
Information acquisition during migration: A social
perspective

Authors: Németh, Zoltán, and Moore, Frank R.

Source: The Auk, 131(2) : 186-194

Published By: American Ornithological Society

URL: https://doi.org/10.1642/AUK-13-195.1

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/The-Auk on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Volume 131, 2014, pp. 186–194
DOI: 10.1642/AUK-13-195.1

REVIEW

Information acquisition during migration: A social perspective

Zoltán Németha* and Frank R. Moore

Department of Biological Sciences, University of Southern Mississippi, Hattiesburg, Mississippi, USA
a Current address: Department of Neurobiology, Physiology and Behavior, University of California, Davis, California, USA
* Corresponding author: znemeth05@gmail.com

Received December 16, 2013; Accepted January 3, 2014; Published March 19, 2014

ABSTRACT
Information can enhance fitness, and the ways in which organisms acquire and use information are of heightened
interest in ecological studies today. Migratory birds, as long-distance travelers of the globe, depend on rapid access to
accurate information and thus provide particularly interesting study subjects for cognitive ecology. Yet, questions
regarding how migratory birds collect information and make decisions en route remain to be answered. Here, we
review the current status of this field of study and focus our attention on social learning (broadly defined as the use of
inadvertently produced social information) as an important cognitive mechanism that can operate across taxonomic
boundaries. We argue that social learning is critical to accelerate resource acquisition while reducing risks and
uncertainties during migration. We put forward eight testable predictions in relation to when increased use of social
information might be expected. Finally, we argue that migrant communities at stopover sites may serve as additional
sources of information where transient associations with others may have important and long-lasting benefits.

Keywords: stopover, social information, social learning, bird migration

Adquisición de información durante la migración: Una perspectiva social

RESUMEN
La información puede mejorar la aptitud, y las formas en que los organismos adquieren y usan información son de
gran interés en los estudios ecológicos actuales. Las aves migratorias, al ser viajeras de largas distancias en el mundo,
dependen del acceso rápido a información precisa. Por lo tanto, son sujetos de estudio interesantes para la ecologı́a
cognitiva. Sin embargo, preguntas sobre cómo las aves migratorias recolectan información y toman decisiones en sus
rutas aún no han sido respondidas. Revisamos el estado actual de este campo y enfocamos nuestra atención en el
aprendizaje social (definido ampliamente como el uso de información social producida involuntariamente) como un
mecanismo cognitivo importante que puede operar cruzando los ĺımites taxonómicos. Argumentamos que el
aprendizaje social es crı́tico para acelerar la adquisición de recursos al tiempo que reduce los riesgos e incertidumbres
durante la migración. Establecemos ocho predicciones comprobables en relación con el momento en el que se espera
ver un aumento del uso de la información social. Finalmente, argumentamos que las comunidades migratorias en los
sitios de parada podrı́an servir como fuentes adicionales de información, en donde las asociaciones temporales con
otras aves podrı́an tener beneficios importantes y de larga duración.

Palabras clave: sitios de parada migratoria, información social, aprendizaje social, migración de las aves

Migration is a life-history strategy that evolved to facilitate

the exploitation of seasonally abundant but distant resourc-

es (Dingle 1996). The cost that migrants pay to gain access

to these resources can be measured in time, energy, and

mortality (Alerstam et al. 2003). Indeed, most mortality may

occur during the migration phase of the annual cycle (Sillett

and Holmes 2002, Klaassen et al. 2014), suggesting that

migration can be a significant limiting factor (Newton

2006). This may not be surprising in light of the many

challenges that migrants face en route. Aside from

navigating across vast continents and coping with adverse

weather conditions, migrants must meet the high energy

demands of long-distance travel under unpredictable

conditions (Moore et al. 1995, 2005). This means that a

migrant’s fitness is dependent upon the timely and safe

acquisition of resources at often unfamiliar stopover sites.

This conundrum poses an interesting and so far largely

overlooked problem: How do migrants acquire information

to reduce risks and uncertainties associated with unfamiliar

stopover sites? Moreover, what is considered to be adequate

information under the simultaneous constraints of time

minimization and energy requirements?

The information that migratory birds use to make

decisions about resources and sources of stress during

stopover and the manner in which they do so are poorly

understood (e.g., Moore and Aborn 2000). The develop-
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ment of the ecology of information use (Giraldeau 1997,

Dall et al. 2005) and the recent advancement in our

understanding of the role of social interactions in

information acquisition (Giraldeau et al. 2002, Danchin

et al. 2004, Laland 2004, Galef and Laland 2005, Kendal et

al. 2005, Bonnie and Earley 2007, Seppänen et al. 2007,

Valone 2007, Hoppitt and Laland 2008, Guttal and Couzin

2010, Schmidt et al. 2010, Rieucau and Giraldeau 2011,

Avarguès-Weber et al. 2013, Mueller et al. 2013) allow us

to explore these questions in more detail.

