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Formany animals, nests are essential for reproductive success. Nesting individ-
uals need to carry out a range of potentially challenging tasks, from selecting an
appropriate site and choosing suitable materials to constructing the nest and
defending it against competitors, parasites and predators. Given the high fitness
stakes involved, and the diverse impacts both the abiotic and social environ-
ment can have on nesting success, we might expect cognition to facilitate
nesting efforts. This should be especially true under variable environmental
conditions, including those changing due to anthropogenic impacts. Here, we
review, across a wide range of taxa, evidence linking cognition to nesting beha-
viours, including selection of nesting sites andmaterials, nest construction, and
nest defence. We also discuss how different cognitive abilities may increase an
individual’s nesting success. Finally, we highlight how combining experimental
and comparative research can uncover the links between cognitive abilities,
nesting behaviours and the evolutionary pathways that may have led to
the associations between them. In so doing, the review highlights current
knowledge gaps and provides suggestions for future research.

This article is part of the theme issue ‘The evolutionary ecology of nests:
a cross-taxon approach’.
1. Introduction
It has commonly been assumed that nesting behaviours are performed in a
stereotypical and predictable manner, often without any prior experience or
practice. For example, some bird parents retrieve an object close to their nest
even if the object is not an egg, as long as it is similar enough to trigger the
response [1]. Nest structures built by different individuals of some insect and
bird species are so similar that they can be used in species identification [2,3].
Indeed, some nesting behaviours may not require memory, learning, problem
solving or computation at all [4]. Even so, cognition may underlie improvement
of such reactive behaviours over time, while other nesting behaviours per-
formed by the same individual may require cognitive abilities from the start.
For example, in the case of egg retrieval behaviour, the risk of brood parasitism
may select for improved cognitive abilities that allow more fine-tuned assess-
ment of objects near the nest, so that the nesting individual can more flexibly
recognize and retrieve its own egg while rejecting other similar objects [5].
Here, we define cognition as the mechanism by which animals acquire, process
and store information to act upon it [6,7]. We can therefore expect it to be
associated with actions that are above and beyond simple reactive behaviours.
Moreover, we consider nests as structures that hold eggs, young, or both, and
we focus on the behaviours needed in nesting site and material selection,
nest construction and nest defence. We discuss examples from a wide range
of taxa (figure 1) that link cognitive abilities to nesting behaviours. Many of
these studies were not carried out from a cognitive perspective, and we
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(a) (b) (c)

(d) ( f )(e)

Figure 1. Putative evidence linking cognitive abilities with nesting behaviours is taxonomically widespread. Examples include (a) European pied flycatchers using
perception, memory and learning when adjusting their nest site choices in response to the choices and performance of great tits; (b) black kites and (c) alfalfa
leafcutting bees innovating through the use of anthropogenic materials to construct their nests; (d ) rats learning from prior experience to improve their nest build-
ing; (e) sticklebacks showcasing precise perception and possibly prospective cognition when using the future risk of egg predation to adjust their nesting behaviours;
and ( f ) hawksbill turtles having the cognitive abilities needed for deceiving would-be nest predators by engaging in sand scattering behaviour away from their nest.
Photo credits: (a) Janne Seppänen, (b) Shutterstock/Nazin Alexandr, (c) Shutterstock/Wirestock Creators, (d ) Shutterstock/Darina Matasova, (e) Mats Westerbom,
( f ) Shutterstock/Andrzej Grzegorczyk.
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therefore offer potential interpretations. With this approach,
we aim to highlight current knowledge gaps to invigorate
new research towards addressing those gaps and to broaden
our understanding of the evolutionary processes that link
cognition with nesting behaviours.
2. Evidence linking cognitive capacities and
nesting behaviours

(a) Nest site selection
Learning can play an important role in nest site selection (and
other nesting behaviours). In common eiders (Somateria mollis-
sima), the ability to use prior experiences to choose a safer site in
future nesting attempts most likely explains the improved nest-
ing success of older females [8]. Some nesting animals also
seem to act on cues about the future state of the world, imply-
ing prospective cognition, i.e. having an understanding of the
outcome of current actions [9,10]. For instance, monk parakeets
(Myiopsitta monachus) decidewhere to build a nest based on the
local environment’s topographical qualities, preferring to nest
on electric towers with more angular structures, which prob-
ably provide better support for the completed nest. Their
preferred nesting spots also have higher structures nearby,
which can later serve as perches. Finally, parakeets prefer to
have paved pathways near their nest sites, putatively because
these provide shallow pools of water after rain [11]. Similarly,
cliff swallows (Petrochelidon pyrrhonota) choose nest locations
that are closer to nestingmaterials and sites that allow building
of less time-consuming nests, thus suggesting that these birds
are making initial decisions based on minimizing the time
and energy they later need to invest in nest construction [12].

Nests and nesting sites can also function as cues that pro-
vide inadvertent information to others about, for example, the
location, mating decisions, social position, dominance, body
condition and cognitive capabilities of the nest owners [13].
Cognitive abilities, such as social learning, memory,
perception and attention, are likely to play an important role
in the use of social cues in the context of nesting decisions,
both within [14,15] and between [16] species. As an example
of the former, many birds, such as red-winged blackbirds (Age-
laius phoeniceus) [17], house wrens (Troglodytes aedon) [18],
collared flycatchers (Ficedula albicollis) [19] and great tits
(Parus major) [20], use the current or old nests of conspecifics
as cues when assessing the quality of a potential nest site. Gold-
eneye duck (Bucephala clangula) females that parasitise nests of
conspecifics prefer to lay eggs in host nests that were successful
in the previous year, while avoiding unsuccessful nests, based
on the parasitic female’s nest prospecting in the preceding
season [21]. The ability to use such fine-tuned nest-site selection
criteria requires memory, perception and decision-making
capacities over the time scale of years and is therefore likely to
represent cognitive abilities beyond simple associative learning.
In a heterospecific context, European pied flycatchers (Ficedula
hypoleuca) (figure 1a) are sensitive to the nest-site choices and
performance of tits (Parus spp.), for example by copying nest-
site features of the tits they have observed to have large clutches,
while rejecting those associated with small clutches [22–24].
Similarly, female blue mason bees (Osmia caerulescens) and
orange-vented mason bees (O. leaiana) either copy or reject
nest site features of red mason bees (O. bicornis), depending
on whether the nesting attempts were successful [25]. Such an
active selection strategy to selectively copy nest-site features
of other species, based on their observed success, may be
common in animals that share similar nesting requirements
and habitats [24,25]. The associated cognitive abilities may
seem complex but can be achieved with very small brains and
explained by associative learning mechanisms (sensu [26–29]).

