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Simple Summary: Urban green spaces (UGS), such as parks and wooded streets, are open areas
with vegetation that provide sustainability to urban areas. The aim of this study was to analyze the
variation of bird assemblages in non-wooded streets, wooded streets, and parks in Buenos Aires City,
Argentina. We compared bird taxonomic and functional diversity between these habitat types. We
selected five non-wooded streets, five wooded streets, and five parks. Bird surveys were performed
in 100 m long and 50 m wide transects. We found that taxonomic diversity had the greatest value
in the parks, followed by wooded streets, and then the non-wooded streets. Functional diversity
was similar between habitats. The taxonomic and functional composition changed between habitats.
The positive association between UGS and bird diversity highlights the role of UGS as biodiversity
conservation sites in neotropical cities

Abstract: Urban green spaces (UGS), such as parks and wooded streets, are open areas with vegeta-
tion that provide sustainability to urban areas. However, their role in conserving bird diversity in
neotropical cities has scarcely been analyzed. The aim of this study was to analyze the variation of
bird assemblages in non-wooded streets, wooded streets, and parks in Buenos Aires City, Argentina.
We compared the taxonomic and functional diversity between these habitat types. We selected five
non-wooded streets, five wooded streets, and five parks in the city. Bird surveys were performed
in 100 m long and 50 m wide transects. We found that taxonomic diversity had the greatest value
in the parks, followed by wooded streets, and then the non-wooded streets. Functional diversity
was similar between habitats. The taxonomic and functional composition changed between habi-
tats. Non-wooded streets were dominated by the Rock Dove (Columba livia) and the Eared Dove
(Zenaida auriculata), whereas parks had the highest abundance of the Picazuro Pigeon (Patagioenas
picazuro) and the Rufous-bellied Thrush (Turdus rufiventris). Non-wooded streets were dominated by
omnivorous and granivorous species, whereas parks had a higher abundance of herbivorous and
frugivorous species. The positive association between UGS and bird diversity highlights the role of
UGS as biodiversity conservation sites in neotropical cities.

Keywords: urbanization; urban green spaces (UGS); taxonomic diversity; functional diversity;
wooded streets

1. Introduction

Urbanization is a process defined as the increase in human concentration, which
involves the movement of people from rural to urban areas [1–4]. A report from the
United Nations claimed that in 2018, 55.3% of the human population lived in urban areas,
and this figure is projected to increase by 2030, while the rural population is expected
to diminish [5]. This process leads to the loss of urban green areas within cities [6].
Urbanization involves intense changes in land use that persist in the long-term [6,7],
which strongly and negatively impacts biodiversity [8]. Moreover, urbanization alters
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biodiversity composition by diminishing native species diversity and favoring widespread
exotic species [7,8].

In this paper, we used birds as study taxa because they are indicators of environmental
changes and they are easy to survey [9,10]. Several authors have found significant changes
in bird abundance, diversity, and composition in urban areas [10–13]. Diversity has several
facets like taxonomic and functional [14]. Taxonomic diversity measures species richness
and relative abundance of the species within a community [15]. On the other hand,
functional diversity is the variety and range of functional traits of species, which can have
an effect on ecosystem functions, such as primary production, nutrient cycling, or heat
transfer [16]. Several studies have shown the negative effects of urbanization on bird
functional diversity [17–20], but see [21,22]. The assessment of different diversity facets
allows a better approach to biodiversity status in urban ecosystems [14], and the creation
of more sustainable cities [8].

Urban green spaces (UGS) are public or private open or semi-open areas with vegeta-
tion [23,24]. There are different types of UGS, such as parks and wooded streets [25–27].
Parks are generally composed of managed vegetation with a diversity of plants like grass,
bushes, and trees [28]. They are urban biodiversity hotspots [29], probably because they
have the highest green percentage cover and vegetation heterogeneity. On the other hand,
vegetation quantity and heterogeneity declines when moving from wooded streets to
non-wooded streets [30].

