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Innovations in nest design are thought to be one potential factor in the
evolutionary success of passerine birds (order: Passeriformes), which
colonized new ecological niches as they diversified in the Oligocene and Mio-
cene. In particular, tyrant flycatchers and their allies (parvorder: Tyrannida)
are an extremely diverse group of New World suboscine passerines occupying
a wide range of habitats and exhibiting substantial extant variation in nest
design. To explore the evolution of nest architecture in this clade, we first
described nest traits across the Tyrannida phylogeny and estimated ancestral
nest conditions. We then quantified macroevolutionary transition rates
between nest types, examined a potential coevolutionary relationship between
nest type and habitat, and used phylogenetic mixed models to determine
possible ecological and environmental correlates of nest design. The Tyran-
nida ancestor probably built a cup nest in a closed habitat, and dome nests
independently evolved at least 15 times within this group. Both cup- and
dome-nesting species diversified into semi-open and open habitats, and we
did not detect a coevolutionary relationship between nest type and habitat.
Furthermore, nest type was not significantly correlated with several key eco-
logical, life-history and environmental traits, suggesting that broad variation
in Tyrannida nest architecture may not easily be explained by a single factor.

This article is part of the theme issue ‘The evolutionary ecology of nests:
a cross-taxon approach’.

1. Introduction

Passeriformes (passerines, or ‘perching birds’) is the largest order of birds,
comprising approximately 60% of extant avian species and occupying a wide
range of ecological niches worldwide. This clade’s ecological and evolutionary
success has been attributed to many potential factors [1-3], including inno-
vation in nest-building behaviours [4-10]. A well-built nest represents a key
component of successful reproduction in many avian species, protecting eggs
and chicks from predation and environmental pressures [11-14]. Unlike non-
passerine lineages, which exhibit strong evolutionary conservatism in nest
design [4,15], some passerine species have explored and occupied many differ-
ent nest-building micro-niches (e.g. [9,16-18]), and traits related to nest
construction seem to be highly labile within multiple subclades of this radiation
[11,15,16,19,20].

Modern passerines appear to have evolved from cavity-nesting ancestors
[21,22]. Cavity nesting can require substantial morphological or ecological
specialization [23,24] and thus might limit a species” ecological tolerance, cur-
tailing its ability to expand its range or to persist through environmental
changes in habitat conditions [25,26]. To overcome these challenges, early
modern passerines probably constructed dome nests outside of cavities
[27,28], with several lineages subsequently acquiring the ability to reproduce
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in cup-shaped nests [9]. Dome nests (i.e. nests constructed
with roofs) are thought to provide substantial protection
from the environment and predators [16,29,30], but they
also restrict breeding opportunities and potentially limit a
species’ ecological niche [12,30]. Open cup nests, on the
other hand, are considered easier to build than dome nests
[23] and thus potentially facilitate the colonization of new
niches [9]. The general drivers of variation in nest structure
(i.e. cup versus dome), however, are relatively unknown,
and evidence for widespread macroevolutionary conse-
quences of innovations in nesting strategy is mixed [7,31].

The suboscine passerines—and particularly the parvorder
Tyrannida—provide a robust system in which to examine
the evolutionary causes and consequences of innovations in
nest architecture. The Tyrannida [32,33] are small Neotropical
insectivores. They are found in a variety of different habitats
and exhibit a range of breeding strategies, from polygyny
and primarily female parental care to monogamy and shared
biparental care [34]. The Tyrannida clade includes the most
diverse avian family, the tyrant flycatchers (Tyrannidae) [31],
as well as the manakins (Pipridae), cotingas (Cotingidae),
royal flycatchers (Onychorhynchidae), tityras (Tityridae) and
the sharpbill (Oxyruncus cristatus; family Oxyruncidae)
(figure 1). Early Tyrannida birds inhabited interior forests in
the Oligocene (ca 30 Ma), followed by subsequent divergence
events in forest habitats and an explosive radiation that corre-
lates in time with expansion into semi-open and open habitats
in the mid-Miocene (ca 15Ma), particularly in the tityras
(Tityridae) and several lineages of the tyrant flycatchers (Tyr-
annidae) [35]. In addition to having unusually high inter-
lineage variation in diversification rates [35-37], Tyrannida
also contains many cup- and dome nesters, with closely
related species sometimes exhibiting considerable nest type
variation [34]. Thus, Tyrannida is a compelling group in
which to perform a comparative analysis of nest type evol-
ution: the substantial nest diversity within this group can be
studied at a focused taxonomic scale, without the need to con-
trol for ecological factors that may vary widely across a
broader taxonomic sample [38,39].

One of the main potential drivers of macroevolutionary
shifts in avian nest architecture is nesting habitat (e.g.
[4,5,22,39]). For example, birds nesting in open habitats are
more exposed to environmental conditions such as solar radi-
ation, wind and rain. On the other hand, birds nesting in
closed habitats (i.e. dense forested vegetation) may be more
protected from the elements; in addition, they have access
to a greater range of nest locations and may be less exposed
to predators compared to species nesting in open habitats or
on the ground [26,40,41]. The influence of habitat on nest
architecture, however, has rarely been tested at broader
phylogenetic scales (for example, a parvorder); the effects
of climate (e.g. [6,41]) or urbanization (e.g. [7]) are more
commonly considered. With respect to climate, one study
of Australian passerines [42] determined that dome nesting
is more common in hot, dry regions with limited plant
canopy cover. Beyond habitat, though, a number of additio-
nal ecological and life-history factors could influence nest
design. These include other aspects of nest architecture
(such as nest height and location) and a suite of ecological
and life-history traits, including clutch size, adult body
mass, flight behaviour, beak morphology and territorial be-
haviour (summarized in table 1). In addition, ecological
interactions (like predation) and environmental factors

(such as elevation, latitude, temperature, precipitation and n

range size; table 1) could affect nest architecture directly
[6,10,63] if, for example, nest predation decreased with
elevation [64] or if birds build dome nests to escape extreme
cold [65] or heat [29]. In turn, a species’ nest type might
reflect its ability to tolerate or disperse in a wide range of
environmental conditions [6]: cavity nesters may be more
constrained since they may be more limited by nest-site avail-
ability [66], for example, than cup- or dome-nesting species
[67]. An examination of the evolutionary link between habitat
and nest type would therefore need to account for these co-
varying ecological traits; it should also incorporate alternate
measures of niche differentiation such as temperature and
elevation that go beyond habitat type (see table 1 for a
compiled summary of specific hypotheses and predictions).
Here, we investigate the evolution of nest architecture and
habitat in Tyrannida by first surveying nest structure and
location across 466 species, a sample that represents 75% of
currently described species and 95% of currently described
genera. We then use Bayesian phylogenetic methods to esti-
mate the ancestral nesting state of this clade, to quantify
transition rates between nest architecture strategies, and to
assess possible coevolutionary dynamics between nest archi-
tecture and habitat type. Finally, we use phylogenetic mixed
models to determine whether nest type is correlated with
diverse ecological, life-history and environmental traits.

We studied a monophyletic lineage comprising tyrant flycatchers
and allies in the suboscine parvorder Tyrannida [32,33]. We fol-
lowed the Handbook of the Birds of the World and BirdLife
International [68] for taxonomic descriptions and used Jetz
et al. [69] for phylogenetic data. Tyrannida includes species that
have been recently categorized into six families [70,71]: Pipridae,
Cotingidae, Onychorhynchidae, Tityridae, Oxyruncidae and Tyr-
annidae, the last of which is the most speciose family of birds in
the world [34]. Breeding strategies are mixed in Tyrannida: poly-
gyny and primarily female parental care are very common in
some families (Pipridae, Cotingidae), while monogamy and
shared biparental care are typical in others (Onychorhynchidae,
Tityridae, Oxyruncidae and Tyrannidae). Correspondingly,
males and females may vary in their contributions to nest
building, though there is a substantial lack of knowledge of
nest-building behaviours for most of the species in the clade [34].

We searched for nest architecture and nest location information
for each species of Tyrannida. We principally used the website
HBW Alive [72], supplemented with primary literature on nest
descriptions to build our dataset S1 (electronic supplementary
material, S2). After a detailed literature search, we were able to
compile nest descriptions for 466 species (approx. 75%), encom-
passing 95% of the genera in this clade (table 2). We assigned
each species in this dataset to one of two basic nest types: cup
(i.e. cup-shaped nests that are rounded, with a central depression
and no roof, n =339 species) or dome (i.e. enclosed, constructed
nests with a roof, 1 = 127 species). We then scored nest location as
branch, hanging, ground, banks or rocks (i.e. fully supported off
of the ground) or cavity, following the nest descriptions of neo-
tropical birds given by Simon & Pacheco [73]. We categorized
the nests of genus Tityra as cups in cavities since the dried
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Figure 1. Bird species representing the different families in the parvorder Tyrannida. (a) Manakins—Pipridae (blue-capped manakin—Lepidothrix coronata),
(b) cotingas—Cotingidae (purple-throated fruitcrow—Querula purpurata), (c) royal flycatchers—Onychorhynchidae (royal flycatcher—Onychorhynchus coronatus),
(d) tityras—Tityridae (cinnamon becard—Pachyramphus cinnamomeus), (e) sharpbill-Oxyruncidae (sharpbill-Oxyruncus cristatus), and (f) tyrant flycatchers—Tyran-
nidae (rusty-margined flycatcher—Myiozetetes cayanensis). Photo credits: (a-d,f) Daniel Field, (e) Aisse Gaertner.

leaves from which the nest is constructed more closely resemble a
cup-like open structure. We also recorded the average nest height
from the ground, either as the single value reported in the nest
descriptions, or, when several values were available, as the
mid-height between the lowest and highest nest heights reported
for the species, which might correlate with antipredator strategy
in different habitats [4,16,41,74-76].