(b) Nesting material choice
Learning can also allow nesting individuals to improve their
nestingmaterial selection. In zebra finches (Taeniopygia guttata),
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previous experience was found to influence nesting material
choice: birds learned to prefer stiffer strings as a nest building
material, thereby using fewer strings for a nest and increasing
their nest building efficiency [30]. Hence, the birds seem
to learn to choose suitable nest material based on its suitability
for a physical task, implying sophisticated ‘physical cognition’
[30,31]. Zebra finches also learn to improve with experience
when choosing nesting material based on the size of their
nest’s entrance hole [32].Moreover,male zebra finches changed
their nestingmaterial preference based onwhether thematerial
was associated with egg removal during the previous nesting
attempt [33]. Besides the demonstrated role of learning in
nesting material choice, some of the best-known examples
of innovation, the ability to come up with new solutions to
old problems [34], come from the exploitation of novel
materials in nest construction. In order to innovate, animals
must inhibit their previously learned or innate responses in
favour of new solutions and, for this to occur, they may need
to have good problem-solving abilities [35] and overcome
the tendency for risk aversion and neophobia [36]. Indeed,
a comparison over hundreds of bird species links innova-
tion ability and cognition [37]. Notably, innovation can be
especially advantageous in challenging or changing environ-
mental conditions [38]. The use of novel materials by certain
bird species has been increasing over time and is especially
common in human-modified environments, such as cities
and farmland [39,40]. For example, black kites (Milvus migrans)
(figure 1b) living in cities have taken to adorning their
nestswithwhite plasticmaterials that can convey reliable infor-
mation to conspecifics about the viability, territory quality and
fighting ability of the nest builder [41]. While the innovative
use of anthropogenic nesting materials appears to be taxono-
mically widespread, recent research demonstrates interesting
phylogenetic biases. For example, a study of birds across the
Australian continent found that the three avian families with
the highest incidences of anthropogenic nesting material use
were also well-known urban exploiters, biological invaders,
or both [40].

The ability to innovate via the use of anthropogenic nest-
ing materials can confer either positive or negative fitness
consequences. Regarding the former, synthetic materials,
such as plastic string, may help to reinforce the structure of
the nest or provide insulation, as in great grey shrikes
(Lanius excubitor) [42]. As a result, the use of such materials
has the potential to enhance offspring survival by provid-
ing much needed protection to eggs and nestlings from
adverse weather conditions [42]. Some anthropogenic nesting
materials have also been shown to repel or suppress
the proliferation of nest parasites, which can otherwise
compromise nestling survival [43]. For instance, the use of
discarded cigarette butts as nesting material is common in
urban-dwelling birds, with the toxicants present in smoked
cigarettes acting as powerful deterrents against ectoparasites
[44,45]. Similarly, alfalfa leafcutting bees (Megachile rotundata)
(figure 1c) may impede parasitic infection by using anthropo-
genic materials in nest construction, with materials such
as plastics providing particularly effective defence barriers
against infiltration by host-seeking parasitoids [46]. However,
such a shift to the use of novel material may also have
adverse fitness outcomes. For example, when leafcutting
bees construct brood cells inside plastic straws, the develop-
ing young may experience increased mortality due to
mould that thrives because of the poor moisture diffusing
properties of the straws [46]. Similarly, strings incorporated
into the nests of great grey shrikes may cause entangle-
ment-related injury and death of both offspring and adults
[42].
(c) Nest construction and nest architecture
Cognition can also play a key role in nest construction and nest
architecture. Laboratory rats (Rattus norvegicus domestica)
(figure 1d ), for example, built more elaborate nests as adults
if allowed to interact with nesting material as juveniles, imply-
ing that learning from prior experience allowed the rats to
improve their nest building [47]. Similarly, young village
weaverbirds (Ploceus cucullatus) first build crude, loose struc-
tures for nests, whereas older individuals construct much
more neatly woven, compact and organized nests, presumably
reflecting learned weaving skills [48]. Intuitively, the ability to
flexibly adjust nest construction to varying, and sometimes
conflicting, demands of the physical and social environment
can be expected to involve cognition, but we need future
studies to assess to what extent this is really the case. For
instance, it is not known what abilities (if any) male common
gobies (Pomatoschistus microps) use to tune their nest construc-
tion (and tending) in response to the conflicting demands of
egg ventilation and predation risk [49], or how sand gobies
(Pomatoschistus minutus) factor in their body size when adjust-
ing nest architecture to salinity, social environment or egg
predation risk [50–52].

Nest construction of some arthropods has been suggested
to involve a level of prospective cognition [9]. Honeybees
(Apis mellifera) are able to adjust the size and structure of
their comb cells to merge separate sections, cope with irregu-
lar foundations and generate curved architecture to avoid
obstacles [53]. Allegedly, these nest building behaviours are
best explained by a combination of reactive behaviours and
cognitive abilities that allow a basic understanding of the
overall desired outcome [9,54]. However, whether any
future thinking is involved, or whether simpler heuristics
could account for these behaviours, will require further
experimental investigation.

Sometimes nest construction and completed nests
function as ‘extended phenotype signals’, which can reveal
important information about the nest builder, from fighting
prowess [41] to cognitive abilities [55]. In many taxa this
social information is, in turn, used in reproductive decisions,
including mate choice [55–58]. In the context of nests, the use
of social information may select for cognitive abilities—such
as enhanced perception, memory, and learning abilities—
especially if the fitness of both the sender and receiver is
affected. The situation may even promote the coevolution of
cognitive abilities of nest owners and information users. For
example, the capacity of European pied flycatchers to eaves-
drop on both the clutch size and nest structure of great
tits has implications for both species. By deciphering the
information to selectively copy nest-site characteristics, fly-
catchers may increase their nesting success, while niche
convergence [24] and decreased number and condition of
great tit fledglings may also follow [59]. If tits evolve coun-
ter-adaptations, an evolutionary arms race [60] between the
two species in acquiring and hiding nest-related information
results [16,61], which could create a selection regime for
increased performance in the above-mentioned cognitive
abilities that facilitate efficient social information use. In the
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specific case of these two species, however, opportunities for
such an arms race could also depend on a suite of environ-
mental factors, such as climate change [62], highlighting the
complexity of the interactions that can ensue.

(d) Nest defence
The ability to flexibly respond to environmental conditions
may suggest underlying cognition also in the context of nest
defence. In three-spined sticklebacks (Gasterosteus aculeatus)
(figure 1e), males seem to consider the expected future risk of
egg predation when adjusting some of their nesting beha-
viours. Specifically, in the presence of an egg predating
shrimp (Palaemon elegans), male sticklebacks were less likely
to initiate nest building and invested less in both egg fanning
and territory defence [63]. One strategy by which animals
can reduce the incidence of predation on eggs and young is
to conceal, disguise or camouflage their nest [64,65]. For
instance, some species, such as hawksbill (Eretmochelys imbri-
cata) (figure 1f ) and leatherback (Dermochelys coriacea) turtles,
scatter sand away from their nest to create decoy trails to delib-
erately misguide would-be egg predators as to the location of
the actual nest [66]. Nest builders may also have the capacity
to choose nesting materials (see §2b, above) so that it helps
with camouflage. Zebra finch males, for example, chose to
nest mostly with material that matched the colour of the nest
cup and surrounding cage walls, hence actively selecting
materials that helped camouflage their nests [67]. While we
suggest that precise memory, perception, and even prospective
cognition would be beneficial when engaging in such nest
concealment behaviours, more work is needed to determine
the range of cognitive abilities that may be involved.