The comparison of bird assemblages between non-wooded streets, wooded streets,
and urban parks has scarcely been analyzed [31]. For example, parks and wooded streets
with native vegetation in Melbourne (Australia) had greater total and native bird species
richness and bird abundance than wooded streets with exotic and immature vegetation [31].
Fernandez-Juricic [30] found that parks, wooded streets, and non-wooded streets in Madrid
(Spain) had significant differences of bird species richness. This same authors also found
that there were significant differences in bird composition between habitat types, mainly
due to the different habitat requirements of different species [31]. For instance, in Argentina,
some species, such as the Chalked-browed Mockingbird (Mimus saturninus), Rufous-bellied
Thrush (Turdus rufiventris), and the Rufous Hornero (Furnarius rufous) need trees for nesting
and short grass for foraging. On the other hand, the Green-barred Woodpecker (Colaptes
melanochloros) uses trees for nesting and foraging [32]. The House Sparrow (Passer do-
mesticus) and the Rock Dove (Columba livia) need buildings for nesting and can forage
on impervious surfaces, such as asphalt streets and sidewalks [31,33–35]. In addition,
functional diversity and functional trait composition have not been compared between
parks, wooded, and non-wooded streets yet.

The analysis of bird communities in urban parks, wooded streets, and non-wooded
streets is fundamental for understanding which birds occupy these habitats and, there-
fore, for implementing proper management actions. This study aimed to analyze bird
assemblages in different habitat types in Buenos Aires City: parks, wooded streets, and
non-wooded streets. We compared the taxonomic and functional diversity and taxonomic
and functional composition of the three habitat types. Due to these habitats offering dif-
ferent amounts and varieties of resources to birds, with parks being the most suitable
habitat, we expected that parks would have greater taxonomic and functional diversity
than wooded or non-wooded streets. Moreover, we predicted a significant variation in
species and trait composition between habitat types. Habitats with greater human distur-
bance, such as noise produced by car traffic, and less habitat diversity are predicted to be
associated with exotic species adapted to human disturbance such as the Rock Dove and
the House Sparrow. Moreover, non-wooded streets are predicted to be associated with
omnivorous species that forage on the ground and have a high mass; whereas habitats with
greater habitat diversity will have native birds with insectivorous diets and who forage on
vegetation [32,36,37].
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2. Methods
2.1. Study Area

The study was performed in Buenos Aires City (34◦36′14” S, 58◦22′54” W; 25 m. a.s.l.;
almost three million inhabitants, [38]) in the metropolitan area of Buenos Aires (>14 million
inhabitants, [38]). It has a temperate and seasonal climate. The mean annual temperature is
17.7 ◦C and the mean annual rainfall is 1214.6 mm [39]. Buenos Aires City is located in the
Pampa Ondulada region, which was originally composed of a mesophytic pseudo-steppe,
a wet meadow, a halophytic steppe, and a xerophytic forest [40]. Currently, the region is
mainly composed of cultivated land and tree plantations.

2.2. Study Design

To analyze bird assemblages, we selected three types of urban habitats: five non-
wooded streets (NWS); five wooded streets (WS) with trees and some bushes; and five
parks composed of trees, shrubs, grass, paved pathways, and monuments that were
surrounded by buildings (Figure 1). The largest park was 8.6 ha and the smallest was
1.7 ha (mean= 5.5 ha, sd= 2.5 ha). Within these three habitats, we located a 100 m long and
50 m wide transects where we performed the bird surveys (Figure 1).
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2.3. Bird Surveys

Bird surveys were performed between Spring 2015 and Summer 2016 (from October
to January) during three visits. These months correspond with the bird breeding period
in Argentina [41]. The surveys were performed during the first four hours after dawn, on
non-windy, not rainy days, either on business days or on weekends. The transects were
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visited randomly at different moments of the morning to avoid bias in bird detection. We
registered birds that were seen or heard, and which were perching, eating, walking, or
fighting with another bird on the transect area.

2.4. Response Variables and Statistical Analysis
2.4.1. Taxonomic and Functional Diversity

Taxonomic diversity was estimated by species richness and species diversity measured
by the Shannon–Wiener index (H′) [42], whereas functional diversity was calculated by the
functional dispersion index (FDis) [43]. Bird richness was estimated by using iNEXT [44]
and COMDYN [45] software. iNEXT aims to compare diversity estimates for equally-large
samples by interpolating and extrapolating total species richness [44]. Interpolation and
extrapolation curves were computed for each habitat type using bird abundance data and
999 bootstraps. We used the maximum number of individuals for each species during the
three visits as a measure of bird abundance. Following the recommendations of [46], curves
were estimated with their respective 84% confidence limits. The confidence limits between
curves were compared at a minimum sample size of individuals observed between habitats.
Non-overlapping confidence areas indicated significant differences in species richness
between curves (p < 0.05). On the other hand, COMDYN estimates the average richness for
each transect by utilizing presence and absence data during the three visits.

