind,
on migratory birds (Richardson 1978; Richardson
1990a, 1990b, 1991; Liechti 2006). A decade has
passed since the latest review (Liechti 2006), and a
wide range of research has been conducted taking
advantage of recent advances in telemetry devices
(Robinson et al. 2010; Kays et al. 2015), wider avail-
ability of weather data (Kemp et al. 2012; Dodge et
al. 2013), and the increasing use of modeling tech-
niques (van Loon et al. 2011; Bauer & Klaassen
2013; Kranstauber et al. 2015). In this review, we
bring together studies on the effects of atmospheric
currents on migratory birds, but focus on those that
have investigated behavioral adaptations of soaring
migrants with regard to horizontal and vertical air
movements. In each section of this paper, we discuss
a different aspect of the migratory behavior of soar-
ing birds, addressing landbirds and seabirds sepa-
rately. In a concluding section, we briefly summarize
the major weather-related anthropogenic changes and
developments that may threaten these particular birds
in the future.

FLIGHT STRATEGIES

1) Landbirds

The adaptation of migratory birds to specific flight
types is determined by biometrical and ecological
constraints (Hedenstrom 1993; Spaar 1997). Soaring
flight is the result of such adaptations in heavier birds
with high wing loading (ratio of body mass to wing
area), for which the energetic cost of flapping flight is
extremely high. The wing morphology of such birds
has evolved in such a way as to utilize atmospheric
currents very efficiently for soaring and gliding with
little cost.

The soaring landbirds include both obligate and

facultative species. On the one hand, obligate soar-
ers are the larger and heavier species, with long,
broad wings; they depend solely on soaring flight in
order to conserve as much energy as possible during
long flights (Spaar 1997). These heavy birds have
relatively high wing-loading and thus circle thermals
slowly and are confined to using only strong thermals
and particularly the stronger parts of each thermal,
but have the advantage of being able to glide quickly
from one thermal to the next (Shamoun-Baranes et
al. 2003a). On the other hand, facultative soarers
are lighter and have long, slender wings; they can
alternate between soaring and flapping flight depend-
ing on air movements. These birds have relatively
lower wing-loading, thus although they can climb
thermals quickly and even use weak thermals, their
gliding speed between thermals is limited. Although
both obligate and facultative groups migrate diur-
nally, when thermals are formed, the latter commence
travelling earlier in the day by depending on flap-
ping flight, whereas the former must wait until sev-
eral hours after sunrise for strong thermals to form
(Kerlinger & Gauthreaux Jr 1985; Bruderer et al.
1994; Spaar & Bruderer 1997).

The family Accipitridae is the largest group of
soaring landbirds and is therefore the main focus
of the sections on landbirds in this review. Owing
to the previously mentioned aspects of their mor-
phology, members of the Accipitridae have varying
migration tendencies with respect to updrafts, ther-
mals, and wind. Among them, the most dependent on
soaring flight, in order from obligate to facultative,
are vultures (e.g. Gyps spp.) and eagles (e.g. Aquila
spp.), hawks (Buteo spp.), kites (Milvus spp.), hawks
(Accipiter spp.) and honey-buzzards (Pernis spp.),
and finally harriers (Circus spp.) and ospreys (Pan-
dion spp.) (Newton 2008).

Species in the family Falconidae also soar, but
among raptors they are the least dependent on soar-
ing flight. Their long pointed wings have high aspect
ratios (wing span squared, divided by wing area) that
generate low induced drag and consequently their
energetic cost of flapping flight is low (Kerlinger
1985).

Soaring over land is achieved through the use of
thermals or orographic updrafts (Fig. 1). Thermal
soaring migrants gain height while circling in one
thermal, then lose height while gliding to the next,
repeating this process multiple times along their route
(Newton 2008). In contrast, slope soaring requires
orographic updraft (also known as deflection updraft;
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Fig. 1.

