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Abstract. The use of social information has recently been documented in a wide variety of animals, with po-
tentially diverse consequences for those living in heterogeneous landscapes. Here we review and synthesize in-
vestigations on the use of social information in heterogeneous landscapes and provide a conceptual framework 
for interpreting the role social information plays for birds living in human-modified landscapes. Our framework 
emphasizes the spatial components of the availability and value of social information and how landscape change 
can alter the availability and perceived value of social information to individuals. As an example of the utility of an 
information-based perspective, we discuss investigations of habitat use by the Bobolink (Dolichonyx oryzivorus) 
in agricultural landscapes. Overall, work to date provides unique insight into the importance of social-information 
use at large scales but also underscores that much uncertainty remains regarding the role of social information in 
driving distributions and dynamics across landscapes.
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Resumen. El uso de información social ha sido documentado recientemente en una amplia variedad de ani-
males, con diversas consecuencias potenciales para aquellos que habitan paisajes heterogéneos. Aquí revisamos y 
sintetizamos investigaciones sobre el uso de información social en paisajes heterogéneos y brindamos un marco 
conceptual para interpretar el rol que juega la información social para las aves que viven en ambientes modificados 
por el hombre. Nuestro marco enfatiza los componentes espaciales de la disponibilidad y valor de la información 
social y como los cambios en el paisaje pueden alterar la disponibilidad y el valor percibido de la información so-
cial por los individuos. Como ejemplo de la utilidad de una perspectiva basada en la información, comentamos 
investigaciones de uso de hábitat por parte de Dolichonyx oryzivorus en paisajes agrícolas. De modo general, el 
trabajo disponible al momento brinda claves únicas sobre la importancia del uso social de la información a grandes 
escalas, pero también subestima la gran incertidumbre que aún existe acerca el rol de la información social en las 
distribuciones y las dinámicas que se observan a través de los paisajes.

Key words: connectivity, conspecific attraction, habitat loss, habitat fragmentation, inadvertent social infor-
mation, landscape ecology, patch size, public information

INTRODUCTION

To understand and predict the distribution and abundance 
of organisms, ecologists and conservation biologists rely in-
creasingly upon landscape perspectives. This focus is illus-
trated with a wealth of avian research that has played a central 
role in our knowledge of how landscape heterogeneity influ-
ences animal distributions, population dynamics, and com-
munity structure (e.g., gates and gysel 1978, Robbins et al. 
1989, Robinson et al. 1995, Rodewald and Yahner 2001, Fer-
raz et al. 2007). Most of this research has emphasized vari-
ation in structural measures of landscapes (i.e., physical 
attributes reflecting the amount and configuration of habitats) 
and how such variation can influence avian distributions and 
dynamics.

A behavioral perspective can provide novel insights for in-
terpreting large-scale patterns of avian distribution and abun-
dance. Indeed, much of the focus of avian landscape ecology 
centers either implicitly or explicitly on habitat selection, a 
spatially oriented decision-making process based in behavior. 
Other concepts, such as variation in species interactions, dis-
tribution patterns like “edge avoidance” and “area sensitivity,” 
and movement through corridors, can emerge from individuals’ 
decision-making. As a consequence, a behavioral perspective 
for landscape ecology could provide a rich view into the effects 
of continuing landscape change, as well as a more refined per-
spective on large-scale modeling (Lima and Zollner 1996, Bé-
lisle 2005). For instance, many large-scale models contain little 
to no information on the behavioral process of dispersal (Lima 
and Zollner 1996), even though how animals make decisions 
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regarding movement and dispersal can have major implications 
for population dynamics (Wiegand et al. 1999, Revilla et al. 
2004, Armsworth and Roughgarden 2005).