(iii) Habitat categorization

For each species in the dataset, we followed Tobias et al. [51] in
assigning one of three habitat types: closed (dense habitats in
forest), semi-open (forest edges, dense understory, thickets or
shrubland), or open (deserts, grassland, low shrubs, rocky
habitats, seashores and cities).

(iv) Ecological, life-history and environmental factors associated

with nest types
Based on a literature search, we identified ecological, life-history
and environmental traits that might correlate with nest type vari-
ation (summarized in table 1). To test for possible correlations
between nest type (cup or dome) and these traits in Tyrannida,
we compiled data on the following for each species in the data-
set: nest location (see above), nest height (see above), nest
habitat (see above), clutch size [72]; adult body mass and
hand-wing index [77]; beak dimensions [78]; territoriality [77];
elevation [72]; latitude, temperature, and precipitation [77]; and
range size [78]. For elevation, we recorded the average eleva-
tional distribution of the species, as reported in HBW Alive
[72], which incorporates information from local field guides.
For latitude, we recorded the centroid latitude, which is the geo-
metric centre of the species range (restricted to breeding and
resident range) as described by Tobias ef al. [78]. For temperature

and precipitation, we recorded, for each species” breeding range,
the average and annual variation in temperature and precipi-
tation using the WorldClim v.1 database at 10 min resolution
for 1970-2000 [79], as reported in Sheard et al. [77].

(b) Phylogenetic comparative methods

We downloaded a 1000-tree subset of Tyrannida topologies from
birdtree.org [69], based on the Hackett et al. [80] backbone. We
then used TREEANNOTATOR [81] to obtain a maximum clade-
credibility tree, forming the species-level phylogeny for our
comparative analyses.

(i) Nest type evolution and phylogenetic signal

We explored the evolutionary shifts between cup and dome nest
types in Tyrannida using the ‘Multistate’ module in the program
BavesTraITs [82]. As a first step, a maximum-likelihood esti-
mation was run on the binary nest type dataset to obtain
approximate transition rate values between cups and domes,
according to which we picked prior settings for our Markov
chain Monte Carlo (MCMC) run. We then employed an exponen-
tial prior with a mean of 10 and ran a chain of 1 010 000 iterations
with an initial burn-in of 10000 runs, and a sampling period of
1000, for a total of 1000 generations. To visualize the ancestral
state reconstructions of binary nest type (cup or dome) as well
as nest type and location (based on seven combinations: cup/
branch, cup/banks or rocks, cup/cavity, cup/ground, dome/
branch, dome/ground, dome/hanging), we also performed
100 rounds of stochastic character mapping using the function
make.simmap [83] on an all-rates-different model (electronic sup-
plementary material, table 52) in the R package phytools 1.2-0
[84], which uses MCMC simulations. We used iTOL v. 6.7.4
[85] to visualize habitat. We calculated the phylogenetic signal
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Table 2. Taxonomic distribution of nest type and location. (For each family, we note in bold the number of species and genera included in this study, and the [}
number in parentheses indicates the total number of species or genera recognized by the Handbook of the Birds of the World and BirdLife International (2022).)

nest type
species genera cup dome
Pipridae 42 (53) 16 (17) 42 0
(otingidae 48 (67) 23 (24) 48 0
Tityridae 26 (39) 6 (7) 10 16
Oxyruncidae 1(1) 1(1) 1 0
Onychorhynchidae 8(9) 3(3) 0 8
Tyrannidae‘ 341 (450) 98 (102) 237 ‘ 103
all 466 (619) 147 (154) 339 127

in the presence of a cup or dome nest by using the Fritz & Purvis
[86] D estimator for binary traits, applying the function “phylo.d’
from the R package caper [87]. We ran 1000 simulations to test
whether observed values of D were significantly different from
those obtained if we assume no phylogenetic structure to
the data (D=1) or if evolution of this trait is consistent with
Brownian motion (D =0).

(ii) Habitat

To quantify the macroevolutionary patterns associated with
the three habitat variables (habitat density: closed=1, semi-
open=2, open=3), we again ran a BavesTrarrs ‘Multistate’
model. Model parameters were set to 1010000 iterations, with
an initial burn-in of 10000 iterations and a sampling period of
1000, for a total of 1000 iterations, and priors for the transition
rates were set to an exponential distribution with a mean of 10.

(iiii) Evaluating coevolution of nest architecture and habitat type
To investigate a possible coevolutionary association between nest
architecture and nesting habitat, we employed the ‘Discrete” pro-
gram with MCMC [88] as implemented in BayesTraits. Since the
Discrete module only allows traits with binary states to be mod-
elled, we binarized our habitat classification under the following
three habitat schemes: (i) closed habitats versus semi-open and
open habitats; (ii) closed and semi-open habitats versus open
habitats; and (iiii) closed habitats versus open habitats, for
which all species in the semi-open habitat class were reassigned
to ‘closed’ or ‘open’ based on key terms in the habitat description
(i.e. closed = forest, second-growth forest, woodland, dense veg-
etation; open =light woodland, borders, scattered trees, shady
plantations, cultivated areas, pastures) and on discussions with
experienced field biologist colleagues. We compared continu-
ous-time Markov models of dependent and independent
evolution for nest type against each binarized habitat dataset to
explore if nest architecture and habitat are likely to have evolved
in association with one another. We set the rate parameter priors
as an exponential distribution with a mean of 10 and ran MCMC
chains for 200 million iterations, sampling every 200 000th gener-
ation, and with a burn-in period of 20 million generations. We
used the MCMC Trace Analysis tool (TRACER) v1.6 [89] to
review effective sample size (ESS) estimates for posterior
probability distributions; all analyses reported ESS>400. To
compute marginal likelihood values, we employed a stepping-
stone sampler in MCMC [90], which used 200 stones and ran
each stone for 200 000 iterations. We then used these likelihood
scores to calculate Bayes factors for our model comparisons.

location
branch hanging cavity bank/rock ground
4 0 0 0 0
44 0 0 4 0
9 14 3 0 0
1 0 0 0 0
0 8 0 0 0
188 64 8 18 3
283 86 vy 22 23

(iv) Testing for potential correlates of nest type

Finally, to evaluate potential ecological, life-history and environ-
mental correlates of nest type (cup or dome), we conducted
phylogenetic logistic regressions using the package phylolm [91]
in R version 4.0.2. Phylogenetic residuals were modelled under
Brownian motion, and the searching space bound was set at 20.
To improve interpretability of the model output, all continuous
predictor variables were rescaled to have a mean of 0 and a var-
iance of 1 prior to analysis; in addition, clutch size, body mass,
and range size were transformed by the natural log, elevation
and nest height were square-root transformed, and latitude was
considered in absolute value (i.e. distance from equator). Multicol-
linearity was evaluated using the variance inflation factor (VIF);
all VIF values for models without habitat or with habitat as a
binary were below 5, and all VIF values were below 8.

We ran three types of models. First, we assessed the relationship
between nest type (cup- versus dome-nesting) and potential ecologi-
cal and life-history correlates (i.e. drivers) of shifts between these
traits: nest habitat, nest height, clutch size, adult body mass, flight
ability (hand-wing index (HWI)), beak dimensions and territory
defence behaviour (summarized in table 1). We consider these eco-
logical and life-history traits to be potential drivers of nest type
variation because they might directly (or indirectly) influence
aspects of nest site location, nest construction or nest design. As
with the coevolutionary models (see above), we evaluated all
three possible classifications of the habitat variables (closed versus
semi-open and open; closed and semi-open versus open; closed
versus open). We also used a version of the model with habitat as
a ternary variable (closed versus semi-open versus open).

Second, we modelled correlations between nest type and a
suite of environmental traits (i.e. more precise measurements of
habitat, as well as proxies for niche occupancy), including
elevation, latitude, range size, average range temperature, aver-
age range precipitation, and average breeding range variability
in temperature and precipitation (both measures of seasonality).
We included adult body mass in this model to control for
effects body size (and associated life-history traits, like nest
size) might have on how a species responds to environmental
factors with respect to nest building [18]. Environmental
and life-history traits are summarized in table 1. Overall, we
consider environmental traits—like a species’ elevation or
range size—to be potential consequences of nest type variation
because of the purported link between shifts in nest architecture
and the colonization of new habitats and ecological niches.

