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ARTICLE INFO ABSTRACT

Keywords: Bird plumage color has been assessed as a possible trait driving the presence of bird species in urban areas.
Avian Although some species can see the ultraviolet (UV) spectrum, the mentioned studies did not take into account UV

Filter reflectance when characterizing bird plumage. This study aimed to use a recent database of the colorfulness in

IS)ZIZ réfitgfe passerines that incorporated the UV spectrum to compare bird colorfulness and other traits between urban parks
Ultraviolet and rural areas in Central-East Argentina. Birds in urban parks were surveyed in 51 parks in 6 cities during

breeding and non-breeding seasons. A list of Passeriformes species from parks was created, and a list of urban
avoider species was created from the bibliography. Species traits were body mass, clutch size, migratory status,
nesting site, diet and habitat breadth, and plumage colorfulness. A total of 85 species were detected in the
regional pool, of which 30 species were detected in urban parks. Bird species present in urban parks were more
colorful than bird species only present in rural areas. In addition, bird presence in urban parks was positively
related to their regional frequency and diet breadth. Moreover, urban presence was related to nesting on trees
and buildings, whereas species not present in urban parks nested on the ground. The results obtained showed

that bird color is significantly associated with presence of bird species in urban parks.

1. Introduction

According to recent ecological theory, local species assemblages are
molded by dispersion from the regional species pool, selection of the
local environment, ecological drift, and species evolution or historical
factors (Ricklefs and Schluter, 1993; Vellend, 2010, 2016; Keddy and
Laughlin, 2021). For example, species that are abundant in the regional
pool have more chances to disperse to local assemblages (Ricklefs and
Schluter, 1993; Vellend, 2010, 2016). In addition, species that disperse
to local assemblages may be selected or filtered by local factors such as
abiotic characteristics or biotic interactions (Vellend, 2010, 2016;
Keddy and Laughlin, 2021). Local assemblages may be affected by
ecological drift due to random demographic or catastrophic events
(Vellend, 2016).

In urban areas, several studies have shown that dispersion and se-
lection are strong determinants of local species assemblages. Species
inhabiting urban areas have been associated with high regional den-
sities, suggesting a role of dispersal molding local bird assemblages
(Croci et al., 2008; Mgller, 2014; Dale et al., 2015; Leveau et al., 2022).
In addition, urban areas are characterized by a dominance of impervious
surfaces, exotic vegetation, human disturbance, pollution, and
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alteration of resource flows which may constitute a filter to bird species
(Chace and Walsh, 2006; Shanahan et al., 2014). Thus, bird species in
urban areas are probably selected according to life-history traits related
mainly to diet, nesting behavior, and residency status (Croci et al., 2008;
Patankar et al., 2021). Generalist diet and nest locations in buildings or
trees have been shown to promote bird species in urban areas (Leveau
and Leveau, 2005; Bonier et al., 2007; Kark et al., 2007; Leveau, 2013;
Palacio, 2020). Moreover, resident species have been favored over
migratory species in urban areas (Blair and Johnson, 2008; Mac-
Gregor-Fors et al., 2010; Amaya-Espinel and Hostetler, 2019).
Recently, several authors have shown that plumage color may be an
important trait in molding urban bird assemblages (Leveau, 2019;
Leveau and Ibanez, 2022; Turak et al., 2022; Hambuckers et al., 2023).
Bird species with grey or dark plumage colors have been favored in
urban areas, probably due to an enhanced camouflage with grey
impervious surfaces (Leveau, 2022), and increased resistance to chem-
ical pollutants (Turak et al., 2022). These studies have considered the
visible light spectrum and characterized plumage color based on plates
and photos in books (Leveau, 2019; Turak et al., 2022). However, some
bird species can also see in the ultraviolet (UV) spectrum (Lind et al.,
2014; Olsson et al., 2021). Therefore, it is relevant to consider UV vision
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when analyzing the role of plumage color on the presence of bird species
in urban areas.

A recent study that measured global Passerine plumage colorfulness
and took into account the UV spectrum found that bird species were
more colorful in the evergreen forests of the tropics (Cooney et al.,
2022). These authors suggested that plumage colorfulness may help
intra and interspecific communication in closed habitats. Moreover, the
authors provided data on the colorfulness of bird species.

