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Abstract. Recently, studies have shown that highly urbanized areas are numerically dominated by birds with
grey plumage, probably favoring camouflage with impervious grey surfaces. However, patterns of bird color di-
versity in urban green areas remain unexplored. In urban parks, sites surrounded by highly urbanized areas may
be dominated by grey bird species, whereas urban parks with pedestrians that feed birds may favor commensal
birds which also have grey plumage. Thus, we explore the relationship between environmental variables and
bird taxonomic and color diversity in urban parks. Bird surveys were conducted twice by fixed points in urban
parks of six cities in central Argentina. Bird color diversity was assessed by characterizing bird plumage col-
oration in different parts of the bird body and the presence of plumage sexual dimorphism, polymorphism, and
iridescence. Then, color richness and color diversity (abundance-based) were calculated with species mean pair-
wise distance. Null models were used to quantify richness-corrected color diversity. Bird species richness and
diversity increased with green-area size, and bird diversity decreased with increasing pedestrian traffic. Color
richness decreased with increasing car traffic, whereas color diversity was positively related to green-area size
and negatively related to car and pedestrian traffic. Richness-corrected color diversity related negatively to car
and pedestrian traffic. The abundance of grey birds increased in parks near the urban centers and related posi-
tively to pedestrian and car traffic. The abundance of yellow birds increased in parks near rural areas or small
cities. Color diversity increased with green-area size, but richness-corrected color diversity ceased to be related
to area size. Therefore, the increase in color diversity with area size was mediated by increases in species rich-
ness. Color diversity was clustered in parks with the highest human disturbance, favoring the abundance of grey
species which probably took advantage of food discarded by humans.

1 Introduction

The theory of island biogeography (MacArthur and Wil-
son, 1967) predicts that bird species richness increases on
those largest islands near the continental pool of species. The
greater area size promotes lower species extinction, whereas
the nearness to the continental species pool promotes greater
species colonization. These predictions have also been tested
in fragments of terrestrial habitats or habitat islands sur-
rounded by hostile habitats, such as forest fragments and ur-
ban green areas (Haila, 2002; Matthews et al., 2016). How-
ever, other confounding factors correlated with area size such
as habitat diversity can also play a role in molding species

richness in habitat islands (Simberloff, 1976; Ricklefs and
Lovette, 1999). Habitat diversity, measured as the proportion
of vegetation strata or different habitat types in a site, may
enhance species diversity by providing different resources to
birds (MacArthur and MacArthur, 1961; Tews et al., 2004).

Urban parks are considered hot spots of bird diversity in
cities (Nielsen et al., 2014). Due to urban parks being heav-
ily designed and managed, their habitat diversity may be in-
dependent of their area size. Therefore, urban parks are ex-
cellent places to test the relative roles of area size, isola-
tion, and habitat diversity molding bird diversity (Leveau and
Leveau, 2016; Yang et al., 2020). Moreover, human distur-
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bances such as noise or pedestrian traffic may also negatively
impact species diversity and influence species composition
(Fernández-Juricic, 2002; González-Oreja et al., 2012; Zhou
and Chu, 2012). In addition, urban green areas are threat-
ened by urban expansion within cities or urban densification
(Colding et al., 2020). Therefore, understanding of the rela-
tionship between green-area size, isolation, habitat diversity,
and bird diversity is fundamental to predicting the effects of
urban densification in cities.

Bird diversity in urban parks has been explored through
different facets, such as taxonomic, functional, or phyloge-
netic diversities (Morelli et al., 2017; Curzel et al., 2021;
Nava-Díaz et al., 2022; Melo et al., 2022; Mao et al., 2023).
Due to the functional and phylogenetic diversities being gen-
erally positively correlated with species richness (but see
Morelli et al., 2016, for birds and Lopez et al., 2018, for
vascular plants), null models are used to analyze the depar-
tures of the functional and phylogenetic diversity with re-
spect to chance (Petchey et al., 2007). Therefore, positive
values compared to the null model indicate overdispersion
of functional traits or phylogenetic relatedness, whereas neg-
ative values indicate clustering of functional traits or phylo-
genetic relatedness (Webb et al., 2002; De Bello et al., 2021).