The Shannon–Wiener index (H’) was estimated by using the diversity function from
vegan package [47]. This index considers species richness and their relative abundance
within a community [15]. Although the H’ index has been criticized [15], several authors
have used it in urban bird analyses [19,35,48–52]. Therefore, our use of the H’ index allows
comparisons with other studies.

FDis was estimated with the function dbFD from FD package [53]. Functional disper-
sion, or FDis index, is the distance of the traits values from each species to the centroid
within a multidimensional space of all functional traits [43]. FDis can take into account
species’ relative abundances and it is unaffected by species richness [43]. We used func-
tional traits involved in obtaining resources: body size (average weight for the species (g));
clutch size (average egg number for the species); foraging sites (ground, air, foliage, or tree
trunk); diet (frugivorous, granivorous, herbivorous, invertebrates, or omnivorous); and
migratory status. Information about foraging site, diet, and migratory status was treated
as presence/absence data. The trait values were taken from the bibliography [41,54–56].

Generalized Linear Models (GLMs) were performed to compare transect values of
species richness, the Shannon–Wiener index, and FDis index between habitats, using the
glm function from the R program. The significance of models was tested by comparing
them with null models using likelihood ratio tests (LRT) with the anova function (p < 0.05).
To analyze significant differences between the types of habitats, we carried out posteriori
tests using the emmeans function from emmeans package [57]. For species richness, we
assumed a Poisson distribution of errors and we checked for over- and sub-dispersion. For
the Shannon–Wiener index and FDis, we assumed a gaussian distribution of errors, and
homoscedasticity and normality were checked. Spatial auto-correlation of residuals was
analyzed with the Moran index using SAM software [58], and no significant autocorrelation
was found (p < 0.05).

2.4.2. Taxonomic and Functional Traits Composition

Non-metric Multidimensional Scaling (NMDS) was performed to compare taxonomic
compositions between habitats. NMDS is a multivariate data analysis [59], which uses
dissimilarity data to ordinate sites and species in multiple dimensions. In our study we
used the Bray–Curtis distance index [60], which takes into account species’ abundances,
using the vegan package. To visualize composition differences between habitats, 95%
confidence area ellipses were estimated in the NMDS plot using the oridiellipse function
from the vegan package. Significant differences in species composition between the habitat
types were tested using the adonis function from the vegan package. Differences in species
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abundances and their contribution to dissimilarity between habitats were analyzed with
the simper (similarity percentage) function from the vegan package. We took into account
those species in which the average values of contribution and standard deviation ratio
were greater than one or who made a large contribution to dissimilarity and low variation
between transects [61].

Fourth corner solution was used to analyze functional trait composition variation
between habitats [62]. This analysis considers bird abundance and the type of habitat for
each transect and functional trait values for bird species. Then, the analysis calculates
interaction coefficients between functional trait values and habitat types. We used the
traitglm function from the mvabund package from R program [63]. These analyses were
performed in the R software [64].

3. Results

A total of 23 bird species were recorded, of which the Rock Dove and the Eared Dove
were the most abundant. In parks, 20 species were observed, whereas in wooded streets
10 species were observed and in non-wooded streets six species were found.

3.1. Taxonomic and Functional Diversity

Interpolation analysis showed significant differences (p < 0.05) of species richness
between habitat types (Figure 2A). Parks had the highest species richness, whereas wooded
streets had an intermediate value, and the non-wooded streets had the lowest species
richness (Figure 2A). Estimated species richness per transect showed that parks had more
species richness than wooded and non-wooded streets (LRT = 27.32, degree of freedom
(df) = 2, p = < 0.001; Table 1; Figure 2B). Parks had more species diversity (H’) than non-
wooded streets (LRT = 2.44, df = 2, p = 0.001; Table 1; Figure 2C), and similar values between
wooded streets and parks and between wooded and non-wooded streets. Functional
dispersion index (FDis) values were similar between habitats (LRT = 1.59, df = 2, p = 0.149;
Table 1; Figure 2D).