Decision-making by individuals can benefit from the acqui-
sition and use of information (Danchin et al. 2008). Information 
is often valuable to guide decision-making because information 
may reduce uncertainty in potential outcomes, thereby poten-
tially allowing a more adaptive response (Dall 2005, Danchin 
et al. 2005). Animals use a variety of sources of information in 
decision-making, including both personal and social informa-
tion (Danchin et al. 2004, Dall et al. 2005). Personal informa-
tion is typically defined as information acquired through direct 
interactions with the environment, whereas social information 
is any information acquired by observing the behavior of other 
individuals, including signals and inadvertent cues regarding 
the location or performance of other individuals of the same 
or different species. For example, when birds use a win-stay 
lose-switch rule for nest-site selection (Schmidt 2001), this rule 
is based on personal information acquired through previous 
breeding efforts. In contrast, when birds use conspecific attrac-
tion (Ward and Schlossberg 2004), this behavior is driven by 
the presence of conspecifics, or conspecific social information.

Here, we aim to connect the seemingly disparate topics of 
avian landscape ecology and information-based perspectives 
from behavioral ecology to provide insights into the develop-
ing field of behavioral landscape ecology. To do so, we provide 
a general framework for interpreting information use in het-
erogeneous landscapes by identifying the spatio-temporal na-
ture of information availability and value, and how landscape 
structure can alter these characteristics. Throughout, we draw 
from relevant theoretical and empirical work on birds in both 
information ecology and landscape ecology to develop this 
framework. Because the interplay of social-information use 
and landscape ecology is just beginning to receive treatment 
from ecologists and conservation biologists, we emphasize 
that much of our discussion should be treated as working hy-
potheses. As a case study, we review investigations of habitat 
use by the Bobolink (Dolichonyx oryzivorus) in agricultural 
landscapes and how an information perspective provides new 
insight on the Bobolink’s distribution.

A FRAMEWORK FOR SOCIAL-INFORMATION 
USE IN LANDSCAPES

Our framework rests on the idea that the use of social infor-
mation is mediated through both the availability of information 
and its perceived value. We define information availability as 
the accessibility of information to an individual (cf. Johnson 
1980). Importantly, information is acquired through cues in the 
environment; such cues must be available for information to be 
obtainable. Cues become information only if an animal can rec-
ognize and interpret some facts regarding the cue(s) that are rel-
evant to decision-making (Danchin et al. 2008). Interpretation 
of facts may be as simple as recognizing that a conspecific is 

present, affecting the decision to settle (e.g., as in habitat copy-
ing), or more complex, such as assessing the relative quality of 
a habitat via cues regarding offspring quality (Doligez et al. 
2002). Following gould (1974) and Stephens (1989), we define 
information value as an animal’s gain in fitness from using in-
formation over its fitness if it does not use the information (i.e., 
changes in a so-called “pay-off ” function). We emphasize that 
in our framework for information use, we focus on the perceived 
value, rather than the actual value, of information (Sieving et al. 
2010). Such a distinction will be necessary for interpreting the 
likelihood of information use in human-modified landscapes 
(see Landscape Effects on Information Value). Taken together, 
our framework emphasizes that the likelihood of information 
being used is a function of its perceived value, conditional on 
the availability of information to an individual.

In developing a framework for social-information use 
in landscapes, acknowledging that the source, or type (sensu 
Fletcher and Miller 2008), of information can vary both in 
value and availability will be critical. Social information can 
be gleaned from numerous sources, such as from conspecific or 
heterospecific social cues reflecting the location of resources, 
cues reflecting the quality of the resource(s) (e.g., conspecific 
reproductive success), or from signals reflecting intentional 
communication between a sender and receiver (Danchin et al. 
2004). Some forms of social information, such as performance-
based cues, may have great value in reducing uncertainty but 
might be used infrequently because of limited availability in 
space and time (Doligez et al. 2002). Other information, such as 
the mere presence of conspecifics or heterospecifics, may have 
less value in indicating resource quality but might be used more 
often because of the easy access to such information (Doligez et 
al. 2004, Nocera et al. 2006, Fletcher and Miller 2008).

To link information use to heterogeneous landscapes, we 
(1) identify the spatial nature of information and (2) identify how 
landscape heterogeneity (hereafter, landscape effects) likely me-
diates the availability and value of information. Furthermore, we 
highlight how spatial aspects of information vary with the type 
of information, which may alter the likelihood of a bird using 
one information source over another. These issues can operate 
at different scales commonly addressed in studies of landscape 
ecology, including within a patch, between patches, and still 
larger landscape scales. While temporal aspects of information 
availability and value are also crucial for interpreting informa-
tion use (Doligez et al. 2003, Seppänen et al. 2007, Fletcher and 
Miller 2008), here we focus primarily on spatial issues.

