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Urbanization affects neophilia and 
risk-taking at bird-feeders
Piotr Tryjanowski1, Anders Pape Møller2, Federico Morelli3,4, Waldemar Biaduń5, 
Tomasz Brauze6, Michał Ciach7, Paweł Czechowski8, Stanisław Czyż9, Beata Dulisz10, 
Artur Goławski11, Tomasz Hetmański12, Piotr Indykiewicz13, Cezary Mitrus14, Łukasz Myczko1, 
Jacek J. Nowakowski10, Michał Polakowski15, Viktoria Takacs1, Dariusz Wysocki16 & 
Piotr Zduniak17

Urban environments cover vast areas with a high density of humans and their dogs and cats causing 
problems for exploitation of new resources by wild animals. Such resources facilitate colonization by 
individuals with a high level of neophilia predicting that urban animals should show more neophilia than 
rural conspecifics. We provided bird-feeders across urban environments in 14 Polish cities and matched 
nearby rural habitats, testing whether the presence of a novel item (a brightly coloured green object 
made out of gum with a tuft of hair) differentially delayed arrival at feeders in rural compared to urban 
habitats. The presence of a novel object reduced the number of great tits Parus major, but also the total 
number of all species of birds although differentially so in urban compared to rural areas. That was the 
case independent of the potentially confounding effects of temperature, population density of birds, 
and the abundance of cats, dogs and pedestrians. The number of great tits and the total number of birds 
attending feeders increased in urban compared to rural areas independent of local population density 
of birds. This implies that urban birds have high levels of neophilia allowing them to readily exploit 
unpredictable resources in urban environments.

The extent of urban areas is increasing rapidly worldwide caused by the world’s human population growing at an 
unprecedented rate, and most people clustering around urban areas1. Cities around the globe have experienced 
unparalleled population growth with 10% of humans living in cities in 1900, 50% in 2000, and 70% are predicted 
to live in cities by 20502. These effects of urbanization have dramatic consequences on all living beings at the level 
of cellular mechanisms, life history, demography, interspecific interactions, communities and biodiversity2,3.

However, urbanisation does not affect all individuals equally because different animals with different person-
alities vary in their ability to cope with urban environments. Individuals can respond to novel stimuli in at least 
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one of three ways: with interest (neophilia), fear (neophobia), or indifference4. For example, neophobic individ-
uals show reduced ability to cope with novel foraging tasks5–7. Generally urban environments hold superabun-
dant food sources2,3, and neophilia combined with exploration may facilitate exploitation of such novel food4,8,9. 
Exploitation of novel food may especially occur when neophilic individuals invade novel habitats10. For example, 
urban individuals of common mynas Acridotheres tristis are more neophilic than suburban conspecifics11, and 
flocks of house sparrows Passer domesticus from urban environments solve tasks more quickly than flocks of rural 
conspecifics, indicating advantages of neophilia12. Repeated exposure to novel objects, like bird-feeders, may 
reduce the degree of neophobia13, and eventually individuals living in urban environments may show decreased 
levels of neophobia as a result of repeated exposure to novelty9,14,15. Such attraction to novelty defined as neophilia 
has been described repeatedly16. Other potential mechanisms affecting the distribution of specific phenotypes in 
urban areas include differential dispersal of individuals that can cope with humans and evolutionary adaptation 
to human proximity17–20.

Bird-feeders are ubiquitous across the globe with vast quantities of food and other resources for animals 
occurring in urban environments. Such food provisioning increases the fat load of birds21. Therefore, feeders play 
a significant role as determinants of important life history traits such as survivorship, phenology and fecundity22. 
Recent studies have shown that population density of urban birds has more than doubled compared to that of 
rural birds23,24. Bird-feeders are particularly commonly exploited in urban habitats, especially in places where 
more feeders are available, although this effect is modified by the presence of predators such as cats25.

Here we assessed factors that contribute to coping with novelty by individual birds when we displayed a 
brightly coloured unfamiliar but neutral object, which does not resemble any predator, competitor or conspecific, 
compared to a control treatment26. As a novel object we used a typical children’s toy (oval shape, 8 cm in length 
and 4 cm in width) that is brightly green and made out of gum with a tuft of hair. The object was not previously 
shown to the birds, and we never observed anything even vaguely similar in the field making it highly unlikely 
that local birds responded to this object as anything but a novel object. The object was fixed on top of a standard 
bird-feeder at the start of an observation session, whereas in the control group the feeder was missing the novel 
object.