Table 1. Generalized linear model results showing differences in species richness, Shannon–Wiener
index (H’), and functional dispersion (FDis) between habitat types. Habitat types: non-wooded
streets (Intercept), wooded streets (WS), and parks; z/t indicates z or t tests.

Variable Estimate Std. Error z/t p Value

Species richness

Intercept 1.163 0.250 4.653 <0.001
WS 0.629 0.310 2.031 0.042

Parks 1.305 0.282 4.630 <0.001

Species diversity

Intercept 0.788 0.193 4.082 0.002
WS 0.616 0.273 2.258 0.043

Parks 0.978 0.273 3.583 0.004

Fdis

Intercept 1.692 0.289 5.855 <0.001
WS 0.632 0.409 1.548 0.148

Parks 0.738 0.409 1.805 0.096



Birds 2021, 2 222
Birds 2021, 2,  6 
 

 

 
Figure 2. Bird taxonomic and functional diversity in different urban habitats. (A) Rarefaction curves estimated by the 
iNEXT software. The vertical black line in the rarefaction curve indicates the minimum number of individuals that we 
used to compare species richness between habitat types, and it corresponds to the greatest interpolated species richness of 
NWS. (B) GLM plot of species richness (S) estimated by COMDYN. (C) GLM plot of species diversity (H′). (D) GLM plot 
of Functional dispersion index (FDis). NWS = Non-Wooded Streets, WS = Wooded Streets. In (B–D), the horizontal black 
line represents the average value of the response variable for each habitat type and the grey bands are 95% confidence 
intervals. The different letters (a,b) indicate significant differences between the habitat types (p < 0.05). 

3.2. Taxonomic and Functional Traits Composition 
The adonis analysis showed significant differences in species composition between 

habitats (F model = 4.686, p = 0.001, r2 = 0.44). The ordiellipses confirmed that the three 
habitat types differed in terms of species composition (Figure 3). Parks had more 
abundance of the Grayish Baywing (Agelaioides badius), the Yellow-chevroned Parakeet 

Figure 2. Bird taxonomic and functional diversity in different urban habitats. (A) Rarefaction curves estimated by the
iNEXT software. The vertical black line in the rarefaction curve indicates the minimum number of individuals that we
used to compare species richness between habitat types, and it corresponds to the greatest interpolated species richness of
NWS. (B) GLM plot of species richness (S) estimated by COMDYN. (C) GLM plot of species diversity (H′). (D) GLM plot of
Functional dispersion index (FDis). NWS = Non-Wooded Streets, WS = Wooded Streets. In (B–D), the horizontal black line
represents the average value of the response variable for each habitat type and the grey bands are 95% confidence intervals.
The different letters (a,b) indicate significant differences between the habitat types (p < 0.05).

3.2. Taxonomic and Functional Traits Composition

The adonis analysis showed significant differences in species composition between
habitats (F model = 4.686, p = 0.001, r2 = 0.44). The ordiellipses confirmed that the three habi-
tat types differed in terms of species composition (Figure 3). Parks had more abundance of
the Grayish Baywing (Agelaioides badius), the Yellow-chevroned Parakeet (Brotogeris chiriri),
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the Green-barred Woodpecker, the Rufous Hornero, the Cattle Tyrant (Machetornis rixosa),
the Chalk-browed Mockingbird, the Shiny Cowbird (Molothrus bonariensis), the Scream-
ing Cowbird (Molothrus rufoaxillaris), the Monk Parakeet (Myiopsitta monachus), the Great
Kiskadee (Pitangus sulphuratus), and the White-eyed Parakeet (Psittacara leucophthalma).
The species associated with wooded streets were the Picazuro Pigeon, the Rufous-bellied
Thrush, and the House Wren (Troglodytes aedon). The Rock Dove, the Eared Dove, the
House Sparrow, and the Grey-breasted Martin (Progne chalybea), meanwhile, were related
to non-wooded and wooded streets (Figure 3).
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types (NWS = non-wooded streets; WS = wooded streets; and parks) in Buenos Aires city (stress = 0.095). Agba = Agelaioides
badius; Brch = Brotogeris chiriri Coli = Columba livia; Come = Colaptes melanochloros; Furu = Furnarius rufus; Mari = Machitornis
rixosa; Misa = Mimus saturninus; Mobo = Molothrus bonaeriensis; Moru = Molothrus rufoaxilaris; Mymo = Myiopsitta monachus;
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Troglodytes aedon; Turu = Turdus rufiventris; Zeau = Zenaida auriculata; Zoca = Zonotrichia capensis.

