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Abstract: Neophobia, or aversion to novelty, is important for adaptability and survival as it
influences the ways in which animals navigate risk and interact with their environments.
Across taxa, species and individuals, neophobia is found to vary considerably, but
exploring the wider evolutionary drivers of neophobia is hampered by a lack of
comparative multi-species studies using standardised methods. Here, we utilised the
ManyBirds Project, a Big Team Science large-scale collaborative open science
framework, to pool efforts and resources of 129 collaborators at 77 institutions from 23
countries worldwide across six continents. We examined both difference scores
(between novel object test and control conditions) and raw data of latency to touch
familiar food in the presence (test) and absence (control) of a novel object among 1439
subjects from 136 bird species across 25 taxonomic orders incorporating lab, field and
zoo sites. We tested effects of 1) taxonomic order differences; 2) socio-ecological
factors including diet, sociality, habitat and range, while accounting for phylogeny; and
3) individual repeatability in object neophobia. We found that at the order level,
neophobia was markedly affected by phylogeny. At the species level, using difference
scores, species with more specialist diets were more neophobic than those with more
generalist diets, providing strong support for the Neophobia Threshold Hypothesis.
Migratory species were also more neophobic than non-migratory species, which
supports the Dangerous Niche Hypothesis. Finally, we found individual repeatability
across time (i.e. across test rounds) and contexts (i.e. controls and novel object tests).
Using the largest-scale multi-order study of neophobia to date, our approach and
results show that neophobia is a stable behavioural trait predicted by phylogeny. We
have identified evolutionary drivers of neophobia across the avian clade and
demonstrated the potential of Big Team Science research to reveal broad patterns of
bird behaviour.
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Abstract 132 

Neophobia, or aversion to novelty, is important for adaptability and survival as it influences the ways in 133 

which animals navigate risk and interact with their environments. Across taxa, species and individuals, 134 

neophobia is found to vary considerably, but exploring the wider evolutionary drivers of neophobia is 135 

hampered by a lack of comparative multi-species studies using standardised methods. Here, we utilised 136 

the ManyBirds Project, a Big Team Science large-scale collaborative open science framework, to pool 137 

efforts and resources of 129 collaborators at 77 institutions from 23 countries worldwide across six 138 

continents. We examined both difference scores (between novel object test and control conditions) and 139 

raw data of latency to touch familiar food in the presence (test) and absence (control) of a novel object 140 

among 1439 subjects from 136 bird species across 25 taxonomic orders incorporating lab, field and zoo 141 

sites. We tested effects of 1) taxonomic order differences; 2) socio-ecological factors including diet, 142 

sociality, habitat and range, while accounting for phylogeny; and 3) individual repeatability in object 143 

neophobia. We found that at the order level, neophobia was markedly affected by phylogeny. At the 144 

species level, using difference scores, species with more specialist diets were more neophobic than those 145 

with more generalist diets, providing strong support for the Neophobia Threshold Hypothesis. Migratory 146 

species were also more neophobic than non-migratory species, which supports the Dangerous Niche 147 

Hypothesis. Finally, we found individual repeatability across time (i.e. across test rounds) and contexts 148 

(i.e. controls and novel object tests). Using the largest-scale multi-order study of neophobia to date, our 149 

approach and results show that neophobia is a stable behavioural trait predicted by phylogeny. We have 150 

identified evolutionary drivers of neophobia across the avian clade and demonstrated the potential of Big 151 

Team Science research to reveal broad patterns of bird behaviour. 152 

  153 
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Introduction 154 

In a constantly changing environment, the ability to adjust behaviour to current conditions is 155 

critical for fitness and survival [1]. This ability, known as behavioural flexibility, has been linked to 156 

socio-ecological factors, including a species' social organisation and environmental variability [2]. 157 

Previous studies suggest that individuals from more socially complex bird, ungulate and primate species 158 

show greater behavioural flexibility than individuals from more solitary species [3-5]. Furthermore, birds 159 

living in more dynamic environments (i.e. with more pronounced seasonality and resource variability) 160 

show greater behavioural flexibility than individuals from more stable environments [6]. 161 

Patterns of variation in behavioural flexibility are likely to be driven by both costs and benefits 162 

[7] and these are linked to taxon-specific ecological and social factors [8]. Behavioural flexibility is 163 

advantageous when animals encounter novelty, as it allows for appropriate responses to new stimuli, 164 

food, information and conspecifics [9]. One type of behavioural flexibility is neophobia, an aversion to 165 

novelty that is often measured as latency (i.e. time taken) to approach or use novelty (e.g. objects or food 166 

resources) compared to familiar stimuli [10]. Neophobic responses affect how individuals interact with 167 

changing environments, as they can protect an individual from potential risks, but may also decrease 168 

opportunities to exploit novel resources, such as unknown food or nesting sites [11]. Neophobia impacts 169 

adaptability and survival [12,13], and can affect ecological processes [14], including invasiveness (cane 170 

toads, Rhinella marina [15]; common mynas, Acridotheres tristis [16]), range and niche expansion (small 171 

mammals [17]; Eurasian tree sparrows, Passer montanus [18]). 172 

Individuals, populations and species differ in their propensity for neophobia [19,20]. Individuals 173 

may show repeatability (i.e. consistency) in their neophobic responses (e.g. mice, Mus musculus [21]; 174 

ungulates [5]; birds [22,23]) or alternatively, flexibility (e.g. a shift in responses, inconsistency or lack of 175 

repeatability, e.g. pinyon jays, Gymnorhinus cyanocephalus, and Clark’s nutcrackers, Nucifraga 176 

columbiana [24]). Indeed, neophobia can be plastic, such as when house sparrows (Passer domesticus) 177 

learn to be less neophobic from conspecifics [25], and rooks (Corvus frugilegus) overcome neophobia in 178 

groups [26]. Although the drivers of this variability are relatively unknown, there are at least two non-179 

mutually exclusive hypotheses for between-species variation in neophobia. The Neophobia Threshold 180 

Hypothesis [27-29] states that neophobia acts as a proximate mechanism for the evolution of niche 181 

specialisation, as it changes the probability of a species exploring new stimuli in the environment, thereby 182 

shifting its diet breadth or landscape use. This hypothesis is supported by findings that habitat generalists 183 

typically demonstrate lower neophobia than habitat specialists [27,28]. The Dangerous Niche Hypothesis 184 

[11,30] suggests that neophobia increases with the level of environmental danger and protects against 185 

risks, predicting species that utilise unfamiliar or riskier habitats (e.g. higher predator density) will show 186 

Tachado

Comentario en el texto
survival is a component of fitness, so it looks weird to put both terms at the same level

Comentario en el texto
Neophobia reflects plasticity as it is a response to an stimulus (i.e. change in behaviour). However, this is not the same type of plasticity generally suggested to explain success in changing environments, which is related to learning and innovation. Neophobia can of course be reduced through habituation. However, this is plasticity in neophobic responses,  not neophobia as a type pf plasticity.

Nota adhesiva
As a general comment, I do not see the need to start with a discussion of behavioural flexibility in the introduction. As I suggest later on, and also as assumed by the authors when using a comparative aprpoach, neophobic can be a personality trait, that is, a behavioural feature of individuals or species that is highly consistent across behavioural domains and contexts. I suggest starting with a definition of neophobia and an explanation of its relevance.

Comentario en el texto
This sound weird. I suggest "degree of neophobia".

Comentario en el texto
Better "variation"

Comentario en el texto
Rather than the evolution, I suggest  "maintenance" or "mechanism for niche conservation". Specialisation is not the best word, as one species can be highly specialised in foraging and yet occur in many habitats if the food resource is widespread.

Comentario en el texto
reduces?

Comentario en el texto
These concepts are not the usual ones in ecology; it would be more appropriate "diet and habitat use".

Comentario en el texto
The NT and DN hypotheses both assume that neophobia is a feature of the individual, population or species. If there are no differences in neophobia among ndividuals, population or species, there is no need to look for explanations. Therefore, I would move the idea that neophobia itself can be plastic after presenting the NTH and DNH, and frame it as a third non-mutually exclusive hypothesis suggesting that neophobia is highly plastic and hence do not show differences among individuals, populations or species. Such plasticity seems to be more connected with the DNH, as the absence of predators or the perception that they do not represent a risk should allow habituation and reduced neophobia. The social effects on neophobia can also be related to the DNH through the dilution effect or other mechanisms.