Soaring flight in landbirds. Landbirds use two soar-
ing modes interchangeably: thermal soaring (right) is facili-
tated by columns of rising warm air, i.e. thermals, and oro-
graphic soaring (left) on updrafts created by upward deflection
of horizontal winds.

Bildstein 2006). Soaring landbirds can use both these
types of soaring flight interchangeably, but slope
soaring is a common mode of flight in the Americas,
where most mountain ranges are aligned along a
north-to-south axis and where strong orographic
updrafts form thermal streets. Contorted soaring is
a third type of soaring flight used frequently by vul-
tures to subsidize flight, particularly in terrain where
there are few thermal and orographic updrafts. Con-
torted soaring depends on shear-induced turbulence
caused when horizontal air flow is interrupted by
forest or tree line (Mallon et al. 2015).

The predominant flight type used by migratory
birds is determined not only by their body mass and
wing morphology, but also by their long-distance
flight strategy in terms of optimizing their migration
by energy or time minimization criteria. Although
many avian species may be morphologically capa-
ble of adopting soaring flight, for many, particu-
larly smaller species, the slow cross-country speed
of such flight makes it unattractive for those birds
aiming at maximizing their overall migration speed
(Hedenstrom 1993).

2) Seabirds

Seabirds can be classified into four major groups
based on their flight type: soarer-gliders (small alba-
trosses and large gadfly petrels), flap-gliders (surface-
feeding Procellariiformes and small gadfly petrels),
glide-flappers (diving and Manx-type shearwaters
and storm petrels), and flappers (Charadriiformes,

Alcidae and cormorants (Phalacrocoracidae)) (Spear
& Ainley 1997a). The flight pattern of each species
is determined mostly by biometric characteristics;
heavier birds with higher wing-loading and aspect
ratio perform more soaring flight and lighter birds use
a gradient of soaring and flapping flight (Alerstam et
al. 1993).

Seabirds use atmospheric currents differently from
landbirds in order to achieve low cost flight. Over
land, soaring flight predominantly depends on ther-
mals, but strong thermals are usually not generated
over the sea surface. The exception to this occurs
in the trade-wind zone (5—30°N and S of the equa-
tor) where strong “sea thermals” form throughout the
year (Augstein 1980). The Magnificent Frigatebird
Fregata magnificens has a restricted range within the
trade-wind zone where it utilizes a thermal soaring
strategy similar to that of landbirds (Weimerskirch et
al. 2003; Weimerskirch et al. 2016).

Winds blow more strongly over the sea surface
than over land and they become stronger with eleva-
tion due to reduced friction. Such strong winds facili-
tate two types of soaring flight: dynamic soaring and
wave-slope soaring (Sachs 2005; Richardson 2015).
Dynamic soaring is also known as wind-shear soar-
ing (Richardson 2011) and gust soaring is a special
case (Pennycuick 2002). The basis of dynamic soar-
ing lies in the difference between the wind speed
close to the sea surface and that above the wind-
shear boundary, where friction is not a limiting factor
(Richardson 2011). To start one cycle of dynamic
soaring, a seabird flies upwind against the weak sur-
face wind gaining height, it then flies above the wind
shear, makes a downwind turn and angles its body to
maximize the surface area affected by the wind and
allows itself to be carried forward at speed (Fig. 2).

In wave-slope soaring, seabirds soar using any
updraft derived from wind-wave interactions (simi-
lar to orographic updrafts forming along slopes on
land). This behavior is particularly common among
albatrosses (e.g. Diomedia spp.) and to a lesser extent
in giant petrels Macronectes halli and M. giganteus)
(Pennycuick 1982; Alerstam et al. 1993). Soaring
conditions over the sea are generally improved when
swell waves (i.e. waves not created by local wind)
propagate upwind, as the wind flowing up the wave
face creates a substantial updraft. Moreover, a swell
wave propagating downwind with higher speed than
the local wind can also produce a similar effect
(Sullivan et al. 2008; Richardson 2011). These modes
of soaring restrict seabirds to flying at much lower
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Shear Wind