This study aims to relate the presence of bird species in urban parks
of East-Central Argentina with their plumage colorfulness and other
biological traits, taking into account phylogenetic relations between
species. I took advantage of available data to compare the colorfulness of
bird species and other biological traits between urban parks and rural
areas of central Argentina. Due to urban parks in Central Argentina
having more tree cover than rural areas (parks = 32.36%, rural areas =
3.63%; Leveau, 2013; Leveau and Leveau, 2016), I expected bird species
in urban parks to be more colorful than species present only in rural
areas. Moreover, I expected a positive relationship between the regional
abundance of bird species and their presence in urban parks, thus sug-
gesting bird species dispersion from rural areas into urban parks. Finally,
bird species in urban parks were expected to be diet generalists, resi-
dents, and tree nesters.

2. Materials and methods
2.1. Study area

The research was conducted in six cities of Central-East Argentina
(Fig. 1). Cities varied in size from 29,629 inhabitants (Miramar) to
860,000 inhabitants (Mar del Plata) (Appendix Table S1; see Leveau,
2022). The landscape surrounding cities was dominated by croplands,
cattle grazing, and scattered exotic tree plantations (Eucalyptus sp., Pinus
sp.). The climate is temperate, with cold winters (between 7.5 and 8.5 °C
mean monthly values), and warm summers (between 20.30 and
21.50 °C; Servicio Meteoroldgico Nacional). The mean annual precipi-
tation ranges 901-923.6 mm. Altitude ranges between sea level and 188
m a.s.l.

A total of 51 urban parks were surveyed in the 6 cities. The number of
parks surveyed varied between five (Necochea and Miramar) and 15
(Mar del Plata), according to city size (Appendix Table S1). Parks were
selected along a gradient of distance to the city center (range = 0-6.83
km, mean = 1.62 km), and also according to area size (range = 0.21-8
ha, mean 2.23 ha). The habitat of urban parks was generally composed
of lawns, shrubs, and trees, and dominated by exotic tree species (Ap-
pendix Fig. S1).
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2.2. Passerine bird surveys in urban parks

A total of 71 fixed point counts were located in the urban parks.
Parks of less than 2 Ha had only one point count in the center of the park,
whereas larger parks had between two to three point counts separated at
least by 200 m. Birds were counted for 5 min and an unlimited radius
distance within each park. Bird surveys were made during two visits, one
visit during June-July (non-breeding season) and another visit during
October-November 2018 (breeding season). Only birds that used the
parks by perching or searching for food were counted, whereas birds
flying high were ignored.

2.3. Sample coverage of urban passerine bird communities

Data on bird species abundances was used to calculate species
accumulation curves with the online software iNEXT (chao.shinyapps.
io/iNEXTOnline/). Species accumulation was related to sample
coverage, which is defined as the proportion of the total number of in-
dividuals that belong to the species detected in the sample (Hsieh et al.,
2016). Sample coverage varies between 0 and 1, and the mean value
with its 95% confidence interval was obtained through 999 iterations for
the bird communities of urban parks.

2.4. Regional passerine species pool

According to the guidelines of Keddy and Laughlin (2021), the
regional list of species was obtained through published species regional
lists and maps, and personal observations through 22 years of bird-
watching in the study area. Cities were nested in political districts,
which in turn were nested in Buenos Aires Province (Fig. 1). The six
cities belonged to six different districts. Therefore, species lists that had
at least one record in the six districts were obtained from Narosky and Di
Giacomo (1993). More recent distributional information in Buenos Aires
province was obtained from Narosky and Taboas (2021) and maps in
Lopez-Lanis (2020) and Pearman and Areta (2020).