INFORMATION IN SPACE

Availability. Even in entirely homogeneous environments, the 
availability of social information relative to other information 
depends on how the perceptual range of different cues var-
ies. Perceptual range has been defined as “the distance from 
which a particular landscape element can be perceived as such 
(or detected) by a given animal. An animal’s perceptual range 
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represents its informational window onto the greater land-
scape” (Lima and Zollner 1996; the italics are ours). We ex-
tend this definition to include any source of information. For 
example, in many instances, the perceptual range of auditory 
cues likely differs from that of visual cues. Such variation in 
the spatial extent of perception of cues will undoubtedly play 
an important role in a number of landscape issues, such as es-
timating functional connectivity for organisms (Fig. 1a). If so-
cial information attained through conspecific or heterospecific 
song is available at spatial scales different from those of visual 
cues, estimates of functional connectivity that rely entirely 
on structural features might be biased. While this is certainly 
possible, to date there have been no tests with birds to address 
this question. Swanson et al. (2007) reported an experiment 
that tested the range at which of American toads (Bufo ameri-
canus) and Cope’s gray treefrogs (Hyla chrysoscelis) perceive  
conspecific calls but did not contrast these estimates with the 
distance at which the animals perceive other cues.

In practice, estimating the true perceptual range of in-
formation cues can be difficult to ascertain relative to what 
we term an individual’s response range (Fig. 1b). Response 
ranges are effectively what is often measured in studies of 
perceptual range (e.g., Zollner 2000); the response range is 
the distance from which an organism alters its behavior in re-
sponse to a cue. In many situations, an organism may perceive 
a cue from a greater distance but chooses not to respond to the 
cue, because of other conflicting demands or because other, 
closer cues have a greater probability of being used (because 
they have greater value; see below). Playback experiments, for 
example, often reveal response ranges smaller than perceptual 
ranges when stimuli are played to test subjects known to be 
within hearing range (e.g., Sieving et al. 2000, 2004).

When social information is used in decision-making, its 
availability in space can have novel effects because social cues 
will invariably become aggregated. When animals use social 
cues as a positive proximate stimulus in decisions to move, 
forage, or settle, individuals will aggregate (Turchin 1989, 
Beauchamp et al. 1997, Doligez et al. 2003). These aggrega-
tions will subsequently alter the availability of social cues in 
space. This dynamic aggregation of information availability 
can have major consequences on a species’ distribution when 
resource distribution varies across a heterogeneous landscape 
(see Landscape Effects on Information Availability).

Finally, the spatial distribution of social information can 
be driven by variation in community structure when individu-
als use heterospecific social information in decision-making. 
For example, Pied Flycatchers (Ficedula hypoleuca) use het-
erospecific social information from resident titmice (Parus 
spp.) as a positive proximate stimulus in habitat selection 
(Forsman et al. 1998, 2002). Similar patterns of titmice be-
ing used as positive cues for settlement have been documented 
with other migratory birds in North America and northern Eu-
rope (Mönkkönen et al. 1990, 1997). As a consequence, any 
spatial variation in the distribution of titmice will alter the spa-
tial availability of these cues to other community members. 
Thus, when heterospecific social information is used, variation 
in one species’ distribution can alter the decisions of other spe-
cies, including small-scale movements (Sieving et al. 2004), 
responses to predators (Langham et al. 2006), or larger-scale 
habitat selection (Forsman et al. 2002, Fletcher 2008).

Value. The value of information is also thought to change 
over space, such that even if information is available at great 
distances, that information may have lower value, and lose 
value faster, than nearby signals or cues (Seppänen et al. 
2007). For example, Fernández-Juricic and Kacelnik (2004) 
found that European Starlings (Sturnus vulgaris) are more 
likely to use social information in foraging decisions when 
conspecifics are nearby than farther (3 m) away.