Nota adhesiva
This is contingent of life history. An opportunist animal may be very neophobic if long-lived.



 

7 

higher neophobia. In support of this hypothesis, fish and amphibians from higher predation-risk 187 

environments had increased neophobia levels [31]. Furthermore, migration can lead to increased exposure 188 

to predation risks and/or unfamiliar habitats [32]. 189 

Birds provide an excellent taxon in which to investigate the evolutionary drivers of neophobia. 190 

They vary widely in their diet (including foraging behaviour) and sociality [33], thereby making them a 191 

suitable group for examining how life history and socio-ecological traits co-vary with neophobia. 192 

Previous research on birds has found correlations between neophobic behaviours and dietary breadth 193 

[27,28,34,35] and with degree of sociality [19]. Neophobia towards novel objects in 10 corvid species 194 

was influenced by urban habitat use, adult social group size, maximum flock size and caching behaviour, 195 

though not geographic range, foraging differences or genus [22]. The degree of ecological generalisation 196 

has been found to display a negative correlation with neophobia in multiple bird taxa [35,36]. Similarly, 197 

sociality can also influence neophobia by moderating risk; for instance, the presence of conspecifics can 198 

either enhance or reduce neophobia (e.g. zebra finches, Taeniopygia guttata, [19]; common ravens, 199 

Corvus corax and carrion crows, Corvus corone, [37]). In corvids, for example, species living in family 200 

groups showed lower object neophobia than those living in territorial pairs [22].  201 

Neophobia has also been linked to birds’ ability to exploit novel habitat types such as urban 202 

environments. Across more than 8000 bird species, a phylogenetically controlled analysis showed that 203 

only 9% of species inhabit urban environments and are characterised by using a broad array of natural 204 

habitats [38]. Resources in urban environments may therefore represent an extension of the varied 205 

resources that a habitat generalist typically encounters in natural environments. On an individual level, 206 

common myna living in urban environments showed lower neophobia towards novel food resources than 207 

those living in rural areas [39]. Across 12 (primarily passerine) bird species, individuals were quicker to 208 

approach human litter in an urban environment compared to a rural environment [40].  209 

Despite intriguing links between variation in neophobia and different ecological and evolutionary 210 

factors, it is unknown how generalisable results are across avian taxa. Few studies have compared 211 

neophobia using the same methodology across many species that vary in socio-ecological factors such as 212 

sociality and habitat use. Typically, multi-species studies have focussed on closely related species only. 213 

For example, a study examining 61 parrot species found that neophobia was positively related to an 214 

insect-rich diet and negatively related to a diet of leaves [20] and highlighted that comparative analysis 215 

can provide a powerful tool for exploring the evolutionary drivers of behaviour. Other large-scale multi-216 

species studies have been pioneered through Big Team Science collaborative approaches, also known as 217 

‘ManyX’ projects. Driven by early efforts from psychology to address the replication crisis (Open 218 

Science Collaboration; [41,42]), other fields have followed suit, including comparative cognition 219 

(ManyPrimates: [43,44]; ManyBirds: [45]; ManyDogs: [46]; ManyManys: [47]). These collaborations 220 

Comentario en el texto
This sentence misses any link with neophobia. Moreover, the mechanisms are unclear, as it can also be explained by the neophobia threshold hypothesis.

Comentario en el texto
What has life history to do with diet and sociality? Of course there are connections, but these are not discussed. I think the authors use life history as a vague term rather than evolutionary definition that is the way organisms allocate time and resources to reproduction, growth and survival.

Nota adhesiva
Island living is also a factor that may promote reduced neophobia, but the mechanisms can be related to the working hypotheses, that is, low predation risk and great ecological opportunities.

Comentario en el texto
better something like "a number of socio-ecological drivers" to avoid mixing ecological pressures leading to evolution with evolution itself
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provide large-scale replications of existing studies and allow researchers to ask questions that individual 221 

labs do not have the resources to address [48].  222 

Big Team Science collaborations in comparative behaviour and cognition aim to facilitate more 223 

diverse species representation and larger sample sizes while granting phylogenetic comparisons that are 224 

often lacking in small-scale studies [45,49,50]. For example, in a review of avian cognition and behaviour 225 

research from 2015 to 2020, Lambert et al. [45] identified that only ~1% of all bird species were 226 

represented in cognitive studies. The subjects represented only four taxonomic orders and originated 227 

largely from four countries (UK, USA, Canada and Austria). Most (75%) subjects were from laboratory 228 

sites, with field sites and zoos being underrepresented. The present study sought to increase the 229 

representation of bird orders, species and individuals to capture wider variation across the avian clade and 230 

examine generalisability, as well as include more researchers worldwide.  231 

Using a Big Team Science approach, we aimed to establish whether neophobia is a stable trait 232 

within individuals predicted by phylogeny and test predictions of the Neophobia Threshold and 233 

Dangerous Niche Hypotheses [11]. We assayed “object neophobia” (following terminology outlined in 234 

[51]) using a standardised approach for 1439 subjects across 136 species and 25 taxonomic orders (Fig. 1 235 

and Fig. 2), as Study 1 of the ManyBirds Project (www.themanybirds.com; [45]). Data were collected 236 

from labs, zoos and field sites to increase species representation, and because zoos in particular provide 237 

access to some rare species less represented in existing literature [52]. We measured latency to touch 238 

familiar food presented alongside a novel object and compared this with latency to touch the same 239 

familiar food without a novel object present. We analysed both: 1) difference scores (novel object minus 240 

control latency values) and 2) raw data (control and test latencies separately). We explored three main 241 

research objectives: 1) taxonomic order differences in neophobia; 2) socio-ecological drivers of 242 

neophobia at the species level, while accounting for phylogeny (Table 1), and 3) individual repeatability 243 

in neophobia. For objective 1, we expected to find variation across bird orders in neophobia, given the 244 

vast diversity in social and ecological conditions across the avian clade [45] and previously observed 245 

species differences in neophobia (e.g. parrots [20]; corvids [22]).  246 

 247 

Table 1. Socio-ecological and other factors assessed for correlations with object neophobia in birds. 248 

All factors were coded at species level. For domesticated forms, information on the respective 249 

ancestral species from the wild was coded.  250 

Category Factor Coding and definition Data source 

Diet Dietary Breadth  7 categories (coded: 1-7). Species Wilman et al. 

http://www.themanybirds.com/
Comentario en el texto
From a comparative point of view, I think it would be more logic to organise the goals in a different way. First, test whether there are differences among individuals (repeatibility), which directly emasure plasticity; Second, test for taxonomic differences, including differences among species and phylogenetic effects; and finally, test whether taxonomic differences can be explained by socio-ecological factors.

Nota adhesiva
It would be more informative if added predictions and links with the major hypotheses NTH and DNH.



 

9 

(i.e. more feeding specialist versus 

generalist) 

coded on a scale from 1 (one 

food category consumed; 

specialist) to 7 (seven food 

categories consumed; generalist).  

[53] 

Sociality Territoriality  3 categories (coded: non-

territorial, seasonally territorial, 

year-round territorial) 

Tobias et al.  

[54] 

Social Bond (i.e. duration of a 

species’ pair-bonds)  

3 categories (coded: solitary - no 

consistent association between 

partners, short-term - association 

restricted to a single breeding 

event/season, long-term - 

association beyond the 

previously mentioned duration) 

Tobias et al.  

[54] 

Habitat 

and 

range 

Habitat density  

(i.e. structural complexity) 

 

3 categories (coded: 1-3). 

Structural habitat complexity 

ranged from 1 (high complexity, 

e.g. forest / dense shrubland) to 3 

(low complexity, e.g. grasslands, 

deserts, or open water) 

Tobias et al. 

[55]  

Habitat use  

(i.e. more habitat specialist versus 

generalist) 

Occupation of different habitat 

types (coded: 1-10 types; as 

defined by BirdLife International 

(level 1 habitats),  

species coded on a scale from 1 

(one habitat type used; specialist) 

BirdLife 

International  

[56] 
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to 10 (ten habitat types used; 

generalist).  

Anthropogenically modified 

habitat use  

(i.e. altered by human settlements 

and infrastructure, excluding 

plantation areas based on their 

Urban Association Index, UAI) 

 

2 categories (coded: urban 

avoider or exploiter). The global 

average UAI, derived from data 

on 3768 bird species, is 1.14. 