The aims of this study were to experimentally test for an effect of neophilia on exploitation of a novel food 
resource as reflected by a novel bird-feeder with a novel and brightly coloured object attached. We predicted that 
the level of neophilia would be lower in rural habitats, based on the assumption that the local bird community is 
less experienced with novel food sources. In contrast, we predicted a greater rate of recruitment to such a novel 
resource in urban habitats, even for a given level of population density, than in rural habitats, simply because 
urban birds are often innovative in their exploitation of the environment27. Thus we expected an interaction 
between urban vs. rural habitat and the effect of presence or absence of the brightly coloured object. That should 
even be the case when adjusting for the potential risk of predation due to cats, and the presence of dogs and 
humans, which may also be perceived as threats. We tested these predictions in an experiment during winter 
across 14 cities and nearby rural areas in Poland.

Results
In total 1845 individuals belonging to 19 bird species were recorded at bird-feeders, but four species (great tit 
Parus major, blue tit Cyanistes caeruleus, greenfinch Chloris chloris and tree sparrow Passer montanus) constituted 
almost 90% of the entire bird community (Table 1).

Because the great tit was the most common species in the study with a total sample size allowing a sepa-
rate analysis for this species, we also provided results for great tit, which is known as a species frequently using 
bird-feeders9,20,24,25.

Great tits and novel objects. All predictor variables except whether trials were classified as early or late 
and temperature explained significant variation in the abundance of great tits (Table 2). Presence of the novel 
object strongly reduced the number of great tits compared to when the novel object was absent (Table 2). More 
great tits visited feeders in urban habitats and at high population density of great tits and other bird species near 
the feeder (Table 2). There were more great tits at feeders at high density of cats, but fewer tits at high density of 
dogs (Table 2). Finally, there were more great tits in the presence of more pedestrians (Table 2). There was an 
interaction between presence of the novel object and habitat: There were more great tits in rural habitats in the 
absence than in the presence of the object, while in urban habitats there were more great tits in the presence than 
in the absence of the object (Table 2).

Overall abundance of bird species and presence of the novel object. The results were generally 
similar to those obtained for great tits, but with slight differences mainly in effect size of impact of particular 
explanatory variables if all species of birds visiting the bird-feeders were included. There was an intermediate 
effect of the novel object on the abundance of birds with fewer birds present in the presence of the object (Table 3; 
Fig. 1). There was no significant effect of cold weather on the number of birds (Table 3). There was an intermedi-
ate effect size for habitat with more birds being present in cities (Table 3). Moreover, when there were more birds 
present in the neighbourhood, this increased the number of birds at the feeders with a large effect size (Table 3). 
Furthermore, the presence of more cats increased the number of birds at feeders with an intermediate effect size 
(Table 3; Fig. 2). There was a strong effect for dogs negatively affecting the abundance of birds at feeders, whereas 
the effect size for pedestrians was positive and weak (Table 3; Fig. 2). Finally, there was an intermediate effect size 
for the interaction between habitat and presence of the object (Table 3). While the presence of the toy increased 
the abundance of birds in urban habitats, there was an opposite effect in rural sites (Table 3).
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Species No. observations Frequency
Parus major 1330 72.09
Cyanistes caeruleus 116 6.29
Chloris chloris 111 6.02
Passer montanus 97 5.26
Sitta europea 36 1.95
Passer domesticus 28 1.52
Coccothraustes coccothraustes 28 1.52
Turdus merula 27 1.46
Garrulus glandarius 21 1.14
Carduelis spinus 18 0.98
Pica pica 9 0.49
Streptopelia decaocto 9 0.49
Corvus monedula 5 0.27
Poecile palustris 4 0.22
Erithacus rubecula 2 0.11
Fringilla montifringilla 1 0.05
Fringilla coelebs 1 0.05
Turdus pilaris 1 0.05
Prunella modularis 1 0.05

Table 1.  Bird species and number of individuals recorded at bird-feeders.