The mimicry–recognition arms race between brood para-
sites and their hosts reveals a link between cognitive abilities
and evolutionary dynamics [68], with the defence responses
of hosts being pushed to overcome the deception by the para-
sites [69,70]. The need to expel eggs (or later chicks) of
heterospecific or conspecific nest parasites has selected for
sophisticated host defences, including the use of multiple
sources of information in the decision process (indicating a
cognitive capacity for complex decision making [71]) and
counting the number of eggs laid (indicating a level of numeri-
cal cognition [72]). For instance, while cuckoos impose high
reproductive costs on their hosts when their hatchling evicts
the host’s young from the nest [73], not all host individuals
are able to reject the parasitic egg(s), implying variation in
their cognitive abilities related to perception and decision
making [68]. When using a similar parasitic strategy, the
cuckoo catfish (Synodontis multipunctatus) learns to overcome
host defences during the parasite’s lifetime; a cognitive feat
that may also be displayed by other brood parasites [74].
Interestingly, some ants, social wasps and social bees also
employ cuckoo-like strategies to parasitize heterospecific
nests, with both parasites [75,76] and hosts [77] having evolved
sophisticated strategies of deception or defence.
3. Future directions
(a) Evolutionary framework
We have highlighted established and potential examples of cog-
nition underlying different nesting behaviours across a wide
range of ecological settings. In this section, we outline how to
apply an established evolutionary framework for addressing
the role of cognition in nesting. Here, a robust evolutionary
understanding is built by integrating three approaches: con-
ducting experiments that demonstrate the cognitive abilities
involved, collecting data on how natural selection shapes such
abilities, and performing comparative analyses that address
their evolutionary history and patterns across taxa. This frame-
work can help, not only in bridging taxonomic divides
and testing novel predictions, but also in gaining an under-
standing of the significance of cognition in nesting behaviours
in a world of rapid and unprecedented anthropogenic change.
Below, we discuss the utility of each of the framework’s
three components.

First, controlled experiments are essential for robustly
demonstrating the use of cognition in nesting behaviours.
In particular, such experiments, carried out in the laboratory
or field, can uncover patterns that are otherwise elusive in the
wild, if the environmental setting does not vary in a desired
manner. Here, experiments that, for example, manipulate
likely fitness consequences of nesting decisions [50,52,78],
manipulate information availability [13], or expose nesting
individuals to novel environmental conditions [79] are impor-
tant for understanding the cognitive processes underlying
nesting decisions and also give insight into their potential
adaptive value.

Second, the adaptive hypotheses emerging from exper-
iments need to be complemented by analyses of fitness
consequences of, and natural selection on, cognitive abilities in
thewild. Ideally, such analyseswill revealwhether fitnessdiffer-
ences between individuals arise from variation in cognitive
abilities per se, rather than from covariates of cognitive perform-
ance, such as differences in personality or body condition (e.g.
nutritional status or parasite load) [80]. Furthermore, given the
possibility that the adaptive value of a given cognitive ability
only occurs under certain conditions [81], we must understand
the range of conditions under which the fitness benefits occur
and the prevalence of those conditions in thewild. For example,
during environmentally challenging breeding seasons, female
common eiders with bigger brains (a contentious proxy of cog-
nition but presumably relevant in eiders [82]) attained higher
egg hatching success (proxy of fitness) and were more success-
ful in formingantipredatorbrood-rearing coalitions,whereas, in
more benign years, females that had invested less in brain size
may have an advantage [82,83].

Measures of cognitive performance have been shown to
correlate with fitness proxies in wild populations of both ver-
tebrates and invertebrates, and to respond to selection in
laboratory populations [80]. Inferring selection on cognitive
traits in the wild is, however, challenging, because individ-
uals may trade off different fitness components against each
other. For example, although great tit females with particu-
larly good problem-solving skills laid more eggs, such
females were also more likely to abandon their nests and pro-
duce no fledglings, resulting in no overall selective benefits
being observed [84]. Thus, it remains to be shown whether,
and under what conditions, the use of cognitive abilities in
a nesting context drives fitness variation and responds to
selection in the wild. This would be the ultimate demon-
stration of the adaptive value of cognitive abilities in nesting.

Third, to complement experimental data,we needphyloge-
netic comparative analyses [85] that map occurrence of a trait
across species into a phylogeny and hence give insights into
its evolutionary history. By revealing the correlates of trait
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variation across species, such analyses may provide support
for adaptive hypotheses. This approach has, for example,
demonstrated the link between nest size and environmental
features in birds [86] and that cooperative breeding facilitates
colonization of harsh environments [87]. Comparing whether,
within a phylogeny, the use of cognitive abilities in nesting co-
occurs with a specific trait or feature can be a powerful way of
demonstrating evolutionary correlates of cognitive abilities.
Such correlates can include environmental conditions (e.g.
stability, harshness or complexity of the environment), life-his-
tory (life-span, semelparity versus iteroparity) or social traits of
the species (cooperative breeding, group size, mating system).
The correlates of cognitive abilities also include physiological
aspects, such as the underlying neural circuitry [88,89], or the
energetic constraints on investment into neural tissue [90].
An understanding of how such proximate factors facilitate or
constrain the evolution of cognitive abilities helps to unravel
the ecological conditions under which cognition plays an
important role in nesting and whether similar mechanisms
are shared across taxa.

A particularly illuminating comparative investigation
would be to study whether cognitively complex nesting beha-
viours predispose a taxon to evolving towards the use of
the associated cognitive skills in other contexts. Similarly,
the cognitive skills currently used in nesting may have first
evolved in other contexts and later been co-opted for nesting
purposes. The evolution of cognitive abilities is often argued
to be driven by social complexity and the challenges of food
acquisition in complex environments (as per the social brain
and ecological intelligence hypotheses [91,92]). Given the
sophistication and presumably high fitness significance
of nesting behaviours, it is relevant to ask whether they
could be another key driver of the evolution of cognitive
abilities. Mapping the phylogenetic distribution of different
measures of cognitive performance across multiple contexts
could allow researchers to tease apart whether nesting is
associated with certain cognitive skills particularly often,
or whether it is more likely that cognitive skills applied in
nesting have primarily evolved in other contexts. For
example, it has been argued that tool use and nest construc-
tion may require similar skills as those needed in object
manipulation and material choice [93], raising questions
about the context in which the skills might have originally
evolved. Similarly, cognitive skills, such as spatial memory,
social learning and anticipation of future conditions, may
have been co-opted across contexts [94], with each being
applicable in nesting, foraging and social contexts. Here, phy-
logenetic comparative methods are highly suitable for
studying the context in which cognitive skills were likely to
originally evolve, and what their evolutionary consequences
may have been.