Studies that have analyzed departures from null models
of functional or phylogenetic traits in urban green areas are
scarce (Zhang et al., 2018; Liu et al., 2019; Nava-Díaz et al.,
2022). In general, these studies have found that increased ur-
ban park size is related to clustered functional and phyloge-
netic traits. Therefore, the larger urban green areas are inhab-
ited by species with similar functional traits and that are phy-
logenetically related. This pattern has been found in a recent
global meta-analysis (Matthews et al., 2023), and its authors
proposed that the number of guilds increased with area size
at a slower rate than the number of species, thus promoting
functional redundancy. The functional diversity considered
in these studies is related to the variety of food resources
species obtain. Other traits such as bird plumage color (bird
color hereafter) may have a role in filtering species accord-
ing to area size, isolation, or habitat diversity. However, the
analysis of bird plumage diversity has not yet been analyzed
in urban green areas.

Bird color diversity has recently been analyzed along ur-
banization gradients, and sites dominated by buildings were
clustered compared to null models, being dominated by
bird species with grey or dark colors (Leveau, 2019; Turak
et al., 2022). Grey plumage may enhance bird camouflage
with impervious grey surfaces (Leveau, 2019). Therefore, the
match of color plumage and habitat surfaces to avoid preda-
tion could be a significant factor in molding species’ pres-
ence in anthropogenic environments (Bailey, 1978; Endler,
1993; Delhey and Peters, 2017; Leveau, 2021; Leveau and
Ibañez, 2022). Birds in urban environments face predation
risk mainly by avoiding humans, cats, and dogs (Møller
and Ibáñez-Álamo, 2012; Morelli et al., 2023). In addi-
tion, plumage colorfulness could be related to bird intraspe-

cific communication in closed urban environments, such as
wooded urban parks (Butcher and Rohwer, 1989; Cooney et
al., 2022). On the other hand, bird plumage color in urban
parks may be influenced by the surrounding urban landscape,
favoring the dominance of grey species in parks surrounded
by high levels of urbanization. Moreover, the presence of
pedestrians who feed birds may also favor the presence of
commensal bird species, which usually have grey plumage
color, such as doves or house sparrows (Passer domesticus)
(Hambuckers et al., 2023; Swartz et al., 2023).

On the other hand, the pattern of bird color diversity and
composition in urban areas is useful for understanding the
loss of cultural ecosystem services provided by birds (Good-
ness et al., 2016; Valente-Neto et al., 2021). Bird colors have
been important for human perception in urban areas (Be-
laire et al., 2015; Andrade et al., 2022). For example, yel-
low, orange, and blue plumage colors have been appreciated
by humans (Lišková and Frynta, 2013; Frynta et al., 2010).
Although the information about bird color composition and
urban green areas is scarce, published studies have found
that green areas surrounded by buildings or noise are dom-
inated by grey species (Hambuckers et al., 2023; Swartz et
al., 2023).

The objective of this study was to analyze the variation
in taxonomic and color diversity in urban parks of six cities
in central Argentina. Regarding taxonomic diversity, we ex-
pect greater bird diversity in the larger and less isolated urban
parks. Moreover, we expect a positive relationship between
species diversity and habitat diversity. Regarding bird color
diversity, we expect that urban parks surrounded by buildings
will be numerically dominated by bird species adapted to im-
pervious areas and human presence, those with grey plumage
and an omnivorous diet to exploit discarded human food. Ur-
ban areas near to city fringes and surrounded by less imper-
vious cover may have a higher diversity of bird colors. Based
on previous studies (Nava-Díaz et al., 2022; Matthews et al.,
2023), we expect a clustering of plumage colors in the larger
urban parks.

