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Birds provide many ecosystem services to people, including provisioning, regulating and
cultural services. People attribute multiple cultural values to ecosystems and biodiversity
and the diversity of these cultural values can be considered as cultural diversity. While
human-nature interactions occur more frequently in cities and urbanization negatively
affects different facets of avian biodiversity, little is known about its consequence for
cultural diversity. Here, we assess how the urbanization gradient in Campo Grande, a
Brazilian city in the Cerrado biodiversity hotspot, affects functional and cultural diversity
associated with birds and if functional and cultural diversity are congruent. We also
investigate the relation between urbanization gradient with functional traits and cultural
values, weighted by species abundance. We used a dataset based on bird surveyed in
61 landscapes along a gradient of impervious surface cover. To estimate functional and
cultural diversity, we used indices that estimate richness and divergence of functional
traits and cultural values. We found that urbanization affected functional and cultural
richness negatively, while there was no effect on functional and cultural divergence.
Functional and cultural richness and functional and cultural divergence were weakly, but
significantly correlated. Bird species that nest on trees decreased and those that nest in
artificial structures and on the ground increased along the impervious surface gradient.
Body size, diet, habitat, mating system, flock behavior, and all cultural values (number
of times the species was mentioned by football teams, music or poetry, city flags and
anthems, and folklore tales) were not significantly affected by impervious surface. The
negative relationship between impervious surface and bird cultural richness may indicate
that people living in more urbanized areas experience nature less compared to people
in less urbanized areas, which can affect their psychological well-being. In these highly
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urbanized areas, contact with culturally valued birds and cultural services provided
by birds may also diminish. The negative relationship between functional richness
and urbanization also indicate that highly urbanized areas may be losing important
ecosystems services provided by birds.

Keywords: cultural services, cultural values, impervious surface, urban biodiversity, urban ecology

INTRODUCTION

By 2050, an additional of 2.5 billion people are expected
to be living in cities around the world (United Nations,
2018). The increase in urban areas will exert a high pressure
on natural systems, diminishing biodiversity and associated
ecosystem services (Aronson et al., 2017), even though the
emergence of Covid-19 may alter this scenario and drive a
more sustainable urbanization process (United Nations Human
Settlements Programme, 2020). Urban biodiversity provides
provisioning services, such as pollination and seed dispersal,
regulates climate and water and provides non-material or cultural
services (Millenium Ecosystem Assessment, 2005; Daniel et al.,
2012; Elmqvist et al., 2013; Cox and Gaston, 2016). These cultural
ecosystem services are associated with multiple cultural values
that people attribute to ecosystems and biodiversity, including
aesthetic, inspirational and cultural heritage values through
particular species or landscape that are strongly associated
with human cultural identity (Millenium Ecosystem Assessment,
2005; Daniel et al., 2012; Tribot et al., 2018). The diversity of
these cultural values attributed to ecosystems and biodiversity can
be considered as cultural diversity (Garibaldi and Turner, 2004;
Heyd, 2010). However, the cultural dimension of biodiversity and
its relation with urbanization are poorly known (Cox et al., 2018;
Schuetz and Johnston, 2019).

Humans may act as selective agents in cities, both indirectly
by altering the set of species that occur in cities through the
urbanization processes (Alberti, 2015; Goodness et al., 2016) and
directly by selecting species (for instance by gardening) with
particular traits (Niinemets and Peñuelas, 2008). Humans also
appreciate esthetic aspects of biodiversity in urban ecosystems
(Belaire et al., 2015; Goodness et al., 2016) and prioritize
visually pleasant species (Conway and Vander Vecht, 2015;
Leveau, 2019; Schuetz and Johnston, 2019). For instance,
humans usually value birds with brighter and more contrasting
plumage (Belaire et al., 2015; Schuetz and Johnston, 2019),
larger body size (Murgui and Hedblom, 2017; Schuetz and
Johnston, 2019) and certain feeding habits (Souza et al., 2019).
Thereby, birds connect humans with nature, shaping cultural
identity (Cox et al., 2018; Soga and Gaston, 2020) and improve
human mental health (Cox et al., 2017). They also play a
prominent functional role in cities, providing provisioning and
regulation services, such as pollination, seed dispersal and
insect control (Wenny et al., 2011; Gaston et al., 2018a).
Therefore, the cultural and functional diversity of urban bird
communities may be biased by anthropogenic effects and human
perception of nature (Zmihorski et al., 2013; Pena et al., 2017;
Schuetz and Johnston, 2019).