Risks and uncertainties associated with novel surround-

ings can be reduced by gathering and continuously

updating information about the immediate environment

(Dukas 1998). After landfall, migrants can sample resourc-

es directly through their personal experience (asocial

learning), or can acquire information indirectly by

observing the location and behavior of others (social

learning; Moore and Aborn 2000, Németh and Moore

2007). Asocial learning (sensu Laland 2004) allows

migrants to gather accurate, up-to-date information,

although the sampling process requires significant invest-

ment of time and energy and may lead to delayed refueling

and increased exposure to predators. Social learning (sensu

Laland 2004), on the other hand, may provide a shortcut to
information acquisition by relying on readily available

information obtained vicariously through other migrants,

while the observer may stay in the relative safety of a

foraging flock or in cover (Németh and Moore 2007,

Nocera et al. 2008). By using social information, a migrant

searching for profitable resources after landing may be able

to reduce the risk of predation and time associated with

direct sampling. The performance and location of other

foraging migrants potentially provides the same, if not

more, information as asocial, direct sampling about the

location and quality of food resources, type(s) of novel

food sources and the appropriate foraging technique(s) to

access them, and the location of predator(s) and current

levels of predation risk at a site (Galef and Giraldeau 2001,

Galef and Laland 2005).

Although social learning may be viewed as a cognitive

mechanism that facilitates the rapid assessment of risks

and resources, social information is potentially less reliable

than privately asocially acquired information, largely

because of its second-hand nature (Giraldeau et al.

2002). The cost of relying on socially obtained information

when making decisions during stopover may outweigh the

benefits if, for example, a migrant distances itself in space

or time from the source of the information and the

information becomes outdated (Seppänen et al. 2007). This

cost can become pronounced if ecological conditions (e.g.,

competitor density, food availability and abundance,

predation risk, inhospitable weather events) vary widely

in space and/or time (Boyd and Richerson 1988).

Moreover, the value of social information may depend on

how closely the observer’s foraging ecology is related to

that of the demonstrator’s (source of information).

Heterospecifics, especially those in different foraging

guilds, likely provide less useful information about

resources and foraging techniques than conspecifics

(Seppänen et al. 2007). On the other hand, seasonal

changes in behavior such as foraging and diet plasticity can

reduce this ecological distance among heterospecifics

(Martin and Karr 1990) and consequently may promote

social information use (Seppänen et al. 2007). Finally, even

if the socially acquired information is up-to-date and

accurate, the effort of keeping it updated (e.g., in a variable

environment), for example by joining and following a

foraging flock, may become costly if it results in increased

competition and/or forces the migrant into a suboptimal

foraging pattern (Hutto 1988). Ultimately, the use of

private versus social information by migrants can be

viewed as a trade-off between accuracy and cost, where the

migrant’s preference will likely depend on the interplay

between its internal state and the external ecological
context.

To better understand information use by migrants

during stopover and, more specifically, what factors

influence whether a newly arrived migrant relies more
heavily on social information or personal sampling to

explore and assess its stopover site, we turn to models

developed in anthropology. Boyd and Richerson (1985,

1988) identified two main conditions under which

individuals should prefer easily accessible but potentially

less reliable social information over costly but more

accurate personal sampling information. Their models

predict that individuals will rely more heavily on social

information (1) when personal sampling information will

be too costly to obtain (‘‘copy when asocial learning is

costly’’ social learning strategy; Laland 2004), or (2) when

their personal sampling information leaves them uncertain

as to what to do (‘‘copy when uncertain’’ social learning
strategy; Laland 2004). For example, European Starlings

(Sturnus vulgaris) cue on foraging conspecifics to deter-

mine whether to remain at or to leave a foraging patch

when information about patch quality is difficult to acquire

by personal sampling, thus using social information in a

manner consistent with the ‘‘copy when asocial learning is

costly’’ strategy (Templeton and Giraldeau 1996). If,

however, the location of food is predictably associated

with contextual cues in an environment, starlings are less

likely to rely on social information than in environments

where these cues are unpredictable, lending importance to

the ‘‘copy when uncertain’’ strategy (Rafacz and Temple-

ton 2003).

Although R. Boyd and P. Richerson developed their

models with humans in mind, the assumptions and

predictions of their models have been applied to other

organisms and were used to create a theoretical foundation
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for social learning studies (e.g., Giraldeau 1997, Laland

2004, Galef and Laland 2005, Kendal et al. 2005). Here, we

use their models to propose a predictive framework to

study information use when migratory birds stop over

during passage. Many ecological factors increase not only

the cost of asocial learning but also the uncertainty

attached to the value of that learned information, which

ultimately increases the cost of decisionmaking. Therefore,

we combine these two conditions under a single, ‘‘costly

information’’ hypothesis, and advance eight testable

predictions about ecological factors that may promote

social information use during migration (Table 1).