Fig. 2. Dynamic soaring in a seabird. One cycle of dynamic
soaring begins as a seabird flies upwind, pulling up above
the wind-shear layer (1), then encounters a strong gust of
wind that allows the bird to increase its airspeed and gain
kinetic energy. The bird then banks and turns (2) and descends
downwind, flying in the opposite direction, descending back
below the wind-shear layer with tailwind support (3), gain-
ing another pulse of kinetic energy. The bird then turns and
changes its direction to start the next cycle (4) (Sachs 2005;
Richardson 2011).

elevations (Adams & Flora 2010) than soaring land-
birds that gain high altitude by circling in thermals.
A combination of dynamic soaring and wave-slope
soaring is considered ideal for seabirds in order that
they may maximize total energy gain. The energy
demand of soaring is almost as low as that expended
when sitting on the sea surface (Bevan et al. 1995;
Weimerskirch et al. 2000). The low energy demand
of soaring allows seabirds to perform some of the
most impressive avian movements, both during the
breeding season, when their foraging trips sometimes
exceed thousands of kilometers (Phalan et al. 2007,
MacLeod et al. 2008; Sachs et al. 2012), and on
their long-distance trans-oceanic migrations (Spear &
Ainley 1999; Croxall et al. 2005; Shaffer et al. 2006).

MIGRATORY ROUTE SELECTION

1) Landbirds

Avian migrants do not follow the shortest great
circle path between their breeding and wintering
grounds. In fact, the large-scale movement of birds,
particularly on migration, is determined mainly by
patterns of air movement in the boundary layer. Air
currents shape the most efficient flyways for birds in
general (Kranstauber et al. 2015) and for soaring birds
in particular (Vansteelant et al. in press). Although

many soaring landbirds generally migrate on a broad
front for parts of their migration, their flyways are
shaped along topographical features that support the
formation of strong thermals and orographic updrafts
(Kerlinger 1989; Bildstein 2006; Newton 2008) such
as mountain ranges, narrow valleys, and coastal plains,
also along thermal streets (Pennycuick 1998) or sea-
breeze fronts (Alpert et al. 2000). The dependence of
soaring birds on updraft and wind conditions is so
strong that these variables can be used to predict and
simulate their potential migratory routes (Brandes &
Ombalski 2004; Ainslie et al. 2014; Dennhardt et al.
2015). Major corridors for raptor migration for exam-
ple, include the Appalachian Mountains, the Rocky
Mountains, the Sierra Madre Oriental, the Talamanca
Mountains, and the Andes in the Americas, the Alps
in Europe, the Tien Shan and Hindu Kush and the
southern Himalayas in Asia, and the escarpments of
the Great Rift Valley in East Africa and the Middle
East (Bildstein 2006).

Large water bodies act as ecological barriers
along the migration route of many soaring birds
(Alerstam 2001). Whether a species adopts water-
crossing behavior or not is determined by its energy
consumption during flapping flight (Agostini et al.
2015). Thermals are weak or absent over water,
making soaring flight energetically inefficient or
even impossible for soaring birds, particularly obli-
gate soaring species that cannot accumulate enough
fat reserves to sustain flapping flight to cross water
bodies. Behavioral adaptation of these species favors
avoidance of water crossing by taking detours over
land and crossing water bodies only at their narrow-
est parts, such as straits, which may be considered
migration “bottlenecks”. Concentrations of many
thousands of migrants can be seen at such “bottle-
necks” including Costa Rica, Mexico and Panama in
the Americas, Falsterbo, Organbidexka, and Gibraltar
in Western Europe, Burgas and Bosphorus in Eastern
Europe, Batumi and Himalayas in Central Asia and
Malay Peninsula and Tsushima Strait in eastern Asia
(Bildstein 2006).