2.5. Passerine species traits

Species presence/absence from urban parks was related to species
traits and their regional abundance. Species traits were body mass,
clutch size, migratory status, nesting site, diet and habitat breadth, and
plumage colorfulness. Body size and breadth of diet and habitat were
obtained from the Elton Traits 1.0 database (Wilman et al., 2014). Body
size was the species weight (grams), whereas diet and habitat breadth
were calculated using Rao’s quadratic entropy Bp with the percentage
values of different diet and habitat items (see Leveau and Ibanez, 2022;
de Caceres et al., 2011, 2016). The Bp index varies between 0 (low niche
breadth) to 1 (maximum niche breadth) and was calculated with the
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Fig. 1. Location of the region in Argentina (A), and location of the six cities in the region (B).
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nichevar function of the indicspecies package. Clutch size and nesting
site were obtained from de la Pena (2013). The presence/absence of
migratory status was obtained from Narosky and Di Giacomo (1993).
Bird plumage colorfulness was obtained from Cooney et al. (2022),
which contained information based on calibrated ultraviolet photo-
graphs. Colorfulness was the number of 3D spaces (loci) occupied by
each species in the tetrahedral color space. Finally, the regional abun-
dance of bird species was obtained from Narosky and Taboas (2021),
who developed an index of bird species detectability that ranges from 1
(rare) to 6 (very abundant). Due to some biological traits, such as clutch
size, body size, diet, and habitat breadth can vary geographically
(Wiens, 1989), the patterns obtained should be taken with caution.

2.6. Statistical analyses

The regional list of passerine bird species was classified into urban,
which were recorded in urban parks, and non-urban species, which were
not registered in urban parks. Then, the presence/absence of bird species
in urban parks was related to the passerine traits: body mass, clutch size,
migratory status, nesting site, diet and habitat breadth, plumage color-
fulness, and regional abundance. A generalized mixed model with a
binomial distribution of errors was used with the glmmTMB function of
the glmmTMB package (Brooks et al., 2017) in R (R Core Team, 2019).
To control for phylogenetic relatedness of species, bird family was used
as a random factor. Continuous predictor variables were scaled with the
function scale in R (R Core Team, 2019). Models were obtained by
backward elimination of non-significant variables (p > 0.05) from the
full model using the anova function. The final model was compared with
a null model through the Akaike information criterion (AIC), consid-
ering strong support for the final model if AIC values are lower than 2
with respect to the null model (Burnham and Anderson, 2004). Final
models were plotted using the visreg function of the visreg package
(Breheny and Burchett, 2017).

3. Results

A total of 85 Passeriform species were detected in the regional pool,
of which 30 species were detected in urban parks. The most frequent
species in urban parks were the Rufous Hornero (Furnarius rufus), the
House Sparrow (Passer domesticus), and the Great Kiskadee (Pitangus
sulphuratus). Bird species sample coverage in urban parks was 0.997
(Confidence interval = 0.995-0.999; Fig. 2), suggesting that sampling of
urban parks was nearly complete and few species were not sampled.

The final model explaining the presence of bird species in urban
parks included the regional frequency of species, nesting site, diet
breadth, and colorfulness (model AIC = 73.3, null model AIC = 114.4;
Table 1; Fig. 3). Urban presence was related positively to regional fre-
quency, diet breadth, and plumage colorfulness (Fig. 3). In addition,
urban presence was related to nesting on trees and buildings, whereas
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Fig. 2. Sample coverage of bird species in urban parks related to the number of
individuals.
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Table 1
Generalized mixed final model showing the relationship between bird species
presence in urban parks and species traits and regional species frequency.

Variable Estimate Std. Error z value P
Intercept 0.523 0.886 0.590 0.555
Regional abundance 1.521 0.439 3.463 <0.001
Nest-Ground —4.497 1.324 -3.396 <0.001
Nest-Tree —0.593 0.967 —0.613 0.540
Colorfulness 0.788 0.382 2.061 0.039
Diet Breadth 0.787 0.382 2.058 0.040

Nest site: nesting in buildings is in the intercept.
species not present in urban parks nested on the ground (Fig. 3).
4. Discussion

The analyses revealed that the presence of bird species in urban parks
was related to plumage colorfulness. In addition, other traits such as
nesting site and diet were related to bird species presence in parks,
suggesting that this type of urban habitat constitutes an environmental
filter to the regional species pool. However, due to the presence of bird
species in urban parks also being associated with their regional abun-
dance, the dispersion mechanism may be involved in the colonization of
urban areas by bird species.