Species coded as avoiders when 

UAI below 1.14 and exploiters if 

above. UAI available for 88 

species in our sample. For the 

remaining 33 species, we relied 

on additional primary literature 

and collective expertise of our 

collaborators to code them. 

Neate-Clegg et 

al. [57]; Sol et 

al. [58]  

Migratory habits 

 

3 categories - migratory (a 

significant part of the species’ 

populations regularly travels 

beyond their breeding areas, 

following a predictable timing 

and specific routes each season), 

nomadic (populations are not 

resident but may constantly move 

following  the availability of 

sporadic (in time and 

distribution) resources. In 

contrast to migratory species, 

routes and timing of movements 

cannot be adequately predicted in 

the long term), non-migratory 

(movement patterns do not 

comply to definitions outlined 

above, resident populations) 

IUCN [59] 
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Other Body Mass 

 

Continuous - species’ average 

body mass in grams (g). 

Tobias et al.  

[55] 

Domestication status 

 

2 categories - domesticated or 

non-domesticated 

Domestication 

status reported 

by respective 

collaborators 

Each factor was coded per species using or informed by peer-reviewed or reputable sources, where 251 

available (referenced in Data Source column). Full species coding sheet available in S1 Table. 252 

 253 
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 254 
Fig. 1. Phylogeny of extant bird orders represented in ManyBirds study 1. Numbers in parentheses 255 

indicate the number of species in the given order representing 136 species in total across 25 orders. 256 

Phylogeny based on Jetz et al. [60]. Bird drawings created by Raúl O. Gómez (co-author) and shared with 257 

permission. 258 
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 259 
Fig 2. Colour-coded latency difference scores (latency to touch food in novel object condition minus 260 

latency in the control condition; measured in seconds) for all species included in the analyses (n = 136). 261 

Scores reconstructed for nodes represent maximum likelihood estimates. Sample sizes (total number of 262 

individuals and/or flocks tested) are provided in brackets. Silhouettes are in public domain and derive 263 

from PhyloPic. The colour-coded tree was created with the contMap() function from the phytools package 264 

[61]. 265 

 266 
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For objective 2, we expected socio-ecological factors, including diet, sociality, habitat and range 267 

to influence neophobia, as found in single-species and smaller multi-species studies [3-5]. Specifically, 268 

we tested for differences in neophobia between species varying in habitat and range, including feeding 269 

and habitat generalists versus specialists. In line with the Neophobia Threshold Hypothesis [27,28], we 270 

expected that neophobia would be lower in generalists than specialists, and in migratory rather than non-271 

migratory species, due to increased exposure to a wide variety of novel stimuli and environments. 272 

Alternatively, if increased exposure to novelty results in increased risk, we would expect to find the 273 

opposite patterns, consistent with the Dangerous Niche Hypothesis [27,28]. 274 

We also expected that social factors would influence neophobia, following previous findings in 275 

birds and other taxa (e.g. [19,37,62]). For example, territorial species may perceive novelty as a potential 276 

threat to their established territories, thereby showing higher neophobia, while non-territorial species may 277 

have more fluid or overlapping home ranges and show lower neophobia. Other potential notable 278 

influencing factors include body size/mass and domestication. Body size has been linked to the pace-of-279 

life-syndrome and we thus may expect larger birds to have a slower pace of life and be more neophobic 280 

[63,64]. Alternatively, larger body size has been linked to lower predation pressure, which may result in 281 

lower neophobia in larger species [65]. With domestication, lower reactivity and reduced fear or stress 282 

responses are often considered desirable traits among domestic animals, allowing them to cope and 283 

reproduce more effectively in human-controlled environments [66-69]. 284 

Finally, in addition to exploring the phylogenetic patterns of variation, and testing hypotheses 285 

about socio-ecological evolutionary drivers of this variation over time, we wanted to establish the 286 

potential for microevolution in contemporary populations by estimating individual repeatability of 287 

neophobia, which are a prerequisite for heritable variation. The repeatability of behaviour has been well 288 

studied and meta-analysis shows it varies considerably depending on a variety of factors [70]. However, a 289 

meta-analysis of neophobia specifically has never been undertaken to this extent. For objective 3, we 290 

expected that individuals would be largely repeatable in their neophobic responses, given the relatively 291 

short time intervals between different test rounds (~2 weeks), as suggested by a meta-analysis finding 292 

larger repeatability in short- than long-term object neophobia studies [51]. Thus, this study enables us to 293 

identify the evolutionary drivers of neophobia in the avian clade, and to demonstrate the utility of the 294 

ManyBirds Project as a framework for future comparative studies on the evolution of phenotypic 295 

variation in birds.  296 

 297 

Results 298 

 299 
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Taxonomic order comparisons of neophobia 300 

Bird taxonomic order affected the latency to touch familiar food in the control (Wald χ2
25=275.79, 301 

P<0.001; Fig 3a) and the novel object test conditions (Wald χ2
25=371.46, P<0.001; Fig. 3b). In the test 302 

condition, Phoenicopteriformes (flamingos) and Podicipediformes (grebes, represented only by the little 303 

grebe, Tachybaptus ruficollis) had the longest latencies to touch food (and many did not touch food at all 304 

when the novel item was present), whereas Piciformes (represented only by the black-necked aracari, 305 

Pteroglossus aracari), Falconiformes (falcons) and Galliformes (pheasants and allies) were quickest (Fig. 306 

3b). In the control condition, the longest latencies to touch food were found in Accipitriformes (hawks 307 

and allies) and Phoenicopteriformes (flamingos), whereas Falconiformes (falcons), Piciformes and 308 

Eurypygiformes (represented by sunbittern, Eurypyga helias) were quickest to touch food (Fig. 3a). 309 

Overall, we found a difference between control and test latencies across bird orders (Wald χ2
25= 348.46, 310 

P<0.001; Fig. 3c), with the biggest overall change between conditions observed (i.e. indicating higher 311 

neophobia) in Podicipediformes and Gruiformes (cranes) and the smallest change (i.e. indicating lower 312 

neophobia) in Falconiformes, Piciformes and Galliformes (Fig. 3c). The phylogenetic signal (overall test 313 

and control conditions models; Pagel’s lambda) calculated from the Bayesian GLMM model was 0.64 314 

(0.55/0.71) and for difference scores 0.68 (0.60/0.76), indicating an intermediate phylogenetic signal.  315 

 316 

 317 
Fig. 3. a, b, c: The mean+SE latency to touch food in (a) control and (b) test conditions, for each 318 

taxonomic order. The mean+SE difference (individual difference) between control and test conditions 319 

Comentario en el texto
I think this should be the first result. Once you have found that there is substantial phylogenetic effects, then one can examine differences among orders to illustrate which birds are more neophobic and which less.
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(c) for each order are shown. 320 

 321 

 322 

Socio-ecological drivers of neophobia  323 

Across species, using individual difference scores (novel object test values minus control values, 324 

i.e. not raw data), dietary breadth and migratory pattern had an effect on neophobia for both Model A, 325 

which included the full data set, and Model B, which included non-domesticated species only (Table 2; 326 

removing seven domesticated lineages). In line with the Neophobia Threshold Hypothesis, species that 327 

fed on fewer dietary categories and were classified as more feeding specialists had higher difference 328 

scores (i.e. higher object neophobia) than feeding generalist species with broader diets (Fig. 4). In line 329 

with the Dangerous Niche Hypothesis, migratory species had higher difference scores (i.e. higher 330 

neophobia) than non-migratory species (Fig. 4).  331 

 332 

Table 2. Generalised linear mixed models using Markov chain Monte Carlo estimation 333 

methods (MCMCglmm models), testing the effect of predictors on the difference scores 334 

(novel object minus control values of latency to touch familiar food).  335 

 post.mean L. CI U. CI 

Eff. 

samp 

pMCMC 

 Model A 

Model A (Intercept) 617.98 -136.49 1384.02 19980 0.108 

Body Mass (log) -6.51 -66.27 51.93 19980 0.832 

Dietary Breadth -62.64 -116.26 -7.65 19980 0.022 

Habitat Use -5.80 -45.18 33.79 19980 0.777 

Anthropogenic Habitat Use 

(Exploiter) 98.38 -16.31 215.10 19980 0.096 

Habitat Density 54.38 -46.67 160.19 19418 0.305 

Social Bond (Short-term) -24.92 -155.69 109.34 19980 0.712 

Social Bond (Solitary) 424.36 -540.82 1443.79 19980 0.393 

Territoriality (Seasonal) 13.94 -185.19 214.87 20420 0.887 
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Territoriality (Year-Round) -92.55 -316.17 144.49 19980 0.431 