Third, as a check against the potential statistical bias of the
small number of macroevolutionary transitions within our data-
set, we ran separate models including nest type and each of the
unique fixed effects listed above and summarized in table 1.
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Tyrannidae (tyrant
flycatchers)

habitat
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semi-open
open

Oxyruncidae (sharpbill)

nest type/location
W branch
B bank/rock
P [ [ cavity
W ground

[ branch
dome [ [] ground
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Pipridae
(manakins)

Cotingidae
(cotingas)

Onychorhynchidae
(royal flycatchers
and allies)

L Tityridae (tityras and allies)

Figure 2. Phylogenetic distribution of nest architecture and location, based on 100 rounds of stochastic character mapping. The external circle represents the habitat
type (closed, semi-open, open) across the Tyrannida. Nest type—location ancestral state estimations are depicted on the phylogeny. Examples of nest architecture
diversity, in terms of nest type and location, are depicted in the photographs and shown on the phylogeny. (a) Cup—branch (white-bearded manakin—Manacus
manacus); (b) cup—banks or rocks (Andean cock-of-the-rock—Rupicola peruvianus); () dome—hanging (Atlantic royal flycatcher—Onychorhynchus swainsoni); (d)
cup—cavity (masked tityra—Tityra semifasciata); (e) dome-ground (ringed antpipit—Corythopis torquatus); (f) dome—branch (great kiskadee—Pitangus sulphuratus);
(g) cup—ground (spot-billed ground-tyrant—Muscisaxicola maculirostris); and (h) transition from dome—hanging to cup—bank (shown in the photo is the cup-build-
ing cinnamon flycatcher—Pyrrhomyias cinnamomeus). (i) A red line highlights members of the chat-tyrant genus Ochthoeca, which includes species that build cup
and dome nests. Photo credits: (a,b,g,h) David Ocampo, (c) Daniel Perrella, (d) John and Milena Beer, () Gustavo Londofio, (f) Juan Felipe Ledn.

3. Results

(a) Taxonomic and phylogenetic distribution of nest

traits
Among the studied species (n=466), the cup is the most
common nest type (73%; figure 2; table 2), present in all
species in the Pipridae (manakins), Cotingidae (cotingas),
and Oxyruncidae, most species (70%) in the Tyrannidae
(tyrant flycatchers), and some species (38%) in the Tityridae.

All species in the Onychorhynchidae build dome nests.
Across Tyrannida, most nests are found on branches (61%),
though some cotingas nest on banks or rocks, some tityrids
nest in cavities or in hanging structures, and tyranids nest
in a variety of locations, including in cups and domes on
the ground (figure 2; table 2).

The ancestral Tyrannida species probably built a cup nest
(p>0.999; electronic supplementary material, table S1), in
agreement with the ancestral state reconstruction estimates
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Table 3. The macroevolutionary transition rates among nest architectural
states imply that domes were more likely to evolve from cups, while the
reverse was rare. (These values indicate instantaneous transition rates
between states and can be interpreted as the relative probability of moving
from one state to another. Qut of the calculated posterior distribution of
1000 estimated rate values, shown here are the median value, the 2.5th
percentile value, and the 97.5th percentile value.)

transition rates

2.5th 97.5th
from to median percentile percentile
cup dome 0.0049 0.0029 0.0075
dome cup 0.0007 0.0000 0.0028

showing that early Tyrannida probably built cup nests
located in branches (figure 2). Our analysis of state transition
rates indicates that dome nests evolved from cup nests several
times across this clade, but that transitions from domes back
to cups were less common (table 3; electronic supplementary
material, figure S1). Consistent with this result, the stochastic
character mapping suggests that the dome nest type indepen-
dently evolved at least 15 times from cups—within the
Tityridae, Onychorhynchidae and Tyrannidae (electronic
supplementary material, figure S2)—along with a single
transition from dome nests to cup nests, in the clade that
includes the cinnamon flycatcher (Pyrrhomyias cinnamomeus)
(figure 2h) and cliff flycatcher (Hirundinea ferruginea)
(electronic supplementary material, table S2).

We found support for a strong phylogenetic signal (Fritz
& Purvis’s D, maximum clade credibility tree: D =-0.835,
pP=1)<0.001, pp=0)>0.999) in nest type, indicating that
nest type is more phylogenetically conserved than the Brow-
nian expectation. Nest type is especially highly conserved in
manakins (Pipridae) and cotingas (Cotingidae), which build
cup nests that are typically placed on branches (figure 2a)
in closed and semi-open habitats. However, in cotingas,
there are two independent origins of nests located in banks
or rocks: in the clade comprising the Guianan red-cotinga
(Phoenicircus carnifex) and the cock-of-the-rocks (Rupicola
rupicola and Rupicola peruvianus; figure 2b), and in the
purple-throated cotinga (Porphyrolaema porphyrolaema). All
of the species in the Onychorhynchidae family build dome
nests hanging from branches in closed habitats (figure 2c).
In Tityridae, species in the genus Tityra place their nests in
cavities (figure 2d), while dome nests hanging from branches
are present in the becards (genus Pachyramphus), with several
species distributed in semi-open habitats. The sharpbill, the
single species in the family Oxyruncidae, builds a cup nest
placed in branches in closed habitats [92].

The family Tyrannidae contains the most species (73% of
species in Tyrannida) and exhibits the greatest nest diversity
(figure 2). Ground-nesting species with dome nests are rare:
the only examples are two antpipit species (genus: Corythopis;
figure 2¢), which are embedded in a clade that typically
builds hanging dome nests in closed and semi-open habitats.
This clade of hanging dome nesters includes the pygmy tyr-
ants (e.g. genera: Lophotriccus, Hemitriccus), tody-flycatchers
(e.g. genus: Todirostrum), and flatbills (e.g. genera: Rhynchocy-
clus, Tolmomyias). Most of the other transitions from cups to
domes occurred in species that build nests on branches (e.g.

habitat

. closed

semi-open

Figure 3. Macroevolutionary transitions among habitat states. The value ¢
represents the instantaneous transition rate between states and can be inter-
preted as the relative probability of moving from one state to another; thin
arrows indicate smaller g rates (less likely transitions) and thick, black arrows
indicate larger g rates (more likely transitions). Median rate values are pre-
sented here. The star next to the ‘closed” habitat circle indicates that it is the
most probable ancestral state. Original illustrations by Maria Camila Ledn.

genera: Pitangus and Myiozetetes; figure 2f). Ground-nesting
cup-builders such as ground-tyrants (genus: Muscisaxicola)
are found primarily in open habitats like deserts, grassland,
low shrubs and rocky habitats (figure 2g). The tyrant fly-
catcher family also contains the one estimated transition
from domes to cups, in the clade that contains the cinnamon
flycatcher (figure 2h) and cliff flycatcher; this group is sister to
the clade including the dome-nesting orange-banded fly-
catcher (Myiophobus lintoni), ochraceous-breasted flycatcher
(Myiophobus ochraceiventris), and ornate flycatcher (Myiotric-
cus ornatus). In the Tityridae and Tyrannidae, there are 41
species from 11 genera that build cup nests inside cavities,
mostly in closed habitats (table 2).

(b) No evidence of coevolution between habitat and
nest architecture

An analysis of the macroevolutionary transitions between
habitat types yielded no qualitative difference in transition
rates between either semi-open and open habitats or semi-
open and closed habitats. For this reason, there is no strong
rationale for species nesting in semi-open habits to be reas-
signed to open or closed habitat types, which might be the
case if, for example, transitions between semi-open and open
habitats were much more common than transitions between
semi-open and closed habitats (figure 3). Instead, transitions
from open to semi-open habitats, as well as from semi-open
to closed habitats, were relatively common (q=0.053 [0.023,
0.099] and ¢=0.063 [0.043,0.093], respectively, with values
representing the distribution median [2.5% percentile, 97.5%
percentile]). However, transitions directly between open and
closed habitats were much rarer (§=0.001 [0.000,0.003] for
closed to open and ¢=0.004 [0.000,0.020] from open to
closed), again underscoring the importance of semi-open habi-
tat as a distinct, biologically meaningful category (electronic
supplementary material, table S3).

87107707 '8LE § 0 'Y bl Y4 Gisi/[eunol/bao BuiysijgndAranosiefos H



Downloaded from https://royal societypublishing.org/ on 11 July 2023

- 1.0
. 08
= L
o
‘ -0.6
0]
o
=2 |
Q I 0.4
“E-’ 1
c -0.2
= ~
LI
closed semi-open  open
habitat

Figure 4. Distribution of cup and dome nests among different habitat types.
Original illustrations by Maria Camila Ledn.

Within this macroevolutionary transition analysis (figure 3),
the predicted Tyrannida ancestral habitat was probably closed
(median probability 0.658) or potentially semi-open (median
probability 0.284), but it was unlikely to have been open
(median probability 0.009).

Despite an apparent association between habitat and nest
type (figure 4—i.e. domes are proportionally more common
in closed than semi-open or open habitats—we found no evi-
dence of coevolution between shifts in nest shape and habitat
transitions (electronic supplementary material, table S4). This
lack of coevolution holds under different reclassifications of
semi-open habitats (electronic supplementary material, table S4).

(c) Ecological, life-history and environmental correlates
of nest type variation

Interspecific variation in nest type within the Tyrannida is
apparently unrelated to habitat type, nest height, clutch
size, adult body mass, flight ability (HWI), beak dimensions
or territoriality, either considered within a single model
(electronic supplementary material, tables S5, figure S3) or
tested individually (electronic supplementary material,
tables S6-S8). Cup and dome nest types are also unrelated
to any of the environmental traits assessed here (average
range elevation and latitude, average temperature and
precipitation, temperature seasonality, precipitation seasonal-
ity or range size), both within a single model (electronic
supplementary material, table S9, figure S4) or tested
individually (electronic supplementary material, table S10).