Hypothesis and Predictions

Costly information hypothesis. Migration is associated

with a set of ecological conditions under which social

information should be favored when available. Migrating

birds are under time and energetic constraints (Alerstam

and Lindström 1990, Alerstam and Hedenström 1998), so

any factor that causes a delay in refueling and departure

from a stopover, including increased risk of predation

(Cimprich and Moore 1999, Cimprich et al. 2005),

inclement weather (Newton 2007), unfamiliar habitat

(Németh and Moore 2007), and sleep loss (Fuchs et al.

2006, 2009, Németh 2009) can be viewed as increasing the

cost of information acquisition and should promote social

information use in migrants.

However, during migration ecological conditions can

change very rapidly and often in unpredictable ways,

resulting in an ever-shifting ecological context within

which migrants must make appropriate decisions to meet

the energetic demands of long-distance travel. Migrants

often arrive at stopover sites with little or no information

about local conditions, and start refueling only after an

initial familiarization period (Moore et al. 1990, Moore and

Aborn 2000). During the transition from arrival to

refueling and then to departure, the relative value of social

versus personal information continuously changes

(Németh and Moore 2007). Even if a migrant obtains

reliable, personal sampling information about the distri-

bution and quality of food resources at an unfamiliar

stopover site, as the ecological context at a stopover site

changes the once-accurate information becomes errone-

ous and outdated, leaving the migrant uncertain about the

success of its decisions. Several factors can modify the

costs of decisionmaking for migrating birds and here we

focus on eight of them (Table 1).

Prediction 1: Endogenous control. A migrant’s annual

schedule is shaped by the interplay between its endoge-

nous program and proximate factors such as photoperiod,

weather, food supply, and social interactions (Gwinner

1996, Berthold 2001, Gwinner and Helm 2003, Helm et al.

2006). Depending on the rigidity of the endogenous

program, social information may play a significant role in

determining the timing of migration, as well as facilitating

navigation and habitat selection (Hamilton 1967, Terrill

1987, Chernetsov et al. 2004, Helm et al. 2006, Mueller et

al. 2013). For example, in long-distance nocturnal migrants

a strict endogenous program may leave less room for the

use of social information after the initial exploratory

period than in diurnal, short-distance, irruptive, and partial

migrants, which may use social cues to find and track

resources and to maintain cohesive flocks during migra-

tion, possibly to reduce predation risk and to benefit from

the navigational experience of conspecifics (Dolnik and

Blyumental 1967, Rabøl and Noer 1973, Chernetsov et al.

2004, Cornelius et al. 2010, Newton 2012, Mueller et al.

2013).

Prediction 2: Migration distance and speed. Migration

distance likely has a significant influence on what type of

information is valued at certain stages of migration. Long-

distance migrants, for example, may be under stronger

selection to minimize migration time than short-distance

migrants (Alerstam and Lindström 1990, Alerstam 2003),

thus we could expect that incentive for timely refueling

would increase tolerance of risk and use of potentially less

accurate social information (Metcalfe and Furness 1984,

Moore 1994, Cimprich et al. 2005). Consistent with this

prediction is the finding that long-distance migrants tend

to travel in larger groups than shorter-distance migrants

(Beauchamp 2011). Because migration speed seems to

increase with migration distance (Ellegren 1993, Alerstam

2003), speed may be a good predictor of social information

use: The faster the migration (either at the species,

TABLE 1. Summary of predictions of social information (SI) use by migrants in different ecological contexts.

Ecological factor Prediction

1. Endogenous control Stricter endogenous program will allow less reliance on SI.
2. Migration distance/speed The value of SI will correlate with migration distance/speed.
3. Ecological flexibility Specialists will prefer conspecific SI, while generalists will also value heterospecific SI.
4. Energetic condition and requirements Lower reserves and higher energy demand will promote the use of SI.
5. Age and experience Younger and less experienced individuals will derive more benefit from SI.
6. Personality More social, slower-exploring, and shyer individuals will place more value on SI.
7. Unfamiliarity The value of SI will decrease over time as the individual gains more familiarity.
8. Environmental variability Moderately variable environmental conditions will promote the use of SI.
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population, or individual level), the higher the likelihood

that a migrant will use social information when available to

reduce time and risks associated with environmental

assessment after landing. Migrants that are delayed in

their departure from breeding sites also exhibit faster

traveling speed (Ellegren 1993) and may attempt to ‘catch

up’ and reduce their lag behind their conspecifics traveling

to the same general destination (Fransson 1995, Drent et

al. 2003). This increased time constraint should also

promote the use of social information.