While soaring migrants avoid flying over water
where possible, migratory trajectories of some soar-
ing birds include considerable water-crossings of
various lengths. Most soaring birds that make such
crossings are highly dependent on tailwind support
(Meyer et al. 2000; Agostini et al. 2002; Agostini et
al. 2004; Nourani et al. 2016) and possibly sea ther-
mals in the trade-wind zone in East Asia (Bildstein
2006; Yamaguchi et al. 2012). Falconidae species,
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including Eleonora’s Falcon Falco eleonorae, Sooty
Falcon F. concolor and Amur Falcon F. amurensis,
which fly long distances over water, also depend on
tailwind assistance (Dixon et al. 2011; Mellone et al.
2011; Javed et al. 2012; Mellone et al. 2013).

2) Seabirds

The absence of physical barriers over the seas and
oceans results in constant wind flows, providing ideal
conditions for soaring flight. Although it has long
been suggested that wind is important during the
migration and at-sea movement of seabirds (Alerstam
1990; Spear & Ainley 1999), until recently, the evi-
dence of the role of wind patterns in shaping the
migratory routes of seabirds was no more than specu-
lation based on global wind patterns and indirect evi-
dence from the migratory movements of certain spe-
cies. With advances in tracking technology, it became
possible for researchers to study the details of the
migratory movements of seabirds, and to reveal their
astonishing journeys of tens of thousands of kilome-
ters, facilitated by atmospheric conditions, especially
wind (Shaffer et al. 2006; Gonzalez-Solis et al. 2007;
Adams & Flora 2010; Weimerskirch et al. 2015).

In both the Atlantic and the Pacific oceans, trans-
equatorial migrants, including shearwaters, follow
general flyways that resemble a figure-eight pattern
(Shaffer et al. 2006; Gonzalez-Solis et al. 2007), indi-
cating that they travel in the direction of the prevail-
ing winds, which circulate clockwise in the Northern
Hemisphere and counter-clockwise in the Southern
Hemisphere. Felicisimo et al. (2008) were among
the first to explore the role of wind in the spatial
and temporal patterns of movements of a migratory
seabird (Cory’s Shearwater Calonectris borealis),
and explain why seabird migration routes are usually
longer than the great circle routes connecting their
departure and arrival points. Felicisimo et al. (2008)
found that large-scale migration patterns are driven
by spatiotemporal variations in the wind. Calms or
strong headwinds resemble a barrier across a trans-
oceanic path. Gonzalez-Solis et al. (2009) further
investigated the effects of wind on the migratory
routes of soaring seabirds, and found that shearwa-
ters followed low-cost pathways that were 26-52%
longer than the shortest distance path. Their findings
proved that ‘wind highways’ exist even for seabirds
that migrate over topographically barrier-free oceans.
These studies (Felicisimo et al. 2008; Gonzalez-Solis
et al. 2009) suggest that the optimum migration route
for shearwaters is a compromise between wind-medi-

ated costs and traveling time, perfected as they gain
experience about choosing the best route.

The Wandering Albatross Diomedea exulans also
avoids headwinds by circumnavigating Antarctica
during the non-breeding period, essentially making a
10,000 km detour so as to continuously follow west-
erly winds. In addition to their migratory route, the
migration range of albatrosses is also restricted by
wind conditions (Weimerskirch et al. 2012).

LOCAL-SCALE MIGRATORY BEHAVIOR

1) Landbirds

Atmospheric conditions not only significantly
influence the large-scale migratory patterns of soar-
ing birds, but also affect their flight characteristics
and decision-making at the local-scale. Soaring birds
on migration adjust the timing of departure and stop-
over, as well as flight characteristics including alti-
tude, speed, and direction, in response to changes in
atmospheric conditions.