4. Discussion

As the group containing the most speciose family of birds, the
tyrant flycatchers and allies offer a compelling clade in which
to examine the evolution of nest architecture in passerine
birds. Tyrannida species show substantial variation in nest
type and nest location (figure 2), with cup and dome
nests—in a variety of configurations on the ground, in cav-
ities, on rocks or banks, on branches or hanging—evolving
across the phylogenetic tree. Overall, we detected a strong
phylogenetic signal in nest type (cup versus dome)
(figure 2), suggesting that shifts in nest type are relatively
rare, particularly in the cotingas and manakins. The ancestral
Tyrannida species probably built a cup nest and lived in

forested (i.e. closed) habitat. Across the Tyrannida clade,
dome nesting evolved from cup nesting at least 15 times.
This is a larger number of nest type shifts than those found
in other suboscine passerine lineages, such as the furnariids
[5] and antbirds [93], and comparable to the number of
shifts in the 71-family Passerida lineage [9]. Within the Tyran-
nida, we reconstructed only a single reversal from dome
nesting back to cup nesting: the cinnamon flycatcher and
cliff flycatcher build cup nests, unlike their closest dome-nest-
ing relatives, the orange-banded flycatcher (Myiophobus
lintoni), ochraceous-breasted flycatcher (Myiophobus ochracei-
ventris) and ornate flycatcher (Myiotriccus ornatus). Several
Tyrannida lineages ultimately colonized open habitats by
initially occupying semi-open habitats (figure 3). Dome
nests are often found in closed habitats and seldom in open
habitats (figure 4), but this relationship was not statistically
significant (electronic supplementary material, table 54): we
did not find evidence for coevolution of nest type and habitat.
Moreover, we did not detect an association between nest type
and any of the ecological, life-history and environmental
traits hypothesized to impact nest architecture. Therefore,
contrary to our expectations, we found no evidence that
shifts in nest type allowed Tyrannida species to colonize
new habitats or otherwise expand their ecological niches.

We found no support for coevolution between nest type
and habitat in Tyrannida. Why might this be? Even though
dome nesters are more common in closed and (to a lesser
degree) semi-open habitats than they are in open habitats
across the parvorder, cup- and dome-nesting species are
found in all three habitat types in the Tyrannidae family
[34,35,94-96]. However, within this family, there are relatively
few independent shifts between cup- and dome-nesting
species, reducing the statistical ability to detect coevolution
if it exists. Moreover, in the next two largest families—Cotin-
gidae and Pipridae—all species are cup nesters in closed or
semi-open habitats [34]. Thus, one potential explanation for
a lack of coevolution between nest type and habitat is
that—despite the variation in nest architecture found within
this clade—nest type generally shows strong phylogenetic
inertia in Tyrannida. It is thus difficult to determine if,
when shifts do occur (typically from cup to dome), they are
accompanied by a predictable, corresponding shift in habitat
type. Another possibility is that our nest and habitat categor-
izations were too coarse. For example, with respect to nest
type, the lighter cup of a white-bearded manakin (Manacus
manacus; figure 2a) differs markedly from the more robust
cup of a cinnamon flycatcher (figure 2h), despite the birds
having similar body masses. Assessing a trait related to
nest size [10]—such as nest volume, which tends to be greater
in colder climates [18]—may thus be more ecologically and
evolutionarily relevant within this context.

We also did not detect a significant relationship between
nest type and a suite of ecological, life-history and environ-
mental traits. One possibility is that our analysis overlooked
potential important correlates, such as parental care [97],
which we excluded because there is no information available
for most of the species. For example, in a recent study of nest
architecture in more than 3000 passerine species, shifts to cup
nesting were associated with decreased investment (i.e. time)
in nest building and with increased range sizes and broader
thermal niches [7]. Moreover, flight ability and beak dimen-
sions are more likely to be primary drivers of variation in
dispersal ability and diet, respectively [77,98], potentially
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eclipsing any secondary effect they might have on nest con-
struction. In fact, the sharpbill has an elongated and refined
beak and builds cups, contrary to our proposed prediction
(table 1). While it is certainly plausible that a more detailed
analysis could reveal new relationships, the most likely con-
clusion is that in Tyrannida, phylogenetic history explains a
great deal of variation in nest type. Furthermore, one conse-
quence of the strong phylogenetic signal in nest type is that
many of our comparative tests also had low statistical power.
Thus, an important caveat is that even though we did not
detect a significant association between nest type and a variety
of relevant ecological, life-history and environmental traits,
these variables may nonetheless be predictive on a larger taxo-
nomic scale. Overall, in Tyrannida, many selective forces
probably tug at the nest phenotype in varied and unpredict-
able ways, with no one single factor—including habitat
(see above paragraph)—consistently affecting nest type at
this taxonomic scale.

The strong phylogenetic signal in nest type, however,
does suggest that nest descriptions can be taxonomically
informative in Tyrannida. In a recent example of this,
within the family Tyrannidae, molecular analysis revealed
non-monophyly within Myiophobus (a typical cup-nesting
genus), and a taxonomic split was proposed, re-assigning
three species to a new genus, Nephelomyias [99], with closer
affinities to another dome-nesting genus, Myiotriccus. This
taxonomic differentiation was later validated when two of
the Nephelomyias species were described as building dome
nests [100,101]. A similar example involves two former
congeners, the dome-nesting great kiskadee (Pitangus sul-
phuratus) and the cup-nesting lesser kiskadee (previously
Pintagus lictor), which were recently placed in separate
genera (as Pitangus sulphuratus and Philohydor lictor, respect-
ively) based on new molecular phylogenetic studies [102].
Outside Tyrannida, several molecular phylogenies have
revealed polyphyly in passerine genera comprising species
with divergent nest types, resulting for example in splits in
Ploceus weaverbirds [103] and Myrmeciza antbirds [104].
In this study, we also uncover examples of monophyletic
Tyrannida lineages whose closely-related species exhibit
shifts in nest type (e.g. figure 2i). For example, the chat-
tyrant genus Ochthoeca, known for typically building cup
nests, included species in a recent radiation that shifted to
building dome nests [105]. Recent proposals have sought
to recognize these dome-nesting species in a separate genus
(Silvicultrix), supported by molecular data [33]. Shifts in
nest type may in fact be a dynamic part of the speciation pro-
cess in some lineages: in Tyrannida, Ochthoeca and Silvicultrix
would be good candidate taxa for further study.

Across passerines, shifts between cups and domes are
common, occurring in parallel in diverse lineages [6,20,93].
We recovered the cup structure as the ancestral nest type
for Tyrannida, consistent with an earlier study focusing on
Australian lineages of passerines, which included representa-
tives from the Tyriannida clade [9]. In a broader taxonomic
context, however, dome nests have been suggested as the
ancestral nest type for the entire passerine clade [9]. There-
fore, the dome nests we observe in 15 lineages within the
families Tityridae and Tyrannidae are perhaps the result of
‘reverse evolution” in nest type (i.e. these species re-evolved
domes from cups). Furthermore, the single transition that
we recovered from domes to cups in the lineage leading to
the cinnamon flycatcher (figure 2k; electronic supplementary

material, S2) and dliff flycatcher is intriguing; the scarcity [ 10 |

of such shifts makes it statistically difficult to test for
associations between these transitions and external factors.

Our ancestral reconstruction of habitats accords with pre-
vious findings about the ecological radiation (i.e. expansion
of habitat and foraging behaviour) of Tyrannida [35]. Initial
divergences between Cotingidae, Pipridae and Tyrannidae
and allies occurred in closed habitats during the Oligocene.
Then, subsequent radiation events occurred in semi-open
and open habitats, promoting large-scale diversification in
the following Tyrannidae subclades: Elaeniines, Myiarchines,
Tyrannines and Fluvicolines (sensu [34]). Within these subfa-
milies, we observed intriguing patterns in nest architecture
evolution (figure 2). These include: high variation in cup
location and nest heights (Elaeniines), cups located in cavities
(Myiarchines), multiple independent shifts from cups to
domes (Tyrannines, Fluvicolinines), cups fully supported in
banks (Tyrannines), one species—the piratic flycatcher (Lega-
tus leucophaius)—that does not build a nest but instead usurps
the dome or pendent nest of various other species (Tyran-
nines), and novel—in Tyrannida—cup-nesting behaviour on
the ground (Fluvicolinae). Although we did not find support
in Tyrannida for the hypothesis that shifts in nest architecture
explicitly promote expansion into new habitats and ecological
niches, nest-building innovation nevertheless seems likely to
have contributed to the extraordinary species diversity of
other avian families, including Furnariidae [5,20].