Experimental, field and comparative approaches inter-
twine: meaningful comparative analyses depend on unbiased
data, and given that the aim is to test hypotheses on traits
that require experimental manipulations or field monitoring,
acquiring the data is not trivial and could involve considerable
effort. Future field and experimental work should also bewary
of taxonomic biases in the choice of study organisms for
investigating particular cognitive abilities. Furthermore, for
meaningful analyses and a robust synthesis, we need to be
cognisant of publication biases caused by the underreporting
of studies in which no link between cognition and nesting
behaviours is found.
(b) Cognitive abilities in a changing world
Another important avenue for future research is to understand
the role of cognition in animals’ responses to changes in
environmental conditions, especially with regard to those of
anthropogenic origin. Here, we should note that even when
nesting individuals are equipped with appropriate cognitive
abilities, responses to the environment are not always possible
and, even when they are, may not necessarily be adaptive
[38,95]. For example, in Crater Lake Apoyo, parents of the
critically endangered arrow cichlid (Amphilophus zaliosus),
evolutionarily naive to the dangers posed by a non-native
brood predator, the bigmouth sleeper (Gobiomorus dormitor),
appear incapable of recognizing or learning to associate the
severity of the threat that is posed by the novel predator.
This inability allows the sleeper to venture perilously close
to the offspring before the parents mount an appropriate
antipredator response [96]. Similarly, nesting animals habitu-
ated to humans may, as a result of stimulus generalization,
forego appropriate responses to native or introduced (nest)
predators [97]. Novel conditions associated with human-
mediated environmental change can also result in ‘ecological
traps’, which can occur when altered conditions lead to a
mismatch between a habitat’s actual quality and the cues
that individuals process when assessing the habitat [98–100].
For example, great tits that choose to use nest boxes installed
in forest patches afflicted by outbreaks of the tits’ food
source, the great web-spinning sawfly (Acantholyda posticalis),
ultimately experience reduced fledgling success and poorer
fledgling condition due to decreased resource availability
caused by the vegetation damage inflicted by the ravenous
sawfly larvae [101]. Lastly, even when cognitive skills in
the context of nesting are adaptive, they may not always
be sufficient to counter the impacts of anthropogenic
change. It is therefore important to consider whether high
cognitive performance in nesting behaviours increases nesting
success and, if it does, whether this ability is suffi-
cient, adaptive and adequate in countering the impacts of
anthropogenic change [38].
4. Conclusion
In this review, we discussed, across taxa, empirical examples
of how cognitive abilities can benefit nesting behaviours in
much the same way as in other fitness-related activities,
such as building non-nest structures (e.g. for shelter), enga-
ging in social interactions and finding food. In particular,
we focused on the putative roles of cognitive abilities in
nest site selection, nesting material choice, nest construction,
and nest defence. In doing so, we uncovered how few studies
have explicitly linked cognitive abilities with nesting
behaviours. Accordingly, we argued that to improve our
understanding of cognitive abilities in various nesting con-
texts, we need assessments of their adaptive value and
evolutionary history by integrating experimental approaches,
conducting selection studies in natural populations, and
using broad comparative settings. Finally, we identified
human-induced environmental impacts as a major research
opportunity to increase our knowledge of both the role of
cognition in nesting and the scope of nesting animals to
adapt to a world of rapid and unprecedented change. We
hope that our synthesis will invigorate new research into
the links between cognition and nesting behaviours.



royalsocietypublishing.org/jour

6

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

18
 D

ec
em

be
r 

20
23

 

Data accessibility. This article has no additional data.

Authors’ contributions. T.K.L.: conceptualization, methodology, project
administration, writing—original draft, writing—review and editing;
H.H.: conceptualization, methodology, writing—original draft, writ-
ing—review and editing; C.S.: conceptualization, methodology,
writing—original draft, writing—review and editing; B.B.M.W.: con-
ceptualization, funding acquisition, methodology, visualization,
writing—original draft, writing—review and editing; O.J.L.: concep-
tualization, funding acquisition, methodology, writing—original
draft, writing—review and editing.

All authors gave final approval for publication and agreed to be
held accountable for the work performed therein.
Conflict of interest declaration. We have no competing interests.

Funding. This work was supported by the Australian Research
Council (grants FT190100014 and DP220100245 to B.B.M.W.),
Kone Foundation (grant 202010852 to O.J.L.), Templeton World
Charity Foundation (project grant TWCF-2020-0539) and Biodiverse
Anthropocenes Research Programme.

Acknowledgements. We thank Mark Mainwaring, Mary Caswell
Stoddard, Iain Barber, D Charles Deeming and Mark Hauber
for organizing the theme issue, Janne Seppänen and Mats
Westerbom for permission to use their photos, and Markus Öst and
an anonymous reviewer for very helpful comments on an earlier
version of this paper.
 nal/rstb

Ph
References
il.Trans.R.Soc.B
378:20220142
1. Conover MR. 1985 Foreign objects in bird nests.
Auk 102, 696–700. (doi:10.1093/auk/102.4.696)

2. Knerer G, Atwood CR. 1966 Nest architecture as an
aid in Halictine taxonomy (Hymenoptera:
Halictidae). Can. Entomol. 98, 1337–1339. (doi:10.
4039/Ent981337-12)

3. Winkler DW, Sheldon FH. 1993 Evolution of nest
construction in swallows (Hirundinidae): a
molecular phylogenetic perspective. Proc. Natl Acad.
Sci. USA 90, 5705–5707. (doi:10.1073/pnas.90.12.
5705)

4. Hansell M. 2007 Built by animals: The natural
history of animal architecture. New York, NY: Oxford
University Press.

5. Yang C, Liang W, Møller AP. 2019 Egg retrieval
versus egg rejection in cuckoo hosts. Phil.
Trans. R. Soc. B 374, 20180200. (doi:10.1098/rstb.
2018.0200)

6. Shettleworth SJ. 2001 Animal cognition and animal
behaviour. Anim. Behav. 61, 277–286. (doi:10.
1006/anbe.2000.1606)

7. Shettleworth SJ. 2010 Cognition, evolution, and
behavior, 2nd edn. New York, NY: Oxford University
Press.

8. Öst M, Steele BB. 2010 Age-specific nest-site
preference and success in eiders. Oecologia 162,
59–69. (doi:10.1007/s00442-009-1444-4)

9. Raby CR, Clayton NS. 2009 Prospective cognition in
animals. Behav. Process. 80, 314–324. (doi:10.1016/
j.beproc.2008.12.005)

10. Gallo V, Chittka L. 2018 Cognitive aspects of comb-
building in the honeybee? Front. Psychol. 9, 900.
(doi:10.3389/fpsyg.2018.00900)

11. Reed JE, McCleery RA, Silvy NJ, Smeinsc FE,
Brightsmith DJ. 2014 Monk parakeet nest-site
selection of electric utility structures in Texas.
Landsc. Urban Plan. 129, 65–72. (doi:10.1016/j.
landurbplan.2014.04.016)

12. Gauthier M, Thomas DW. 1993 Nest site selection
and cost of nest building by cliff swallows (Hirundo
pyrrhonota). Can. J. Zool. 71, 1120–1123. (doi:10.
1139/z93-152)

13. Loukola OJ et al. 2020 The roles of temperature,
nest predators and information parasites for
geographical variation in egg covering behaviour of
tits (Paridae). J. Biogeogr. 47, 1482–1493. (doi:10.
1111/jbi.13830)
14. Danchin É, Giraldeau L-A, Valone TJ, Wagner RH.
2004 Public information: from nosy neighbors to
cultural evolution. Science 305, 487–491. (doi:10.
1126/science.1098254)

15. Thornton A, McAuliffe K. 2015 Cognitive
consequences of cooperative breeding?
A critical appraisal. J. Zool. 295, 12–22. (doi:10.
1111/jzo.12198)

16. Seppänen J-T, Forsman JT, Mönkkönen M, Thomson
RL. 2007 Social information use is a process across
time, space, and ecology, reaching heterospecifics.
Ecology 88, 1622–1633. (doi:10.1890/06-1757.1)