Prediction 3: Ecological flexibility—habitat, diet and

foraging behavior. The likelihood that a migrant will be

able to find suitable stopover sites during passage is largely

determined by the migrant’s ecological tolerance of

different habitat types and the availability of the preferred

habitat type across the landscape (Moore et al. 1995, Buler

et al. 2007). For example, Palearctic Acrocephalus warblers

prefer reed beds as stopover habitat; however, the

availability and distribution of this type of habitat is scarce

and patchy across the landscape. Thus, the likelihood of

randomly encountering reed beds at the end of a migratory

flight is low. For these species, the value of revisiting or

finding high-quality stopover sites is likely high, and the

incentive to learn and remember the location of previously
used high-quality reed beds or to use social information

(e.g., conspecific vocal cues) during habitat selection to

locate such habitats should also be high. The relatively

high stopover site fidelity rate (Cantos and Telleria 1994)

and the high responsiveness to conspecific vocal cues

(Mukhin et al. 2008) in some of these species relative to

habitat generalists support this prediction.

Diet and the distribution of food resources determine

foraging strategies and consequently the cues and infor-

mation that foragers use to locate resources (Moore and

Aborn 2000). Despite the important roles of foraging and

diet plasticity during passage (Graber and Graber 1983,

Loria and Moore 1990, Martin and Karr 1990, Parrish

2000, Wang and Moore 2005), omnivorous migrants use

patchily distributed, locally abundant resources such as

fruits, nectar, and seeds, whereas strictly insectivorous

migrants feed only on insect prey, which is often more

evenly distributed (Chernetsov 2012). These two types of

resource present migrants with different economic deci-

sions (Brown 1964, Crook 1965). The importance of extra

eyes in finding patchily distributed food and the difficulty

of monopolizing this food should promote social foraging

and the long-term use of social information in omnivores

(Greenberg and Salewski 2005). On the other hand, the

likelihood of finding evenly distributed food may not

increase substantially if one foraging insectivorous migrant

joins another, but competition may. Consequently, uni-

formly distributed arthropod prey promotes restricted

space use and, potentially, the defense of temporary

territories (Bibby and Green 1980, Chernetsov 2012).

Consistent with this notion, insectivorous migrants were

found to decrease their propensity to forage in flocks the

day after they arrived at a stopover site, while omnivorous

migrants were just as likely to be found in flocks then as

when they first arrived (Németh and Moore 2007). Making

this distinction is useful when one would like to

understand the source and the value of information used

by refueling migrants.

Prediction 4: Energetic condition and requirements. The

amount of energy reserves that a bird has should influence

its social foraging tactic in relation to its flock members;

that is, whether to actively search for food (producer

tactic) or to utilize others’ findings (scrounger tactic; Barta

and Giraldeau 2000). Lean House Sparrows (Passer

domesticus) have been shown to prefer scrounging, which

provides less variable feeding rates (Lendvai et al. 2004).

This indicates that it pays to increase the use of social

information to avoid starvation. In migrants, the impor-

tance of energy reserves is magnified; therefore, lean birds

should prefer social over private information after landing

to reduce the energetic costs and time of exploration. Lean

migrants show increased motivation to maximize food

acquisition: they invest more in competitive interactions

(Moore et al. 2003), diversify their foraging behavior (Loria
and Moore 1990, Wang and Moore 2005), and resume

foraging sooner after exposure to a predator (Cimprich

and Moore 2006). This behavioral shift may significantly

increase the risk of predation (Dierschke 2003); thus,

migrants in poor energetic condition should rely more

heavily on social information to compensate for this

increased risk (Barta et al. 2004, Németh and Moore 2007).

However, some migratory flights require more energy

than others. Migrants preparing to cross ecological

barriers such as deserts, mountain ranges, and large bodies

of water increase the amount of fat deposited as these

flights are often longer and riskier than ‘normal’ migratory

flights over more hospitable terrain (Sandberg and Moore

1996, Smolinsky et al. 2013). The need to meet this

elevated energetic demand should further increase the

incentive to favor social information when sampling the

environment.

Prediction 5: Age and experience. A successful migration

is dependent upon how well a migrant can cope with en

route challenges (Alerstam and Lindström 1990, Moore et

al. 2005). Thus, familiarity and experience with a variety of

stopover habitats, food types, foraging techniques, and

potential predators can ultimately lead to increased

survivorship and successful migration (Woodrey 2000,

Moore et al. 2003). Young, inexperienced individuals are

often socially subordinate to adults and use suboptimal,

often riskier, foraging sites due to inexperience or

interference competition (Ekman and Askenmo 1984,

Woodrey 1995). This competitive disadvantage during fat

deposition can result in higher mortality, longer stopovers
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due to lower fat deposition rates, and suboptimal

departure fuel loads, which may be especially critical at

sites near ecological barriers where migrants may concen-

trate (Alerstam 1978, Moore et al. 1995) and where

departing migrants face long-distance, non-stop flights.