Migration (Nomadic) -132.28 -515.02 262.29 19980 0.511 

Migration (Non-migrant) -140.36 -277.47 -4.91 20486 0.045 

Domestication Status 3.07 -220.05 225.84 20217 0.966 

 Model B 

Model B (Intercept) 823.52 67.18 1585.75 19980 0.035 

Body Mass (log) -33.23 -95.60 29.14 19546 0.293 

Dietary Breadth -64.25 -116.37 -10.92 19980 0.017 

Habitat Use -20.19 -61.70 23.13 19980 0.347 

Anthropogenic Habitat Use 

(Exploiter) 67.89 -51.36 193.86 19980 0.271 

Habitat Density 91.73 -22.33 204.05 19980 0.111 

Social Bond (Short-term) -1.42 -140.57 124.51 19980 0.983 

Social Bond (Solitary) 446.14 -489.09 1447.20 19980 0.364 

Territoriality (Seasonal) -5.77 -215.36 207.56 20489 0.957 

Territoriality (Year-Round) -109.79 -356.61 131.60 20939 0.376 

Migration (Nomadic) -159.51 -552.18 242.40 19980 0.423 

Migration (Non-migrant) -144.28 -285.34 -3.24 19980 0.044 

Individual ID, nested within site, and phylogeny were included in the model as random effects to 336 

control for non-phylogenetic and phylogenetic non-independence, respectively, among 337 

individuals. Model A includes all data, whereas Model B contains only non-domesticated 338 

species.  pMCMC is twice the posterior probability that the estimate is negative or positive 339 

(whichever probability is smallest), L. CI = lower 95% credible interval, U. CI = upper 95% 340 

credible interval. For migratory patterns, the 0 intercept in this 3-level factor is migratory 341 

species. Significant predictors are indicated in bold. Eff. samp is the effective sample size of a 342 

Monte Carlo computation.  343 
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 344 
Fig. 4. Mean+SE latency on the mean latency difference scores (novel object minus control 345 

values) to touch familiar food in relation to a) dietary breadth and b) migratory pattern. A 346 

higher difference score indicates a (higher) neophobic response to novel object presence. Circles 347 

represent individual difference scores. For a) dietary breadth, note that categories 1 to 5 represent 348 

133 species, thus driving this effect (categories 6 and 7 contain two and one species, 349 

respectively).   350 

 351 

Using raw data (control and test latencies separately), the addition of a novel object overall 352 

increased the latency of birds to touch familiar food (Table 3). Neophobia conditions interacted with 1) 353 

dietary breadth, 2) migratory patterns, 3) body mass, 4) social bond and 5) domestication status. The 354 

dietary breadth and migration patterns findings reported for the difference scores (Fig. 4) were also 355 

recorded for the raw data (Fig. 5 and Fig. 6). No effects of territoriality, habitat density, habitat use or 356 

anthropogenically modified habitat use were detected. Therefore, under novel object conditions, species 357 

that were more restricted (versus broader) in dietary breadth (Fig. 5), migratory (versus non-migratory; 358 

Fig 6), heavier in body mass (versus lighter; S1 Fig), solitary (versus social; S2 Fig) and non-359 

domesticated (versus domesticated) showed higher object neophobia - i.e. they took longer to touch 360 

familiar food in the presence of novel objects (Table 3). Under control conditions, migratory (versus non-361 

migratory; Fig 6) and with lower body mass (versus heavier) species took longer to touch familiar food 362 

when a novel object was not present (S1 Fig; Table 3). 363 

 364 

Table 3: Generalised linear mixed models using Markov chain Monte Carlo estimation methods 365 

(MCMCglmm models), testing the effect of predictors on the latency to touch familiar food when no 366 

novel object was present (i.e. raw data).  367 
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  post.mean L. CI U. CI Eff. samp pMCMC 

(Intercept) 95.78 -483.97 650.32 18638 0.737 

Condition (test/control) 225.18 84.34 371.81 19980 0.002 

Body Mass (log, grams) -0.46 -45.49 43.31 19980 0.980 

Dietary Breadth 3.71 -36.40 45.12 19980 0.854 

Habitat Density -1.31 -78.49 75.59 19980 0.965 

Anthropogenic Habitat Use (Exploiter) 10.46 -78.88 101.25 19980 0.828 

Habitat Use 16.75 -12.01 47.82 19980 0.272 

Social Bond (Short-term) 97.59 -5.01 203.05 19980 0.068 

Social Bond (Solitary) 145.11 -589.06 889.27 19980 0.702 

Territoriality (Seasonal) -68.45 -211.45 85.93 19980 0.358 

Territoriality (Year-Round) -24.79 -198.29 144.65 20474 0.783 

Migration (Nomadic) 233.80 -55.84 527.49 21142 0.118 

Migration (Non-migrant) -65.52 -170.85 35.63 20108 0.217 

Domesticated 52.71 -117.58 221.29 19466 0.542 

Condition x Body Mass 15.95 5.74 26.46 19980 0.004 

Condition x Dietary Breadth -47.05 -65.33 -28.97 19980 <0.001 

Condition x Habitat Density 24.75 -8.84 59.46 20821 0.156 

Condition x Anthropogenic Habitat Use 

(Exploiter) -14.34 -63.99 31.10 20443 0.557 

Condition x Habitat Use 4.37 -7.97 16.82 19980 0.492 

Condition x Social Bond (Short-term) -29.48 -81.37 21.23 19980 0.265 

Condition x Social Bond (Solitary) 486.23 260.27 712.80 19980 <0.001 

Condition x Territoriality (Seasonal) 46.19 -18.60 112.45 21474 0.170 
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Condition x Territoriality (Year-Round) -63.92 -132.43 -0.25 21148 0.058 

Condition x Migration (Nomadic) -37.93 -197.71 115.25 19422 0.643 

Condition x Migration (Non-migrant) -107.59 -164.76 -48.39 19980 <0.001 

Condition x Domesticated 

(Domesticated) 157.37 106.06 210.54 19991 <0.001 

Individual ID was nested within the study site, and species and phylogeny were included in the model as 368 

random effects to control for non-phylogenetic and phylogenetic non-independence, respectively, among 369 

individuals. pMCMC is twice the posterior probability that the estimate is negative or positive (whichever 370 

probability is smallest), L. CI = lower 95 credible interval, U. CI = upper 95 credible interval. Significant 371 

predictors are indicated in bold. Eff. samp is the effective sample size of a Monte Carlo computation.  372 

 373 

 374 
Fig. 5. Mean+SE latency to touch food in control (orange) and novel object (blue) conditions, in 375 

relation to dietary breadth, the number of food categories consumed. Species sample sizes for each 376 

dietary breadth category are given above the bars. 377 

Nota adhesiva
Better use the name of the variable here, i.e. domestication

Comentario en el texto
This is the problem of using raw data. The pattern for the controls looks very similar that the pattern for the treatment. This may indicate that even though there are differences within individuals (denoted by the differences in magnitude), much of the differences across species could reflect motivation to feed. What matters is the difference between treatment and control.
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 378 
Fig. 6. Mean+SE latency to touch food in control (orange) and test (blue) conditions, in relation to 379 

migratory pattern. Species sample sizes for each type of migratory pattern are given above the 380 

bars. 381 

 382 

Focusing the analysis on a reduced data set of non-domesticated species only (i.e. excluding 383 

seven domesticated lineages; raw data across species) did not change the findings on dietary breadth, 384 

social bond or migratory pattern (S3 Table).  However, there was no longer an effect of body mass on 385 

latency to touch food in control conditions, and instead there were interacting effects of condition and two 386 

habitat variables (habitat density and habitat use). Specifically, species from less complex habitats took 387 

longer to touch food in both control and test conditions than those from more complex habitats (habitat 388 

density; S3 Table; S3 Fig). Species found in fewer habitat categories (i.e. more habitat specialists) had 389 

longer latencies to touch food under test conditions than species found in more habitat categories (i.e. 390 

more habitat generalists) (habitat use; S3 Table; S4 Fig). There was also a non-significant trend for urban 391 

avoider species to have longer latencies to touch food than urban exploiter species under test conditions 392 

(anthropogenically modified habitat use; pMCMC = 0.067). 393 

 394 

Individual repeatability 395 

Individuals’ responses to novel stimuli were temporally repeatable across test rounds (1–2) and 396 

contextually repeatable across control and novel object test conditions (repeatability estimate: R= 0.443 397 