17. Erckmann WJ, Beletsky LD, Orians GH, Johnsen T,
Sharbaugh S, D’Antonio C. 1990 Old nests as cues
for nest-site selection: an experimental test with
red-winged blackbirds. Condor 92, 113–117.
(doi:10.2307/1368389)

18. Thompson CF, Neill AJ. 1991 House wrens do not
prefer clean nestboxes. Anim. Behav. 42,
1022–1024. (doi:10.1016/S0003-3472(05)80157-5)

19. Doligez B, Danchin E, Clobert J. 2002 Public
information and breeding habitat selection in a wild
bird population. Science 297, 1168–1170. (doi:10.
1126/science.1072838)

20. Loukola OJ, Seppänen JT, Forsman JT. 2012
Intraspecific social information use in the selection
of nest site characteristics. Anim. Behav. 83,
629–633. (doi:10.1016/j.anbehav.2011.12.004)

21. Pöysä H. 2006 Public information and conspecific
nest parasitism in goldeneyes: targeting safe nests
by parasites. Behav. Ecol. 17, 459–465. (doi:10.
1093/beheco/arj049)

22. Forsman JT, Seppänen JT. 2011 Learning what
(not) to do: testing rejection and copying of
simulated heterospecific behavioural traits. Anim.
Behav. 81, 879–883. (doi:10.1016/j.anbehav.2011.
01.029)

23. Seppänen J-T, Forsman JT, Mönkkönen M, Krams I,
Salmi T. 2011 New behavioural trait adopted or
rejected by observing heterospecific tutor fitness.
Proc. R. Soc. B 278, 1736–1741. (doi:10.1098/rspb.
2010.1610)

24. Loukola OJ, Seppänen J-T, Krams I, Torvinen SS,
Forsman JT. 2013 Observed fitness may affect niche
overlap in competing species via selective social
information use. Am. Nat. 182, 474–483. (doi:10.
1086/671815)
25. Loukola OJ, Gatto E, Híjar-Islas AC, Chittka L. 2020
Selective interspecific information use in the nest
choice of solitary bees. Anim. Biol. 70, 215–225.
(doi:10.1163/15707563-20191233)

26. Giurfa M. 2012 Social learning in insects: a higher-
order capacity? Front. Behav. Neurosci. 6, 57.
(doi:10.3389/fnbeh.2012.00057)

27. Alem S, Perry CJ, Zhu X, Loukola OJ, Ingraham T,
Søvik E, Chittka L. 2016 Associative mechanisms
allow for social learning and cultural transmission of
string pulling in an insect. PLoS Biol. 14, e1002564.
(doi:10.1371/journal.pbio.1002564)

28. Leadbeater E, Dawson EH. 2017 A social insect
perspective on the evolution of social learning
mechanisms. Proc. Natl Acad. Sci. USA 114,
7838–7845. (doi:10.1073/pnas.1620744114)

29. Chittka L, Niven J. 2009 Are bigger brains better?
Curr. Biol. 19, R995–R1008. (doi:10.1016/j.cub.
2009.08.023)

30. Bailey IE, Morgan KV, Bertin M, Meddle SL,
Healy SD. 2014 Physical cognition: birds
learn the structural efficacy of nest material.
Proc. R. Soc. B 281, 20133225. (doi:10.1098/rspb.
2013.3225)

31. Teschke I, Wascher CAF, Scriba MF, von Bayern AMP,
Huml V, Siemers B, Tebbich S. 2013 Did tool-use
evolve with enhanced physical cognitive abilities?
Phil. Trans. R. Soc. B 368, 20120418. (doi:10.1098/
rstb.2012.0418)

32. Muth F, Healy SD. 2014 Zebra finches select nest
material appropriate for a building task. Anim.
Behav. 90, 237–244. (doi:10.1016/j.anbehav.2014.
02.008)

33. Muth F, Healy SD. 2011 The role of adult experience
in nest building in the zebra finch, Taeniopygia
guttata. Anim. Behav. 82, 185–189. (doi:10.1016/j.
anbehav.2011.04.021)

34. Reader SM, Laland KN. 2003 Animal innovation.
New York, NY: Oxford University Press.

35. Griffin AS, Guez D. 2014 Innovation and problem
solving: a review of common mechanisms. Behav.
Process. 109, 121–134. (doi:10.1016/j.beproc.2014.
08.027)

36. Lowry H, Lill A, Wong BBM. 2013 Behavioural
responses of wildlife to urban environments.
Biol. Rev. 88, 537–549. (doi:10.1111/
brv.12012)

http://dx.doi.org/10.1093/auk/102.4.696
http://dx.doi.org/10.4039/Ent981337-12
http://dx.doi.org/10.4039/Ent981337-12
http://dx.doi.org/10.1073/pnas.90.12.5705
http://dx.doi.org/10.1073/pnas.90.12.5705
http://dx.doi.org/10.1098/rstb.2018.0200
http://dx.doi.org/10.1098/rstb.2018.0200
http://dx.doi.org/10.1006/anbe.2000.1606
http://dx.doi.org/10.1006/anbe.2000.1606
http://dx.doi.org/10.1007/s00442-009-1444-4
http://dx.doi.org/10.1016/j.beproc.2008.12.005
http://dx.doi.org/10.1016/j.beproc.2008.12.005
http://dx.doi.org/10.3389/fpsyg.2018.00900
http://dx.doi.org/10.1016/j.landurbplan.2014.04.016
http://dx.doi.org/10.1016/j.landurbplan.2014.04.016
http://dx.doi.org/10.1139/z93-152
http://dx.doi.org/10.1139/z93-152
http://dx.doi.org/10.1111/jbi.13830
http://dx.doi.org/10.1111/jbi.13830
http://dx.doi.org/10.1126/science.1098254
http://dx.doi.org/10.1126/science.1098254
http://dx.doi.org/10.1111/jzo.12198
http://dx.doi.org/10.1111/jzo.12198
http://dx.doi.org/10.1890/06-1757.1
http://dx.doi.org/10.2307/1368389
http://dx.doi.org/10.1016/S0003-3472(05)80157-5
http://dx.doi.org/10.1126/science.1072838
http://dx.doi.org/10.1126/science.1072838
http://dx.doi.org/10.1016/j.anbehav.2011.12.004
http://dx.doi.org/10.1093/beheco/arj049
http://dx.doi.org/10.1093/beheco/arj049
http://dx.doi.org/10.1016/j.anbehav.2011.01.029
http://dx.doi.org/10.1016/j.anbehav.2011.01.029
http://dx.doi.org/10.1098/rspb.2010.1610
http://dx.doi.org/10.1098/rspb.2010.1610
http://dx.doi.org/10.1086/671815
http://dx.doi.org/10.1086/671815
http://dx.doi.org/10.1163/15707563-20191233
http://dx.doi.org/10.3389/fnbeh.2012.00057
http://dx.doi.org/10.1371/journal.pbio.1002564
http://dx.doi.org/10.1073/pnas.1620744114
http://dx.doi.org/10.1016/j.cub.2009.08.023
http://dx.doi.org/10.1016/j.cub.2009.08.023
http://dx.doi.org/10.1098/rspb.2013.3225
http://dx.doi.org/10.1098/rspb.2013.3225
http://dx.doi.org/10.1098/rstb.2012.0418
http://dx.doi.org/10.1098/rstb.2012.0418
http://dx.doi.org/10.1016/j.anbehav.2014.02.008
http://dx.doi.org/10.1016/j.anbehav.2014.02.008
http://dx.doi.org/10.1016/j.anbehav.2011.04.021
http://dx.doi.org/10.1016/j.anbehav.2011.04.021
http://dx.doi.org/10.1016/j.beproc.2014.08.027
http://dx.doi.org/10.1016/j.beproc.2014.08.027
http://dx.doi.org/10.1111/brv.12012
http://dx.doi.org/10.1111/brv.12012


royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

378:20220142

7

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

18
 D

ec
em

be
r 

20
23

 