Furthermore, young, inexperienced migrants are more

likely to make orientation errors than adult birds (Moore

1984, Sandberg et al. 1991), possibly because of the not-

yet-developed navigational map in first-time migrants

(Thorup et al. 2007). Finally, a migrant’s ability to predict

weather conditions conducive to a successful flight may

also be dependent on experience, and flock members may

be important sources of information in this context. In

general, social learning hastens the familiarization process

with novel situations (Galef and Giraldeau 2001), often by

reducing neophobia in the inexperienced individual

(Visalberghi et al. 1998, Greenberg and Mettke-Hofmann

2001), but also by enhancing orientation and navigation

performance (Hamilton 1967, Balcomb 1977, Moore 1990,

Chernetsov et al. 2004, Simons 2004, Couzin et al. 2005).
Therefore, we should expect that the use of social

information is elevated in inexperienced migrants.

Prediction 6: Personality. Individuals often show consis-

tent behavioral differences in their response to the
environment: they differ in where and how they forage,

where they build their nests, and how they respond to the

presence of predators and novel situations. That is, they

exhibit personality traits (Réale et al. 2007, Carere and

Maestripieri 2013). Therefore, the way in which individuals

collect and use information may vary according to the

personality or behavior type of the individual (Carere and

Locurto 2011). Certain personality types are more likely to

rely on social information than others (Marchetti and

Drent 2000, Nomakuchi et al. 2009). For example, in an

experimental foraging context, bolder Barnacle Geese

(Branta leucopsis) used social information less frequently

than shy geese (Kurvers et al. 2010). On the other hand,

fast-exploring Great Tits (Parus major), which are also

bolder, copied the feeding site choices of a demonstrator

more often than slower-exploring, and shyer, conspecifics

(Marchetti and Drent 2000). In general, however, bolder,

more aggressive, and fast-exploring individuals tend to be

less sociable and are often the first to disperse and colonize

new habitats (Cote and Clobert 2007, Duckworth and

Badyaev 2007, Cote et al. 2010). Bolder individuals are also

more likely to migrate in a partially migrant population

(e.g., Chapman et al. 2011).

Although they have been rarely studied in this respect,

migratory birds do show personality traits (Battley 2006,

Marchetti and Zehtindjiev 2009). Because there is still very

little known about the ecological consequences of

personality traits in the context of migration, our

prediction is derived from the numerous studies conduct-

ed in other contexts (see above). We predict that

individuals along the shy–bold personality continuum will

differ in their use of social information. If bolder

individuals are faster explorers, more aggressive, and less

social, the cost of maintaining flock membership in order

to continuously supplement personal sampling informa-

tion with social information may be higher than the added

benefit provided by social information. In contrast, slow-

exploring, shy individuals should benefit more from rapid

assessment of unfamiliar stopover habitat facilitated by the

use of social information.

Prediction 7: Unfamiliarity. Novel environments in-

crease the costs of collecting information (Dukas 1998). In

a previous study (Németh and Moore 2007), we tested

whether migrants relied more heavily on social informa-

tion soon after arriving at a novel stopover site to

compensate for the lack of prior information. We called

this the Information Constraint Hypothesis. We predicted

that social information use would vary temporarily, i.e.

decline over time as migrants familiarized themselves with

the stopover site. Consistent with this prediction: (1)

migrants were more likely to be found in flocks upon

arrival at our study site along the northern coast of the

Gulf of Mexico than the following morning; and (2)

individually radio-tracked Hooded Warblers (Setophaga

citrina) exhibited a higher propensity to join flocks on the

day of arrival than on the day of departure (Németh and

Moore 2007).

Prediction 8: Environmental variability. Ecological

conditions (e.g., resource availability, competitor density,

risk of mortality, habitat heterogeneity, weather, propor-

tion of novel habitat, food types, and predators) vary along

a migratory route as a function of time and space, both on

the local and global scale. As higher degree of evironmen-

tal variability is associated with increased uncertainty of

refueling success, migrants should value a more complete

assessment of stopover conditions and rapid information

updates, both of which should favor the use of social

information. However, similarly to conditions that favor

phenotypic plasticity (Piersma and van Gils 2011), only

moderately variable environments should promote social

information use because in highly variable environments

the costs associated with copying, potentially outdated

information increase (Boyd and Richerson 1985, 1988).

Conclusions
Studying the ecology of information use within the context

of migration provides insight into the rules of decision-

making under multiple simultaneous constraints (i.e. time,

energy, information, and predation). The social context

and the importance of social information in decisionmak-

ing during different stages of migration have been largely

overlooked, despite their significant roles in influencing

annual schedules and aiding navigation and resource
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acquisition (Hamilton 1962, 1967, Wallraff 1978, Helm et

al. 2006, Guttal and Couzin 2010, Mueller et al. 2013).