Effects Estimate SE z P Effect size
Intercept 0.399 0.324 1.233 0.218
Novel object −0.410 0.093 −4.396 <0.0001 0.348
Temperature − 0.017 0.010 − 1.769 0.077 0.140
Habitat: Urban 0.315 0.091 3.466 <0.0001 0.274
Early or late trial 0.176 0.102 1.716 0.086 0.136
Density of great tits 0.078 0.007 10.667 <0.0001 0.843
No. species of birds 0.058 0.013 4.451 <0.0001 0.352
No. cats 0.113 0.037 3.061 0.002 0.242
No. dogs −0.124 0.023 −5.317 <0.0001 0.420
No. pedestrians 0.009 0.003 3.490 0.005 0.276
Habitat * Novel object 0.535 0.119 4.485 <0.0001 0.355

Table 2.  GLMM for the number of great tits at bird-feeders in relation to temperature, habitat (urban 
or rural), presence of novel object, density of great tits, number of cats, number of dogs, number of 
pedestrians and the interaction between habitat and presence of object as fixed effects. City was used as a 
random effect with a variance of 1.16 and a standard deviation of 1.08. The number of observations was 160 
and the number of cities 14. Effect size is the z-transformed Pearson product-moment correlation coefficient. 
Statistically significant terms are shown in bold font.

Effects Estimate SE z P Effect size
Intercept 0.978 0.284 3.446 0.0006
Novel object −0.270 0.075 −3.589 <0.0001 0.284
Temperature − 0.003 0.008 − 0.353 0.724 0.028
Habitat: Urban 0.270 0.077 3.514 0.0004 0.278
Early or late trial 0.107 0.085 1.251 0.211 0.099
Density of birds 0.113 0.010 11.800 <0.0001 0.933
No. cats 0.217 0.028 7.802 <0.0001 0.617
No. dogs −0.225 0.023 −9.724 <0.0001 0.769
No. pedestrians 0.005 0.002 1.986 0.047 0.157
Habitat * Novel object 0.276 0.099 2.783 0.005 0.220

Table 3.  GLMM for the total number of birds at bird-feeders in relation to temperature, habitat (urban or 
rural), presence of a novel object, density of all bird species, number of cats, number of dogs, number of 
pedestrians and the interaction between habitat and presence of a novel object as fixed effects. City was used 
as a random effect with a variance of 0.94 and a standard deviation of 0.97. The number of observations was 160 
and the number of cities 14. Effect size is the z-transformed Pearson product-moment correlation coefficient. 
Statistically significant terms are shown in bold font.
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Discussion
Urban environments have superabundant, but often unpredictably distributed food, mainly of anthropogenic 
origin putting a premium on individual birds that are able to rapidly locate such resources24,28. Neophilia has been 
hypothesised to be a major characteristic of such superior exploiters, although the evidence and the generality 
(in terms of species and habitats) of this effect remains to be determined4,11,27. Indeed, among urban individuals 
food driven object exploration is faster11, being more neophilic than suburban conspecifics29. Urban habitats 
were disproportionately exploited by birds that either disregarded or were even attracted to a novel stimulus (a 
brightly green novel object with a tuft of hair). In contrast, rural birds remained at a distance from the feeders 
and the novel object. This provides experimental evidence for neophilia in urban birds promoting exploitation of 
resources, although the experiments do not allow distinction of the origin of the behavioural differences (expe-
rience dependent vs. independent). One the most probable explanations is that urbanisation of birds results in 
differential recruitment of individuals with higher levels of neophilia to urban habitats. Once individuals with 
higher levels of neophilia have been attracted to urban habitats with its super-abundant food, they may enjoy 
differential viability and fecundity compared to individuals from rural populations18,20.

Figure 1. Number of individual birds at feeders in relation to urbanisation and presence of a novel object. 
Box plots show medians, quartiles, 5- and 95-percentiles and extreme values.

Figure 2. Number of individual birds at feeders in relation to number of cats and dogs. Box plots show 
medians (black horizontal bars), mean (empty rhombus), quartiles, 5- and 95-percentiles and extreme values. 
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Recruitment in winter to novel bird-feeders by common bird species depended on the presence of a novel 
object and, importantly, the interaction between habitat and object. We interpreted this difference as an effect 
of exploration and neophobia4. Because so many birds, both species and individuals, responded differentially to 
the presence of a novel object in the urban, compared to the the rural habitats, we suggest that colonization of 
urban habitats is by individuals with high levels of exploratory behaviour and low levels of neophobia allowing 
for exploitation of such novel environments. We documented similar effects in great tits and in the urban bird 
community at large, although the effect size was larger for tits than for the entire community, because great tits 
explored bird-feeders faster than other birds25. The statistically significant and large interaction between habitat 
and presence of the novel object implies different patterns of feeder use in the presence and the absence of the 
novel object. There are dangers of novel food29 including exposure to the enemies living in the neighbourhood of 
such novel feeders9,30–32. Our experiments do not allow discrimination between effects of habituation, differential 
dispersal of phenotypes and micro-evolutionary change as determinants of these behavioural differences between 
paired rural and urban study plots19,33.