37. Sol D, Duncan RP, Blackburn TM, Cassey P, Lefebvre
L. 2005 Big brains, enhanced cognition, and
response of birds to novel environments. Proc. Natl
Acad. Sci. USA 102, 5460–5465. (doi:10.1073/pnas.
0408145102)

38. Wong BBM, Candolin U. 2015 Behavioral responses
to changing environments. Behav. Ecol. 26,
665–673. (doi:10.1093/beheco/aru183)

39. Jagiello Z, Dylewski L, Tobolka M, Aguirre JI. 2019 Life
in a polluted world: a global review of anthropogenic
materials in bird nests. Environ. Pollut. 251, 717–722.
(doi:10.1016/j.envpol.2019.05.028)

40. Potvin DA, Opitz F, Townsend KA, Knutie SA. 2021
Use of anthropogenic-related nest material and nest
parasite prevalence have increased over the past
two centuries in Australian birds. Oecologia 196,
1207–1217. (doi:10.1007/s00442-021-04982-z)

41. Sergio F, Blas J, Blanco G, Tanferna A, López L,
Lemus JA, Hiraldo F. 2011 Raptor nest decorations
are a reliable threat against conspecifics. Science
331, 327–330. (doi:10.1126/science.1199422)

42. Antczak M, Hromada M, Czechowski P, Tabor J,
Zabłocki P, Grzybek J, Tryjanowski P. 2010 A new
material for old solutions: the case of plastic string
used in great grey shrike nests. Acta Ethol. 2,
87–91. (doi:10.1007/s10211-010-0077-2)

43. Møller AP, Arriero E, Lobato E, Merino S. 2009 A
meta-analysis of parasite virulence in nestling birds.
Biol. Rev. 84, 567–588. (doi:10.1111/j.1469-185X.
2009.00087.x)

44. Suárez-Rodríguez M, López-Rull I, Macías Garcia C.
2013 Incorporation of cigarette butts into nests
reduces nest ectoparasite load in urban birds: new
ingredients for an old recipe? Biol. Lett. 9,
20120931. (doi:10.1098/rsbl.2012.0931)

45. Suárez-Rodríguez M, Macías Garcia C. 2017 An
experimental demonstration that house finches add
cigarette butts in response to ectoparasites. J. Avian
Biol. 48, 1316–1321. (doi:10.1111/jav.01324)

46. McIvor JS, Moore AE. 2013 Bees collect
polyurethane and polyethylene plastics as novel
nest materials. Ecosphere 4, 1–6. (doi:10.1890/
ES13-00308.1)

47. Van Loo PLP, Baumans V. 2004 The importance of
learning young: the use of nesting material in
laboratory rats. Lab. Anim. 38, 17–24. (doi:10.1258/
00236770460734353)

48. Collias EC, Collias NE. 1964 The development of
nestbuilding behavior in a weaverbird. Auk 81,
42–52. (doi:10.2307/4082609)

49. Jones JC, Reynolds JD. 1999 Oxygen and the trade-
off between egg ventilation and brood protection in
the common goby. Behaviour 136, 819–832.
(doi:10.1163/156853999501586)

50. Lehtonen TK, Lindström K, Wong BBM. 2013 Effect
of egg predator on nest choice and nest
construction in sand gobies. Anim. Behav. 86,
867–871. (doi:10.1016/j.anbehav.2013.08.005)

51. Lehtonen TK, Lindström K, Wong BBM. 2015 Body
size mediates social and environmental effects on
nest building behaviour in a fish with paternal care.
Oecologia 178, 699–706. (doi:10.1007/s00442-015-
3264-z)
52. Lehtonen TK, Wong BBM, Kvarnemo C. 2016 Effects of
salinity on nest-building behaviour in a marine fish.
BMC Ecol. 16, 7. (doi:10.1186/s12898-016-0067-y)

53. Smith ML, Napp N, Petersen KH. 2021 Imperfect
comb construction reveals the architectural abilities
of honeybees. Proc. Natl Acad. Sci. USA 118,
e2103605118. (doi:10.1073/pnas.2103605118)

54. Gallo V, Chittka L. 2021 Stigmergy versus behavioral
flexibility and planning in honeybee comb
construction. Proc. Natl Acad. Sci. USA 118,
e2111310118. (doi:10.1073/pnas.2111310118)

55. Schaedelin FC, Taborsky M. 2009 Extended
phenotypes as signals. Biol. Rev. 84, 293–313.
(doi:10.1111/j.1469-185X.2008.00075.x)

56. Barber I, Nairn D, Huntingford FA. 2001 Nests as
ornaments: revealing construction by male
sticklebacks. Behav. Ecol. 12, 390–396. (doi:10.
1093/beheco/12.4.390)

57. Jones JC, Reynolds JD. 1999 The influence of oxygen
stress on female choice for male nest structure in
the common goby. Anim. Behav. 57, 189–196.
(doi:10.1006/anbe.1998.0940)

58. Grubbauer P, Hoi H. 1996 Female penduline tits
(Remiz pendulinus) choosing high quality nests
benefit by decreased incubation effort and increased
hatching success. Ecoscience 3, 274–279. (doi:10.
1080/11956860.1996.11682342)

59. Forsman JT, Thomson RL, Seppänen J-T. 2007
Mechanisms and fitness effects of interspecific
information use between migrant and resident
birds. Behav. Ecol. 18, 888–894. (doi:10.1093/
beheco/arm048)

60. Dawkins R, Krebs JR. 1979 Arms races between and
within species. Proc. R. Soc. B 205, 489–511.
(doi:10.1098/rspb.1979.0081)

61. Loukola OJ, Laaksonen T, Seppänen JT, Forsman J-T.
2014 Active hiding of social information from
information-parasites. BMC Evol. Biol. 14, 32.
(doi:10.1186/1471-2148-14-32)

62. Both C, Van Turnhout CAM, Bijlsma RG, Siepel H,
Van Strien AJ, Foppen RPB. 2010 Avian population
consequences of climate change are most severe for
long-distance migrants in seasonal habitats.
Proc. R. Soc. B 277, 1259–1266. (doi:10.1098/rspb.
2009.1525)

63. Gravolin I, Lehtonen TK, Deal NDS, Candolin U,
Wong BBM. 2021 Male reproductive adjustments to
an introduced nest predator. Behav. Ecol. 32,
1163–1170. (doi:10.1093/beheco/arab079)