High concentrations of migrants at stopover sites are

often considered to increase individual competition that

reduces fitness in a density-dependent manner (Fretwell

and Lucas 1970, Moore et al. 1995). However, residents

and other migrants, both conspecifics and heterospecifics,

can also be important sources of information that reduce

risks and uncertainty and speed up the process of resource

assessment and, ultimately, fat deposition rate (Németh

and Moore 2007, Seppänen et al. 2007, Valone 2007).

Moreover, as conditions at stopover sites are likely to

change in unpredictable ways over a continental scale due

to global climate change, habitat degradation, and

urbanization (Bairlein and Hüppop 2004), rapid informa-

tion transfer by social learning could quicken and improve

migrants’ responses to the changing global environment

(Helm et al. 2006). Thus, we could start to think about

migrant communities at stopover sites as additional

sources of information where transient associations with

others could have important and long-lasting benefits.

Migrants from different geographical regions and habitat

types offer a diverse pool of experience, behavioral

repertoires, and decisions (sensu Giraldeau 1984) that

can translate into beneficial information in a social

foraging context in novel ecological settings.We encourage

theoreticians to incorporate information use into models

of optimal migration strategies and field researchers to test

the assumptions and predictions of social and asocial

learning during migration.

Tests of our proposed predictions under natural

conditions may often require longitudinal data collection

from marked individuals. With the miniaturization of

tracking devices, more affordable technology, and auto-

mated remote data collection methods, technological and

computational advances now allow researchers to test the

importance of en route social learning in novel ways,

potentially along entire migratory journeys (Nagy et al.

2010, Bridge et al. 2011, Mueller et al. 2013). It may be

particularly rewarding to explore the effects of individual

state (e.g., age, experience, and energetic condition) on

social interactions and information use among individuals

by using tags that communicate with each other and

record proximity to other tagged individuals. These

modern tags could indicate the emergence of collective

behaviors as well as distinguish information producers

from scroungers by identifying leaders in social groups

(Guttal and Couzin 2010, Flack et al. 2012, Liedvogel et al.

2013). A similarly exciting way to test some of these

predictions could be to manipulate the perceived land-

scape of social information available to an individual, for

example by broadcasting conspecific or heterospecific

vocal cues associated with different ecological contexts

(Mukhin et al. 2008, Nocera et al. 2008, Nocera and

Ratcliffe 2010).

Finally, we offer a conservation-related footnote: If social

learning at stopover sites improves the likelihood of

successful migration, and the amount of useful informa-

tion inadvertently presented by migrants correlates with

the abundance and diversity of the migrant community,

then conservation practitioners should look for ways to

harness and maximize the effect of this cognitive

mechanism. This can be achieved by, and presents another

line of argument for, increasing the size and quality of

protected stopover sites (Mehlman et al. 2005) and

prioritizing conservation effort for the sites comprising a

variety of habitat types.

ACKNOWLEDGMENTS

Thanks to C. Mettke-Hofmann, J. J. Nocera, and three
anonymous referees for comments that improved an earlier

version of this manuscript. These ideas were developed while
our research on migratory birds during stopover was
supported by the National Science Foundation (IOB
0078189, DEB 05544754).

LITERATURE CITED

Alerstam, T. (1978). Reoriented bird migration in coastal areas:
Dispersal to suitable resting grounds? Oikos 30:405–408.

Alerstam, T. (2003). Bird migration speed. In Avian Migration (P.
Berthold, E. Gwinner, and E. Sonnenschein, Editors). Springer-
Verlag, Berlin and Heidelberg, Germany. pp. 253–267.

Alerstam, T., and A. Hedenström (1998). The development of
bird migration theory. Journal of Avian Biology 29:343–369.
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W. Fléron, P. Hartl, K. Roland, J. F. Kelly, W. D. Robinson, and
M. Wikelski (2011). Technology on the move: Recent and
forthcoming innovations for tracking migratory birds. Biosci-
ence 61:689–698.

Brown, J. L. (1964). The evolution of diversity in avian territorial
systems. Wilson Bulletin 76:160–169.

Buler, J. J., F. R. Moore, and S. Woltmann (2007). A multi-scale
examination of stopover habitat use by birds. Ecology 88:
1789–1802.

Cantos, F. J., and J. L. Telleria (1994). Stopover site fidelity of four
migrant warblers in the Iberian Peninsula. Journal of Avian
Biology 25:131–134.

Carere, C., and C. Locurto (2011). Interaction between animal
personality and animal cognition. Current Zoology 57:491–
498.

Carere, C., and D. Maestripieri (Editors) (2013). Animal Person-
alities: Behavior, Physiology, and Evolution. The University of
Chicago Press, Chicago, IL, USA.