Our study suggests that the drivers and consequences of
shifts in nest architecture are not straightforward in the clade
Tyrannida, perhaps owing in part to the low transition rates
between the principal nest architectural types. However, the
nest is a complex phenotype that can be influenced by many
factors at a microevolutionary scale, and it is possible that
the macroevolutionary story might be similarly complex and
nuanced in other avian groups. In the future, obtaining more
detailed information on behavioural and ecological traits
associated with nesting (e.g. competition for nest sites, brood
parasitism, chick developmental period) and finer-scale infor-
mation on environmental conditions at the nest could perhaps
elucidate the mechanisms by which avian species evolve new
nest designs—and sometimes occupy novel ecological niches.
However, there remain vast gaps in our knowledge of the
breeding biology of many bird species [106-108]. In Tyrannida
alone, the nests for over 100 species have yet to be found or
described. This especially highlights the critical importance
of detailed field-based studies, rooted in natural history and
often carried out on small taxonomic groups in remote
regions—particularly in the Neotropics [109], for future work
on the evolution of nest design in birds. Finally, our study
adds to the growing body of work exploring the myriad influ-
ences on nest architecture not just in birds [11,14,26,110] but
also in non-avian reptiles [111], amphibians [112], fishes
[43,113], mammals [114,115] and insects [116]. Across these
taxonomic groups, determining the effects of predation [117],
habitat [118], thermal properties [119] and parental care [120]
on aspects of nest design is a timely goal.

The datasets supporting this article is available from:
https:/ /doi.org/10.6084/m9.figshare.21980333.v1. Range information
data is publicly available from www.birdlife.org; climate data from
www.worldclim.org; phylogenetic data from www.birdtree.org.

The data are provided in the electronic supplementary material
[121].


https://doi.org/10.6084/m9.figshare.21980333.v1
http://www.birdlife.org
http://www.worldclim.org
http://www.birdtree.org

Downloaded from https://royal societypublishing.org/ on 11 July 2023

D.O.: conceptualization, data curation, formal analy-
sis, investigation, methodology, writing—original draft, writing—
review and editing; TIN.D.S.: conceptualization, data curation, formal
analysis, investigation, methodology, writing—original draft, writing—
review and editing; C.S.: conceptualization, formal analysis, investi-
gation, methodology, writing—original draft, writing—review and
editing; M.C.S.: conceptualization, formal analysis, funding acquisition,
investigation, 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.

We declare we have no competing interests.

This study was funded by Princeton University, a Packard
Fellowship for Science and Engineering (to M.C.S.), AFOSR

FA9550-20-1-0161 (to M.C.S.) and European Research Council m

Advanced Grant 788203.

We would like to thank Karina Vanadzina for
sharing unpublished life-history data and Maria Camila Leén for
providing original artwork. Maria E. Mendiwelso Moreno helped
to gather information from the literature for some species and
Gates Dupont provided insights about statistical analysis in the ear-
liest stages of the project. Mark Mainwaring and two reviewers
provided very insightful comments that have improved our manu-
script. Photographs were obtained with permission from Daniel
Field, Daniel Perrella, John and Milena Beer, Gustavo Londofio and
Juan Felipe Le6én. We are indebted to the many field biologists who
described the nests of Tyrannida species.

1. Baptista LF, Trail PW. 1992 The role of song in the avian phylogeny. Nat. Commun. 9, 1863. (doi:10. 29. Martin TE, Boyce AJ, Fierro-Calderdn K, Mitchell AE,
evolution of passerine diversity. Syst. Biol. 41, 1038/541467-018-04265-x) Armstad CE, Mouton JC, Bin Soudi EE. 2017
242-247. (doi:10.2307/2992524) 16. Hall ZJ, Street SE, Auty S, Healy SD. 2015 The Enclosed nests may provide greater thermal than

2. Gill FB, Prum RO, Robinson SK. 2019 Ornithology, coevolution of building nests on the ground and nest predation benefits compared with open nests
4th edn. New York, NY: W. H. Freeman. domed nests in Timaliidae. Auk 132, 584-593. across latitudes. Funct. Ecol. 31, 1231-1240.

3. Raikow RJ. 1986 Why are there so many kinds of (doi:10.1642/AUK-15-23.1) (doi:10.1111/1365-2435.12819)
passerine birds? Syst. Zool. 35, 255-259. (doi:10. 17. Street SE, Jaques R, De Silva TN. 2022 Convergent ~ 30. Mouton JC, Martin TE. 2019 Nest structure affects
1093/sysbio/35.2.255) evolution of elaborate nests as structural defences in auditory and visual detectability, but not predation

4. Collias NE. 1997 On the origin and evolution of nest birds. Proc. R. Soc. B 289, 20221734. (d0i:10.1098/ risk, in a tropical songbird community. Funct. Ecol.
building by passerine birds. Condor 99, 253-270. rsph.2022.1734) 33, 1973-1981. (doi:10.1111/1365-2435.13405)

5. lrestedt M, Fjeldsa J, Ericson PGP. 2006 Evolution of ~ 18. Vanadzina K, Street SE, Healy SD, Laland KN, Sheard ~ 31. Zenil-Ferguson R, McEntee JP, Burleigh JG,
the ovenbird-woodcreeper assemblage (Aves: (. 2022 Global drivers of variation in cup nest size Duckworth RA. 2022 Linking ecological
Furnariidae) - major shifts in nest architecture and in passerine birds. J. Anim. Ecol. 92, 338-351. specialization to its macroevolutionary
adaptive radiation. J. Avian Biol. 37, 260-272. (doi:10.1111/1365-2656.13815) consequences: an example with passerine nest type.
(doi:10.1111/}.2006.0908-8857.03612.x) 19.  Crook JH. 1964 The evolution of social organisation Syst. Biol. syac083. (doi:10.1093/syshio/syac083)

6. Medina I. 2019 The role of the environment in the and visual communication in the weaver birds 32. Ohlson JI, Irestedt M, Ericson PGP, Fjeldsd J. 2013
evolution of nest shape in Australian passerines. Sci. (Ploceinae). Behav. Suppl. 10, 1-178. Phylogeny and dlassification of the New World
Rep. 9, 5560. (doi:10.1038/541598-019-41948-x) 20. Zyskowski K, Prum RO. 1999 Phylogenetic analysis suboscines (Aves, Passeriformes). Zootaxa 3613,

7. Medina |, Perez D, Silva ACA, Cally J, Ledn C, Maliet of the nest architecture of neotropical ovenbirds 1-35. (doi:10.11646/z00taxa.3613.1.1)

0, Quintero I. 2022 Nest architecture is linked with (Furnariidae). Auk 116, 891-911. (d0i:10.2307/ 33. Tello JG, Moyle RG, Marchese DJ, Cracraft J. 2009
ecological success in songbirds. Ecol. Lett. 25, 4089670) Phylogeny and phylogenetic dlassification of the
1365-1375. (doi:10.1111/ele.13998) 21. Collias NE. 1964 The evolution of nests and nest- tyrant flycatchers, cotingas, manakins, and their

8. 0dling-Smee FJ, Laland K, Feldman M. 2003 Niche building in birds. Am. Zool. 4, 175-190. (doi:10. allies (Aves: Tyrannides). Cladistics 25, 429-467.
construction — the neglected process in evolution, 1093/ich/4.2.175) (doi:10.1111/j.1096-0031.2009.00254.x)

Princeton, NJ: Princeton University Press. 22. Manegold A. 2007 Die Entstehung des Bohlen- und ~ 34. Del Hoyo J, Elliott A, Christie D. 2004 Handbook of

9. Price JJ, Griffith SC. 2017 Open cup nests evolved Offenbriitens bei Sperlingsvogeln und ihren the birds of the world. Vol 9: cotingas to pipits and
from roofed nests in the early passerines. ndchsten Verwandten. Sber Ges Naturf freunde wagtails. Barcelona, Spain: Lynx edicions.

Proc. R. Soc. B 284, 20162708. (doi:10.1098/rspb. Berlin. 46, 37—-45. 35. Ohlson J, Fjeldsa J, Ericson PGP. 2008 Tyrant
2016.2708) 23. Mainwaring MC, Hartley IR. 2013 The energetic flycatchers coming out in the open: phylogeny and

10. Perez DM, Gardner JL, Medina I. 2020 Climate as an costs of nest building in birds. Avian Biol. Res. 6, ecological radiation of Tyrannidae (Aves,
evolutionary driver of nest morphology in birds: a 12-17. (doi:10.3184/175815512X13528994072997) Passeriformes). Zool. Scripta. 37, 315-335. (doi:10.
review. Front. Ecol. Evol. 8, 566018. (doi:10.3389/ 24, Martin TE, Li P. 1992 Life history traits of open- vs. 1111/j.1463-6409.2008.00325.x)
fevo.2020.566018) cavity-nesting birds. Ecology 73, 579-592. (doi:10. ~ 36. Fitzpatrick JW. 2004 Family Tyrannidae species

11. Collias NE, Collias EC. 1984 Nest building and bird 2307/1940764) accounts. In Handbook of the birds of the World,
behaviour. Princeton, NJ: Princeton University Press. ~ 25. Von Haartman L. 1957 Adaptation in hole-nesting vol. 9 (eds J del Hoyo, A Elliott, DA Christie),

12. Hansell M. 2000 Bird nests and construction birds. Evolution 11, 339-347. (doi:10.2307/ pp. 258-462. Barcelona, Spain: Lynx Edicions.
behaviour. Cambridge, UK: Cambridge University 2405797) 37. Tobias JA, Brawn JD, Brumfield RT, Derryberry EP,
Press. 26. Martin TE. 1995 Avian life history evolution in Kirschel ANG, Seddon N. 2012 The importance of