Birds are known to exploit feeders at low temperature, and when population density is high24,34, although 
our experiments only partially confirmed these well-known effects. Urbanisation is associated with an increase 
in the abundance of cats and dogs24,35, but a decrease in the abundance of raptors that keep a safe distance from 
humans36. We suggest that the different reactions of birds to dogs and cats is related to the behaviour of these two 
mammals. While cats are commonly free-ranging and wild, dogs mainly but not always walk with a collar in the 
company of human pedestrians, and have a tendency to disturb birds37. However, even humans may cause high 
levels of disturbance for animals in urban habitats thereby causing birds to incur high metabolic costs of displace-
ment36,38. We hypothesise that cats and dogs are attracted to feeders39 thereby reducing exploitation of feeders 
by birds25. An aggregation of cats and dogs at feeders in urban habitats may force birds to trade exploitation of 
food against safety from predators as shown by patterns of flight initiation distances between rural and urban 
habitats35. At this stage, conclusions are difficult without experiments dedicated particularly to the presence of 
dogs and cats.

In conclusion, we have provided experimental evidence for differential recruitment of birds to novel 
bird-feeders showing that individuals with high levels of neophilia are more often recorded in urban, than in 
rural habitats. We hypothesise that this habitat difference interacting with the effect of low levels of avoidance of a 
novel stimulus (a brightly coloured toy) provides a mechanism for exploitation of urban environments.

Methods
Field study. Data were collected twice during December 22nd 2013–February 18th 2014 across Poland, within 
and outside 14 cities. In total 160 experimental trials (80 in cities and 80 in a nearby rural areas) were carried out 
1–4 h after sunrise to reduce daily variation39 under favourable weather conditions (no precipitation, no strong 
wind). Identical, wooden bird-feeders (n =  80; 40 in urban and 40 in rural habitats) were used in all trials across 
the entire country, each feeder having the shape of a small house with a roof placed on top of a 1.20 m tine pole, 
to avoid mammals visiting especially during night. Observations and use of photo-traps did not reveal any mam-
mals at the bird-feeder. The pole was dug into the ground (grass/soil) and provisioned in the late evening (after 
the end of daily activity of the birds, after 6 pm local time, to ensure that in all experiments feeders could be dis-
cover by birds only the following morning). Each bird-feeder contained at the bottom four different trays (their 
position was changed randomly for each trial) with four different kinds of food (containing carbohydrates and 
lipids): animal fat, sunflower seeds, millet seeds and dry fruits of rowanberry, respectively (each food substrate 
always covered 25% of the bottom area of the bird-table at the beginning of the experiment). The novel object 
(Fig. 3) was placed on the roof of a bird-feeder in a randomly chosen half of the experimental trials, with half in 
urban and the other half in rural areas.

Figure 3. Bird-feeder with greenfinches Chloris chloris in the presence of the novel object. 
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We quantified the composition of the local wintering bird community at three census points at distances of 
100 m from the feeder, located at virtual triangle tops with the bird-feeder in the middle. All birds seen or heard 
were recorded using a point count with 5-min observations at each point4, and once again to reduce daily vari-
ation in the number of birds monitored 1–4 h after sunrise40. This standard bird census method was tested dur-
ing winter conditions in Poland for species presence and detectability23, and it provides reliable information on 
relative density of birds41. Data from the three point counts were summed and used to describe the composition 
of the winter bird community in the immediate neighbourhood of each feeder. During bird counts the number 
of cats and dogs within a distance of 100 m from feeders was also recorded, and additionally at the start of each 
experimental trial ambient temperature (in °C).

When a new experimental bird-feeder was provided at a specific site, it was observed for 30 min with a pair of 
binoculars from a parked car at a distance with good visibility. The observer noted the number of individuals of 
each species visiting each feeder.

Birds were not individually marked and therefore not individually identifiable, which might slightly affect 
the results. To avoid the problem of counting the same individuals twice, and thus to avoid pseudo-replication, 
experimental trials were performed at a distance of at least 1500 m between study sites.