Studying birds as indicators of cultural services (Cox et al.,
2018) is challenging in tropical regions, given the high socio-
cultural diversity (Burnside et al., 2012). Brazil holds several
thousand Important Bird and Biodiversity Areas, many of them
near cities (Donald et al., 2019). It is a biologically megadiverse
country harboring around 1,920 bird species (Piacentini et al.,
2015), and it has a rich human culture related to ethnicities and
languages (i.e., 305 indigenous ethnicities and 274 languages;
IBGE, 2010). Human–nature interactions occur in different
systems, including rural areas, indigenous lands and cities, and
people from these systems interact with nature differently based
on their social and cultural perspectives (Tryjanowski et al., 2015;
Cámara-Leret et al., 2019). Considering that cities have denser
human populations, they offer opportunities for more people to
interact with nature (Soga and Gaston, 2020). For example, birds
are important in Brazilian culture and are frequently represented
in music, poetry, and sports (Straube, 2010; Dias et al., 2016; CEO,
2018).

A growing number of studies have called attention to changes
in bird diversity in tropical cities and the associated ecological
services, across a gradient of land use intensification and
urbanization (Cox et al., 2018; Maruyama et al., 2019; Sol et al.,
2020). The functional diversity of bird assemblages—measured
by functional quadratic entropy—was 20% lower in highly
urbanized areas compared to the surrounding natural habitats,
driven by changes in species richness and evenness, leading
to declines in functional redundancy (Sol et al., 2020). Even
though frugivores and nectarivores provide essential ecosystem
services, both are negatively affected by urbanization (Souza
et al., 2019). If negative changes in functional diversity with
increasing urbanization are also accompanied by the loss of
cultural diversity (i.e., diversity of cultural values), extinctions of
interaction between people and nature can accelerate a negative
feedback loop and lead to further biodiversity loss.

Here we assess how the urbanization gradient in Campo
Grande, a Brazilian city in the Cerrado biodiversity hotspot,
affects functional and cultural diversity of birds and if functional
and cultural diversity are congruent. To better understand which
functional traits (i.e., measurable characteristics of individuals)
and cultural values that people attribute to birds are affected
by urbanization, we also investigate the correlation between
functional traits and cultural values along an urbanization
gradient, weighted by species abundance. Urbanization affects
abundance and behavior of native urban bird communities
negatively and only a few urban exploiters thrive (e.g., Souza
et al., 2019; Tryjanowski et al., 2020). Birds are also under artificial
selection, which favors bird traits valued by humans. Therefore,
we expect that both estimates of cultural and functional diversity
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would be affected negatively by urbanization. However, as birds
associated with cultural values differ in abundance, distribution,
frequency of contact with humans, feeding habit and other
characteristics (Zmihorski et al., 2013; Goodness et al., 2016;
Gaston et al., 2018b; Schuetz and Johnston, 2019), we expect
that the urbanization gradient would affect functional more than
cultural diversity.

MATERIALS AND METHODS

Location
Campo Grande is a city in central Brazil with 840,000
inhabitants and 104 inhabitants/km2. It has a marked seasonality,
characterized by a dry (April–September) and a rainy (October–
March) season, with a mean of 1,500 mm annual precipitation.
The city harbors 572 bird species mostly found in natural
habitats, such as Cerrado remnants and aquatic environments
(Wikiaves, 2020). About a fifth (107) of the species have been
reported in urban areas, including streets, gardens, public and
private land (Souza et al., 2019).

