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Material culture—that is, group-shared and socially learned object-related
behaviour(s)—is a widespread and diverse phenomenon in humans. For dec-
ades, researchers have sought to confirm the existence of material culture in
non-human animals; however, the main study systems of interest—namely,
tool making and /or using non-human primates and corvids—cannot provide
such confirmatory evidence: because long-standing ethical and logistical con-
straints handicap the collection of necessary experimental data. Synthesizing
evidence across decades and disciplines, here, I present a novel framework
for (mechanistic, developmental, behavioural, and comparative) study on
animal material culture: avian nest construction.

In one of his many influential essays on the natural world, polymath Alfred
Russel Wallace concluded that, just like humans, nest-building birds exhibit
socially learned architectural ‘customs’ [1, p. 235], a phenomenon that con-
temporary scientists would classify as material culture. Despite this early, and
later, similar claims [2-5], the hypothesis that material culture plays a role in
avian nest construction remains virtually untested [6,7], probably owing, in
part, to the now defunct belief (e.g. [8,9]) that birds build nests based solely
on instinct; in spite of approximately 150 years of data to show that birds can
learn from their own and others’ nest-construction experience [10].

Nevertheless, animal material culture research has focused largely on putative
cases of tool-use traditions in wild non-human primates and corvids (recent
reviews: [11-14]). While inarguably informative, these kinds of field studies
cannot clearly isolate cultural explanations for existing technological diversity
from ecological and/or genetic ones [15,16]. Instead, the use of experimental
methods such as cross-fostering (exchanging offspring between different groups
of unrelated adults) would be a necessary first step towards ‘disentangling’ this
nature versus nurture debate—an approach that is currently considered unethical
in these study systems to apply in situ because candidate cultural traits could
be altered or lost. Thus, experimental evidence of material culture in animals is
lacking, although cultural explanations seem to support a burgeoning number
of other types of shared behaviours (e.g. song, mate choice, and foraging decisions;
as recently reviewed in [17]).

Here, inspired by Wallace [1], I argue that avian nest construction offers a
promising new framework for research into animal material culture, by: firstly,
synthesizing the available evidence; secondly, proposing two hypothetical exper-
iments that use state-of-the-art methodologies; thirdly, suggesting one potential
model ‘cultural’ system for such study; and finally, highlighting how the biology
of breeding birds allows animal culture researchers to progress the current exper-
imental landscape. Together, these points produce the view that nest-building
birds stand to advance the fields of animal behaviour and animal culture research.

© 2021 The Authors. Published by the Royal Society under the terms of the Creative Commons Attribution
License http://creativecommons.org/licenses/by/4.0/, which permits unrestricted use, provided the original
author and source are credited.
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Figure 1. Backyard bird study. Paintings by naturalist Henry Smith Williams (1863—1943) depicting his decade-long observational study, wherein seven species, such
as (left to right) orioles, flycatchers, robins, and waxwings, adopted the use of coloured strands of yarn for nest construction. Reproduced with permission by Natural

History, November 1934 Copyright © Natural History Magazine, Inc., 1934.

2. Evidence of nesting traditions

To build a case for material culture in avian nest construction,
consider the nest-building behaviour of Corsican blue tits
(Cyanistes caeruleus): spatio-temporal analyses show that the
types of nest material used by females (the builders in this
species) are consistent within, but differ between, study
plots; that these community differences in females’ nest-
material use are repeatable across breeding seasons; and
that differences in plant availability cannot sufficiently
explain females” nest-material selection [3]. Such behavioural
variation might, then, be the joint product of so-called ‘cul-
tural founder effects” [18] and ‘social learning strategies’
[19], where local nesting traditions were generated by, in
turn, the nest-material preference of the first female in each
area to build, the neighbours that readily copied her, those
that copied the copiers, and so on. This supposition is
strengthened by recent data showing that: (i) during nest con-
struction, female blue tits will visit—up to approximately 40
times—the started or completed nests of other breeding blue
tits [20]; and (ii) nest composition in female blue tits, in terms
of the proportion of feathers they use, is a weakly heritable
trait (heritability estimate of 13%; [21]).