The similarity percentage analysis (simper) showed that the Rock Dove contributed
the most to the dissimilarity of species among habitat types (Table 2). The Rock Dove had a
greater average abundance in parks, followed by non-wooded streets, and then wooded
streets. The House Sparrow had more abundance in wooded streets than in parks or
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non-wooded streets (Table 2). Native species like the Rufous Hornero, the Great Kiskadee,
the Shiny Cowbird, and the Chalk-browed Mockingbird were found in parks and were
absent in non-wooded streets.

Migratory status was negatively related with parks (Figure 4). Tree trunk and ground
foragers were negatively related with parks, whereas air foragers had no relation with
any habitat type (Figure 4). Wooded streets were positively related with ground foragers.
Omnivorous and granivorous birds were positively related with non-wooded streets, and
they were negatively related with wooded streets (Figure 4). Frugivorous and herbivorous
birds were positively related with parks and they were negatively related with non-wooded
streets. Invertebrate feeders were strongly and negatively related with wooded streets.
Bird species with greater clutch size and body mass were positively related with parks and
the opposite pattern was found in non-wooded streets (Figure 4).
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Table 2. Similarity percentage analysis (simper) between habitat types, showing the species per-
centage contribution to the dissimilarity of species composition (% contribution), and the average
abundance of those species with a large contribution to dissimilarity (see Methods).

Wooded Streets–Non-Wooded Streets

Species % Contribution Wooded Streets Non-Wooded
Streets

Rock Dove (Columba livia) 28.13 7.8 11.0
House Sparrow (Passer domesticus) 12.11 2.6 1.2

Picazuro Pigeon (Patagioenas picazuro) 8.67 1.6 0.0
Rufous-bellied Thrush

(Turdus rufiventris) 7.45 1.4 0.0

Wooded streets–Parks

Species % Contribution Wooded streets Parks

Rock Dove (Columba livia) 36.41 7.8 42.0
Eared Dove (Zenaida auriculata) 18.32 9.0 16.0

Picazuro Pigeon (Patagioneas picazuro) 7.35 1.6 7.4
House Sparrow (Passer domesticus) 3.65 2.6 1.8

Great Kiskadee (Pitangus sulphuratus) 2.9 0.0 2.0
Rufous-bellied Thrush

(Turdus rufiventris) 2.69 1.4 3.2

Rufous Hornero (Furnarius rufus) 2.61 0.8 2.8
Shiny Cowbird (Molothrus bonariensis) 2.48 0.2 2.0

Chalk-browed Mockingbird
(Mimus saturninus) 2.42 0.0 1.8

Non-wooded streets–Parks

Species % Contribution Non-wooded
streets Parks

Rock Dove (Columba livia) 34.43 11.0 42.0
Eared Dove (Zenaida auriculata) 17.86 3.0 16.0

Picazuro Pigeon (Patagioneas picazuro) 9.44 0.0 7.4
Rufous-bellied Thrush

(Turdus rufiventris) 4.65 0.0 3.2

Rufous Hornero (Furnarius rufus) 3.7 0.0 2.8
Great Kiskadee (Pitangus sulphuratus) 2.85 0.0 2.0

House Sparrow (Passer domesticus) 2.74 1.2 1.8
Shiny Cowbird (Molothrus bonariensis) 2.5 0.0 2.0

Chalk-browed Mockingbird
(Mimus saturninus) 2.35 0.0 1.8

4. Discussion

Our results showed changes in taxonomic diversity and species and functional trait
composition between habitat types. Taxonomic diversity had the greatest value in the
parks, the wooded streets had an intermediate value, and the non-wooded streets had the
lowest value. However, the sample size of the three habitats surveyed was small. Therefore,
our results should be taken with caution.