The pattern of bird coloration in urban parks agreed with our hy-
pothesis. Urban parks have more tree cover than rural areas of the
Pampas, and wooded environments are expected to have more colorful
bird species (Bailey, 1978; Cooney et al., 2022; but see Dalrymple et al.,
2015). Therefore, urban parks in the Pampas probably acted as a
large-scale experimental manipulation of the landscape, influencing the
differential bird species colonization related to their plumage colora-
tion. Colorful birds in the more closed urban parks may enhance their
intra and interspecific communication (Cooney et al., 2022). Moreover,
urban parks may provide food resources containing carotenoids, which
are essential to maintaining colorful plumages (Barreira and Garcia,
2019). Probably, due to the lack of predators in urban areas (Palomino
and Carrascal, 2007; Magle et al., 2014), bird species in urban parks may
allocate more energy to producing colorful plumages than to avoiding
predators (Croci et al., 2008). On the contrary, urban avoiders in rural
areas may have more predators and thus invest more energy in avoiding
predation.

Other traits influencing the presence of bird species in urban parks
were nesting site and diet breadth. Species nesting in buildings and trees
were present in urban parks, whereas species nesting on the ground were
not present. The tree cover in parks and the buildings surrounding them
may favor the nesting substrate availability for birds, whereas nest
predation may exclude ground-nesting birds in urban parks (Croci et al.,
2008; Jokimaki et al., 2016; Leveau and Ibanez, 2022). A high diet
breadth may favor bird species that exploit a variety of food resources
present in urban parks, such as invertebrates, fruits, plant, and human
food wastes (Callaghan et al., 2019; Palacio, 2020).

The association between the regional abundance of bird species and
their presence in urban parks highlights the role of dispersal in shaping
urban bird communities. Therefore, the most abundant species in the
region have more chances of entering cities, colonizing, and adapting to
the new environmental conditions (Mgller, 2009, 2014; Sol et al., 2013).
The gradual adaptation to the urban environment may also include loss
of fear humans, the capacity of feeding innovations, and other cognitive
abilities to cope with novel environments (Mgller, 2009, 2014; Sol et al.,
2013; Morelli et al., 2023).

5. Conclusions
The results obtained showed that bird color is significantly associ-

ated with the presence of bird species in urban parks. Bird species in
urban parks were more colorful than bird species excluded from cities of



L.M. Leveau

>

8 08 -
C
g 0.6 -
S 04
&
2 0.2 7
=
0.0 ~ T i 'I I| 1 | 1
3 -2 -1 0 1
Regional abundance
C 1.0 o 7 T mrTT T L % | T
S 0.8 |
[0}
® 06
s
c 04
3
5 0.2 7

! I T T T 1
-1 0 1 2 3 4
Plumage colorfulness

Avian Research 15 (2024) 100161

B TTTTTT17T T T T
0.8

(O]

e

& 0.6

8 —

g 0.4 7

C

S 02-

=
Oo __l_t_l_uumumtmuwuml_u.uuu.u*mu.m.;

Building Ground Tree
Nesting site

D T T LU T TTT T

8 0.8

c

2 0.6

ol

c 04

@®

= i

5 0.2

T I | i
0.5 1.5
Diet breadth
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the Pampean region. Due to urban parks having more tree cover than
rural areas of Pampas (Leveau, 2013), the results obtained support
recent findings made at global scales where the most colorful birds are in
the tropical forests compared to open areas. Thus, the difference in bird
colorfulness between urban parks and non-urban areas may change with
the biome. For example, urban parks located in tropical forested biomes
may have lower bird colorfulness than forested non-urban areas.
Therefore, studies in different biomes are necessary to get more insights
into the urbanization impacts on bird colors.

Funding

The research was funded by the Agencia Nacional de Promocién de la
Investigacién, el Desarrollo Tecnoldgico y la Innovacién, PICT 2015-
0978.