64. Troscianko J, Wilson-Aggarwal J, Stevens M,
Spottiswoode CN. 2016 Camouflage predicts survival
in ground-nesting birds. Sci. Rep. 6, 19966. (doi:10.
1038/srep19966)

65. Öst M, Wickman M, Matulionis E, Steele B. 2008
Habitat-specific clutch size and cost of incubation in
eiders reconsidered. Oecologia 158, 205–216.
(doi:10.1007/s00442-008-1139-2)

66. Burns TJ, Thomson RR, McLaren RA, Rawlinson J,
McMillan E, Davidson H, Kennedy MW. 2020 Buried
treasure—marine turtles do not ‘disguise’ or
‘camouflage’ their nests but avoid them and create
a decoy trail. R. Soc. Open Sci. 7, 200327. (doi:10.
1098/rsos.200327)
67. Bailey IE, Muth F, Morgan K, Meddle SL, Healy SD.
2015 Birds build camouflaged nests. Auk 132,
11–15. (doi:10.1642/AUK-14-77.1)

68. Cauchoix M, Chaine AS. 2016 How can we study the
evolution of animal minds? Front. Psychol. 7, 358.
(doi:10.3389/fpsyg.2016.00358)

69. Brooke MdL, Davies NB. 1988 Egg mimicry by
cuckoos Cuculus canorus in relation to discrimination
by hosts. Nature 335, 630–632. (doi:10.1038/
335630a0)

70. Langmore NE, Hunt S, Kilner RM. 2003 Escalation of
a coevolutionary arms race through host rejection of
brood parasitic young. Nature 422, 157–160.
(doi:10.1038/nature01460)

71. Spottiswoode CN, Stevens M. 2010 Visual modeling
shows that avian host parents use multiple visual
cues in rejecting parasitic eggs. Proc. Natl Acad. Sci.
USA 107, 8672–8676. (doi:10.1073/pnas.
0910486107)

72. Lyon BE. 2003 Egg recognition and counting reduce
costs of avian conspecific brood parasitism. Nature
422, 495–499. (doi:10.1038/nature01505)

73. Davies NB. 2000 Cuckoos, cowbirds and other cheats.
London, UK: Poyser.

74. Zimmermann H, Blažek R, Polačik M, Reichard M.
2022 Individual experience as a key to success for
the cuckoo catfish brood parasitism. Nat. Commun.
13, 1723. (doi:10.1038/s41467-022-29417-y)

75. Johnson CA, Topoff H, Vander Meer RK, Lavine B.
2005 Do these eggs smell funny to you?: an
experimental study of egg discrimination by hosts
of the social parasite Polyergus breviceps
(Hymenoptera: Formicidae). Behav. Ecol. Sociobiol.
57, 245–255. (doi:10.1007/s00265-004-0851-0)

76. Elia M, Khalil A, Bagnères A-G, Lorenzi MC. 2018
Appeasing their hosts: a novel strategy for parasite
brood. Anim. Behav. 146, 123–134. (doi:10.1016/j.
anbehav.2018.10.011)

77. Pulliainen U, Helanterä H, Sundström L, Schultner E.
2019 The possible role of ant larvae in the defence
against social parasites. Proc. R. Soc. B 286,
20182867. (doi:10.1098/rspb.2018.2867)

78. Lindström K. 1992 The effect of resource holding
potential, nest size and information about resource
quality on the outcome of intruder-owner conflicts
in the sand goby. Behav. Ecol. Sociobiol. 30, 53–58.
(doi:10.1007/BF00168594)

79. Lehtonen TK, Vesakoski O, Yli-Rosti J, Saarinen A,
Lindström K. 2018 The impact of an invasive mud
crab on brood success of nest-building fish in the
Northern Baltic Sea. Biol. Invasions 20, 981–993.
(doi:10.1007/s10530-017-1605-z)

80. Morand-Ferron J, Cole EF, Quinn JL. 2016 Studying
the evolutionary ecology of cognition in the wild: a
review of practical and conceptual challenges. Biol.
Rev. 91, 367–389. (doi:10.1111/brv.12174)

81. Pull CD, Petkova I, Watrobska C, Pasquier G,
Fernandez MP, Leadbeater E. 2022 Ecology
dictates the value of memory for foraging
bees. Curr. Biol. 32, 4279–4285. (doi:10.1016/j.cub.
2022.07.062)

82. Öst M, Jaatinen K. 2015 Smart and safe?
Antipredator behavior and breeding success are

http://dx.doi.org/10.1073/pnas.0408145102
http://dx.doi.org/10.1073/pnas.0408145102
http://dx.doi.org/10.1093/beheco/aru183
http://dx.doi.org/10.1016/j.envpol.2019.05.028
http://dx.doi.org/10.1007/s00442-021-04982-z
http://dx.doi.org/10.1126/science.1199422
http://dx.doi.org/10.1007/s10211-010-0077-2
http://dx.doi.org/10.1111/j.1469-185X.2009.00087.x
http://dx.doi.org/10.1111/j.1469-185X.2009.00087.x
http://dx.doi.org/10.1098/rsbl.2012.0931
http://dx.doi.org/10.1111/jav.01324
http://dx.doi.org/10.1890/ES13-00308.1
http://dx.doi.org/10.1890/ES13-00308.1
http://dx.doi.org/10.1258/00236770460734353
http://dx.doi.org/10.1258/00236770460734353
http://dx.doi.org/10.2307/4082609
http://dx.doi.org/10.1163/156853999501586
http://dx.doi.org/10.1016/j.anbehav.2013.08.005
http://dx.doi.org/10.1007/s00442-015-3264-z
http://dx.doi.org/10.1007/s00442-015-3264-z
http://dx.doi.org/10.1186/s12898-016-0067-y
http://dx.doi.org/10.1073/pnas.2103605118
http://dx.doi.org/10.1073/pnas.2111310118
http://dx.doi.org/10.1111/j.1469-185X.2008.00075.x
http://dx.doi.org/10.1093/beheco/12.4.390
http://dx.doi.org/10.1093/beheco/12.4.390
http://dx.doi.org/10.1006/anbe.1998.0940
https://doi.org/10.1080/11956860.1996.11682342
https://doi.org/10.1080/11956860.1996.11682342
http://dx.doi.org/10.1093/beheco/arm048
http://dx.doi.org/10.1093/beheco/arm048
http://dx.doi.org/10.1098/rspb.1979.0081
http://dx.doi.org/10.1186/1471-2148-14-32
http://dx.doi.org/10.1098/rspb.2009.1525
http://dx.doi.org/10.1098/rspb.2009.1525
http://dx.doi.org/10.1093/beheco/arab079
http://dx.doi.org/10.1038/srep19966
http://dx.doi.org/10.1038/srep19966
https://doi.org/10.1007/s00442-008-1139-2
http://dx.doi.org/10.1098/rsos.200327
http://dx.doi.org/10.1098/rsos.200327
http://dx.doi.org/10.1642/AUK-14-77.1
http://dx.doi.org/10.3389/fpsyg.2016.00358
https://doi.org/10.1038/335630a0
https://doi.org/10.1038/335630a0
http://dx.doi.org/10.1038/nature01460
https://doi.org/10.1073/pnas.0910486107
https://doi.org/10.1073/pnas.0910486107
http://dx.doi.org/10.1038/nature01505
http://dx.doi.org/10.1038/s41467-022-29417-y
http://dx.doi.org/10.1007/s00265-004-0851-0
http://dx.doi.org/10.1016/j.anbehav.2018.10.011
http://dx.doi.org/10.1016/j.anbehav.2018.10.011
http://dx.doi.org/10.1098/rspb.2018.2867
http://dx.doi.org/10.1007/BF00168594
http://dx.doi.org/10.1007/s10530-017-1605-z
http://dx.doi.org/10.1111/brv.12174
http://dx.doi.org/10.1016/j.cub.2022.07.062
http://dx.doi.org/10.1016/j.cub.2022.07.062


royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

378:20220142

8

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

18
 D

ec
em

be
r 

20
23

 

related to head size in a wild bird. Behav. Ecol. 26,
1371–1378. (doi:10.1093/beheco/arv093)