The pattern found for taxonomic diversity agrees with [30], which obtained a similar
pattern for species richness in Madrid, Spain. In our study the parks were composed of
different vegetation strata (grass, shrubs, and trees), whereas the wooded streets were
dominated by the arboreal stratum, and mainly composed of Ash (Fraxinus pennsylvanica)
and Ficus (Ficus benjamina), an exotic tree species in Argentina. On the other hand, non-
wooded streets have poor vegetation structures such as balcony pots or in some cases no
vegetation at all. Several studies have found a positive relation between vegetation cover
and bird species richness [65,66].

Rarefaction curves showed significant differences in species richness between habitat
types. However, if we consider the mean estimated species richness of sampling units,
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wooded and non-wooded streets did not have significant differences between them. These
patterns could be because the rarefaction curves preserve the heterogeneity of species
composition between the transects. On the other hand, species diversity was similar
between parks and wooded streets. This result could be related to the high abundance of
the Rock Dove and Eared Dove in urban parks, which resulted in less even communities.
Although the wooded streets had fewer species than urban parks, the former had more
equitable abundances between species.

Contrary to expectations, the functional diversity did not differ significantly between
habitat types. The index used, FDis, considers both the variety of traits and the abundance
of the species. Therefore, the dominance of the Rock Dove in the parks could have influ-
enced their functional diversity values. On the other hand, although in the non-wooded
streets only six species were observed, the presence of the Gray-breasted Martin, the
common starling (Sturnus vulgaris), and the Rufous-collared Sparrow (Zonotrichia capen-
sis) could include novel functions, such as migration, air and foliage foraging sites, and
insectivory and herbivory [62], thus increasing the FDis values.

The ordination analysis demonstrated that habitats had different species composition. The
species that most contributed to the dissimilarity between habitats were the Rock Dove, the
Eared Dove, the House Sparrow, the Picazuro Pigeon, and the Rufous-bellied Thrush. The
Rock Dove, the Eared Dove, and the House Sparrow predominated in all habitats and a similar
pattern was found by [67]. The Picazuro Pigeon and the Rufous-bellied Thrush were found
in parks and wooded streets. These two species need trees to nest [41], and in the case of the
Rufous-bellied Thrush, it can find insects in the trees. In this sense, it has been shown that trees
are positively related with the number of arthropods [36]. The large number of granivores,
such as the Rock Dove, the Eared Dove and the Picazuro Pigeon in parks and wooded streets,
already recorded by [68] in squares, may be because the large portions of lawn or bare ground
under leafy trees increase their foraging success [68]. On the other hand, in parks there was a
greater abundance of species that nest in trees and feed on lawns, such as the Rufous Hornero,
the Shiny Cowbird and the Chalk-browed Mockingbird.

The fourth corner analysis showed that trait composition varied between habitats.
Migratory birds were negatively related to parks. The only migratory bird observed was the
Gray-breasted Martin, which is related with high buildings in the urban center and usually
nests in holes in buildings [35]. In this study, the Gray-breasted Martin occupied wooded
and non-wooded streets, but other authors have found it in parks mostly surrounded
by dense urbanization [69]. The positive association between the Grey-breasted Martin
and streets may be due to the availability of nesting places. Most of the birds sampled
were ground feeders. Ground feeders have been associated with urban environments [32]
and the visibility provided by the asphalt could help these birds to find their food [35].
Omnivorous and granivorous birds were positively related with non-wooded streets and
negatively related with wooded streets, traits related to the Rock Dove and the Eared
Dove, respectively, the most abundant birds sampled and related to non-wooded streets in
this study. Omnivorous and granivorous birds are the most common in urban areas [70].
Frugivorous, herbivorous, and invertebrate feeders were negatively related to non-wooded
streets and positively related to parks, suggesting the importance of vegetated habitats for
birds with these traits.

5. Conclusions

The results obtained show the importance of parks and wooded streets as they con-
serve several facets of bird diversity in a big neotropical city. Therefore, to improve the
presence of birds in urban areas, the conservation of green areas such as parks and wooded
streets and the afforestation of non-wooded streets are essential. This study should be a
starting point for analyzing other aspects of the relationship between bird communities and
urban habitats. For example, future studies should analyze the role of density-dependence
in parks on wooded street use by birds [71], or the relation between urban park features
and bird communities.
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