CRediT authorship contribution statement

Lucas M. Leveau: Writing — review & editing, Writing — original
draft, Visualization, Validation, Supervision, Software, Resources,
Project administration, Methodology, Investigation, Funding acquisi-
tion, Formal analysis, Data curation, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Lucas Leveau reports financial support was provided by Agencia
Nacional de Promocion de la Investigacion, el Desarrollo Tecnolégico y
la Innovacion.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.avrs.2024.100161.

References

Amaya-Espinel, J.D., Hostetler, M.E., 2019. The value of small forest fragments and
urban tree canopy for Neotropical migrant birds during winter and migration
seasons in Latin American countries: a systematic review. Landsc. Urban Plann. 190,
103592.

Bailey, S.F., 1978. Latitudinal gradients in colors and patterns of passerine birds. Condor
80, 372-381.

Barreira, A.S., Garcia, N.C., 2019. Visual and acoustic communication in Neotropical
birds: diversity and evolution of signals. In: Reboreda, J., Fiorini, V., Tuero, D.
(Eds.), Behavioral Ecology of Neotropical Birds. Springer, Cham, pp. 155-183.

Blair, R.B., Johnson, E.M., 2008. Suburban habitats and their role for birds in the
urban-rural habitat network: points of local invasion and extinction? Landsc. Ecol.
23, 1157-1169.

Bonier, F., Martin, P.R., Wingfield, J.C., 2007. Urban birds have broader environmental
tolerance. Biol. Lett. 3, 670-673.

Breheny, P., Burchett, W., 2017. Visualization of regression models using visreg. R J 9,
56-71.

Brooks, M.E., Kristensen, K., Van Benthem, K.J., Magnusson, A., Berg, C.W., Nielsen, A.,
et al., 2017. glmmTMB balances speed and flexibility among packages for zero-
inflated generalized linear mixed modeling. R J 9, 378-400.

Burnham, K.P., Anderson, D.R., 2004. Multimodel inference: understanding AIC and BIC
in model selection. Socio. Methods Res. 33, 261-304.

Callaghan, C.T., Major, R.E., Wilshire, J.H., Martin, J.M., Kingsford, R.T., Cornwell, W.
K., 2019. Generalists are the most urban-tolerant of birds: a phylogenetically
controlled analysis of ecological and life history traits using a novel continuous
measure of bird responses to urbanization. Oikos 128, 845-858.

Chace, J.F., Walsh, J.J., 2006. Urban effects on native avifauna: a review. Landsc. Urban
Plann. 74, 46-69.

Cooney, C.R., He, Y., Varley, Z.K., Nouri, L.O., Moody, C.J., Jardine, M.D., et al., 2022.
Latitudinal gradients in avian colourfulness. Nat. Ecol. Evol. 6, 622-629.

Croci, S., Butet, A., Clergeau, P., 2008. Does urbanization filter birds on the basis of their
biological traits. Condor 110, 223-240.

Dale, S., Lifjeld, J.T., Rowe, M., 2015. Commonness and ecology, but not bigger brains,
predict urban living in birds. BMC Ecol. 15, 12.

Dalrymple, R.L., Kemp, D.J., Flores-Moreno, H., Laffan, S.W., White, T.E., Hemmings, F.
A, et al., 2015. Birds, butterflies and flowers in the tropics are not more colourful
than those at higher latitudes. Global Ecol. Biogeogr. 24, 1424-1432.

de Caceres, M., Sol, D., Lapiedra, O., Legendre, P., 2011. A framework for estimating
niche metrics using the resemblance between qualitative resources. Oikos 120,
1341-1350.

de Caceres, M., Jansen, F., de Caceres, M.M., 2016. Package ‘indicspecies’. http://cran.ne
xr.com/web/packages/indicspecies/indicspecies.pdf.

de la Pena, M.R., 2013. Nidos y reproduccién de las aves argentinas. Serie Naturaleza,
Conservacion y Sociedad No. 8, 590.


https://doi.org/10.1016/j.avrs.2024.100161
https://doi.org/10.1016/j.avrs.2024.100161
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref1
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref1
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref1
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref1
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref2
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref2
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref3
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref3
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref3
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref4
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref4
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref4
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref5
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref5
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref6
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref6
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref7
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref7
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref7
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref8
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref8
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref9
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref9
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref9
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref9
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref10
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref10
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref11
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref11
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref12
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref12
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref13
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref13
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref14
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref14
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref14
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref15
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref15
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref15
http://cran.nexr.com/web/packages/indicspecies/indicspecies.pdf
http://cran.nexr.com/web/packages/indicspecies/indicspecies.pdf
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref17
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref17

L.M. Leveau

Hambuckers, A., Delcourt, J., Leborgne, B., Cahill, J.R., 2023. Artificial green corridors
in an Andean City as effective support of avian diversity. Diversity 15, 302.