13. Healy SD. 2022 Nests and nest building in birds. relation to nest sites, nest predation, and food. Ecol. neotropical suboscine birds as study systems in
Curr. Biol. 32, R1121-R1126. (d0i:10.1016/j.cub. Monogr. 65, 101-127. (doi:10.2307/2937160) ecology and evolution. Ornitol. Neotrop. 23, 259-272.
2022.06.078) 27. Ksepka DT, Grande L, Mayr G. 2019 Oldest finch- 38. Graham CH, Storch D, Machac A, Isaac N. 2018

14. Mainwaring MC, Hartley IR, Lambrechts MM, beaked birds reveal parallel ecological radiations in Phylogenetic scale in ecology and evolution. Global
Deeming DC. 2014 The design and function of birds’ the earliest evolution of passerines. Curr. Biol. 29, Ecol. Biogeogr. 27, 175-187. (doi:10.1111/geb.
nests. Ecol. Evol. 4, 3909-3928. (doi:10.1002/ece3. 657-663.e1. (doi:10.1016/j.cub.2018.12.040) 12686)

1054) 28. Mayr G. 2016 Avian evolution: the fossil record of 39. Stoddard MC, Sheard C, Akkaynak D, Yong EH,

15. Fang YT, Tuanmu MN, Hung CM. 2018 Asynchronous birds and its paleobiological significance. Chichester, Mahadevan L, Tobias JA. 2019 Evolution of avian

evolution of interdependent nest characters across the

UK: John Wiley & Sons.

egg shape: underlying mechanisms and the


http://dx.doi.org/10.2307/2992524
http://dx.doi.org/10.1093/sysbio/35.2.255
http://dx.doi.org/10.1093/sysbio/35.2.255
http://dx.doi.org/10.1111/j.2006.0908-8857.03612.x
http://dx.doi.org/10.1038/s41598-019-41948-x
http://dx.doi.org/10.1111/ele.13998
http://dx.doi.org/10.1098/rspb.2016.2708
http://dx.doi.org/10.1098/rspb.2016.2708
http://dx.doi.org/10.3389/fevo.2020.566018
http://dx.doi.org/10.3389/fevo.2020.566018
http://dx.doi.org/10.1016/j.cub.2022.06.078
http://dx.doi.org/10.1016/j.cub.2022.06.078
http://dx.doi.org/10.1002/ece3.1054
http://dx.doi.org/10.1002/ece3.1054
http://dx.doi.org/10.1038/s41467-018-04265-x
http://dx.doi.org/10.1038/s41467-018-04265-x
http://dx.doi.org/10.1642/AUK-15-23.1
http://dx.doi.org/10.1098/rspb.2022.1734
http://dx.doi.org/10.1098/rspb.2022.1734
http://dx.doi.org/10.1111/1365-2656.13815
http://dx.doi.org/10.2307/4089670
http://dx.doi.org/10.2307/4089670
http://dx.doi.org/10.1093/icb/4.2.175
http://dx.doi.org/10.1093/icb/4.2.175
http://dx.doi.org/10.3184/175815512X13528994072997
https://doi.org/10.2307/1940764
https://doi.org/10.2307/1940764
http://dx.doi.org/10.2307/2405797
http://dx.doi.org/10.2307/2405797
http://dx.doi.org/10.2307/2937160
http://dx.doi.org/10.1016/j.cub.2018.12.040
http://dx.doi.org/10.1111/1365-2435.12819
http://dx.doi.org/10.1111/1365-2435.13405
https://doi.org/10.1093/sysbio/syac083
https://doi.org/10.11646/zootaxa.3613.1.1
http://dx.doi.org/10.1111/j.1096-0031.2009.00254.x
http://dx.doi.org/10.1111/j.1463-6409.2008.00325.x
http://dx.doi.org/10.1111/j.1463-6409.2008.00325.x
http://dx.doi.org/10.1111/geb.12686
http://dx.doi.org/10.1111/geb.12686

Downloaded from https://royal societypublishing.org/ on 11 July 2023

40.

41.

4.

43.

4,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

importance of taxonomic scale. /bis 161, 922-925.
(doi:10.1111/ibi.12755)

Martin TE. 1988 Habitat and area effects on forest
bird assemblages: is nest predation an influence?
Ecology 69, 74-84. (doi:10.2307/1943162)

Ricklefs RE. 1969 An analysis of nesting mortality in
birds. Zoology 9, 1-48.

Duursma DE, Gallagher RV, Price JJ, Griffith SC. 2018
Variation in avian egg shape and nest structure is
explained by climatic conditions. Sci. Rep. 8, 4141.
Barber I. 2013 The evolutionary ecology of nest
construction: insight from recent fish studies. Avian
Biol. Res. 6, 83-98. (d0i:10.3184/
175815513X13609538379947)

Walsberg G. 1985 Physiological consequences of
microhabitat selection. In Habitat selection in birds
(ed. ML Cody), pp. 389—413. Orlando, FL: Academic
Press, Inc.

Lima SL. 2009 Predators and the breeding bird:
behavioral and reproductive flexibility under the risk
of predation. Biol. Rev. 84, 485-513. (doi:10.1111/j.
1469-185X.2009.00085.%)

Martin TE. 1993 Nest predation and nest sites.
BioScience 43, 523-532. (d0i:10.2307/1311947)
Heenan (B, Seymour RS. 2011 Structural support,
not insulation, is the primary driver for avian cup-
shaped nest design. Proc. R. Soc. B 278,
2924-2929. (doi:10.1098/rsph.2010.2798)

Klomp H. 1970 The determination of clutch-size in
birds a review. Ardea 38-90, 1-124. (doi:10.5253/
arde.v58.p1)

Slagsvold T. 1989 On the evolution of clutch size
and nest size in passerine birds. Oecologia 79,
300-305. (doi:10.1007/BF00384308)

Kochmer JP, Wagner RH. 1988 Why are there so
many kinds of passerine birds? Because they are
small. A reply to Raikow. Syst. Zool. 37, 68. (doi:10.
2307/2413193)

Tobias JA, Sheard C, Seddon N, Meade A, Cotton AJ,
Nakagawa S. 2016 Territoriality, social bonds, and
the evolution of communal signaling in birds. Front.
Ecol. Evol. 4, 74. (doi:10.3389/fev0.2016.00074)
Savile DBO. 1957 Adaptive evolution in the avian
wing. Evolution 11, 212-224.

Lederer RJ. 1975 Bill size, food size, and jaw forces
of insectivorous birds. Auk 92, 385-387.

Collias NE, Collias EC. 1962 An experimental study of
the mechanisms of nest building in a weaverbird.
Auk 79, 568-595. (doi:10.2307/4082640)

Herrick FH. 1911 Nests and nest-building in bird.
J. Anim. Behav. 159-92, 244-277.

Lipshutz SE, Rosvall KA. 2021 Nesting strategy
shapes territorial aggression but not testosterone: a
comparative approach in female and male birds.
Horm. Behav. 133, 104995. (doi:10.1016/j.yhbeh.
2021.104995)

Jankowski JE, Londofio GA, Robinson SK, Chappell
MA. 2013 Exploring the role of physiology and
biotic interactions in determining elevational ranges
of tropical animals. Ecography 36, 1-12. (doi:10.
1111/j.1600-0587.2012.07785.x)

Terborgh J. 1971 Distribution on environmental
gradients: theory and a preliminary interpretation of

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

distributional patterns in the avifauna of the
Cordillera Vilcabamba, Peru. Ecology 52, 23-40.
(doi:10.2307/1934735)

Kern MD, Van Riper Cl. 1984 Altitudinal variations
in nests of the Hawaiian honeycreeper Hemignathus
virens virens. Condor 86, 443—454.

Crossman CA, Rohwer VG, Martin PR. 2011 Variation
in the structure of bird nests between northern
Manitoba and southeastern Ontario. PLoS ONE 6,
€19086. (doi:10.1371/journal.pone.0019086)

Briskie JV. 1995 Nesting biology of the yellow
warbler at the northern limit of its range. J. Field
Ornithol. 66, 531-543.

Rohwer VG, Law JSY. 2010 Geographic variation in
nests of yellow warblers breeding in Churchill,
Manitoba, and Elgin, Ontario. Condor 112,
596—604. (doi:10.1525/cond.2010.090229)
Botero-Delgadillo E, Serrano D, Orellana N, Poblete
Y, Vasquez RA. 2017 Effects of temperature and
time constraints on the seasonal variation in nest
morphology of the thorn-tailed rayadito (Aphrastura
spinicauda). Emu - Austral Ornithol. 117, 181-187.
(doi:10.1080/01584197.2017.1298400)

Londofio GA, Gomez JP, Sanchez-Martinez MA,
Levey DJ, Robinson SK. 2023 Changing patterns of
nest predation and predator communities along a
tropical elevation gradient. Ecol. Lett. ele.14189.
(doi:10.1111/ele.14189)

Heenan (B. 2013 An overview of the factors
influencing the morphology and thermal properties
of avian nests. Avian Biol. Res. 6, 104—118. (doi:10.
3184/003685013X13614670646299)

Martin TE. 2015 Consequences of habitat change
and resource selection specialization for population
limitation in cavity-nesting birds. J. Appl. Ecol. 52,
475-485. (doi:10.1111/1365-2664.12375)

Wiebe KL. 2011 Nest sites as limiting resources for
cavity-nesting birds in mature forest ecosystems: a
review of the evidence. J. field Ornithol. 82,
239-248. (doi:10.1111/}.1557-9263.2011.00327.x)
HBW and BirdLife International. 2022 Handbook of
the Birds of the World and BirdLife International
digital checklist of the birds of the world. See
http://datazone.birdlife.org/userfiles/file/Species/
Taxonomy/HBW-BirdLife_Checklist_v7_Dec22.zip.
Version 7.