Persistent species-atypical group patterns in birds’ nest-
site selection—for example, nesting in a shrub rather than
on the ground [5], or on land rather than over water [2]—
are also candidates for behaviour shaped by cultural proces-
ses, such as cultural inheritance [22]. Indeed, this observed
group specificity in how birds begin nest construction is com-
parable to the documented group specificity (considered
cultural) in how chimpanzees begin termite ‘fishing’: prior
to probing an underground termite nest with a stick, mem-
bers of one group lean on their elbow, whereas members of
another group lay on their side [23]. And cross-fostering
data show that early-life experience, rather than genes, can
play a dominant role in shaping first-time settlement
decisions in breeding birds [24]. But arguably the most
compelling data supporting a role for material culture in
avian nest construction come from a decade-long study [4]
on backyard birds in North America, as detailed below.

In spring of 1923, lawyer, physician, naturalist and artist
(figure 1) Henry Smith Williams [4] hung strands of red,

white, blue, lavender, orange, and yellow yarn on a pole in
his backyard; he did this every springtime up to 1932. His
aim: to document which birds, if any, used which colour(s)
of yarn for nest construction. From the start of the study, a
female oriole (Icterus spp.) constructed her nest using pieces
of each colour of yarn excluding the blue yarn. In the next
years, other female orioles, too, followed suit, each with
their own apparent material-colour preference(s). For
example, in 1929, and again in 1930, one nest-building
female oriole used nothing but white yarn. When, in 1931,
the entire oriole colony (11 breeding pairs) preferred white
yarn for nest construction, Williams credited this female
with inspiring the ‘fashion of the season’. A similar claim
could be made for the female kingbird (Tyrannus spp.) that,
in 1929, constructed her nest exclusively from white yarn;
she did this only after the orioles were finished constructing
their respective nests. In subsequent seasons, two other king-
birds adopted the material-use behaviour, although, unlike
the orioles, neither preferred the white yarn. In 1931, a prefer-
ence for using one or multiple material colour(s) for nest
construction was observed by Williams in an additional
five species: American robins (Turdus migratorius), catbirds
(Ailuroedus spp.), cedar waxwings (Bombycilla cedrorum), red-
starts (Phoenicurus spp.), and least flycatchers (Empidonax
minimus). Together, Williams’ observational data coupled
with his paintings (figure 1), provide tantalizing evidence
of within and between-species social transmission of material
preference in nest-building birds, spanning at least one, and
up to 10 generations.

3. Methods for studying nesting traditions

The observational data synthesized above, however sugges-
tive, cannot confirm the existence of nesting traditions in
birds. In addition to established experimental methods such
as cross-fostering, more recent empirical approaches plus
newly developed animal behaviour tracking tools (figure 2)
could be used to help fill this knowledge gap. Two hypotheti-
cal experiments are outlined below to illustrate the potential
application of some of these methodologies to the study of
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Figure 2. Methods and model. (a) Laboratory tracking technology: (i) laboratory-housed zebra finches wearing barcode-labelled backpacks that computer software
can simultaneously track from video and/or photo recordings to reveal (i) within-group social networks such as dominance hierarchies—for example, in this simu-
lated network bird 4 displaced the most conspecifics and is thus the most dominant bird (i.e. has the biggest circle). (b) Field tracking technology: (i) a blue ftit fitted
with a (black) leg ring PIT tag that can communicate with (ii) a wired feeding station to (jii) timestamp individual feeding events; these stations could be modified
to offer and record the choice of coloured nest material, (iv) which nest-building birds will use. (c) Zebra finches present one potential model “cultural” system, as
their nest construction can be studied experimentally under both (i,ii) laboratory and (iii) field conditions. Image credit: top panel, (i) Adriana Maldonado-Chaparro;
middle panel, (i-iii) Friederike Hillemann and (vi) Michael Saynor; bottom panel, (i, ii) Eira Ihalainen and (iii) Chris Bellette.

material culture in avian nest construction (for in-depth
reviews on animal behaviour tracking technology, see [25,26]).