The potential spatial degradation of information value 
is based, in part, on the assumption that resources are spa-
tially autocorrelated (Fig. 2). By analogy, we can draw from  

FIgURE 1. (a) If social cues (e.g., song) are available at spatial 
scales different from those of vegetation cues, through variation in 
the perceptual range of different cues, the functional connectivity of 
landscapes will change. In this example, a graph-theoretic diagram 
depicts connectivity, where the focal node in bold is equidistant from 
the two left nodes, yet it is connected only to the node containing social 
cues (black node), which might increase the threshold distance via 
an increase in the spatial range of response. (b) In practice, estimat-
ing the perceptual range of a cue is limited by the response range. In 
this example, the egret can detect the presence of three conspecifics 
foraging (A1–3) within its perceptual range (PR). But today, the egret 
is likely to hunt for prey only on the basis of cues given by A1 and A2 
from within its foraging patch. This defines a response range (RR) 
smaller than the perceptual range. In the future, the egret may hunt 
in the location of A3, on the basis of this current detection only (filing 
the information in memory; i.e., using prior information).
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discussions of information use and temporal autocorrelation in 
resources to interpret how spatial autocorrelation of resources 
influences information value in space. A game-theoretic 
model developed by Doligez et al. (2003) using demographic 
data from Barn Swallows (Hirundo rustica) and Black-legged 
Kittiwakes (Rissa tridactyla) suggests that when resources are 
temporally correlated over time, social information, particu-
larly performance-based cues, can be a reliable source of in-
formation for decision-making. As temporal autocorrelation 
declines, social information loses value because the world is 
less predictable in time. Similarly, as temporal autocorrelation 
approaches unity, fixed strategies (e.g., philopatry; Doligez  

FIgURE 2. Spatial autocorrelation in resources can influence information value. (a) A gaussian model semivariogram and its parameters, 
highlighting how the semivariance increases as a function of lag distance. Semivariograms provide information on the spatial extent of auto-
correlation (the range) as well as the relative magnitude of autocorrelation (sill − nugget/sill; Li and Reynolds 1995), as shown with (b) kriged 
maps of two landscapes that differ only in the assumed range of spatial autocorrelation (50 m vs. 300 m for a 1- × 1-km map). (c) The degree 
of spatial autocorrelation in resources is predicted to alter the value of information to individuals making decisions regarding the quality of 
their current location (e.g., for foraging or settlement) as a function of the distance from the information source (modified from Seppänen et al. 
2007). Thick lines denote high autocorrelation, whereas thin lines represent low autocorrelation for a given function. Benefits of information 
use come from autocorrelation in resources, whereas costs can arise at close distances, such as from exploitative competition. When spatial 
autocorrelation is low, the information is valuable only at short distances from its source. (d) The value of information for decisions to move 
may be driven by different costs and benefits because individuals do not use information to assess their current location but rather the loca-
tion of the information source. With respect to the benefits of information use, spatial autocorrelation in resources should be less influential 
although benefits may still attenuate with distance with the decrease in the signal-to-noise ratio (i.e., less certainty in distinguishing informa-
tion; single dashed line). Instead, the cost of movement to the information source’s location may be more important for net information value 
(thick lines represent high cumulative movement costs and thin lines represent low cumulative movement costs). In both (c) and (d), the gray 
reference line indicates zero costs or benefits.

et al. 2003) provide the most parsimonious evolutionarily sta-
ble strategy because resource quality is constant over time. By 
extending these arguments over space, we might expect social 
information to be most valuable where resources are moder-
ately aggregated spatially.

Fletcher (2006) considered this issue theoretically in the 
context of individuals using conspecific attraction to guide 
movement and settlement decisions under various scenarios 
of habitat fragmentation, where fragmentation was generated 
through fractal algorithms that altered the relative degree of 
spatial aggregation of resources. Using individual-based sim-
ulations of different movement and settlement strategies, the 
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model indeed suggested that when resources are not spatially 
aggregated or very strongly aggregated (the simple random 
landscapes and H = 1 landscapes of Fletcher 2006, respec-
tively), using conspecifics as settlement cues was not superior 
to a random strategy. Only at moderate levels of spatial aggre-
gation was using conspecific cues for settlement an improve-
ment over a random strategy (see fig. 5d of Fletcher 2006).