Bird Dataset
We used assemblage composition data collected by Souza et al.
(2019). They conducted point counts in February and March
2016. They divided the city into 61 hexagonal sampling sites, 16-
ha each, along a gradient of urbanization, from non-urbanized
(0% impervious surfaces) to highly urbanized (88.9%) land cover.
Impervious surface was estimated using RapidEye base satellite
images with a 5-m resolution. Each hexagon was surveyed once,
at four points at least 200 m from one another (for more details
see Souza et al., 2019).

Functional Traits and Cultural Values
We selected functional traits that represented phenotypic
characteristics and may be affected by urbanization and
functional traits that can influence ecosystem services in
cities (effect traits), such as feeding habits (Petchey and
Gaston, 2006; Luck et al., 2012; Pena et al., 2017). These
functional traits included five categorical (diet, habitat, nesting
substrate, mating system and flock behavior) and one continuous
variable (body size) and were obtained from Sick (1997)
and were complemented by del Hoyo et al. (2004) and
Wilman et al. (2014) (Table 1 and Supplementary Table 1).
Functional traits were organized into a species by traits matrix
(Supplementary Table 1).

Cultural values included counts of birds used by football teams
(badges and mascots), mentioned in music or poetry, present
on city flags and mentioned in anthems and in folklore tales
around Brazil (Table 2 and Supplementary Table 2). Following
the Millenium Ecosystem Assessment (2005), cultural values of
birds include those related to inspiration (e.g., mentioned in
music, poetry or folklore), esthetic (e.g., used by football teams)
and cultural heritage (e.g., used on city flags or in anthems). It
is important to highlight that these cultural value categories can
overlap (Daniel et al., 2012). For example, birds used by football

TABLE 1 | Functional traits of 107 bird species sampled by Souza et al. (2019) in
Campo Grande that were used in this study.

Functional
trait

Type Categories

Diet Categorical Omnivore Carnivore Frugivore
Insectivore Granivore Nectarivore

Habitat Categorical Ground Sub-canopy Canopy

Flock behavior Binary Present Absent

Nesting
substrate

Categorical Anthropogenic structures (e.g., houses
or power poles), Plants (tree or shrub)
Ground Independent (anthropogenic
structures, plants or ground).

Mating system Categorical Monogamy Polygamy (one partner
during a reproductive period)
Promiscuous (many partners during a
reproductive period).

Body Size Continuous -

Functional traits were obtained from Sick (1997) and complemented by del Hoyo
et al. (2004) and Wilman et al. (2014).

TABLE 2 | Cultural values of 107 bird species sampled by Souza et al. (2019) in
Campo Grande that were used in this study.

Cultural value Type Description

Football teams Continuous Counts of a given bird species used by
football teams (badges and mascots).

Music and poetry Continuous Counts of a given bird species
mentioned in music or poetry.

City flags and
anthems

Continuous Counts of a given bird species used on
city flags and in anthems.

Folklore tales Continuous Counts of a given bird species
mentioned in folklore tales around
Brazil.

Cultural values were obtained from Straube (2010); Franchini (2011), de Barros
(2013), Dias et al. (2016); Canto (2018), and CEO (2018).

teams also have a cultural heritage value, i.e., an experience shared
across generations.

Cultural values were compiled from the gray literature and
peer-reviewed articles, all of them published in Portuguese,
using Google and Google Scholar, respectively. Searches were
conducted in 2018 using a combination of keyword in
Portuguese, including “birds and music,” “birds and football
teams,” “birds and city flags,” “birds and city anthems” and “birds
and folklore.” This search resulted in one article that assessed and
summarized birds used on city flags and mentioned in anthems
(Canto, 2018). We also located a website (Center for Brazilian
Ornithological Studies) that recorded this sort of information
(CEO, 2018). For football teams, we found two articles with
information on the use of birds on badges and as mascots by
Brazilian football teams (Straube, 2010; Dias et al., 2016). For
music and poetry, we also included in our search the common
names of birds, obtained from Wikiaves (2020), adding to our
search the keywords in Portuguese “common name and music.”
We found CEO (2018) as a source of information of birds
mentioned in music and poetry. For poetry, we restricted our
search to Manoel de Barros (1916–2014), a local poet widely
known in Brazil for describing nature in his poems. Specifically,
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we searched his “Poesia Completa” (Complete Poetry) collection
for mentions of birds (de Barros, 2013). For folklore tales, our
search resulted in one book that compiled 100 Brazilian folklore
stories (Franchini, 2011). As the same popular name can refer to
various species (Straube et al., 2007), we recorded each mention
under every possible species. Cultural values were organized into
a species by cultural values matrix (Supplementary Table 2).