Chapman, B. B., K. Hulthen, D. R. Blomqvist, L. A. Hansson, J. A.
Nilsson, J. Brodersen, P. A. Nilsson, C. Skov, and C. Bronmark
(2011). To boldly go: Individual differences in boldness
influence migratory tendency. Ecology Letters 14:871–876.

Chernetsov, N. (2012). Passerine Migration: Stopovers and Flight.
Springer-Verlag, Berlin and Heidelberg, Germany.

Chernetsov, N., P. Berthold, and U. Querner (2004). Migratory
orientation of first-year White Storks (Ciconia ciconia):
Inherited information and social interactions. Journal of
Experimental Biology 207:937–943.

Cimprich, D. A., and F. R. Moore (1999). Energetic constraints and
predation pressure during stopover. In Acta XXII Congressus
Internationalis Ornithologici (N. J. Adams and R. H. Slotow,
Editors). BirdLife South Africa, Johannesburg, Durban, South
Africa. pp. 834–846.

Cimprich, D. A., and F. R. Moore (2006). Fat affects predator-
avoidance behavior in Gray Catbirds (Dumetella carolinensis)
during migratory stopover. The Auk 123:1069–1076.

Cimprich, D. A., M. S. Woodrey, and F. R. Moore (2005). Passerine
migrants respond to variation in predation risk during
stopover. Animal Behaviour 69:1173–1179.

Cornelius, J. M., C. W. Breuner, and T. P. Hahn (2010). Under a
neighbour’s influence: Public information affects stress
hormones and behaviour of a songbird. Proceedings of the
Royal Society B 277:2399–2404.

Cote, J., and J. Clobert (2007). Social personalities influence natal
dispersal in a lizard. Proceedings of the Royal Society B 274:
383–390.

Cote, J., S. Fogarty, K. Weinersmith, T. Brodin, and A. Sih (2010).
Personality traits and dispersal tendency in the invasive
mosquitofish (Gambusia affinis). Proceedings of the Royal
Society B 277:1571–1579.

Couzin, I. D., J. Krause, N. R. Franks, and S. A. Levin (2005).
Effective leadership and decision-making in animal groups on
the move. Nature 433:513–516.

Crook, J. H. (1965). The adaptive significance of avian social
organization. Symposium of the Zoological Society of
London 14:181–218.

Dall, S. R. X., L. A. Giraldeau, O. Olsson, J. M. McNamara, and D. W.
Stephens (2005). Information and its use by animals in
evolutionary ecology. Trends in Ecology & Evolution 20:187–
193.

Danchin, E., L. A. Giraldeau, T. J. Valone, and R. H. Wagner (2004).
Public information: From nosy neighbors to cultural evolu-
tion. Science 305:487–491.

Dierschke, V. (2003). Predation hazard during migratory stop-
over: Are light or heavy birds under risk? Journal of Avian
Biology 34:24–29.

Dingle, H. (1996). Migration: The Biology of Life on the Move.
Oxford University Press, Oxford, UK.

Dolnik, V. R., and T. I. Blyumental (1967). Autumnal premigratory
and migratory periods in the Chaffinch (Fringilla coelebs
coelebs) and some other temperate-zone passerine birds. The
Condor 69:435–468.

Drent, R., C. Both, M. Green, J. Madsen, and T. Piersma (2003).
Pay-offs and penalties of competing migratory schedules.
Oikos 103:274–292.

Duckworth, R. A., and A. V. Badyaev (2007). Coupling of dispersal
and aggression facilitates the rapid range expansion of a
passerine bird. Proceedings of the National Academy of
Sciences USA 104:15017–15022.

Dukas, R. (1998). Evolutionary ecology of learning. In Cognitive
Ecology: The Evolutionary Ecology of Information Processing
and Decision Making (R. Dukas, Editor). The University of
Chicago Press, Chicago, IL, USA. pp. 129–174.

Ekman, J., and C. Askenmo (1984). Social rank and habitat use in
Willow Tit groups. Animal Behaviour 32:508–514.

Ellegren, H. (1993). Speed of migration and migratory flight
lengths of passerine birds ringed during autumn migration in
Sweden. Ornis Scandinavica 24:220–228.

Flack, A., B. Pettit, R. Freeman, T. Guilford, and D. Biro (2012).
What are leaders made of? The role of individual experience
in determining leader–follower relations in homing pigeons.
Animal Behaviour 83:703–709.

Fransson, T. (1995). Timing and speed of migration in north and
west-European populations of Sylvia Warblers. Journal of
Avian Biology 26:39–48.

Fretwell, S. D., and H. L. Lucas (1970). On territorial behavior and
other factors influencing habitat distribution in birds. Acta
Biotheoretica 19:16–36.