Further understanding of the role that spatial autocor-
relation of resources plays in information value would shed 
light on the likelihood of information use. For instance, spa-
tial autocorrelation in resources can be described on the ba-
sis of three parameters of model-based semivariograms: the 
range, the sill, and the nugget (Fig. 2a). These parameters help 
describe both the spatial extent and relative magnitude of au-
tocorrelation (Li and Reynolds 1995). The potential for infor-
mation value to vary in space can thus arise through either 
variation in the spatial extent of autocorrelation of resources, 
the magnitude of autocorrelation, or both.

Information value can also degrade over space from a 
decrease in the signal-to-noise ratio of cues, independent of the 
spatial autocorrelation of resources. In this context, signal-
detection theory has been applied to a variety of behavioral 
decisions that birds make to interpret the likelihood of a de-
cision being made as a function of the signal-to-noise ratio 
(Wiley 1994, getty 1995). Applications of signal-detection 
theory to interpret decision-making in space could help ex-
plain variation in information use, even when information is 
within an individual’s response range.

In regards to interpreting information value, we note 
that the effective content of information may also vary over 
space. Consider the use of conspecific cues, such as bird song, 
in settlement decisions. Well-known examples of conspecific 
attraction show that individuals use song cues as a positive 
proximate stimulus in settlement decisions, or choice of site 
for breeding (Ward and Schlossberg 2004, Hahn and Silver-
man 2006). Yet the cue—song—often functions as a nega-
tive stimulus at very local scales (choice of breeding territory) 
because of the potential for interference competition (Krebs 
1976). Therefore, the use of the same cue, as a positive or neg-
ative stimulus in habitat selection, varies with scale. The cue 
has not changed, and the value of the cue might be large at 
both scales, but the content of the information in the cue (po-
tential competition versus habitat quality) has changed. Such a 
role of information as a negative stimulus in decision-making 
is only starting to be considered in the growing literature of 
information use (Thomson et al. 2003, Fletcher 2007, 2008, 
Forsman et al. 2008).

LANDSCAPE EFFECTS ON INFORMATION

Availability. In heterogeneous landscapes, the availabil-
ity of information can be greatly altered through anthropo-
genic changes. As the amount of edge increases and the size 
of habitat patches declines with continuing habitat loss and 

fragmentation, the availability of social-information cues can 
diminish. When animals use social cues for settlement, this 
reduction could decrease the probability of small patches be-
ing occupied. Over 15 years ago, conservation biologists first 
suggested this possibility with songbirds (Verner 1992, Reed 
and Dobson 1993), although tests of it are still few. More re-
cently, Fletcher (2006) showed through simulation modeling 
that distributions of individuals using conspecific attraction 
should emerge as patterns of putative sensitivity to patch size 
and edge-avoidance behaviors. These patterns were driven by 
the potential for social information cues being diminished in 
small patches and near edges, not from individuals respond-
ing to area or edge per se. These patterns are concordant with 
other recent investigations finding that species of forest birds 
sensitive to patch size also have aggregated patterns of distri-
bution (Bourque and Desrochers 2006).

A recent field experiment highlights the possibility that 
patterns of area sensitivity can indeed be driven by the use of 
social information. Fletcher (2009) broadcast the song of the 
Least Flycatcher (Empidonax minimus) across a gradient of 
sizes of patches of riparian forest in Montana. The Least Fly-
catcher has been previously shown to be attracted to conspe-
cifics (Fletcher 2007) and sensitive to patch size (Fletcher and 
Hutto 2008), as it avoids small patches of riparian forest in 
Montana. Vegetation structure, nest-predation rates, and nest-
parasitism rates were not sufficient to explain patterns of dis-
tribution as a function of patch size. However, when Fletcher 
(2009) simulated conspecific cues across a gradient of patch 
sizes, flycatchers settled in all patches—and their sensitivity 
to patch size vanished—providing strong support for the con-
specific-attraction hypothesis (Fletcher 2009).

Similarly, Fernández-Juricic (2002) investigated the dis-
tributions of species and occurrence of flocks as a function 
of habitat fragmentation in Madrid, Spain. He found that 
the presence of conspecifics and heterospecifics increased 
the occurrence of flocks, but that species’ distributions fol-
lowed a nest pattern, many species being less likely to occur 
in small, isolated patches, after he accounted for variation 
in habitat structure. Fernández-Juricic hypothesized that the 
reduced occurrence of flocks in small, isolated patches was 
driven by a decrease in the social information available in 
those patches.