Statistical Analyses
Because the functional traits matrix contained both qualitative
and quantitative traits, we converted it into a distance matrix
using Gower distance (Podani, 1999). As all cultural values
were quantitative, we applied Euclidean distance to convert
them into a distance matrix. We then performed a principal
coordinate analysis (PCoA) on the distance matrices (functional
and cultural), and used the resulting PCoA axes as variables to
compute functional and cultural diversity indices. To estimate
functional and cultural diversity, we used indices that estimate
richness and divergence of functional traits and cultural values.
Functional and cultural richness were estimated by functional
richness index (FRic) and Rao’s quadratic entropy (RaoQ)
was used to estimate functional and cultural divergence. We
estimated richness and divergence indices using the dbFD
function in the FD package and the R version 4.0.0 (Laliberté
et al., 2014; R Core Team, 2020). Using this approach,
we obtained values of cultural and functional richness and
divergence for each hexagon. FRic captures the amount of
functional (or cultural) space occupied by species in a given
community (Villéger et al., 2008), independently of the species
abundance (Mason et al., 2005). RaoQ is calculated using the sum
of pairwise distances between species weighted by their relative
abundance (Botta-Dukát, 2005). RaoQ increases as the most
abundant species exhibits increasingly extreme trait (or cultural
values). While FRic is a measure of richness, i.e., the amount
of functional or cultural space available, RaoQ is a measure of
divergence, i.e., how the species are distributed in the functional
or cultural space (more spread out or more clumped). The use of
different indices is important, because each captures one aspect of
functional and cultural diversity (Mouchet et al., 2010). Previous
studies have recommended the use of a combination of richness
and divergence indices to test community assembly mechanisms
along stress gradients (Mason et al., 2013).

We used linear regression to relate the percentage of
impervious surface (predictor variable) to richness and
divergence (response variables) obtained from cultural values and
functional traits. Although other predictors may be important in
shaping urban bird communities, Souza et al. (2019) showed that
impervious surface was the main driver of species richness and
feeding groups for our study area. We visually inspected residuals
for homogeneity of variance and normality (Supplementary
Figures 1–4). We used Pearson correlation to test the congruence
between functional and cultural richness and functional and
cultural divergence. We applied the fourth-corner analysis (Dray
and Legendre, 2008) using the ade4 package in R (Dray and
Dufour, 2007) to better understand the relationships between
cultural value and functional trait composition and impervious
surface. The fourth-corner analysis estimates the correlation

between traits (or cultural values) and environmental predictors
and its significance is tested by permuting the value of sites and
the species (Dray and Legendre, 2008).

RESULTS

Cultural richness and divergence had larger values and variation
compared to functional richness and divergence. Cultural
richness and functional richness varied from 0.15 to 41.42
and from 3e−9 to 4e−5, respectively. Cultural divergence and
functional divergence varied from 0.84 to 9.12 and from 0.08
to 0.16, respectively. Both functional and cultural richness
were negatively affected by impervious surface (Figures 1A,C).
Overall, functional and cultural richness had higher values in the
peripheric regions of Campo Grande (Figures 2A,C). Impervious
surface explained 21% of cultural richness variation (slope = –
0.15, F = 15.85, DF = 59; P = 0.0001) and 29% of functional
richness variation (slope = – 5.4e−8, F = 21.71, DF = 59;
P = 0.00001). However, impervious surface did not affect cultural
(slope = – 0.003, F = 0.09, P = 0.75) nor functional divergence
(slope = 4.9e−05, F = 1.58, P = 0.21; Figures 1B,D, 2B,D). Cultural
and functional richness were weakly, but significantly correlated
(Pearson r = 0.45, P = 0.0002; Figure 3A), similar to cultural and
functional divergence (Pearson r = 0.30, P = 0.01) (Figure 3B).