83. Jaatinen K, Öst M. 2016 Brain size-related breeding
strategies in a seabird. Oecologia 180, 67–76.
(doi:10.1007/s00442-015-3468-2)

84. Cole EF, Morand-Ferron J, Hinks AE, Quinn JL. 2012
Cognitive ability influences reproductive life history
variation in the wild. Curr. Biol. 22, 1808–1812.
(doi:10.1016/j.cub.2012.07.051)

85. Harvey PH, Pagel MD. 1991 The comparative method
in evolutionary biology. New York, NY: Oxford
University Press.

86. Vanadzina K, Street SE, Healy SD, Laland KN, Sheard
C. 2022 Global drivers of variation in cup nest size
in passerine birds. J. Anim. Ecol. 92, 338–351.
(doi:10.1111/1365-2656.13815)

87. Cornwallis CK, Botero CA, Rubenstein DR, Downing
PA, West SA, Griffin AS. 2017 Cooperation facilitates
the colonization of harsh environments. Nat. Ecol.
Evol. 1, 0057. (doi:10.1038/s41559-016-0057)

88. Guillette LM, Healy SD. 2015 Nest building, the
forgotten behaviour. Curr. Opin. Behav. Sci. 6,
90–96. (doi:10.1016/j.cobeha.2015.10.009)

89. Perry CJ, Barron AB, Cheng K. 2013 Invertebrate
learning and cognition: relating phenomena to
neural substrate. Wiley Interdiscip. Rev. Cogn. Sci. 4,
561–582. (doi:10.1002/wcs.1248)

90. Isler K, van Schaik CP. 2009 The expensive brain: a
framework for explaining evolutionary changes in
brain size. J. Hum. Evol. 57, 392–400. (doi:10.1016/
j.jhevol.2009.04.009)

91. Boogert NJ, Fawcett TW, Lefebvre L. 2011 Mate
choice for cognitive traits: a review of the evidence
in nonhuman vertebrates. Behav. Ecol. 22,
447–459. (doi:10.1093/beheco/arq173)

92. Rosati AG. 2017 Foraging cognition: reviving the
ecological intelligence hypothesis. Trends Cogn. Sci.
21, 691–702. (doi:10.1016/j.tics.2017.05.011)

93. Hansell M, Ruxton GD. 2008 Setting tool use
within the context of animal construction
behaviour. Trends Ecol. Evol. 23, 73–78. (doi:10.
1016/j.tree.2007.10.006)

94. Thom JM, Clayton NS. 2015 Translational research
into intertemporal choice: the Western scrub-jay as
an animal model for future-thinking. Behav.
Process. 112, 43–48. (doi:10.1016/j.beproc.2014.
09.006)

95. Rowe C, Healy SD. 2014 Measuring variation in
cognition. Behav. Ecol. 25, 1287–1292. (doi:10.
1093/beheco/aru090)
96. Lehtonen TK, McCrary JK, Meyer A. 2012 Introduced
predator elicits deficient brood defence behaviour in
a crater lake fish. PLoS One 7, e30064. (doi:10.1371/
journal.pone.0030064)

97. Geffroy B, Samia DSM, Bessa E, Blumstein DT. 2015
How nature-based tourism might increase prey
vulnerability to predators. Trends Ecol. Evol. 30,
755–765. (doi:10.1016/j.tree.2015.09.010)

98. Schlaepfer MA, Runge MC, Sherman PW. 2002
Ecological and evolutionary traps. Trends Ecol.
Evol. 17, 474–480. (doi:10.1016/S0169-
5347(02)02580-6)

99. Robertson BA, Rehage JS, Sih A. 2013 Ecological
novelty and the emergence of evolutionary traps.
Trends Ecol. Evol. 28, 552–560. (doi:10.1016/j.tree.
2013.04.004)

100. Hale R, Swearer SE. 2016 Ecological traps:
current evidence and future directions. Proc. R.
Soc. B 283, 20152647. (doi:10.1098/rspb.
2015.2647)

101. Krams R, Krama T, Brūmelis G, Elferts D, Strode L,
Dauškane I, Luoto S, Šmits A, Krams IA. 2021
Ecological traps: evidence of a fitness cost in a
cavity-nesting bird. Oecologia 196, 735–745.
(doi:10.1007/s00442-021-04969-w)

http://dx.doi.org/10.1093/beheco/arv093
http://dx.doi.org/10.1007/s00442-015-3468-2
http://dx.doi.org/10.1016/j.cub.2012.07.051
http://dx.doi.org/10.1111/1365-2656.13815
http://dx.doi.org/10.1038/s41559-016-0057
http://dx.doi.org/10.1016/j.cobeha.2015.10.009
http://dx.doi.org/10.1002/wcs.1248
http://dx.doi.org/10.1016/j.jhevol.2009.04.009
http://dx.doi.org/10.1016/j.jhevol.2009.04.009
http://dx.doi.org/10.1093/beheco/arq173
http://dx.doi.org/10.1016/j.tics.2017.05.011
http://dx.doi.org/10.1016/j.tree.2007.10.006
http://dx.doi.org/10.1016/j.tree.2007.10.006
http://dx.doi.org/10.1016/j.beproc.2014.09.006
http://dx.doi.org/10.1016/j.beproc.2014.09.006
http://dx.doi.org/10.1093/beheco/aru090
http://dx.doi.org/10.1093/beheco/aru090
https://doi.org/10.1371/journal.pone.0030064
https://doi.org/10.1371/journal.pone.0030064
http://dx.doi.org/10.1016/j.tree.2015.09.010
http://dx.doi.org/10.1016/S0169-5347(02)02580-6
http://dx.doi.org/10.1016/S0169-5347(02)02580-6
http://dx.doi.org/10.1016/j.tree.2013.04.004
http://dx.doi.org/10.1016/j.tree.2013.04.004
http://dx.doi.org/10.1098/rspb.2015.2647
http://dx.doi.org/10.1098/rspb.2015.2647
http://dx.doi.org/10.1007/s00442-021-04969-w

	The role of cognition in nesting
	Introduction
	Evidence linking cognitive capacities and nesting behaviours
	Nest site selection
	Nesting material choice
	Nest construction and nest architecture
	Nest defence

	Future directions
	Evolutionary framework
	Cognitive abilities in a changing world

	Conclusion
	Data accessibility
	Authors' contributions
	Conflict of interest declaration
	Funding
	Acknowledgements
	References