Although the timing of migration is under strong
endogenous control (Gwinner 1996), weather is one
of the major exogenous factors that trigger the onset
of migration in birds (Richardson 1978; Liechti &
Bruderer 1998). Shamoun-Baranes et al. (2006)
showed that obligate soaring birds, such as the Lesser
Spotted Eagle Clanga pomarina, are more likely to
be detained in their breeding range when soaring
conditions are poor. Vansteelant et al. (2014) investi-
gated local aggregations of raptors in the Black Sea
coastal convergence zone and found that as cloud
conditions limited thermal formation, obligate soar-
ing birds aggregated near the coast and avoided tak-
ing off. Consequently, weather factors can be used
to predict the density of migrating birds at migra-
tory raptor watch sites (Richardson 1978; Yates et
al. 2001).

Once soaring birds take off and commence migrat-
ing, they adjust their flight characteristics according
to the quality and availability of updrafts. Flight alti-
tude, for example, is adjusted in relation to inten-
sity and depth of thermals (Shamoun-Baranes et al.
2003a). Soaring birds gain higher altitude until mid-
afternoon when thermals are strongest, taking advan-
tage of the opportunity to climb higher over a shorter
period of time (Kerlinger & Gauthreaux 1985; Spaar
1997).

Better convective conditions allow soaring birds
to travel faster and farther (Shamoun-Baranes et al.
2003b; Mandel et al. 2008; Chevallier et al. 2010;
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Vansteelant et al. 2015). Lanzone et al. (2012) suggest
that soaring birds are able to minimize their energy
expenditure by switching between modes of soaring.
For example, as wind speed increases and reduces
thermal formation, Golden Eagles Aquila chrysaetos
fly lower and use less vertical air space, in order to
use more orographic uplift. Such adjustments allow
for migration over longer periods each day (Katzner
et al. 2015), increasing the overall speed of migra-
tion. Soaring birds also adjust their gliding airspeed
to soaring conditions, actively reducing speed when
thermals are scarce in order to avoid switching to
flapping flight when possible (Horvitz et al. 2014).
Sapir et al. (2011) studied the effects of convective
conditions on the flight mode of the European Bee-
eater Merops apiaster using turbulent kinetic energy
(TKE) levels as an index of thermal strength, and
found that these facultative soaring birds switch
between flapping flight at lower TKE levels and soar-
ing flight at higher TKE levels.

Tailwind support may significantly affect the daily
distances that birds travel (Chevallier et al. 2010;
Mellone et al. 2012; Mellone et al. 2015). Against
headwinds, obligate soarers are more affected than
facultative soarers, as it is more difficult for them to
switch to flapping flight to compensate for wind drift
(Thorup et al. 2003; Limifiana et al. 2013; Vansteelant
et al. 2015). Soaring birds also avoid unsuitable
weather events such as dust storms by changing their
flight direction and taking detours (Vansteelant et
al. 2015). Even so, Turkey Vultures Cathartes aura
have a remarkable ability to soar even under turbu-
lent winds conditions, perhaps related to their dihe-
dral wing profile and their use of contorted soaring
(Mandel et al. 2008; Mallon et al. 2015).

Stopover decisions by soaring migrants are also
influenced by weather conditions. Unfavorable atmo-
spheric conditions can halt the migration of soaring
birds. For example, White Storks Ciconia ciconia,
pause during migration making rest stops when ther-
mal conditions are weak, especially during the morn-
ings and evenings (Berthold 2001). Similarly, migrat-
ing Golden Eagles, when they face no time limits
during migration (pre-adult movements in spring and
all movements in autumn) pause along their route so
as to avoid suboptimal flight conditions (Duerr et al.
2015).

2) Seabirds
Soaring seabirds are also affected by local atmo-
spheric conditions during migration. Since their soar-
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ing behavior is facilitated by wind, both the flight
altitude and behavior of seabirds change as a function
of wind speed and direction (Ainley et al. 2015).
By analyzing simultaneous data from fine-scale wind
conditions and aerial movements of Cory’s Shearwa-
ters, Felicisimo et al. (2008) showed that the shear-
waters make local-scale decisions about flight direc-
tion based on wind conditions to achieve low-cost
flight. It has been suggested that shearwaters adjust
the time of crossing the equator in order to avoid
the monsoon westerlies during the summer months
(Felicisimo et al. 2008).