The structural or physical connectivity of habitats can 
also alter the availability of social cues, as suggested by 
Fernández-Juricic (2002). As connectivity declines, search 
costs will increase via a decline in information availability, 
potentially favoring the use of social information that allows 
for more rapid assessments (Mönkkönen et al. 1999). Struc-
tural connectivity also undoubtedly interacts with variation 
in the perceptual range of different information sources to 
influence functional connectivity. Furthermore, as structural 
connectivity and patch size decrease, and time since isolation 
of patches increases, for many species sensitive to habitat loss 
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or becomes entirely false (Koops 2004), or (2) novel cues are 
added to the landscape that are similar in structure to historic 
cues but have different effects on fitness (e.g., polarized light 
from roads). One important type of evolutionary trap that has 
received considerable theoretical and empirical attention is 
the ecological trap, which occurs when individuals prefer to 
settle in poor-quality habitats over better alternatives. In this 
situation, there is a spatio-temporal decoupling of informa-
tion’s actual value and the value an individual perceives.

For social-information use, a decoupling of information 
cues and their value can be particularly problematic because 
of the potential for informational cascades (giraldeau et al. 
2002). Informational cascades can result in maladaptive 
decision-making that arises from individuals copying the de-
cisions of conspecifics or heterospecifics that arose from poor 
choices. Maladaptive decisions can thereby cascade through 
a population or community quickly through space and/or 
time. Thus, the potential for evolutionary traps could be great 
for individuals using social information in decision-making. 
For instance, Betts et al. (2008) showed that Black-throated 
Blue Warblers (Dendroica caerulescens) could be attracted 
to clear-cut habitat of very low quality with the addition of 
conspecific cues, highlighting the potential for informational 
cascades in selection of breeding habitat (see also Nocera 
et al. 2006).

VARIATION IN SOCIAL-INFORMATION  

SOURCES AND DECISIONS

Finally, we emphasize that spatial aspects of different sources 
of social information could also influence both the availability 
and value of information across landscapes. For instance, the 
perceptual range of location cues that arise from song is likely 
greater than that of performance-based cues arising from par-
ents feeding offspring. We might also expect that the value 
of different types of social information varies spatially. In-
formation sources that reflect issues occurring at a broader 
spatial scale or coarser grain (e.g., greater spatial autocorre-
lation as reflected in a larger range in semivariogram anal-
yses; Fig. 2b) may degrade more slowly over space (termed 
“functional grain”; Baguette and Van Dyck 2007), and thus 
be more valuable at greater distances, than other information 
cues reflecting resources operating at smaller spatial scales of 
heterogeneity.

Information value will likely vary for different kinds of 
decisions that animals make. Seppänen et al. (2007) hypoth-
esized that when resources are autocorrelated spatially, in-
formation value will decline with distance as a function of 
the degree of autocorrelation because as distance from the 
information source increases, the benefits from autocorre-
lated resources decline (Fig. 2c). Note here that the value of 
information pertains to decisions made at specific distances 
away from the information source in reference to the animal’s 
current location, as when information cues from adjacent 

the proportion of patches occupied will likely decrease. In 
these situations, the proportion of patches occupied by con-
specifics that could provide navigational cues to influence 
functional connectivity will decrease (Castellón and Sie-
ving 2006, 2007). Such possibilities could help explain why 
structural measures of isolation and/or connectivity tend to 
perform poorly in explaining species’ distributions (Winfree 
et al. 2005). Assessing the role of social information relative 
to structural measures in explaining functional connectivity 
could shed new light on connectivity across heterogeneous 
landscapes.

Value. As landscapes continue to change through natural 
or human perturbations, the value of information sources may 
also change. Changes in information value can occur through 
at least two different routes: (1) changes in the costs or ben-
efits of using information because changes in the landscape 
context alter the utility of the information (i.e., the costs/bene-
fits of information use), and (2) a decoupling of cues used and 
their information content because of landscape change.