Statistics. We tested for spatial auto-correlation in behaviour and composition of bird communities across 
cities. We used Mantel tests42 for investigating spatial dependence of observations. The Mantel test evaluates the 
similarity between two matrices calculated as a geometric distance matrix, and when spatial autocorrelation 
exists, then the closer the plots are in geometric space, the more similar the pattern of values between matrices43. 
We used Monte Carlo permutations with 999 randomizations to test for statistical significance44. Sample sites 
were treated as statistically independent observations because the values of spatial autocorrelation were low and 
far from statistically significant (Mantel test: rM =  − 0.021 P =  0.868).

Generalized linear mixed models were used in this study to predict the number of great tits and the total num-
ber of birds at each bird feeder. Both variables were described with a Poisson error distribution (that is adequate 
for count data) and the models were fitted by maximum likelihood (Laplace approximations) specifying a logit 
link function, using the package ‘lme4’45 in R46.

We made a separate analysis for great tits because it was by far the most common species recorded in the study 
(1318 individuals recorded among 1845 birds of all species across the 160 tests). The response variables were the 
number of great tits and the total number of individuals of all other bird species combined at the feeder. We com-
bined all other species in an attempt to test for differences between tits and all other birds. As fixed effects we used 
as categorical explanatory variables presence or absence of the novel object and habitat (rural or urban) and as 
continuous explanatory variables temperature (predicting more birds at feeders when it was cold), density of great 
tits (or all bird species, predicting more birds at feeders when more birds were present in the neighbourhood), 
number of cats (predicting fewer birds when predatory cats were more abundant), number of dogs (predicting 
fewer birds when dogs were more abundant) and number of humans (predicting more birds when there were 
many humans around and hence more disturbance that keeps cats and dogs away). The presence of cats, dogs and 
human pedestrians was recorded directly in the field during observations of bird-feeders25. Finally, we included 
the interaction between habitat and presence of the novel object because we expected opposite results for the two 
habitats (urban or rural) in the presence and the absence of the novel object.

We assessed the strength of each predictor relying on effect sizes estimated in terms of Pearson’s 
product-moment correlation coefficients. We adopted the criteria listed by Cohen47 for small (r =  0.10, explaining 
1% of the variance), intermediate (r =  0.3, explaining 9% of the variance) or large effect sizes (r =  0.5, explaining 
25% of the variance).

References
1. Vitousek, P. M., Mooney, H. A., Lubchenco, J. & Melillo, J. M. Human domination of earth’s ecosystems. Science 277, 494–499 

(1997).
2. Marzluff, J. M. Worldwide urbanisation and its effects on birds. Avian ecology and conservation in an urbanizing world (Kluwer 

Academic Press, Norwell, Mass, 2001).
3. Gil, D. & Brumm, H. (Editors) Avian urban ecology (Oxford University Press, Oxford, UK, 2013).
4. Greenberg, R. & Mettke-Hofmann, C. Ecological aspects of neophobia and neophilia in birds. Curr Ornithol 16, 119–178 (2001).
5. Wood-Gush, D. G. & Vestergaard, K. Inquisitive exploration in pigs. Anim Behav 45, 185–187 (1993).
6. Benson-Amram, S. & Holekamp, K. E. Innovative problem solving by wild spotted hyenas. Proc R Soc B Biol Sci 279, 4087–4095 

(2012).
7. Boogert, N. J., Reader, S. M., Hoppitt, W. & Laland, K. N. The origin and spread of innovations in starlings. Anim Behav 75, 

1509–1518 (2008).
8. Greenberg, R. The role of neophobia and neophilia in the development of innovative behaviour of birds. Pp. 175–196. In: Laland, K. 

N. & Reader, S. M. (Editors), Animal Innovation (Oxford University Press, Oxford, UK, 2003).
9. Tvardíková, K. & Fuchs, R. Tits recognize the potential dangers of predators and harmless birds in feeder experiments. J Ethol 30, 

157–165 (2012).
10. Martin, L. B. & Fitzgerald, L. A taste for novelty in invading house sparrows, Passer domesticus. Behav Ecol 16, 702–707 (2005).
11. Sol, D., Griffin, A. S., Bartomeus, I. & Boyce, H. Exploring or avoiding novel food resources? The novelty conflict in an invasive bird. 