Impervious surface negatively affected bird nesting (r = – 0.23;
P = 0.01), showing that urbanization decreased the number of
birds that nested on trees and increased those that nested on
artificial structures and on the ground. Impervious surface did
not affect any of the remaining functional traits and or cultural
values significantly (Table 3).

DISCUSSION

We found that bird functional and cultural richness (i.e., the
amount of functional or cultural space occupied by species)
decreased along a gradient of impervious surface in a city
located in the Cerrado hotspot. This pattern means that people
who live in highly urbanized areas may have less contact with
culturally and functionally important bird species compared to
those in less urbanized areas. However, functional and cultural
divergence (i.e., how the species are distributed in the functional
or cultural space) were not affected by impervious surface,
which could be related to the sensitivity of these indexes to the
abundance of some species. Both functional and cultural richness
and divergence were weakly correlated, demonstrating that the
loss of functional diversity implies in a certain loss of cultural
diversity and vice-versa. In highly urbanized areas, people may
experience less contact with birds that are culturally valued and
cultural services provided by birds may be diminished. Among
individual traits, we found that impervious surface negatively
affected bird nesting.

Impervious surface affected functional and cultural richness
negatively. This negative effect of urbanization on bird functional
diversity was also found by Sol et al. (2020) using a global dataset.
Overall, urbanization represents a drastic land use change,
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FIGURE 1 | Relationships between the percentage of impervious surface and cultural (A) and functional (B) richness, and cultural (C) and functional (D) divergence
for bird sampled in 61 hexagons in Campo Grande, central Brazil.

converting natural habitats into impervious surface and thereby
reducing the amount of resources (Chace and Walsh, 2006). In
Brazil, exposure to noise was the main variable responsible for
variation in bird functional diversity in Belo Horizonte (Pena
et al., 2017) and bird richness was affected by noise level and
distance to water in São Paulo (Barbosa et al., 2020). As only a few
species can cope with these novel habitats, the functional diversity
will decrease (Schütz and Schulze, 2015; Concepción et al., 2017).

We found that urbanization decreased the number of tree-
nesting birds, but increased the number of birds nesting in or on
artificial surface and on the ground. Our results partially agreed
with Concepción et al. (2017), who found that urbanization
mostly affected nesting traits by reducing the number of
tree-, and ground-nesting species. Therefore, people have fewer
opportunities to observe tree-nesting birds and nestlings in
highly urbanized areas. The loss of this interaction, particularly
between humans and fledglings, may be concerning, because
young animals in general stimulate positive human attitudes,
such as compassion, empathy and prosocial and environmental
behavior toward animals (Young et al., 2018; Castillo-Huitrón
et al., 2020). Despite this, gardens play an important role to
maintain bird species richness in Campo Grande, including

habitat for parrots, parakeets, macaws, and other tree-nesting
species (Souza et al., 2019). The negative relationship between
functional diversity and nesting traits with urbanization indicates
that increasing green surface should be a priority to maintain
tree-nesting birds, as well as bird functional diversity, ensuring
essential ecosystem services in cities.

The effects of urbanization on bird cultural diversity and
cultural values are less known. Most studies rely on assessing
how humans value birds and which traits increased the value
of a particular species (Zmihorski et al., 2013; Cox and Gaston,
2016; Cox et al., 2018; Schuetz and Johnston, 2019; Echeverri
et al., 2020). Despite the many publications on the topic, to
our knowledge, no studies have related human well-being with
cultural diversity associated with birds. Watching birds can
improve the well-being and metal health of urban residents
(Belaire et al., 2015; Cox and Gaston, 2016; Hedblom et al.,
2017). The negative relationship between bird cultural richness
and the amount of impervious surface may indicate that people
lose the experience of nature in more urbanized areas and this can
affect human psychological well-being (Cox and Gaston, 2016;
Hedblom et al., 2017; Cox et al., 2018). Nevertheless, urbanization
did not affect any specific cultural value. Unlike functional traits
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FIGURE 2 | Spatial distribution of cultural (A) and functional richness (B), and cultural (C) and functional divergence (D) along the gradient of impervious surface
cover in Campo Grande, central Brazil.