As landscapes become more fragmented, the costs and 
benefits of using information may change, even when the in-
formation is available to organisms. For instance, Fletcher 
(2006) showed that as the amount of habitat declines, the fit-
ness benefits of using conspecifics as social cues increases, 
relative to a random strategy. This pattern arose by directing 
movement and reducing costly forays into inhospitable ma-
trix, and its effects were more pronounced as mortality risk 
increased (cf. Haydon et al. 2008). In an intriguing example, 
Sieving et al. (2004) found that some forest birds were more 
likely to cross forest boundaries into open habitats in the pres-
ence of Tufted Titmice (Baeolophus bicolor), presumably be-
cause titmice provide valuable information on predation risk 
(Sieving et al. 2010). Consequently, as landscapes become 
more fragmented, the value of information gleaned from tit-
mice may increase and could be important for movement of 
individuals across risky landscapes. In a source–sink model of 
interspecific interactions between resident and migrant birds, 
Mönkkönen et al. (1999) showed that using resident social 
cues by migrants to guide settlement is an effective strategy 
because doing so reduces the costs of sampling. This benefit 
is contingent, however, on the proportion of the landscape that 
contains high-quality (source) habitat and the likelihood that 
source habitat provides heterospecific social cues. This result 
was driven by the assumption that residents provide accurate 
information on habitat quality.

The decoupling of cues used and their information content 
falls under the concept of the evolutionary trap. An evolution-
ary trap is a potentially important problem that arises when 
formerly adaptive behaviors become maladaptive because the 
cues animals use in decision-making no longer provide reli-
able information (Schlaepfer et al. 2002). In an information 
context, either (1) the cues are the same, but the information 
value declines because the information is either less reliable 
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patches guide an animal’s decision to settle or forage in its 
current patch. For movement or searching behaviors, infor-
mation value as a function of distance depends less on spatial 
autocorrelation of resources because an individual is using the 
information for interpreting the location of the information 
source rather than interpreting its current location. Benefits 
of information may still decline with distance because of de-
creasing signal-to-noise ratios (see above), but its value will 
also be heavily contingent on the costs of movement as a func-
tion of distance from the information source (Fig. 2d). For 
instance, Fletcher (2006) simulated social-information use 
across a wide range of population, landscape, and behavioral 
conditions. Simulations suggested that using social informa-
tion in decisions to move decisions consistently improves fit-
ness across landscapes in which resources vary in degree of 
spatial autocorrelation, whereas using social information in 
decisions to settle has more variable effects on fitness, de-
pending on spatial autocorrelation.

AN APPLICATION TO BOBOLINKS BREEDINg 
IN AgRICULTURAL LANDSCAPES

To illustrate the potential utility of an information-based per-
spective for avian ecology, we draw from investigations of 
Bobolinks breeding in the fragmented grasslands of North 
America. Because grasslands have been lost at devastating 
rates throughout the United States and much of Canada, biolo-
gists have been concerned about the potential effects of habitat 
loss and fragmentation on grassland birds, including the Bobo-
link. Numerous studies have concluded that Bobolinks often 
avoid small patches and habitat edges (e.g., Herkert 1994, John-
son and Igl 2001, Fletcher and Koford 2003). Outside the con-
text of social-information use, several hypotheses have been 
considered to explain these patterns of distribution. These in-
clude variation in vegetation structure (Herkert 1994, Fletcher 
and Koford 2003) and rates of nest predation and parasitism 
increasing with fragmentation (Renfrew et al. 2005), yet there 
has been relatively little evidence for these hypotheses.

More recently, Nocera et al. (2006) used an information-
based perspective to experimentally test for social-information 
use in the Bobolink’s habitat selection by adding song cues 
either just prior to breeding or just after breeding and doc-
umenting subsequent settlement decisions. This experiment 
showed that Bobolinks (primarily second-year birds) use con-
specific cues to guide habitat selection, suggesting that the 
value of this information to younger birds was greater than to 
older birds (see also Ward and Schlossberg 2004). However, 
the Bobolinks studied used only post-breeding social cues, 
not pre-breeding cues, to guide settlement decisions. Because 
of the Bobolink’s highly synchronous breeding behavior, 
pre-breeding cues might be less available when the birds are 
settling. Betts et al. (2008) also hypothesized that the infor-
mation value of post-breeding cues could be greater than that 

of pre-breeding cues because such cues may provide more in-
formation regarding the performance of conspecifics. In any 
case, this result is somewhat similar to that of Bollinger and 
gavin (1989), who found stronger correlations between the 
Bobolink’s site fidelity and overall site quality, measured by 
the combined reproductive success of all Bobolinks at the site, 
than with the reproductive success of the individual.