PLoS One 6, e19535 (2011).
12. Liker, A. & Bókony, V. Larger groups are more successful in innovative problem solving in house sparrows. Proc Natl Acad Sci USA 

106, 7893–7898 (2009).
13. Saegert, S. & Rajecki, D. W. Effect of prior exposure to animate objects on approach tendency in chicks. Behav Biol 8, 749–754 

(1973).
14. Bókony, V., Kulcsár, A., Tóth, Z. & Liker, A. Personality traits and behavioral syndromes in differently urbanized populations of 

House Sparrows (Passer domesticus). PLoS One 7, e36639 (2012).
15. Miranda, A. C., Schielzeth, H., Sonntag, T. & Partecke, J. Urbanization and its effects on personality traits: a result of microevolution 

or phenotypic plasticity? Global Change Biol 19, 2634–2644 (2013).
16. Lowry, H., Lill, A. & Wong, B. Behavioural responses of wildlife to urban environments. Biol Rev 88, 537–549 (2013).



www.nature.com/scientificreports/

7Scientific RepoRts | 6:28575 | DOI: 10.1038/srep28575

17. Carrete, M. & Tella, J. L. High individual consistency in fear of humans throughout the adult lifespan of rural and urban burrowing 
owls. Sci Rep 3, 3524 (2011). 

18. Møller, A. P. Flight distance of urban birds, predation and selection for urban life. Behav Ecol Sociobiol 63, 63–75 (2008).
19. Møller, A. P. Birds. Pp 88-112. In: Cooper, W. E. & Blumstein, D. T. (Editors) Escaping from predators: An integrative view of escape 

decisions and refuge use (Cambridge University Press, Cambridge, UK, 2015).
20. Møller, A. P., Tryjanowski, P., Kwieciński, Z. et al. Urban habitats and feeders both contribute to flight initiation distance reduction 

in birds. Behav Ecol 26, 861–865 (2015).
21. Goławski, A., Polakowski, M., Filimowski, P. et al. Factors influencing the fat load variation in three wintering bird species under the 

stable food. J Ethol 33, 205–211 (2015).
22. Robb, G. N., McDonald, R. A., Chamberlain, D. E. & Bearhop, S. Food for thought: supplementary feeding as a driver of ecological 

change in avian populations. Frontiers Ecol Environ 6, 476–484 (2008).
23. Tryjanowski, P., Sparks, T. H., Biaduń, W. et al. Winter bird assemblages in rural and urban environments: A national survey. PLoS 

One 10, e0130299 (2015).
24. Tryjanowski, P., Skórka, P., Sparks, T. H. et al. Urban and rural habitats differ in number and type of bird feeders and birds using 

supplementary food. Environ Sci Poll Res 22, 15097–15103 (2015).
25. Tryjanowski, P., Morelli, F., Skorka, P. et al. Who started first? Bird species visiting novel birdfeeders. Sci Rep 5, 11858 (2015).
26. Martin, L. B. & Fitzgerald, L. A taste for novelty in invading house sparrows, Passer domesticus. Behav Ecol 16, 702–707 (2005).
27. Møller, A. P. Successful city dwellers: A comparative study of the ecological characteristics of urban birds in the Western Palearctic. 

Oecologia 159, 849–858 (2009).
28. Oro, D., Genovart, M., Tavecchia, G., Fowler, M. S. & Martínez‐Abraín, A. Ecological and evolutionary implications of food 

subsidies from humans. Ecol Lett 16, 1501–1514 (2013).
29. Papp, S., Vincze, E., Preiszner, B., Liker, A. & Bókony, V. A comparison of problem-solving success between urban and rural house 

sparrows. Behav Ecol Sociobiol 69, 471–480 (2014).
30. Thornton, A. Social learning about novel foods in young meercats. Anim Behav 76, 1411–1421 (2008).
31. Davies, N. B. & Welbergen, J. A. Social transmission of a host defense against cuckoo parasitism. Science 324, 1318 (2009).
32. Griffin, A. S. Social learning about predators: A review and prospectus. Learn Behav 32, 131–140 (2004).
33. Griffin, A. S. & Guez, D. Innovation and problem solving: A review of common mechanisms. Behav Proc 109, 121–134 (2014).
34. Chamberlain, D. E., Vickery, J. A., Glue, D. E. et al. Annual and seasonal trends in the use of garden feeders by birds in winter. Ibis 

147, 563–575 (2005).
35. Díaz, M., Møller, A. P., Flensted-Jensen, E. et al. The geography of fear: A latitudinal gradient in anti-predator escape distances of 

birds across Europe. PLoS One 8, e64634 (2013).
36. Møller, A. P. Urban areas as refuges from predators and flight distance of prey. Behav Ecol 23, 1030–1035 (2012).
37. Hughe, J. & Macdonald, D. W. A review of the interactions between free-roaming domestic dogs and wildlife. Biol Conserv 157, 

341–351 (2013).
38. Samia, D. S. M., Nakagawa, S., Nomura, F., Rangel, T. F. & Blumstein, D. T. Increased tolerance to humans among disturbed wildlife. 