that can be selected by environmental gradients, as we showed
here, cultural values are attributed to biodiversity by people and
these values may not be strongly correlated with functional traits
or biological characteristics (Figure 3) and may vary depending
on the culture (Cámara-Leret et al., 2019; Schuetz and Johnston,
2019; Echeverri et al., 2020). For example, in our study, the
most culturally important birds, such as turkey vulture (Cathartes
aura), certain passerines (e.g., rufous-bellied thrush Turdus
rufiventris, chalk-browed mockingbird Mimus saturninus, and
southern rough-winged swallow Stelgidopteryx ruficollis) and
parrots and parakeets (e.g., turquoise-fronted amazon Amazona
aestiva, yellow-chevroned parakeet Brotogeris chiriri, and white-
eyed conure Psittacara leucophthalmus) have different feeding
habits, size, habitat preference, and nesting, which can explain
the lack of relationship between urbanization and cultural values
(Goodness et al., 2016).

For species associated with less urbanized areas, such as
greater thornbird (Phacellodomus ruber), violaceous euphonia
(Euphonia violacea), and yellow-chinned spinetail (Certhiaxis
cinnamomeus), we found no or few mentions of cultural
significance. Nevertheless, our findings may not reflect trends
across other societies, considering that indigenous people, rural
and urban dwellers have different views of nature, which can
impact cultural values of biodiversity (Tryjanowski et al., 2015;
Cámara-Leret et al., 2019). For example, people from rural
and urban areas differ in the amount and type of food they
supplied to birds, as a consequence of social and cultural
differences (Tryjanowski et al., 2015). In addition, cultural
values are not static and can be evaluated and interpreted
in different ways by different actors (Tengberg et al., 2012).
The lack of cultural values of some species found in Campo
Grande could potentially result in low importance attributed
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FIGURE 3 | Relationships between cultural and functional richness (A), and cultural and functional divergence (B) for bird sampled in 61 hexagons in Campo
Grande, central Brazil.

to the local extinction of these birds in urban landscapes.
This can create a negative feedback, as people in urban areas
can easily adapt to impoverished landscapes (Cox and Gaston,
2016; Soga and Gaston, 2016). As a result, the biodiversity of
these landscape can further deteriorate, thus exacerbating the
“extinction of experience” phenomenon (Pyle, 1993; Soga and
Gaston, 2016). Moreover, bird conservation efforts are tied to
social values (Ainsworth et al., 2016, 2018), directing decision-
making processes toward more valued species. Environmental
awareness and citizen-science programs are useful to expand
the perception of these species with low or no associated
cultural value (Trumbull et al., 2000). Therefore, birdwatching,
environmental education, citizen science (including monitoring)
and other ongoing initiatives should be improved and expanded
in Campo Grande (Mamede and Benites, 2018).

Using aggregated measures, such as richness and divergence,
we showed that cultural and functional measures were weakly
correlated and had a similar relationship with impervious

TABLE 3 | Relationships between bird functional traits and cultural values and
impervious surface in Campo Grande obtained from fourth corner analysis.