[0.41/0.48], p<0.001; raw data). In addition, individual responses were temporally repeatable within each 398 

condition (control: R= 0.429 [0.38/0.48], p<0.001; novel object test: R= 0.521 [0.48/0.56], p<0.001). 399 

Comentario en el texto
This section is difficult to understand. Is this within species, I guess.
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Discussion 400 

In the largest multi-species standardised comparative study on neophobia, conducted through the 401 

ManyBirds Project, we aimed to establish whether neophobia is a stable trait within individuals predicted 402 

by phylogeny and to identify the evolutionary drivers of neophobia across the avian clade. In line with our 403 

predictions, we found that object neophobia related to 1) phylogeny, 2) socio-ecological factors relating to 404 

diet, sociality, habitat and range, as well as domestication status and body mass, and 3) was individually 405 

repeatable across time and context. Specifically, latency to touch familiar food in the presence of a novel 406 

object varied across the 25 bird orders represented. Across all 136 species tested, using difference scores 407 

(control latencies subtracted from novel object latencies), we found that species with a more restricted 408 

dietary breadth and migratory species were more object neophobic than species with a broader dietary 409 

breadth and non-migratory habits, respectively. Using raw data, neophobia was more pronounced among 410 

species that were feeding specialists, migratory, heavier in mass and non-domesticated than among 411 

species that were feeding generalists, non-migratory, lighter in mass and domesticated. When we removed 412 

seven domesticated lineages from the sample, most of these findings also held for non-domesticated 413 

species, and habitat factors became important. Specifically, species from less complex habitats and that 414 

were more habitat specialists were more neophobic than species with more complex habitats or more 415 

habitat generalists.  416 

 417 

Socio-ecological drivers of neophobia 418 

Diet 419 

We expected feeding generalists to be less neophobic than specialists, as they are usually more 420 

likely to forage in unfamiliar situations and interact with a wider range of stimuli than specialists 421 

[27,71,72]. Indeed, feeding generalists are typically faster to explore and exploit different food types 422 

[20,27,73,8]. Our findings, based on both raw data and difference scores, support this prediction as 423 

specialists were found to exhibit higher levels of neophobia, and neophobia decreased with generalism. 424 

Specialised species experience fewer variations in environmental conditions and as a consequence may 425 

perceive changes as more threatening than generalists. We note that only three of the included bird 426 

species had very high dietary breadths, receiving classifications of 6 and 7, therefore, the trend was driven 427 

by the 133 species with dietary breadth 1-5. 428 

 429 

Sociality 430 

We expected but did not find differences between species with short- versus long-term social 431 

bonds, related to the flexibility of social structures in these bonds (see S2 Fig for further discussion of 432 
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social bond findings). We also expected territoriality to play a role, whereby territorial species might be 433 

more likely to perceive new stimuli in their territory as a threat (as in corvids; [20]), but did not find 434 

evidence to support this. If territoriality does generally covary with neophobia, then potentially our assay 435 

does not reflect representative stimuli. However, our findings are in line with a study on pigeons and 436 

doves that showed that social organisation did not affect neophobia [74].   437 

 438 

Habitat and Range  439 

Migratory species were more neophobic than non-migratory species in both analyses. This 440 

finding may relate to increased risk associated with interacting with a wide range of novel items and 441 

environments, or increased predation risk that migratory species may encounter. Increased neophobia may 442 

be beneficial in species that encounter more unfamiliar sites, as migratory species only stay for short 443 

periods in one particular area, while non-migratory species are more familiar with changes and threats in 444 

their territorial range throughout the year [30,75]. This is also in line with some previous studies in 445 

closely related species; for instance, neophobia was higher in the migratory garden warbler (Sylvia borin) 446 

than in the resident Sardinian warbler (Curruca melanocephala) [75], and in migratory New World 447 

blackbirds (Icteridae) than in resident species of the same taxonomic family [30].  448 

In addition, we expected generalist versus specialist habitat use and habitat density to affect 449 

neophobia. Using raw data and focusing on non-domesticated species only, species with less complex 450 

habitats and that used fewer habitat categories (i.e. more specialist species) were more neophobic than 451 

species with more complex habitats and that used more habitat categories (i.e. more generalist species). 452 

Anthropogenic habitat use was examined separately, and these habitats may be a special case of complex 453 

habitats, due to typically higher predictability and food abundance. In these habitats, neophilia (i.e. 454 

attraction to novelty) may be more adaptive for survival. However, the association between neophilia and 455 

neophobia in urban environments has not been adequately investigated [76]. In our study, we found no 456 

effect of anthropogenically-modified habitat use on object neophobia (note that the defined 457 

‘anthropogenically modified habitat’ is not synonymous with ‘urban habitat use’), but there was a trend 458 

for more neophobia in urban avoiders, which was consistent with some previous findings (e.g. house 459 

sparrows [6]; corvids [20]). This finding did not appear to be due to a lack of representation of urban 460 

exploiters, which represented 63% of species in our sample. However, we classified anthropogenic habitat 461 

use in birds into only two categories, which may have limited the resolution of our analysis. 462 

 463 

Other factors 464 

We included domestication status and body mass as other factors that may influence neophobia. 465 

Within species, higher predation risk can result in lower body mass (lizards [77]) and neophobia can 466 
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increase with changes in predator diversity (fish [78]). We found that, in the novel object test condition, 467 

heavier species were more neophobic - a finding that requires further investigation to, for instance, 468 

explore the relation to species differences in predation risk, or alternatively linked with the pace-of-life 469 

syndrome [63]. Domesticated species were less neophobic than non-domesticated species, which was 470 

expected since neophilia is often favoured by the domestication process, or by the indirect effects of 471 

selective breeding of certain individual characteristics, like reduced reactivity, on behaviour more broadly 472 

[69] . 473 
 474 

Neophobia Threshold and Dangerous Niche Hypotheses 475 

We found evidence both in support of the Neophobia Threshold Hypothesis, including effects of 476 

dietary breadth and habitat use, and the Dangerous Niche Hypothesis, including an effect of migratory 477 

pattern [27]. For instance, the finding that habitat generalists showed lower neophobia than habitat 478 

specialists is consistent with predictions of the Neophobia Threshold Hypothesis [25,26]. To our 479 

knowledge, this is one of few studies to investigate these two hypotheses at the same time, and the only 480 

study to do so in such a large sample size. In relation to a previous related study, Miller et al. [20] 481 

identified four socio-ecological correlates of object neophobia in 10 corvid species. Although the 482 

examined factors differed between this and the corvid study, we similarly found effects that were broadly 483 

related to diet, sociality, habitat and range. However, because the tested corvid taxa have largely similar 484 

diets, degree of dietary specialisation could not be examined relative to neophobia as it could in the 485 

present study. Furthermore, given the broader representation of species and orders in this study, we were 486 

able to control for phylogeny in analyses, which allowed us to test the broader evolutionary drivers of 487 

neophobia.   488 
 489 

Individual repeatability 490 

Individual responses to familiar food and to familiar food in presence of novel objects were 491 

repeatable over two test rounds. In previous studies, individuals either showed consistency or flexibility 492 

(e.g. shift in responses, inconsistency or lack of repeatability) to novelty [22,79]. This variation in 493 

neophobia repeatability may be due to a range of factors, including developmental and social influences 494 

[21,24,80]. We used a consistent methodology across species, and while subjects varied in source (e.g. 495 

wild versus captive) and whether they were tested socially versus alone, this was held constant within 496 

individuals. Our results suggest that neophobic responses reflect a stable behavioural trait that is 497 

consistently different among individuals, which may reflect underlying individual differences in 498 

neurobiology or endocrinology ([81,82]) and is a prerequisite for heritable variation.  499 

 500 
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Limitations and future directions 501 