In the first imagined experiment, the question being
asked is if nesting cultures can establish in birds living in,
for example, indoor and adjacent aviaries. In one aviary,
birds build nests with one colour of material (e.g. pink
string), while, in an adjacent aviary, birds with no experience
of nest construction look on. Given that material-colour
preference can be socially transmitted between pairs of
builder-observer birds under laboratory conditions [27], it
seems plausible that, when given pink and, say, orange
string, the group of novice builder-birds could conform to
the perceived local nest-construction culture—that is, con-
struct nests mostly, if not entirely of pink string. It also
seems plausible that within-group social dynamics (e.g. age,
rank and/or relatedness) might differentially influence the
rate of any such cultural transmission of information
[19,28,29]. Dominant (i.e. more aggressive) individuals may,
for example, adopt the apparent nesting tradition more
quickly than subordinate individuals by chasing subordinates
away from, and consequently, monopolizing access to, nest
material [30]. In recent years, network-based diffusion analy-
sis has become the go-to method for testing predictions
about the spread of behaviour (for a step-by-step overview,
see [31]). Critically, this method requires a priori knowledge

of the strength of within-group member-to-member associ-
ations—in other words, how ‘friendly’ group members are
with one another, from not at all to very. Cutting-edge back-
pack tracking tags (non-invasive harnesses mounted with
unique, camera-detectable and software-readable barcodes
that encode bird identity, position, and direction; figure 2a)
should facilitate such social network mapping of the birds in
the observer group in this make-believe scenario [32-34];
their dominance hierarchies might be mapped, for instance,
using agonistic interactions—e.g. dyadic displacement
data—extracted from barcodes detected at a filmed feeding
period prior to nest construction (sensu [33]; figure 2a). Thus,
the data generated from the first imagined experiment could
reveal nest-building birds” capacity for, and candidate social
processes involved in, animal material culture.

In the second imagined experiment, the question of the
potential for nesting cultures remains the same but the study set-
ting changes—the birds are now living freely in the wild. Recent
research using passive integrated transponder (PIT) tags in
combination with tracking feeding stations (e.g. [35-38])
suggests that such a change in the experimental environment
is logistically manageable: because together these studies
show that the identity and the foraging behaviour of wild
target birds (that is, those with a PIT-tag equipped leg ring)
can be catalogued automatically (figure 2b). Rather than offer
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food, then, these tracking stations could be adapted to offer a
choice of at least two colours of nest material, such as dyed
wool strands, cushion stuffing, or feathers—material types
which are used by a number of builder-birds for nest construc-
tion [39,40] (figure 2b). Thus, data on who used which coloured
material, and when, would be generated from this final make-
believe scenario, providing insight into whether, and if so,
how nesting traditions in wild birds arise spontaneously (see
figure 1 for a compelling case study). Specific to this second
point, an explosion [41] in mathematical models of cultural evol-
ution means that it is possible to detect transmission processes,
such as conformist transmission, underlying any such social
learning of locally ‘colour-appropriate’ nest material, by analys-
ing builder-birds’ material-use patterns across the breeding
season [42].

Admittedly, both of these hypothetical experiments are
unrefined. In practice, replicate and counterbalanced (for
nest-material colour) study groups would be required, as
would controls for underlying genetic and/or arbitrary
colour biases. The aim here, however, was not to provide
polished experiments but to encourage their design. A
possible study system is suggested in the following section.

4. One potential model ‘cultural’ system

As highlighted in a recent review [10], the zebra finch is
becoming the de facto model system for empirical investi-
gations of the socio-ecological dynamics underpinning avian
nest construction, not least because they readily construct
nests year-round under laboratory conditions (figure 2c).
Critical to any role for material culture, laboratory experi-
ments show that zebra finches use social information from
both early and later life to guide their nest-construction
decisions [27,43,44]; they will, for example, construct their
first nest with the colour of material they had had access to
as juveniles if an adult had also been present during that
adolescent period [43]. In general, zebra finches are known
to use social information in a wide range of contexts, includ-
ing foraging decisions, predator detection, mate choice,
and song learning [45]. Thus, their social learning coupled
with their proven tractability as a study system, together also
positions zebra finches as a powerful model to investigate cul-
tural processes associated with nest construction, and animal
material technology in general. That two of the cutting-
edge tracking tools [33,38], detailed above, were streamlined
in zebra finches (figure 2a), strengthens this suggestion, as
does the documented flexibility to study the nest-construction
behaviour of zebra finches in both laboratory and field con-
ditions (recent empirical examples: [27,43,44,46-51]; figure 2c).