Hsieh, T.C., Ma, K.H., Chao, A., 2016. iNEXT: an R package for rarefaction and
extrapolation of species diversity (Hill numbers). Methods Ecol. Evol. 7, 1451-1456.

Jokimaki, J., Suhonen, J., Jokiméaki-Kaisanlahti, M.L., Carb6-Ramirez, P., 2016. Effects
of urbanization on breeding birds in European towns: impacts of species traits. Urban
Ecosyst. 19, 1565-1577.

Kark, S., Iwaniuk, A., Schalimtzek, A., Banker, E., 2007. Living in the city: can anyone
become an ‘urban exploiter’? J. Biogeogr. 34, 638-651.

Keddy, P.A., Laughlin, D.C., 2021. A Framework for Community Ecology: Species Pools,
Filters and Traits. Cambridge University Press, Cambridge.

Leveau, C.M., Leveau, L.M., 2005. Avian community response to urbanization in the
Pampean region, Argentina. Ornitol. Neotrop. 16, 503-510.

Leveau, L.M., 2013. Bird traits in urban-rural gradients: how many functional groups are
there? J. Ornithol. 154, 655-662.

Leveau, L.M., 2019. Urbanization induces bird color homogenization. Landsc. Urban
Plann. 192, 103645.

Leveau, L.M., 2022. Bird migrant assemblages in urban and rural areas of Central
Argentina: a regional-scale comparison. Hornero 37, 10.

Leveau, L.M., Ibanez, I., 2022. Nesting site and plumage color are the main traits
associated with bird species presence in urban areas. Animals 12, 1148.

Leveau, L.M., Gorleri, F.C., Roesler, 1., Gonzalez-Taboas, F., 2022. What makes an urban
raptor? Ibis 164, 1213-1226.

Lind, O., Mitkus, M., Olsson, P., Kelber, A., 2014. Ultraviolet vision in birds: the
importance of transparent eye media. Proc. R. Soc. A B 281, 20132209.

Lopez-Lants, B., 2020. Guia Audiornis de las aves de Argentina, Fotos y Sonidos:
Identificacion por Caracteristicas Contrapuestas y Marcas Sobre Imédgenes. Copyright
Audiornis Producciones, Buenos Aires.

MacGregor-Fors, 1., Morales-Pérez, L., Schondube, J.E., 2010. Migrating to the city:
responses of neotropical migrant bird communities to urbanization. Condor 112,
711-717.

Magle, S.B., Simoni, L.S., Lehrer, E.W., Brown, J.S., 2014. Urban predator—prey
association: coyote and deer distributions in the Chicago metropolitan area. Urban
Ecosyst. 17, 875-891.

Morelli, F., Leveau, L.M., Mikula, P., MacGregor-Fors, L., Bocelli, M.L., Quesada-Acuna, S.
G., et al., 2023. Are birds more afraid in urban parks or cemeteries? A Latin
American study contrasts with results from Europe. Sci. Total Environ. 861, 160534.

Mgller, A.P., 2009. Successful city dwellers: a comparative study of the ecological
characteristics of urban birds in the Western Palearctic. Oecologia 159, 849-858.

Avian Research 15 (2024) 100161

Mgller, A.P., 2014. Behavioural and ecological predictors of urbanization. In: Gil, D.,
Brumm, H. (Eds.), Avian Urban Ecology. Oxford University Press, Oxford, pp. 54-68.