Jetz W, Thomas GH, Joy JB, Hartmann K, Mooers
AQ. 2012 The global diversity of birds in space and
time. Nature 491, 444—448. (doi:10.1038/
nature11631)

Oliveros CH et al. 2019 Earth history and the
passerine superradiation. Proc. Natl Acad. Sci. USA
116, 7916-7925. (doi:10.1073/pnas.1813206116)
Remsen Jr JV et al. 2022 A dlassification of the bird
species of South America. American Ornithological
Society. See http://www.museum.lsu.edu/
~Remsen/SACCBaseline.htm.

Billerman M, Keeney B, Rodewald P, Schulenberg T.
2022 Birds of the world. Ithaca, NY: Cornell
Laboratory of Ornithology.

Simon JE, Pacheco S. 2005 On the standardization of
nest descriptions of neotropical birds. Revista
Brasileira de Ornitologia 13, 143-154.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Cresswell W. 1997 Nest predation: the relative
effects of nest characteristics, clutch size and
parental behaviour. Anim. Behav. 53, 93-103.
(doi:10.1006/anbe.1996.0281)

Vanderwerf EA. 2012 Evolution of nesting height in
an endangered Hawaiian forest bird in response to a
non-native predator: evolution of Elepaio nesting
height. Conserv. Biol. 26, 905-911. (doi:10.1111/j.
1523-1739.2012.01877.x)

Weidinger K. 2004 Relative effects of nest size and
site on the risk of predation in open nesting
passerines. J. Avian Biol. 35, 515-523. (doi:10.
1111/}.0908-8857.2004.03244.x)

Sheard C, Neate-Clegg MHC, Alioravainen N, Jones
SEI, Vincent C, MacGregor HEA, Bregman TP,
(laramunt S, Tobias JA. 2020 Ecological drivers of
global gradients in avian dispersal inferred from
wing morphology. Nat. Commun. 11, 2463. (doi:10.
1038/541467-020-16313-6)

Tobias JA et al. 2022 AVONET: morphological,
ecological and geographical data for all birds. Ecol.
Lett. 25, 581-597. (d0i:10.1111/ele.13898)

Fick SE, Hijmans RJ. 2017 WorldClim 2: new 1-km
spatial resolution dimate surfaces for global land areas.
Int. J. Climatol. 37, 4302—4315. (doi:10.1002/joc.5086)
Hackett SJ et al. 2008 A phylogenomic study of
birds reveals their evolutionary history. Science 320,
1763-1768. (doi:10.1126/science.1157704)
Drummond AJ, Rambaut A. 2007 BEAST: Bayesian
evolutionary analysis by sampling trees. BMC Evol.
Biol. 7, 214. (doi:10.1186/1471-2148-7-214)

Pagel M, Meade A, Barker D. 2004 Bayesian
estimation of ancestral character states on
phylogenies. Syst. Biol. 53, 673—684. (doi:10.1080/
10635150490522232)

Bollback JP. 2006 SIMMAP: Stochastic character
mapping of discrete traits on phylogenies. BMC
Bioinf. 7, 88. (doi:10.1186/1471-2105-7-88)

Revell LJ. 2012 phytools: an R package for
phylogenetic comparative biology (and other
things): phytools: R package. Methods Ecol.

Evol. 3, 217-223. (doi:10.1111/}.2041-210X.2011.
00169.x)

Letunic |, Bork P. 2021 Interactive Tree Of Life (iTOL)
v5: an online tool for phylogenetic tree display and
annotation. Nucleic Acids Res. 49, W293-W296.
(doi:10.1093/nar/gkab301)

Fritz SA, Purvis A. 2010 Selectivity in mammalian
extinction risk and threat types: a new measure of
phylogenetic signal strength in binary traits:
selectivity in extinction risk. Conserv. Biol. 24,
1042-1051. (doi:10.1111/j.1523-1739.2010.01455.%)
Orme D, Freckleton R, Thomas G, Petzoldt T, Fritz S,
Isaac N, Pearse W. 2012 Caper: comparative analyses
of phylogenetics and evolution in R. R Package
Version 0.5 458. See https://CRAN.R-project.org/
package=caper.

Pagel M, Meade A. 2006 Bayesian analysis of
correlated evolution of discrete characters by
reversible-jump Markov Chain Monte Carlo. Am.
Nat. 167, 808-825. (doi:10.1086/503444)
Rambaut A, Drummond A, Xie D, Baele G, Suchard
M. 2014 Tracer v1.6. See http://beast.community.


http://dx.doi.org/10.1111/ibi.12755
http://dx.doi.org/10.2307/1943162
http://dx.doi.org/10.3184/175815513X13609538379947
http://dx.doi.org/10.3184/175815513X13609538379947
http://dx.doi.org/10.1111/j.1469-185X.2009.00085.x
http://dx.doi.org/10.1111/j.1469-185X.2009.00085.x
https://doi.org/10.2307/1311947
http://dx.doi.org/10.1098/rspb.2010.2798
http://dx.doi.org/10.5253/arde.v58.p1
http://dx.doi.org/10.5253/arde.v58.p1
http://dx.doi.org/10.1007/BF00384308
https://doi.org/10.2307/2413193
https://doi.org/10.2307/2413193
http://dx.doi.org/10.3389/fevo.2016.00074
https://doi.org/10.2307/4082640
http://dx.doi.org/10.1016/j.yhbeh.2021.104995
http://dx.doi.org/10.1016/j.yhbeh.2021.104995
http://dx.doi.org/10.1111/j.1600-0587.2012.07785.x
http://dx.doi.org/10.1111/j.1600-0587.2012.07785.x
http://dx.doi.org/10.2307/1934735
https://doi.org/10.1371/journal.pone.0019086
https://doi.org/10.1525/cond.2010.090229
https://doi.org/10.1080/01584197.2017.1298400
https://doi.org/10.1111/ele.14189
http://dx.doi.org/10.3184/003685013X13614670646299
http://dx.doi.org/10.3184/003685013X13614670646299
http://dx.doi.org/10.1111/1365-2664.12375
http://dx.doi.org/10.1111/j.1557-9263.2011.00327.x
http://datazone.birdlife.org/userfiles/file/Species/Taxonomy/HBW-BirdLife_Checklist_v7_Dec22.zip
http://datazone.birdlife.org/userfiles/file/Species/Taxonomy/HBW-BirdLife_Checklist_v7_Dec22.zip
http://dx.doi.org/10.1038/nature11631
http://dx.doi.org/10.1038/nature11631
http://dx.doi.org/10.1073/pnas.1813206116
http://www.museum.lsu.edu/~Remsen/SACCBaseline.htm
http://www.museum.lsu.edu/~Remsen/SACCBaseline.htm
http://dx.doi.org/10.1006/anbe.1996.0281
https://doi.org/10.1111/j.1523-1739.2012.01877.x
https://doi.org/10.1111/j.1523-1739.2012.01877.x
http://dx.doi.org/10.1111/j.0908-8857.2004.03244.x
http://dx.doi.org/10.1111/j.0908-8857.2004.03244.x
http://dx.doi.org/10.1038/s41467-020-16313-6
http://dx.doi.org/10.1038/s41467-020-16313-6
http://dx.doi.org/10.1111/ele.13898
http://dx.doi.org/10.1002/joc.5086
http://dx.doi.org/10.1126/science.1157704
http://dx.doi.org/10.1186/1471-2148-7-214
https://doi.org/10.1080/10635150490522232
https://doi.org/10.1080/10635150490522232
http://dx.doi.org/10.1186/1471-2105-7-88
http://dx.doi.org/10.1111/j.2041-210X.2011.00169.x
http://dx.doi.org/10.1111/j.2041-210X.2011.00169.x
http://dx.doi.org/10.1093/nar/gkab301
http://dx.doi.org/10.1111/j.1523-1739.2010.01455.x
https://CRAN.R-project.org/package=caper
https://CRAN.R-project.org/package=caper
http://dx.doi.org/10.1086/503444
http://beast.community

Downloaded from https://royal societypublishing.org/ on 11 July 2023

90.

9.

92.

93.

94.

9.

96.

97.

9.

9.

100.

Xie W, Lewis PO, Fan Y, Kuo L, Chen MH. 2011
Improving marginal likelihood estimation for
Bayesian phylogenetic model selection. Syst. Biol.
60, 150—160. (doi:10.1093/syshio/syq085)

Ho LsT, Ane C. 2014 Phylogenetic linear regression.
See https://cran.r-project.org/package=phylolm.
Brooke MdL, Scott DA, Teixeira DM. 2008 Some
observations made at the first recorded nest of the
sharpbill Oxyruncus cristatus. Ibis 125, 259-261.
(doi:10.1111/}.1474-919X.1983.th03109.x)

Greeney HF, Sénchez (, Sénchez JE, Carman E. 2013
A review of nest and egg descriptions for the genus
Myrmeciza, with the first description of nests and
eggs of the dull-mantled antbird (M. laemosticta).
J. Ornithol. 154, 1049-1056.