2 Methods

2.1 Study area

The study was conducted in the pampa grassland of central
Argentina (Fig. 1). The climate is subtropical temperate with
cold winters and hot and wet summers. The original vege-
tation comprises hygrophyte and halophyte meadows asso-
ciated with edaphic–topographic conditions, where we can
find species such as Piptochaetium stipoides, Piptochaetium
montevidense, Solanum glaucophyllum, Sporobolus pyrami-
datus, and Sporobolus montevidensis among others (Oyarza-
bal et al., 2018). In addition, Celtis ehrenbergiana forests can
be found associated with calcareous shell deposits parallel to
the Atlantic coast (Parodi, 1940). Today the region is heavily
impacted by agriculture, cattle raising, and tree plantations.
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Figure 1. Location of urban parks in six cities of central Argentina. The black dots on the city maps indicate the parks that were studied.
Red: urban area; green: forests; yellow: lawn or grasslands; pink: cultivated area; blue: lakes, rivers, or sea. Images were obtained from
WorldCover 2021 v200 (https://esa-worldcover.org/en, last access: 29 October 2021).

Table 1. Description of cities surveyed.

Parks Point
City surveyed counts Population

Necochea 5 10 92 933
Miramar 6 8 29 629
Mar del Plata 15 22 860 000
Balcarce 7 8 38 823
Tandil 9 12 116 967
Olavarría 9 11 89 721

A total of 51 urban parks in six cities were surveyed. Green
areas were urban parks composed generally of managed ex-
otic vegetation and asphalted sidewalks. Human population
size ranged between 860 000 inhabitants (Mar del Plata) and
29 629 inhabitants (Miramar), with a population increase be-
tween 4 % (Necochea) and 22 % (Mar del Plata) (National
Institute of Statistics and Censuses, period 2000–2010) (Ta-
ble 1). Population increases were related to the process of ur-
ban expansion over rural areas and urban densification (Mer-
lotto et al., 2012; Leveau, 2014; Linares et al., 2022). Cities
were founded between 1823 (Tandil) and 1888 (Mirarmar).

2.2 Bird surveys

Bird counts were performed during the first 4 h of the morn-
ing by an observer with more than 15 years of experience.
Two visits were made: one during autumn (July) and one
during spring (October–November) 2018. The surveys were
carried out at fixed points with a radius of 50 m for 5 min, in
parks separated by at least 200 m from each other. In parks
smaller than 2 ha, a single point was established in the center
of the park. In larger parks, two or more points were located
that were separated by at least 200 m. Only birds that used
the park, either eating or perching, were counted, avoiding
birds that flew high above.

2.3 Environmental variables

At each sampling point, four perpendicular photographs
were taken according to the four cardinal points to make an
estimate of the habitat structure. For each of the photographs,
the percentage cover of grass, trees, shrubs, asphalted side-
walks, buildings, and bare soil was estimated visually. The
values of the four photographs were averaged for each point.
With these cover values, habitat diversity was quantified and
measured with the Shannon index (Shannon, 1948) based on
the proportion data of each substrate. During the counts, the
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number of people at each point and the number of cars pass-
ing on the street closest to the point were also quantified.
Finally, the size of each park was measured with Google
Earth Pro.

At the landscape scale, the minimum distance from each
park to rural areas, the minimum distance to other green ar-
eas equal to or greater than 1 ha, and the minimum distance
to the city center were measured using Google Earth Pro. Ru-
ral areas were defined as sites outside city polygons (Fig. 1)
with building densities lower than 2.5 buildings ha−1 (Mar-
zluff et al., 2001). The center of each city was considered
the most urbanized area of the city and was characterized by
an urban park surrounded by the administrative and the com-
mercial center. The number of inhabitants of each city was
also obtained based on data from the last national census.
The number of inhabitants is an indicator of the size of the
city which would act on the dispersal of birds. The larger the
size, the greater the isolation of non-urban bird populations
is expected to be.