Narosky, T., Di Giacomo, A., 1993. Las Aves de la Provincia de Buenos Aires: Distribucion
y Estatus. Asociacién Ornitoldgica del Plata, Vazquez Mazzini Editores. L.O.L.A.,
Buenos Aires.

Narosky, T., Taboas, F.G., 2021. Aves: de la Provincia de Buenos Aires. Ecoval Ediciones.

Olsson, P., Lind, O., Mitkus, M., Delhey, K., Kelber, A., 2021. Lens and cornea limit UV
vision of birds—a phylogenetic perspective. J. Exp. Biol. 224, jeb243129.

Palacio, F.X., 2020. Urban exploiters have broader dietary niches than urban avoiders.
Ibis 162, 42-49.

Palomino, D., Carrascal, L.M., 2007. Habitat associations of a raptor community in a
mosaic landscape of Central Spain under urban development. Landsc. Urban Plann.
83, 268-274.

Patankar, S., Jambhekar, R., Suryawanshi, K.R., Nagendra, H., 2021. Which traits
influence bird survival in the city? A review. Land 10, 92.

Pearman, M., Areta, J.I., 2020. Field Guide to the Birds of Argentina and the Southwest
Atlantic. Bloomsbury Publishing, London.

R Core Team, 2019. R: a Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, version 3.4.0.

Ricklefs, R.E., Schluter, D., 1993. Species diversity: regional and historical influences. In:
Species Diversity in Ecological Communities: Historical and Geographical
Perspectives. University of Chicago Press, Chicago, pp. 350-363.

Shanahan, D.F., Strohbach, M.W., Warren, P.S., Fuller, R.A., 2014. The challenges of
urban living. In: Gil, D., Brumm, H. (Eds.), Avian Urban Ecology. Oxford University
Press, Oxford, pp. 3-20.

Sol, D., Gonzalez-Lagos, C., Moreira, D., Maspons, J., 2013. Measuring tolerance to
urbanization for comparative analyses. ARDEOLA 60, 3-13.

Turak, N., Monnier-Corbel, A., Gouret, M., Frantz, A., 2022. Urbanization shapes the
relation between density and melanin-based colouration in bird communities. Oikos
2022, e09313.

Vellend, M., 2010. Conceptual synthesis in community ecology. QRB (Q. Rev. Biol.) 85,
183-206.

Vellend, M., 2016. The Theory of Ecological Communities (MPB-57). Princeton
University Press, Princeton.

Wiens, J.A., 1989. The Ecology of Bird Communities, vol. 1. Cambridge University Press,
Cambridge.

Wilman, H., Belmaker, J., Simpson, J., de la Rosa, C., Rivadeneira, M.M., Jetz, W., 2014.
EltonTraits 1.0: species-level foraging attributes of the world’s birds and mammals:
ecological Archives E095-178. Ecology 95, 2027, 2027.


http://refhub.elsevier.com/S2053-7166(24)00004-5/sref18
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref18
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref19
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref19
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref20
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref20
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref20
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref21
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref21
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref22
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref22
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref23
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref23
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref24
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref24
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref25
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref25
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref26
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref26
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref27
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref27
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref28
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref28
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref29
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref29
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref30
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref30
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref30
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref31
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref31
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref31
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref32
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref32
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref32
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref33
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref33
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref33
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref34
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref34
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref35
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref35
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref36
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref36
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref36
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref37
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref38
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref38
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref39
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref39
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref40
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref40
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref40
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref41
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref41
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref42
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref42
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref43
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref43
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref44
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref44
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref44
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref45
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref45
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref45
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref46
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref46
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref47
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref47
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref47
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref48
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref48
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref49
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref49
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref50
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref50
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref51
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref51
http://refhub.elsevier.com/S2053-7166(24)00004-5/sref51

	Bird species present in urban parks are more colorful than urban avoiders: A test in the Argentinian Pampas
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Passerine bird surveys in urban parks
	2.3 Sample coverage of urban passerine bird communities
	2.4 Regional passerine species pool
	2.5 Passerine species traits
	2.6 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