Because most birds build a nest to reproduce, there is,
however, in theory, no shortage of potential model ‘cultural’
systems—an exciting prospect in terms of the scope for
valuable [52] comparative research (across, for example,
cooperative and non-cooperative breeders, migratory and
non-migratory birds, and male and female builders). Such
cross-species research need not be restricted to birds that will
breed in nest-boxes; this point is compellingly illustrated in
the backyard bird study by Williams [4] (and in figure 1). It is
also worth noting that other species besides the zebra finch con-
struct nests under captivity, including the near-ubiquitous
house sparrow (Passer domesticus) [53,54] and the ‘renowned’
(for their hanging basket-like nests) village weaver (Ploceus

cucullatus) [30,55,56]. Perhaps, however, it is the potential utility n

of the within-species variation in nest construction for phylo-
genetic methods that might appeal most, at least to cultural
evolutionists. Specifically, it is conceivable that, in breeding
bird populations under long-term study, and where their spatial
genetic and ecological structures are known (e.g. [57]), phylo-
genetic tree-building methods could be used to test whether
community variation in nest design can be accounted for, in
part, by a cultural ‘signal” [58], just as these methods have
been successfully applied to similar questions regarding
human-made artefacts such as baskets [59]. There is much
scope for impactful inter- and intra-species comparative
research into the interplay between life-history and behavioural
variation, avian nest construction, and animal culture.

5. How avian nest construction progresses the
experimental landscape

Aside from their logistic and comparative value, highlighted in
the sections above, nest-building birds offer animal culture
researchers at least one additional opportunity: to move
beyond employing so-called ‘diffusion” experiments, which
typically document the spread (or lack thereof) of an intro-
duced behaviour within and/or between animal groups
[60-62]. Indeed, as they are reliant upon a single, or multiple
subjects to demonstrate ‘what to do’, diffusion experiments
typically require dedicated training blocks (occurring over
days, weeks, and even months; e.g. [63-65]), and often
additional time costs, such as finding (e.g. [66]), trapping
(e.g. [67]) and/or releasing (e.g. [64]) suitable ‘models’,
where suitability is in the eye of the experimenter(s). As
such, traits like age, social rank, and general participation
levels are frequent determinants of potential demonstrator qual-
ity (e.g. [63,66,68]), besides being able to consistently and
correctly execute the trained behaviour. This self-selection pro-
cess inevitably introduces sampling bias (or ‘STRANGE’
animals; [69]), which limits the extent that diffusion
experiments can contribute meaningful inferences about
purported real-world animal cultural phenomena. Avian nest
construction, by contrast, requires neither training time commit-
ments nor demonstrator selection; rather, builder-birds will
simply get on with the ‘job’. In summary, although theoretical
and empirical advances are being made, a fundamental under-
standing of the conditions under which culture in animals can
present, propagate, and persist, particularly for naturally exist-
ing (that is, non-diffused) behaviours, is still in its infancy—
nest-building birds could help to bridge this yawning gap.

6. Conclusion

For at least a century and a half, humans have observed
human-like material culture in nest-building birds—but
experimental support is still lacking. This knowledge deficit
is true for the field of animal material culture as a whole,
owing to ethical and logistical constraints associated with
the long-standing main study systems of interest: tool
making and/or using non-human primates and corvids.
Avian nest construction, conversely, is a study system amen-
able to experimental manipulation in the laboratory and in
the field; one that does not require training. Coupling this
tractability with the diversity of tracking tools available, the

|gs4/jeusnol/biobuiysiigndAianos|ekos

LTE0LT0T LL BT Joig



time to include avian nest construction in animal culture
research is now, if not long overdue.
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