Wind direction also plays a key role in small-scale
adjustments to flight direction. Soaring Procellari-
formes not only prefer crosswinds because they facil-
itate dynamic soaring (Alerstam et al. 1993; Spear
& Ainley 1997b), but also travel most frequently
in crossing tailwinds and generally avoided head-
winds (Adams & Flora 2010). Additionally, Mateos
& Arroyo (2011) analyzed the off-shore distances of
the most abundant species passing through the Strait
of Gibraltar during spring and autumn and found that
seabirds approached the coast in response to head-
winds, indicating that wind direction and speed co-
varied with local patterns of flight trajectories.

Such decision-making by soaring seabirds is not
only dependent on wind conditions however, as the
birds alternate migratory flight with rest periods for
refueling (Dias et al. 2011; Dias et al. 2012). Such
behavior indicates that, especially when not cross-
ing ecological barriers, soaring seabirds choose their
local flight characteristics not only according to the
most favorable winds, but also by considering the
location of foraging areas. When encountering severe
weather conditions, however, birds prefer to avoid
such areas by circumnavigating them (Adams &
Flora 2010).

FUTURE PERSPECTIVES

The dependence of soaring birds on atmospheric
conditions means that they are at risk from anthro-
pogenic changes and developments. Two of the main
areas of concern for future conservation of soaring
birds include the development of wind energy facili-
ties and climate change.

The existing and planned wind power generat-
ing facilities are all located in regions with strong
winds. On-shore wind turbines are often arranged
along coasts or mountain ridges, features that are
used for lift by soaring birds (Barrios & Rodriguez
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2004; Madders & Whitfield 2006). These structures
put soaring birds at risk of displacement and mor-
tality (Drewitt & Langston 2006; Kuvlesky et al.
2007). Depending on species- and site-specific attri-
butes, different species of soaring birds have differ-
ent levels of vulnerability to wind energy structures
(Barrios & Rodriguez 2004; Kuvlesky et al. 2007;
Dahl et al. 2013; Villegas-Patraca et al. 2014; Ainley
et al. 2015). Although avoidance of wind farms by
changing migration trajectories has been observed
among raptors (de Lucas et al. 2004; Cabrera-Cruz &
Villegas-Patraca 2016), adjustments in flight trajec-
tories require deviating from the traditional optimal
routes, consequently forcing the birds into conditions
that require extra energy expenditure. Off-shore wind
farms may have similar negative effects not only on
migrating seabirds (Bradbury et al. 2014), but also on
soaring landbirds that perform water-crossings.

Another anthropogenic phenomenon that may pose
a threat to soaring birds (by altering their preferred
atmospheric conditions) is global climate change.
Global warming is expected to affect the dominant
wind patterns, both in strength and direction. Exist-
ing literature on the consequences of such changes
are mostly limited to the behavior of birds during the
breeding season. Weimerskirch et al. (2012) showed
that in response to the increased intensity of westerly
winds in the Southern Ocean, Wandering Albatrosses
have shifted their foraging range poleward. Thorne et
al. (2016) investigated the effects of changes in wind
patterns due to El Nifio Southern Oscillation (ENSO)
on incubating and brooding albatrosses and found
that changes in wind speeds during El Nifio and La
Nifia conditions affected habitat accessibility and
travel costs for the birds. Climate change-induced
alterations in wind conditions may also adversely
affect soaring birds outside their breeding season,
as their migration routes are determined largely by
atmospheric currents. Changes in wind and updraft
conditions may impact the ability of birds to use
traditional routes; however, to our knowledge, the
consequences of such changes on migrating birds
have rarely been studied. Simulation models using
projected values for weather variables will be help-
ful tools facilitating our understanding of the likely
effects of climate change on avian migratory move-
ments.
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