2.4 Bird plumage color

Bird plumage color (hereafter bird color) was obtained
through plates from the Handbook of the Birds of the World
Alive (HBWA, https://www.hbw.com, last access: 7 May
2020) and from the Aves Argentinas free mobile phone ap-
plication, both consulted during January 2019. Color types
were taken from 12 patches of the bird body (see Leveau,
2019, and Table S1 in the Supplement): (1) crown, (2) head,
(3) cheek, (4) mantle, (5) primaries, (6) wing coverts, (7)
back, (8) rump, (9) tail, (10) belly, (11) breast, and (12)
throat. When the rump color description was not available,
we searched for photographs on Google where the rump was
visible. Color characterization was obtained from color de-
scriptions in HBWA, the Aves Argentinas phone application,
and personal consideration from one of us (Lucas M. Lev-
eau). We created binary categories for body patches that had
two colors in which the first color was the dominant (see Lev-
eau, 2019). Other plumage characteristics were the presence
of sexual plumage dimorphism, polymorphism, and irides-
cence (Table S1).

2.5 Taxonomic and color diversity

Taxonomic diversity was estimated by species richness and
diversity. Species richness was the accumulated species in
each green area during the two visits. Species diversity was
the Shannon index calculated with accumulated bird abun-
dances during the two visits for each green area.

Color richness was calculated with the mean pairwise dis-
tance between species pairs in the community matrix. A
Gower distance was calculated for the matrix of species col-
ors, and then a presence–absence community matrix was
used. Color diversity was calculated with the mean pair-
wise distance weighted by species abundances. Color rich-

ness and diversity were calculated with the function mpd in
picante (Kembel et al., 2010; R Core Team, 2019). Because
color richness and diversity may be influenced by species
richness values in each sampling unit, standardized effect
sizes of mean pairwise distances for richness (SES richness)
and diversity (SES diversity) were calculated using the null
model independent swap through 999 randomizations with
the function ses.mpd in picante (Kembel et al., 2010). Posi-
tive SES values indicate that bird color richness or diversity
is higher than expected by chance, and negative SES values
indicate that color richness or diversity is lower than expected
by chance.

2.6 Color composition

The relationship between color composition and environ-
mental variables was assessed through fourth-corner analy-
sis (Brown et al., 2014). This analysis allows fitting a predic-
tive model for species abundance as a function of environ-
mental variables, species traits, and their interaction. Each
species was classified according to the predominant color
in their plumage patches and the presence of sexual dimor-
phism, polymorphism, and iridescence (Table S2 in the Sup-
plement). This matrix was compared to the species abun-
dances by site matrix and to the environmental variables by
site matrix with the function traitglm of the mvabund pack-
age, and a Gaussian structure of errors was used (Wang et
al., 2018).

2.7 Statistical analysis

The relationship between taxonomic and color diversity and
environmental variables was assessed through generalized
linear models. For species richness, a Poisson error struc-
ture was used. For the rest of the response variables, a
Gaussian error structure was used. Multicollinearity was as-
sessed through Pearson correlations between environmen-
tal variables, considering a correlation >0.70 to be impor-
tant (Vatcheva et al., 2016). A significant correlation was
found between human population and distance to rural areas
(r > 0.70); therefore we used only distance to rural areas in
models. A backward model selection was used from the full
model using the ANOVA function. Final models were com-
pared with null models using a likelihood ratio test (LRT test)
(P < 0.05). The r2 of significant models was obtained with
the function rsq of the package rsq (Zhang, 2021). All di-
agnostic analyses were carried out with the DHARMa pack-
age (Hartig, 2021). Due to parks being nested within cities,
we explored significant (P < 0.05) spatial autocorrelations
of models residuals with SAM software (Rangel et al., 2010)
and found no significant patterns of spatial autocorrelation.
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3 Results

Bird species richness and taxonomic diversity increased
with increasing green-area size (richness: LRT= 27.82, P <

0.001, r2
= 0.44; diversity: LRT= 2.57, P < 0.001, r2

=

0.45; Table 2a, b; Fig. 2a, b). Moreover, bird taxonomic di-
versity was negatively related to pedestrian traffic (Table 2b;
Fig. 2c).