Dimension Test r adjusted p-value

Impervious surface∼body size 0.01 1.00

Impervious surface∼diet −0.05 1.00

Impervious surface∼habitat 0.00 1.00

Functional Impervious surface∼nesting −0.23 0.01

Impervious surface∼mating 0.09 0.92

Impervious surface∼flock −0.10 1.00

Impervious surface∼football teams −0.02 1.00

Cultural Impervious surface∼music/poetry 0.06 1.00

Impervious surface∼city flags 0.06 1.00

Impervious surface∼ folklore tales 0.00 1.00

Bold represents significant correlation.

surface. These results provide some clear messages. First, either
functional or cultural indices can be used to monitor the effects
of urbanization on bird assemblages. Second, the correlation
between functional and cultural richness with urbanization
indicates that in city centers and highly urbanized areas, people
may be losing positive nature experiences, thereby negatively
affecting human well-being (Cox and Gaston, 2016; Hedblom
et al., 2017; Cox et al., 2018). The loss may also affect ecosystem
services, including pest control and pollination (Wenny et al.,
2011; Gaston et al., 2018a). Urbanization also drastically
decreases bird richness (Souza et al., 2019; Barbosa et al., 2020)
and induces homogenization of plumage color, characteristics
that attract people’s attention (Schuetz and Johnston, 2019).
Highly urbanized areas may also increase undesirable human-
bird experiences (Cox et al., 2018). On the other hand, parks,
lakes and other less urbanized areas can serve as locations for
positive interactions between birds and people, including the
possibility to see native passerines, parrots, parakeets and other
culturally valued species.

Contrary to our prior hypothesis and the results of Sol et al.
(2020), we found that cultural and functional divergence were
not correlated with impervious surface cover, i.e., impervious
cover did not decrease functional or cultural dissimilarity
between co-occurring species. In fact, most sites contained
species with intermediate abundance and trait values, indicating
intermediate to low levels of divergence. For functional traits,
some generalist may be responsible for this pattern. For
example, the most abundant and widespread species (house
sparrow Passer domesticus, feral pigeon Columba livia, yellow-
chevroned parakeet, saffron finch Sicalis flaveola, and rufous
hornero Furnarius rufus) are of small to intermediate size,
with varied feeding and habitat requirements, nesting and
mating strategies and flocking behavior. In Belo Horizonte,
another major inland city in Brazil, exposure to noise negatively
affected bird divergence (RaoQ) estimated from similar traits,
but the average distance to a green surface had a positive effect
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on divergence (Pena et al., 2017). Concepción et al. (2017)
reported that divergence (RaoQ) of nesting and diet traits were
positively related to urban areas, indicating trait divergence
along a gradient of urban use. For cultural values, some
culturally important species, such as the turkey vulture and
the chalk-browed mockingbird were not necessarily the most
abundant. Other bird species (rufous-bellied thrush, saffron
finch, and yellow-chevroned parakeet) were widespread and
abundant and also of high cultural importance. These patterns
can explain the lack of relationship between cultural RaoQ and
impervious surface cover.

In urban areas, people usually interact with bird species that
are common, diurnal, and easy to see or hear (Gaston et al.,
2018b). The increasing familiarity with these birds may lead
to more positive perceptions and interactions (Echeverri et al.,
2020). Therefore, we would expect these common species to
be the most represented in human culture. While Echeverri
et al. (2020) reported that in Costa Rica people preferred species
associated with forests, we found that most species of cultural
importance were not dependent on forests. This difference can
result from the different methods used to assess cultural services.
Unlike us, Echeverri et al. (2020) used online surveys to study
cultural services, while we used common cultural representations
(football teams, music, poetry, city flags, anthems, and folklore
tales), we acknowledge the existence of many others. Similarly,
different functional traits could be used to estimate functional
diversity. We used traits available for the species in our dataset
and in a published study assessing the effects of urbanization on
birds in Brazil (Pena et al., 2017).

The loss of functional and cultural bird diversity due to
urbanization suggests that people have fewer opportunities
to experience biodiversity in highly urbanized areas and,
consequently, their well-being might suffer (Cox and Gaston,
2016; Cox et al., 2017). It is not only about losing personal
benefits, but this loss of functional and cultural bird diversity
creates a negative cycle of disaffection. This can have
disastrous consequences, since such experiences with nature
are irreplaceable and direct personal contact with the natural
environment is vital to weave a person’s emotional intimacy with
nature (Pyle, 1993; Soga and Gaston, 2016).
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