Nocera et al. (2006) also found that not only did Bobolinks 
use social cues in settlement decisions but that some birds re-
sponding to the experimental cue attempted to settle in shrubby 
habitats in which Bobolinks normally do not breed. These re-
sults suggest an informational cascade and highlight the po-
tential for an ecological trap arising from social-information 
use. Indeed, in hayfields Bobolinks often reach densities as 
high or higher than in other, more suitable habitats (Bollinger 
et al. 1990)—a pattern often considered as prime example of 
an ecological trap (but see Robertson and Hutto 2006). Social-
information use could be one means by which this potential 
ecological trap persists, if, during the post-breeding period, 
individuals moving across landscapes provide inadvertent 
cues to other individuals that use those cues in the subsequent 
breeding season for settlement decisions.

It is still unclear, however, whether this use of social in-
formation by the Bobolink explains its consistent patterns of 
distribution in fragmented landscapes or the apparent ecologi-
cal trap of hayfields. Nocera et al. (2009) have further dem-
onstrated the Bobolink’s pattern of aggregated settlement, 
which, coupled with its area sensitivity, is consistent with 
conspecific attraction as a potential mechanism for its sensi-
tivity to fragmentation (cf. Fletcher 2009). From these results 
it is clear that an information-based perspective on these issues 
has shed new light on our understanding of the Bobolink’s 
distribution, and it raises new hypotheses for explaining the 
species’ area and edge sensitivity, as well as vulnerability to 
ecological traps.

CONCLUSIONS: OPPORTUNITIES 
FOR LANDSCAPE ECOLOgY

Much of avian landscape ecology focuses on interpreting, ei-
ther implicitly or explicitly, the behaviors of birds in hetero-
geneous landscapes. Information-based perspectives provide 
a guiding framework for behavioral ecology (Danchin et al. 
2008) and should be helpful for interpreting the effects of land-
scape change. Stamps (1988, 1991) has argued that migratory 
songbirds are good candidates for the study of conspecific at-
traction because of their seasonal breeding distributions, mo-
bility, and the potential for singing males to be detected from 
afar. Migratory birds might also be likely to use social infor-
mation in breeding settlement because, when returning to the 
breeding grounds, they are more time-limited than residents 
(Mönkkönen et al. 1990, Thomson et al. 2003). We further ex-
tend these arguments to other forms of information use.
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Our framework emphasizes that addressing factors influ-
encing information availability will be useful for interpret-
ing when and where birds are likely to use social information. 
Furthermore, because different types of information likely 
vary in their availability, accurately assessing information 
availability might help us better explain variation in social- 
information use, particularly in situations where some in-
formation sources may have more information value but are 
not used by individuals. Estimating the perceived value of in-
formation, given its availability, and how information value 
changes under different ecological contexts will also help us 
better predict the likelihood of social-information use.

Most of our discussion of social-information use in het-
erogeneous landscapes should be treated as working hypoth-
eses, amenable to future testing, rather than facts about the 
importance of such behaviors. Indeed, although recent theory 
has suggested the potential importance of this interface of an-
imal behavior and landscape ecology (Mönkkönen et al. 1999, 
Fletcher 2006), empirical evidence still remains scarce. Yet 
because social-information use may be widespread in birds 
(Dolby and grubb 1998, Forsman et al. 2002, Hahn and Sil-
verman 2006, Parker et al. 2007, Betts et al. 2008), and birds 
are strongly influenced by spatial structure (Robbins et al. 
1989, Bélisle et al. 2001, Rodewald and Yahner 2001), we ex-
pect that information-based perspectives will shed new light 
on avian ecology in heterogeneous landscapes.
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