Large-scale collaborations provide multiple advantages [47,50] but also pose challenges, such as 502 

increasing the amount of uncontrollable variance in the data set through differences in testing conditions 503 

based on site-specific factors (e.g. social versus testing alone; test area size) and the prior history of study 504 

subjects (e.g. whether they were wild or captive-bred; subject age) [83]. For instance, although we were 505 

open to including neophobia data from free-living animals, 90% of our subjects were sampled from lab 506 

and zoo captive settings rather than field settings, which may have introduced potential biases (see 507 

below). We controlled for this variance wherever possible in the analyses, by including factors like 508 

domestication status and by analysing difference scores as well as raw data. We also provided as many 509 

details as possible for each study site in S4 Table, allowing for possible future investigations into the 510 

effects of site-specific factors not considered in the present analyses.  511 

Regardless of the inclusive approach taken to sample selection and authorship, some avian taxa 512 

were substantially more represented than others, due to increased access to those species rather than a 513 

priori species selection. Therefore, some factor coding categories were somewhat unbalanced, such as 514 

social bonds, where solitary birds are represented by one species only (S2 Fig). We remain conservative 515 

in our interpretation in these instances, and care should be taken with wider generalisation of these 516 

findings. Even with a clear and relatively simple protocol, ensuring that all data were collected in as 517 

comparable a manner as possible was a challenge. All collaborators were required to submit pilot videos 518 

of their testing conditions and photograph examples of their novel objects for approval by the leadership 519 

team prior to data collection (e.g. to check camera angles and positioning of familiar foods and objects). 520 

Novel objects were required to follow the same approximate principals regarding colours and textures and 521 

were adjusted for species size. In field or some zoo settings, it was difficult to identify individuals; in 522 

these cases, individual data points were not included in the repeatability analysis or were only tested in 523 

one round. As it has been found that captivity and seasonality can influence neophobia [84], other 524 

limitations of this study include the potential influence of captive living, which includes variation in 525 

subject source and rearing conditions, and testing across different seasons or breeding stages of subjects. 526 

To facilitate standardisation by multiple researchers across many species and sites, we focused on 527 

object neophobia only. Future studies may expand to other types of neophobia, such as novel foods, 528 

predators and environments [84]. We have focussed primarily on ultimate explanations for neophobia 529 

[85] but there are many potential proximate drivers of neophobia that were not possible to assess with this 530 

study and sample, such as age effects [86], whereby younger birds may be less neophobic than adults, 531 

[37,87], and hormone effects, whereby higher levels of prenatal testosterone and lower levels of adult 532 

corticosterone are often linked with lower neophobia [88-91]. Future studies could also further examine 533 

wild versus captive differences both within and between species, and the relation between neophobia and 534 
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other cognitive and behavioural measures, such as problem-solving/ innovation [29]. Available evidence 535 

suggests that captive bird populations may differ drastically from wild ones regarding various aspects of 536 

behaviour and cognition [92], placing an important caveat on studies that, just like ours, rely heavily on 537 

captive-bred subjects from zoos and laboratories. Future ManyBirds projects may include more targeted 538 

species selection, as well as increasing the number of individuals per species as appropriate for the 539 

specific research question, with a planned consensus-based approach for study selection.  540 

 541 

Conclusion 542 

Neophobia, and behavioural flexibility more broadly, plays a role in adaptability and can 543 

influence survival [2]. It is therefore a behaviour of interest and importance for both fundamental and 544 

applied research questions, such as understanding how animals respond to new and changing 545 

environments, and it is crucial for informing conservation actions like species reintroductions [93,94]. 546 

This large-scale collaborative study through the ManyBirds Project enabled a standardised approach to 547 

testing object neophobia across many species and orders across the avian clade. We established that 548 

neophobia is a stable behavioural trait predicted by phylogeny and identified major socio-ecological 549 

drivers relating to diet, sociality, habitat and range that support both the Neophobia Threshold Hypothesis 550 

and Dangerous Niche Hypothesis. Further, these drivers of neophobia in birds are found in other taxa, like 551 

mammals [5]. We identified several avenues for future research, including a focus on both ultimate and 552 

proximate causes of neophobia. 553 

 554 

Materials and Methods 555 

 556 

Subjects, Species and Data Collection Sites 557 

This study aimed to include data from as many bird species available as possible, across labs, 558 

zoos and field sites with an open call for data contributions from January 2022 to April 2023. This study 559 

included 1439 subjects and 136 species, across 25 taxonomic orders (Fig. 1 and Fig. 2; S1 Table). The 560 

taxonomy and nomenclature of the Clements checklist of Birds of the World [95] was applied. We 561 

included as many subjects as possible, with no limitations on bird sex or age. It was useful, though not 562 

essential, for individuals to be identifiable (e.g. via leg rings, wing bands, cable ties, plumage colouration, 563 

or body size differences) and to be able to be tested while alone (e.g. temporary visual isolation). The 564 

majority of data collected constitutes new data, i.e. it was collected for this study. Some data were 565 

collected using the same protocol and published separately. Specifically, we included a dataset on 566 
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neophobia in five hornbill species (genus Bucerotidae) [52] and in Bali myna, Leucopsar rothschildi [94] 567 

with permission or collaboration with relevant authors. Finally, we included some additional published 568 

and new data (dataset available via Figshare 10.6084/m9.figshare.27324972), but excluded these data 569 

from analysis due to having a maximum trial length of 600 seconds per trial, shorter than other trials 570 

(previously published data on 10 corvid species, [22], as well as new data on four species - rock dove, 571 

Columba livia, Japanese quail, Coturnix japonica, budgerigar, Melosopittacus undulatus and zebra finch, 572 

Taeniopygia guttata). 573 

 574 

Materials 575 

There were two experimental conditions: control (familiar food alone) and novel object test 576 

(familiar food placed beside the novel object). The familiar food, placed in a familiar food bowl, was 577 

species-appropriate and varied between bird groups, depending on the regular diet from each site. There 578 

were one to three types of novel objects (depending on number of test rounds conducted per site and 579 

species) with the same visual novelty properties (i.e. not auditory or olfactory novelty). Novel objects 580 

were made of multiple items and textures, with no part that could look like eyes (to avoid resembling 581 

predators), and all contained the colours blue, yellow, green, and red [79]. Parts of the objects were also 582 

shiny. The objects were between one third and one half of the subject’s size, so that the object size varied 583 

with species (Fig. 7). Objects were constructed by the primary collaborator with a photograph shared for 584 

checking and approval by the ManyBirds study 1 team prior to data collection commencement. Where 585 

possible, the birds were tested in a familiar area (e.g. the regular feeding location) or following necessary 586 

habituation prior to testing. The test sites gave the birds as much room as possible to avoid or approach 587 

stimuli. In a few rare cases, for five zoo-housed species at Basel Zoo (kea, Nestor notabilis, gentoo 588 

penguin, Pygoscelis papua, king penguin, Aptenodytes patagonicus, African penguin, Spheniscus 589 

demersus, Southern ground-hornbill, Bucorvus leadbeateri), the novel object was placed in a transparent 590 

box to prevent the birds from touching it, a zoo-specific requirement. These birds were thus given 591 

additional trials presenting the empty box without a novel object beside food to habituate them to the 592 

presence of the box.    593 

 594 
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 595 
Fig. 7. Examples of novel objects used. Each black/white bar is 5 cm long. The objects ranged in size 596 

from a third to half the size of the subjects: a) Southern cassowary, Casuarius casuarius, b) Moluccan 597 

eclectus, Eclectus roratus, c) Rüppell's vulture, Gyps rueppelli, d) grey-winged trumpeter, Psophia 598 

crepitans, e) common waxbill, Estrilda astrild. 599 

 600 

Procedure 601 

The tests involved measuring behavioural responses to novel objects placed beside familiar food. 602 

The controls involved measuring behavioural responses to familiar food only. Testing occurred either a) 603 

in the presence or b) absence (i.e. temporary visual separation or isolation) of conspecifics, with 50% of 604 

subjects tested socially (i.e. conspecifics/hetero-specifics present) and 50% of subjects tested alone. For 605 

captive subjects, presence or absence of others was consistent within individuals and sites. Where 606 

separation was not possible, the number of test stimuli (i.e. novel objects present per trial) and familiar 607 

food items were increased respectively to the number of subjects. For example, if two subjects were 608 

present, two separate test sites were offered, each site with a familiar food bowl and a novel object. 609 