Fuchs, T., A. Haney, T. J. Jechura, F. R. Moore, and V. P. Bingman
(2006). Daytime naps in night-migrating birds: Behavioural
adaptation to seasonal sleep deprivation in the Swainson’s
Thrush, Catharus ustulatus. Animal Behaviour 72:951–958.

Fuchs, T., D. Maury, F. R. Moore, and V. P. Bingman (2009).
Daytime micro-naps in a nocturnal migrant: An EEG analysis.
Biology Letters 5:77–80.

The Auk: Ornithological Advances 131:186–194, Q 2014 American Ornithologists’ Union

192 Social learning during migration Z. Németh and F. R. Moore

Downloaded From: https://bioone.org/journals/The-Auk on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Galef, B. G., and L. A. Giraldeau (2001). Social influences on
foraging in vertebrates: Causal mechanisms and adaptive
functions. Animal Behaviour 61:3–15.

Galef, B. G., and K. N. Laland (2005). Social learning in animals:
Empirical studies and theoretical models. Bioscience 55:489–
499.

Giraldeau, L. A. (1984). Group foraging: The skill pool effect and
frequency-dependent learning. American Naturalist 124:72–
79.

Giraldeau, L. A. (1997). The ecology of information use. In
Behavioural Ecology: An Evolutionary Approach (J. R. Krebs
and N. B. Davies, Editors). Blackwell Scientific Publishing,
Oxford, UK. pp. 42–68.

Giraldeau, L. A., T. J. Valone, and J. J. Templeton (2002). Potential
disadvantages of using socially acquired information. Philo-
sophical Transactions of the Royal Society B 357:1559–1566.

Graber, J. W., and R. R. Graber (1983). Feeding rates of warblers
in spring. The Condor 85:139–150.

Greenberg, R., and C. Mettke-Hofmann (2001). Ecological aspects
of neophobia and neophilia in birds. In Current Ornithology.
Volume 16 (V. J. Nolan and C. F. Thompson, Editors). Kluwer
Academic/Plenum Publishers, New York, NY, USA. pp. 119–
178.

Greenberg, R., and V. Salewski (2005). Ecological correlates of
wintering social systems in New World and Old World
migratory passerines. In Birds of Two Worlds: The Ecology
and Evolution of Migration (R. Greenberg and P. P. Marra,
Editors). Johns Hopkins University Press, Baltimore, MD, USA.
pp. 336–358.

Guttal, V., and I. D. Couzin (2010). Social interactions, information
use, and the evolution of collective migration. Proceedings of
the National Academy of Sciences USA 107:16172–16177.

Gwinner, E. (1996). Circadian and circannual programmes in
avian migration. Journal of Experimental Biology 199:39–48.

Gwinner, E., and B. Helm (2003). Circannual and circadian
contributions to the timing of avian migration. In Avian
Migration (P. Berthold, E. Gwinner, and E. Sonnenschein,
Editors). Springer-Verlag, Berlin and Heidelberg, Germany. pp.
81–95.

Hamilton, W. J. (1962). Evidence concerning the function of
nocturnal call notes of migratory birds. The Condor 64:390–
401.

Hamilton, W. J. (1967). Social aspects of bird orientation
mechanisms. In Animal Orientation and Navigation (R. M.
Storm, Editor). Oregon State University Press, Corvallis, OR,
USA. pp. 51–71.

Helm, B., T. Piersma, and H. Van der Jeug (2006). Sociable
schedules: Interplay between avian seasonal and social
behaviour. Animal Behaviour 72:245–262.

Hoppitt, W., and K. N. Laland (2008). Social processes influencing
learning in animals: A review of the evidence. Advances in
the Study of Behavior 38:105–165.

Hutto, R. L. (1988). Foraging behavior patterns suggest a
possible cost associated with participation in mixed-species
bird flocks. Oikos 51:79–83.

Kendal, R. L., I. Coolen, Y. van Bergen, and K. N. Laland (2005).
Trade-offs in the adaptive use of social and asocial learning.
Advances in the Study of Behavior 35:333–379.

Klaassen, R. H. G., M. Hake, R. Strandberg, B. J. Koks, C.
Trierweiler, K.-M. Exo, F. Bairlein, and T. Alerstam (2014).
When and where does mortality occur in migratory birds?
Direct evidence from long-term satellite tracking of raptors.

Journal of Animal Ecology 83:176–184. doi: 10.1111/
1365–2656.12135

Kurvers, R. H. J. M., K. van Oers, B. A. Nolet, R. M. Jonker, S. E. van
Wieren, H. H. T. Prins, and R. C. Ydenberg (2010). Personality
predicts the use of social information. Ecology Letters 13:
829–837.

Laland, K. N. (2004). Social learning strategies. Learning &
Behavior 32:4–14.

Lendvai, A. Z., Z. Barta, A. Liker, and V. Bókony (2004). The effect
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