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Editorial on the Research Topic

Optimal bird migration: Implications for navigation, physiology, and

stopover ecology

During migration, birds cross considerable geographical barriers, experience
changing weather conditions, and face unfamiliar environments with unpredictable
resource availability and predation pressure. Consequently, most aspects of long-distance
bird migration are expected to be under optimization pressure, given the high costs
resulting from non-optimized behavior (Alerstam and Lindström, 1990). In addition to
evolutionary adaptations and innate programs, migration requires behavioral flexibility
(Åkesson and Helm, 2020), where individuals need to make decisions about landing,
departing, flight directions, altitudes, general route, stopover choices, and predator and
pathogen avoidance (Klinner et al., 2020; Sabal et al., 2021). Although some aspects of
optimal migration have been criticized (e.g., Chernetsov, 2012), the theory serves as an
essential framework for understanding the ecology and evolution of bird migration.

Naturally, a large set of tools and methods is required for addressing the many
aspects of migration. Powerful tools such as radar tracking, radio tagging, studies of
flight mechanics and energetic in wind tunnels, light-level geolocators, ringing data
analysis, stable isotopes, and DNA sampling are widely used to discover patterns of
migration (Kelly and Finch, 1998; Wink, 2006; Fiedler, 2009; Bauer et al., 2019). Using
these tools, the articles in this topic cover various aspects of migration and stopover
ecology, providing interesting insights about mass movements, spatial distribution, fuel
deposition rate, the timing of migration, and social interactions during migration.
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Time and space macroecological
dimensions

In recent years, Palaearctic long-distance migrants have
dramatically shortened their wintering period in Africa
(Lawrence et al., 2022). Climate change also affects the duration
and timing of the breeding season (Hällfors et al., 2020).
To quantify the overall advantages of migration, Snell and
Thorup developed a computer simulation model based on
temperature and NDVI maps (an indication for vegetation-rich
areas). The resulted theoretical bird migration tracks indicate
a distinct thermal benefit from crossing the Sahara, and that
the routes and utilization of green spots are species-specific.
Changes in vegetation growth and temperature profile owing to
global change are also suggested as drivers of advanced spring
arrival in central Israel, as shown by long-term ringing data
(Aharon-Rotman et al.).

The importance of green vegetation at stopover sites, a
proxy for food abundance, is directly shown by Schekler et al.
who compared autumn vs. spring bird densities departing from
stopover in Israel using radar data. In autumn, bird densities
were low in the southern, extremely arid parts of the country. In
spring, densities were the highest in the same but much greener
region following winter rains. This pattern suggests that birds on
the move can quickly respond to dramatic, short-term changes
in productivity.

Migration strategies and stop-over
ecology

Time minimizing is a vital migration strategy in many
species. Competition for territories may favor early arrival at
breeding grounds in spring (Kokko, 1999). Therefore, compared
with autumn,migrating birds usually travel faster in spring when
rushing for their breeding sites (Nilsson et al., 2013; Lisovski
et al., 2021). However, using ATLAS telemetry to track Red-
backed Shrikes staging in Northern Israel, Zinßmeister et al.
found support for the time-minimizing strategy during autumn.
While the mechanism underlying adaptive timing remains
unclear, prolonged staging at common stopover sites close to the
breeding grounds may allow better timing of arrival in respect
to climate and food conditions. Such behavior may confound
any association between departure from wintering grounds and
arrival at breeding grounds, as is the case of spring migrating
Bar-tailed Godwits on their way from New Zealand to Alaska
(Conklin et al., 2021). The American Golden Plover Spring
migration strategies described by Lamarre et al. in this topic
show an interesting similarity to the Bar-tailed Godwit’s strategy.
Departing from their wintering grounds in South America,
American Golden Plover arrive at a common, primary stopover
site in the mid-west U.S. grasslands between early April and
mid-May. Interestingly, departure from the stopover site did

not correlate with the distance to the breeding site, but rather
with the local snow-free date at the breeding site. Furthermore,
departure from the wintering site did not correlate with the
snow-free date. Prolonged stopover “closer to home” may allow
improved arrival timing at the breeding site to match optimal
environmental conditions.

Social factors

Despite their important role in stopover ecology, evidence
of inter- and intra-specific interactions are scant in migration
research. Competition over food resources negatively affects
the body condition and fat deposition rate (FDR) at stopover
sites (Shochat et al., 2002; de Zwaan et al., 2022). Using blood
triglyceride concentrations as an indicator of body condition,
Cohen et al. demonstrate density-dependent refueling in
migratory passerines staging within urban forest patches along
the northern coast of the Gulf of Mexico. These patterns were
significant despite overall low bird densities, suggesting even
lower FDR in peak migration season when densities are high.
Strong competition for resources, which leads to low FDR, may
be highly associated with urban landscapes, where birds are
forced to crowd in small fragments of suitable habitat.

On the positive aspect of social dynamics, interactions
among individuals may serve as important cues for departure.
Deakin et al. provide a rare opportunity to learn how biased
sex ratio affects Zugunruhe and several other traits (e.g., body
mass and molt) in male Yellow-rumped Warblers in Canada.
The authors experimentally manipulated photoperiod and sex
ratio in the aviary before spring migration. They expected
birds inhabiting a “male-biased environment” to accelerate
migration restlessness and departure timing, owing to male-
male competition over breeding territories. Contrary to the
predictions however, males from the female-biased treatment
displayed migratory restlessness a week before the males from
the male-biased treatment. As males in this species display
protandry (earlier migration of males compared with females), a
female-rich environment may have served as a cue for the focal
males for being late, as in their perception—most other males
have “departed.”

Future directions

Decision-making by migratory birds should be optimized
by natural selection but is constrained by metabolic capacity,
navigation mechanisms, and endogenous programs that
underliemigratory behavior. Yet, the information on conditions,
and recourses available for the birds, and the time to gather such
information, may be limited when moving through unknown
landscapes (Shochat et al., 2002). Though some of these crucial
topics are not covered here, they are not any less important.
In the age of ongoing and accelerating climate change and
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habitat degradation across the globe, it is crucial to understand
the complex interplay among physiological, ecological, and
behavioral mechanisms allowing birds to perform successful
migrations. An improved understanding can guide mitigation
programs and help conserving migratory birds that presently
experience alarming population declines in almost all regions
of the world (Bairlein, 2016; Rosenberg et al., 2019; Burns et al.,
2021).
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