Although species were not typically food deprived in a standardised manner (because this was not 610 

possible for subjects in the field sites), testing took place either in the morning or alongside the usual 611 

main daily feeding (i.e. first or main feed of the day for captive subjects) to ensure that birds showed 612 

similar hunger and motivation levels for obtaining food.  613 

The novel object was placed beside the familiar food-filled dish (distance: ~20 cm for larger 614 
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species, such as Madagascar ibis, Lophotibis cristata; ~10 cm for smaller species, such as smaller 615 

passerines), with items placed in the same location (e.g. a table/platform/mesh wall – large enough so that 616 

the bird could approach it slowly from more than a body length away) for all tests and individuals within 617 

each species. The stimuli were either presented before the subject entered the testing area or introduced 618 

together with the food while the subjects were present. The test trial started when the subject entered the 619 

testing area, or the experimenter left the test area. Trial length was determined by a pilot control trial with 620 

familiar food only to check when each individual/species would usually approach their daily feed. This 621 

was expected to be a maximum of 20 minutes based on previous research (e.g.[94]). Each trial ended after 622 

the maximum trial length in order to code all variables and all individuals but only if it was appropriate 623 

for the given site or species tested. For example, if an individual was temporarily separated from 624 

conspecifics for testing, the full trial length only ran provided the individual was not stressed by this 625 

extended separation time. Whenever it was not possible to reach the maximum trial length, trials ended 626 

when the subject touched the familiar food (i.e. with beak or body) (this occurred at 24 sites; S4 Table). 627 

Each test round consisted of one novel object test and one control, a total of two trials. Every test 628 

round was conducted between one and three times (1 trial per condition per round, 6 trials in total) - the 629 

latter allowed for individual repeatability testing. For example, only one test round was conducted in 630 

cases where individuals were not individually identifiable (e.g. some zoo and field sites), as the 631 

individual-level responses could not be accurately compared between rounds. The control trial was 632 

conducted within 48 hours of the novel object test trial to ensure that hunger/motivation levels were as 633 

comparable as possible between the conditions. Test rounds were repeated after approximately 2 weeks, 634 

e.g. week 1: control-object, week 3: control-object, week 5: control-object. Therefore, testing took 635 

between 1 and 6-8 weeks to complete per species and site. 636 

At sites where more than one type of novel object was created for testing (i.e. more than 1 test round 637 

run), the same type of novel object was used for test round 1 across all individuals, to ensure that test 638 

round 1 was comparable between sites. Exceptions were tests of blue-faced honeyeaters (Entomyzon 639 

cyanotis; n = 5), Fischer’s turaco (Tauraco fischeri; n =3), Marabou storks (Leptoptilos crumenifer; n = 640 

2), Southern cassowaries (Casuarius casuarius; n = 2), and Visayan hornbills (Penelopides panini, n = 2) 641 

at Zoo Frankfurt, where the presentation order of novel objects was fully randomized. The order of 642 

presentation of the novel objects as well as the object types in test round 2 and 3 was, however, 643 

counterbalanced across subjects and species, e.g. subject 1, round 1 – novel object type 1, round 2 – type 644 

2, round 3 – type 3; subject 2, round 1 – type 1, round 2 – type 3, round 3 – type 2, etc. The testing 645 

schedule for half of the subjects was control-object in every round and for the other half object-control in 646 

every round per group (Table 5). 647 

  648 
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Table 5. Example test schedule and object (“obj”) counterbalancing across subjects.  649 

Week Day Round Bird 1 Bird 2 Bird 3 Bird 4 Bird 5 Bird 6 

1 1 1 Obj 1 Obj 1 Obj 1 Control Control Control 

  2*   Control Control Control Obj 1 Obj 1 Obj 1 

4 1 2 Obj 2 Obj 3 Obj 2 Control Control Control 

  2*   Control Control Control Obj 3 Obj 2 Obj 3 

6 1 3 Obj 3 Obj 2 Obj 3 Control Control Control 

  2*   Control Control Control Obj 2 Obj 3 Obj 2 

 *Or day 3 (within 48 hours of first presentation) and was consistent across all subjects for the duration of 650 

the study. Note that all subjects were tested with the same object in Round 1. 651 

 652 

Our main measure assessed was latency to touch familiar food, which signifies how long the 653 

subject took to touch a familiar, desirable food in the presence of a novel object (during test trials) or 654 

without novel objects (during control trials). Any avoidance of the novel object (and thus familiar food) 655 

was then interpreted as neophobia [11]. We used latency to touch familiar food rather than latency to eat 656 

familiar food to control for any potential bias in terms of whether the bird swallowed the food. Example 657 

video trials can be found at: https://youtu.be/xGPQ6lcRGpE. Pre-registration with protocol and analysis 658 

plan was published in January 2022: 659 

https://osf.io/vdbks/?view_only=3d1a68898a0145c0b0f9c5a1b7b30333 .  660 

  661 

Data analysis   662 

Socio-ecological and other factor coding 663 

As outlined in Table 1 (Data Source column) and via the full species list (socio-ecological coding in S1 664 

Table), socio-ecological and other factors were coded for each species using or informed by peer-665 

reviewed or reputable sources, where available. The selection of these factors was determined by the final 666 

species representation in the dataset, the reliability of coding each factor (e.g. available peer-reviewed 667 

sources) and were hypothesis driven.  668 
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 669 

Filming and coding 670 

All trials were video recorded with high resolution cameras. Camera position was the same across trials, 671 

at least within the same subject. The familiar food and, in the test trials, the novel object were visible on 672 

screen at all times. Recordings were coded frame by frame, but at least with a sampling frequency of 1.0 673 

frame per second. Coding software included Microsoft Excel, Solomon Coder 674 

(https://solomoncoder.com) or BORIS [96]. Prior to data collection, each primary collaborator submitted 675 

a pilot video (familiar food only) to the Study 1 leadership team for approval. The start of the trial was 676 

clearly denotable and, although it varied between different sites depending on species and setup, was 677 

consistent between trials. For instance, this was either when i) the animal entered the testing area by itself, 678 

ii) the animal was released into a testing cage or iii) the experimenter left the test area. Under the 679 

responsibility of each primary collaborator, 12% of video trials were coded, for each species and 680 

enclosure, by a second coder and checked to ensure significant and sufficiently strong inter-rater 681 

reliability (i.e. min of 0.8) prior to coding the remaining data (S2 Table).  682 

We considered both individual birds and “flocks” for the analyses. Flocks were only coded when 683 

the individual identification of a bird within a group was ambiguous. In that case, the first interaction of 684 

any individual within the flock with the familiar food (or novel object) was coded. Hence, latency to 685 

approach/touch food/novel objects were not necessarily determined from the same individual across 686 

different trials. For the analyses, flock-related data were dealt with analogously to those from individual 687 

birds. Thus, data from a flock were weighted as if they corresponded to a single bird. In total, flocks were 688 

coded for nine species. In five of those species only, all data came from flocks (speckled mousebird, 689 

Colius striatus, Griffon vulture, Gyps fulvus, carmine bee-eater, Merops nubicus, black-crowned night 690 

heron, Nycticorax nycticorax, blue-naped mousebird, Urocolius macrourus). In the other four species 691 

(Cinereous vulture, Aegypius monachus, white stork, Ciconia ciconia, white-faced whistling duck, 692 

Dendrocygna viduata, Inca tern, Larosterna inca), data from flocks and individual birds (i.e. where it was 693 

possible to identify individuals consistently) were pooled. 694 

 695 

Statistical analysis 696 

For all between-species and order comparisons, we tested the full data set using raw data (control and test 697 

latencies separately) and difference scores with the same model parameters and both fixed and random 698 

effects, with interaction with neophobia conditions (control/novel object test) (Objective 1 and 2 below). 699 

Difference scores, i.e. latencies of control responses (only familiar food) subtracted from the latencies of 700 

novel object tests aimed to help in standardising latencies across sites as well as control for baseline 701 
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neophobia and current motivational state [11,22]. Raw data analyses tested for effects within each 702 

condition, i.e. within novel object and control trials, while difference scores used a composite score across 703 

conditions. For within-species comparisons at the individual level (Objective 3 below), only raw data 704 

were used (as per [22]). For each objective, we carried out analyses in R version 4.3.1 [97]. Given the 705 

nature of the dataset, e.g. testing multiple individuals per species at multiple sites, we used mixed models 706 

(Objective 1) or Bayesian mixed models (Objective 2) to account for complex random effects in 707 

phylogenetic dependence (Objective 2). In the following paragraphs, we outline the statistical analysis.  708 