Nature Comm 6, 8877 (2015).
39. Newson, S. E., Rexstad, E. A., Baillie, S. R., Buckland, S. T. & Aebischer, N. J. Population change of avian predators and grey squirrels 

in England: is there evidence for an impact on avian prey populations? J Appl Ecol 47, 244–252 (2010).
40. Farine, D. R. & Lang, S. D. The early bird gets the worm: foraging strategies of wild songbirds lead to the early discovery of food 

sources. Biol Lett 9, 20130578 (2013).
41. Blondel, J., Ferry, C. & Frochot, B. La méthode des indices ponctuels d’abondance (I.P.A.) au des relevés d’avifaune par ‘stations 

d’ecoute’. Alauda 38, 55–71 (1970).
42. Mantel, N. The detection of disease clustering and a generalized regression approach. Cancer Res 27, 209–220 (1967).
43. Legendre, P. & Legendre, L. Numerical Ecology (Elsevier, Amsterdam, the Netherlands, 2012).
44. Oksanen, J. Multivariate Analysis of Ecological Communities in R: vegan tutorial http://cc.oulu.fi/~jarioksa/popular.html (2014).
45. Bates, D., Maechler, M., Bolker, B. & Walker, S. lme4: Linear mixed-effects models using Eigen and S4, R package. Retrieved from 

http://cran.r-project.org/package= lme4 (2014).
46. R. CoreTeam. R: a language and environment for statistical computing, http://www.R-project.org (R Foundation for Statistical 

Computing, Vienna, Austria 2014).
47. Cohen, J. Statistical power analysis for the behavioral sciences (Lawrence Erlbaum, Hillsdale, NJ, 2nd Edn. 1988).

Acknowledgements
The studies were carried out in accordance with the approved guidelines and Polish national law. This study was 
entirely based on observations of animals made from a distance, and additional approval by the local ethical 
committee was not required.

Author Contributions
Idea: P.T. and A.P.M.; data analysis: P.T., A.P.M., F.M. and P.Z.; data collection: P.T., W.B., M.C., P.C., S.C., B.D., 
A.G., T.H., P.I., C.M., Ł.M., J.J.N., M.P., V.T., D.W. and P.Z.; writing the manuscript: all authors.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Tryjanowski, P. et al. Urbanization affects neophilia and risk-taking at bird-feeders.  
Sci. Rep. 6, 28575; doi: 10.1038/srep28575 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://cc.oulu.fi/~jarioksa/popular.html
http://cran.r-project.org/package=lme4
http://www.R-project.org
http://creativecommons.org/licenses/by/4.0/

	Urbanization affects neophilia and risk-taking at bird-feeders
	Introduction
	Results
	Great tits and novel objects
	Overall abundance of bird species and presence of the novel object

	Discussion
	Methods
	Field study
	Statistics

	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Urbanization affects neophilia and risk-taking at bird-feeders
            
         
          
             
                srep ,  (2016). doi:10.1038/srep28575
            
         
          
             
                Piotr Tryjanowski
                Anders Pape Møller
                Federico Morelli
                Waldemar Biaduń
                Tomasz Brauze
                Michał Ciach
                Paweł Czechowski
                Stanisław Czyż
                Beata Dulisz
                Artur Goławski
                Tomasz Hetmański
                Piotr Indykiewicz
                Cezary Mitrus
                Łukasz Myczko
                Jacek J. Nowakowski
                Michał Polakowski
                Viktoria Takacs
                Dariusz Wysocki
                Piotr Zduniak
            
         
          doi:10.1038/srep28575
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep28575
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep28575
            
         
      
       
          
          
          
             
                doi:10.1038/srep28575
            
         
          
             
                srep ,  (2016). doi:10.1038/srep28575
            
         
          
          
      
       
       
          True
      
   