Hilty SL, Brown WL. 1986 A guide to the birds of
(olombia. Princeton, NJ: Princeton University Press.
Ocampo D, Pefia F, Zuluaga J, Nufiez MM, Pérez S.
2021 Primer registro reproductivo y cuidado
parental de la dormilona chica (Muscisaxicola
maculirostris) en el norte de los Andes. Ornitologia
(olombiana. 20, 1-8.

Crozariol MA, Jdcome MG, de Carvalho dPA, Telino-
Jinior WR. 2016 Primeira descricdo do ninho de
Poecilotriccus plumbeiceps cinereipectus proveniente
de Pernambuco, Brasil e alguns comentdrios sobre o
periodo reprodutivo da espécie. Atualidades
Ornitolégicas. 193, 10-3.

Clauser AJ, McRae SB. 2017 Plasticity in incubation
behavior and shading by king rails Rallus elegans in
response to temperature. J. Avian Biol. 48,
479-488. (doi:10.1111/jav.01056)

Friedman NR, Miller ET, Ball JR, Kasuga H, Remes V,
Economo EP. 2019 Evolution of a multifunctional
trait: shared effects of foraging ecology and
thermoregulation on beak morphology, with
consequences for song evolution. Proc. R. Soc. B
286, 20192474, (doi:10.1098/rsph.2019.2474)
Ohlson JI, Fjeldsd J, Ericson PGP. 2009 A new genus
for three species of tyrant flycatchers (Passeriformes:
Tyrannidae), formerly placed in Myiophobus. Zootaxa.
2290, 36-40. (doi:10.11646/z00taxa.2290.1.3)
Greeney HF, Solano-Ugalde A, Londofio GA. 2016
Nest architecture, eggs, nestlings and taxonomic

101.

102.

103.

104.

105.

106.

107.

108.

109.

affinities of the ornate flycatcher (Myiotriccus
ornatus). Ornitologia Colombiana 15, 70-81.
Peralta NA, Londofio GA, Cadena (D. 2011 El nido,
los huevos y el comportamiento de incubacion del
mosquero pechiocre (Nephelomyias ochraceiventris;
Tyrannidae). Ornitologia Neotropical. 22, 59-67.
Harvey MG et al. 2020 The evolution of a tropical
biodiversity hotspot. Science 370, 1343—1348.
(doiz10.1126/science.aaz6970)

De Silva TN, Peterson AT, Bates JM, Fernando SW,
Girard MG. 2017 Phylogenetic relationships of
weaverbirds (Aves: Ploceidae): a first robust
phylogeny based on mitochondrial and nuclear
markers. Mol. Phylogenet. Evol. 109, 21-32.
(doi10.1016/j.ympev.2016.12.013)

Isler ML, Bravo GA, Brumfield RT. 2013 Taxonomic
revision of Myrmeciza (Aves: Passeriformes:
Thamnophilidae) into 12 genera based on
phylogenetic, morphological, behavioral, and
ecological data. Zootaxa 3717, 469. (doi:10.11646/
zootaxa.3717.4.3)

Miller ET, Greeney HF. 2008 Clarifying the nest
architecture of the Silvicultrix clade of Ochthoeca
chat-tyrants (Tyrannidae). Ornitologia Neotropical
19, 361-370.

Crozariol MA. 2016 Espécies de aves com ninhos ndo
descritos ou pouco conhecidos das familias
Tityridae, Platyrinchidae, Pipritidae, Pipromorphidae
e Tyrannidae: um pedido de auxilio aos
observadores de aves! Atualidades Ornitoldgicas
189, 18-24.

Heming NM, Greeney HF, Marini MA. 2013 Breeding
biology research and data availability for New World
flycatchers. Nat. Con. 11, 54-58. (doi:10.4322/
natcon.2013.009)

Xiao H, Hu Y, Lang Z, Fang B, Guo W, Zhang Q, Pan
X, Lu X. 2017 How much do we know about

the breeding biology of bird species in the world?
J. Avian Biol. 48, 513-518. (doi:10.1111/jav.00934)
Soares L et al. 2022 Neotropical ornithology:
reckoning with historical assumptions, removing
systemic barriers, and reimagining the future.
Ornithol. Appl. 125, 1-31. (doi:10.1093/ornithapp/
duac046)

0.

m.

n2.

13.

14.

115.

116.

n7.

8.

9.

120.

121.

Breen AJ, Guillette LM, Healy SD. 2016 What can
nest-building birds teach us? Comp. Cogn. Behav.
Rev. 11, 83-102.

Refsnider JM. 2016 Nest-site choice and nest
construction in non-avian reptiles: evolutionary
significance and ecological implications. Avian Biol.
Res. 9, 76-88. (d0i:10.3184/
175815516X14490631289752)

Schulte LM, Ringler E, Rojas B, Stynoski JL. 2020
Developments in amphibian parental care research:
history, present advances, and future perspectives.
Herpetol. Monogr. 34, 71. (doi:10.1655/
HERPMONOGRAPHS-D-19-00002.1)

Bessa E, Branddo ML, Gongalves-de-Freitas E. 2022
Integrative approach on the diversity of nesting
behaviour in fishes. fish and Fish. 23, 564-583.
Terrien J, Perret M, Aujard F. 2011 Behavioral
thermoregulation in mammals: a review. Front
Biosci. 16, 1428. (doi:10.2741/3797)

Lewarch (L, Hoekstra HE. 2018 The evolution of
nesting behaviour in Peromyscus mice. Anim.
Behav. 139, 103-115. (doi:10.1016/j.anbehav.2018.
03.008)

Suzuki S. 2013 Biparental care in insects: paternal
care, life history, and the function of the nest. J.
Insect Sci. 13, 1-16. (doi:10.1673/031.013.13101)
Joyce FJ. 1993 Nesting success of rufous-naped
wrens (Campylorhynchus rufinucha) is greater near
wasp nests. Behav. Ecol. Sociobiol. 32, 71-77.
Antoine (M, Forrest JRK. 2021 Nesting habitat of
ground-nesting bees: a review. Ecol. Entomol. 46,
143-159. (doi:10.1111/een.12986)

Gaskill BN, Gordon CJ, Pajor EA, Lucas JR, Davis JK,
Garner JP. 2013 Impact of nesting material on
mouse body temperature and physiology. Physiol.
Behav. 110-111, 87-95. (doi:10.1016/j.physbeh.
2012.12.018)

Lissaker M, Kvarnemo C. 2006 Ventilation or nest
defense—parental care trade-offs in a fish with
male care. Behav. Ecol. Sociobiol. 60, 864-873.
Ocampo D, De Silva TN, Sheard C, Stoddard MC.
2023 Evolution of nest architecture in tyrant
flycatchers and allies. Figshare. (doi:10.6084/m9.
figshare.c.6673697)


https://doi.org/10.1093/sysbio/syq085
https://cran.r-project.org/package=phylolm
https://doi.org/10.1111/j.1474-919X.1983.tb03109.x
http://dx.doi.org/10.1111/jav.01056
https://doi.org/10.1098/rspb.2019.2474
http://dx.doi.org/10.11646/zootaxa.2290.1.3
http://dx.doi.org/10.1126/science.aaz6970
https://doi.org/10.1016/j.ympev.2016.12.013
https://doi.org/10.11646/zootaxa.3717.4.3
https://doi.org/10.11646/zootaxa.3717.4.3
https://doi.org/10.4322/natcon.2013.009
https://doi.org/10.4322/natcon.2013.009
http://dx.doi.org/10.1111/jav.00934
https://doi.org/10.1093/ornithapp/duac046
https://doi.org/10.1093/ornithapp/duac046
https://doi.org/10.3184/175815516X14490631289752
https://doi.org/10.3184/175815516X14490631289752
http://dx.doi.org/10.1655/HERPMONOGRAPHS-D-19-00002.1
http://dx.doi.org/10.1655/HERPMONOGRAPHS-D-19-00002.1
http://dx.doi.org/10.2741/3797
http://dx.doi.org/10.1016/j.anbehav.2018.03.008
http://dx.doi.org/10.1016/j.anbehav.2018.03.008
https://doi.org/10.1673/031.013.13101
http://dx.doi.org/10.1111/een.12986
http://dx.doi.org/10.1016/j.physbeh.2012.12.018
http://dx.doi.org/10.1016/j.physbeh.2012.12.018
http://dx.doi.org/10.6084/m9.figshare.c.6673697
http://dx.doi.org/10.6084/m9.figshare.c.6673697

	Evolution of nest architecture in tyrant flycatchers and allies
	Introduction
	Methods
	Study system and data collection
	Study system
	Nest design
	Habitat categorization
	Ecological, life-history and environmental factors associated with nest types

	Phylogenetic comparative methods
	Nest type evolution and phylogenetic signal
	Habitat
	Evaluating coevolution of nest architecture and habitat type
	Testing for potential correlates of nest type


	Results
	Taxonomic and phylogenetic distribution of nest traits
	No evidence of coevolution between habitat and nest architecture
	Ecological, life-history and environmental correlates of nest type variation

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