Objective 1 was a taxonomic order comparison of neophobia: that is, we tested whether “order” 709 

was a predictor of the obtained data. The response variable was “latency to touch familiar food”, with the 710 

main effect of “order” and the random effect of “individual”. Latency to touch familiar food was log 711 

transformed to improve model residuals. Due to the large number of species represented (N=136), we 712 

selected bird order, rather than species (as listed in the pre-registration) for Objective 1, to facilitate 713 

capture of broad-scale differences and aid in interpretation of results. We used a linear mixed effects 714 

model (LMM) and analysed each condition (control or novel object test) and the individual difference 715 

between control and test conditions in each trial separately. LMMs were run using the lme4 and lmerTest 716 

packages [98,99].  717 

Objective 2 was to examine the effects of socio-ecological and other factors on neophobia across 718 

species. The final selection of nine factors was dependent on the species representation in the final sample 719 

and driven by our hypotheses (Table 1). The response variable was the “latency to touch familiar food”, 720 

the main effects were aforementioned factors, each in interaction with condition (control, novel object 721 

test). The random effects included were: “species”, with “individual ID” nested within “study site”, and 722 

“phylogeny” to control for non-phylogenetic and phylogenetic non-independence, respectively, among 723 

individuals. Models were run using Markov chain Monte Carlo (MCMC GLMM) estimation methods 724 

implemented in the MCMCGLMM package [100]. Model parameters included 1,000,000 iterations, 1,000 725 

burn-in and a chain thinning of 50. We tested 1) the full dataset and 2) a reduced dataset of non-726 

domesticated species only (removing the seven domesticated species), as we expected and found 727 

domestication status to have an effect on neophobia. Domestication was one of two additional factors 728 

(and body mass) included that were not socio-ecological variables, as domesticated species traits descend 729 

from their wild counterparts, thus domesticated species data may influence the other variables. Further, 730 

habitat variables for domesticated species were coded in line with their wild counterparts, as they no 731 

longer have truly natural habitats, so differed to coding of non-domesticated species in this aspect.  732 

For both models, we generated a single phylogenetic tree from birdtree.org [60]; whilst more 733 

updated bird phylogenies have been presented (e.g. [101]), none of them has yet presented a species-level 734 

resolution that can be used with the species in our dataset, causing an issue for the analyses. Whilst 735 
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differences between newer bird trees and birdtree.org are small, the placement of some orders (most 736 

notably Musophagiformes, turacos) do differ; however, the number of potentially ambiguous species 737 

(N=3) was small, and our findings were robust to these differences in tree structure. The final data set had 738 

13 species tested in the field and 123 species tested in captivity (lab, zoo, temporary captivity). With the 739 

limited number of species tested in the field, we did not include “site type” (field/captivity) in the 740 

analysis, though we did include “site” (i.e. institution/organisation name) in the random effects. A simple 741 

“wild” versus “captive” category was also not possible to reliably code, as some ‘captive’ subjects were 742 

wild-caught, first or second generation wild-caught, or of unknown origin. Similarly, for field and some 743 

zoo sites, sex (N=544), age (N=322) and rearing history (N=694) were unknown or unreliable, therefore 744 

these factors were not included in the models. In sum, 65% of subjects touched the familiar food in the 745 

presence of a novel object in round 1 (75% in round 2). In round 1, 1439 subjects were tested; in round 2, 746 

639 subjects were tested; in round 3, 326 subjects were tested.  747 

Objective 3 was to test for repeatability of neophobia within subjects at the individual temporal 748 

(i.e. test round) and contextual (i.e. novel object test and control condition) levels. We extracted “R” 749 

(repeatability) estimates from models with individual as a random effect and ran a bootstrap (e.g. 1,000 750 

samples) to generate 95% confidence intervals around the estimates (R package rptR [102], using rpt() 751 

function). For contextual repeatability, we included “condition” in the model and for temporal 752 

repeatability, we included “round”, with the random effects as in Objectives 1 and 2 (as per [22]). We 753 

finally compared individual repeatability within each condition (i.e. control and test conditions 754 

separately). 755 

We presented results of both 1) difference scores and 2) raw data and found consistent effects of 756 

dietary breadth and migration pattern across both approaches. From an open science perspective, we felt it 757 

was important to present both sets of findings for full transparency and highlight that the selection of 758 

different analyses, or the inclusion or removal of certain species, like removing domesticated species, can 759 

result in different outcomes. Habitat factors only affected neophobia in non-domesticated species and 760 

only using raw data.  761 
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specialists) in non-domesticated species only (raw data; seven domesticated species removed from the 1154 

data set). Sample sizes are given above the bars. 1155 
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  post.mean L. CI U. CI Eff. samp pMCMC 

(Intercept) 229.22 -351.12 841.60 19980 0.447 

Condition (test/control) 503.11 316.66 691.11 19980 <0.001 

Body Mass (log, grams) -12.60 -60.07 36.81 19980 0.603 

Dietary Breadth 6.03 -35.96 46.68 19980 0.774 

Habitat Density -1.27 -84.58 87.61 19411 0.976 

Anthropogenic Habitat Use 13.05 -82.45 109.11 20535 0.790 

Habitat Use 21.61 -10.83 55.68 19980 0.203 

Social Bond (Short-term) 88.51 -15.95 192.20 19980 0.094 

Social Bond (Solitary) 143.52 -613.88 897.07 19980 0.711 

Territoriality (Seasonal) -77.54 -237.80 82.61 19980 0.348 

Territoriality (Year-Round) -51.39 -244.06 129.02 19980 0.586 

Migration (Nomadic) 247.79 -62.33 549.93 19980 0.114 

Migration (Non-migrant) -45.51 -155.26 64.69 19980 0.417 

Condition x Body Mass 3.48 -8.95 16.57 19980 0.593 

Condition x Dietary Breadth -52.54 -71.62 -32.16 20794 <0.001 

Condition x Habitat Density 59.60 20.80 98.80 20309 0.002 

Condition x Anthropogenic 

Habitat Use -51.83 -104.26 4.37 19980 0.064 

Condition x Habitat Use -21.77 -37.46 -6.81 19980 0.005 

Condition x Social Bond (Short-

term) 25.59 -34.18 81.99 19837 0.384 

Condition x Social Bond 

(Solitary) 519.90 281.38 749.09 19980 <0.001 

Condition x Territoriality 

(Seasonal) 47.88 -30.97 126.47 19980 0.234 
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Condition x Territoriality (Year-

Round) -16.91 -95.02 60.79 19980 0.672 

Condition x Migration (Nomadic) -89.54 -251.20 78.10 19980 0.287 

Condition x Migration (Non-

migrant) -151.67 -216.61 -85.23 19980 <0.001 

Individual ID was nested within the study site, and species and phylogeny were included in the model as 1171 

random effects to control for non-phylogenetic and phylogenetic non-independence, respectively, among 1172 

individuals. pMCMC is twice the posterior probability that the estimate is negative or positive (whichever 1173 

probability is smallest), L. CI = lower 95 credible interval, U. CI = upper 95 credible interval. Significant 1174 

predictors are indicated in bold. 1175 
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 1190 

S1 Fig. Mean latency to touch food in control (orange) and test (blue) conditions for each 1191 

species, in relation to species average (log) body mass (g).  1192 

 1193 

 1194 

S2 Fig. Mean+SE latency to touch food in control (orange) and test (blue) conditions, in relation 1195 

to social bond type. Species sample sizes are given above the bars. 1196 

We expected sociality to influence neophobia and found that, using raw data only, solitary species were 1197 
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more neophobic than those with short- or long-term bonds. However, only one species (greater rhea, Rhea 1198 

americana) was coded as having a “solitary” social bond (per [52]; i.e. pair bonds/ bi-parental care is non-1199 

existent/ restricted to courtship period), which may have driven this effect. We relied on peer-reviewed 1200 

sources for consistency and to avoid potential coding bias. We followed [52] for social bond coding, 1201 

however, we are concerned that greater rhea may not have been correctly classified as solitary in the 1202 

original source, especially given that casuariform paleognaths were assigned a “short-term” status. 1203 

Therefore, this finding should be treated with caution.  1204 

 1205 

 1206 

S3 Fig. Mean+SE latency to touch food in control (orange) and test (blue) conditions, in relation 1207 

to habitat density (1 = high density; 3 = low density) in non-domesticated species only (raw data; 1208 

seven domesticated lineages removed from the data set). Sample sizes are given above the bars. 1209 

 1210 
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 1211 

S4 Fig. Mean+SE latency to touch food in control (orange) and test (blue) conditions in relation 1212 

to habitat use, the number of habitat categories where a species was found (i.e. more habitat 1213 

generalists vs specialists) in non-domesticated species only (raw data; seven domesticated species 1214 

removed from the data set). Sample sizes are given above the bars. 1215 
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