Bird color richness tended to be negatively related to
car traffic (LRT= 0.03, P = 0.082, r2

= 0.06; Table 2c;
Fig. 2d). After accounting for species richness, bird color
richness was not related to any environmental variable
(LRT= 2.18, P = 0.147; Table 2d). Thus, bird color rich-
ness was random in urban parks. Bird color diversity was
positively related to green-area size and negatively associ-
ated with car and pedestrian traffic (LRT= 0.11, P < 0.001,
r2
= 0.52; Table 2e; Fig. 2e–g). After accounting for species

richness, bird color diversity was negatively related to car and
pedestrian traffic only (LRT= 9.84, P < 0.001, r2

= 0.45;
Table 2f; Fig. 2h, i). Therefore, green areas with the highest
car and pedestrian traffic had a clustered color composition.

Bird color composition changed with the environmental
characteristics of green areas (Fig. 3). The number of grey
and sexually dimorphic birds increased in green areas near
the urban center. The number of brown, grey, and iridescent
birds increased with increasing green-area size, whereas yel-
low and blue birds increased in green areas near the rural
areas. Black birds tended to be negatively related to habitat
diversity.

4 Discussion

As expected, bird taxonomic richness and diversity increased
with area size and decreased with increasing human dis-
turbance. However, color diversity was positively related to
green-area size only when not corrected by species richness,
and it showed a negative relationship with human distur-
bance. Therefore, the increase in green-area size is expected
to be associated with an increase in bird taxonomic and color
diversity, but human disturbance is expected to filter bird col-
ors. Indeed, green areas near urban centers and with the high-
est human disturbance were dominated by grey and sexually
dimorphic species.

Green-area size positively affected the bird taxonomic di-
versity. This result agrees with theoretical expectations (Ar-
rhenius, 1921; MacArthur and Wilson, 1967). The highest
bird diversity in large green areas could be related to de-
creased extinction risk (MacArthur and Wilson, 1967; Dri
et al., 2021). Although green-area isolation was expected
to affect species diversity (MacArthur and Wilson, 1967;
Fernández-Juricic, 2000), our results showed no relationship
between species diversity and distance to rural areas. Other
studies conducted in urban green areas also showed that iso-
lation was not an important factor in molding species diver-
sity (Beninde et al., 2015; Leveau et al., 2019), suggesting

that the impervious surface is not a significant dispersion bar-
rier for bird species in the regional pool.

The patterns of color richness and diversity along urban
parks varied whether they were corrected for species rich-
ness or not. Color richness tended to be negatively related to
car traffic. However, richness-corrected values did not corre-
late with any environmental variable. Therefore, the loss of
color richness due to car traffic seems to be dependent on the
patterns of species richness. On the other hand, color diver-
sity increased with green-area size, but the richness-corrected
values did not correlate with area size. Thus, the relationship
between green-area size and color diversity seems to be me-
diated by changes in species richness, and probably no pro-
cess of species color filtering due to area size occurs.

The negative relationship between color diversity and car
and pedestrian traffic was maintained when species richness
was taken into account. Therefore, these disturbances prob-
ably acted as a filter of species colors in urban parks. On
the one hand, car traffic could be acting indirectly on bird
color diversity by excluding bird species due to noise (Fran-
cis et al., 2011), except those species adapted to noise that
also are grey species. On the other hand, the effect of pedes-
trians could also act indirectly on bird color diversity. Pedes-
trian traffic and the food pedestrians could provide to birds
may favor the abundance of species with few colors, for ex-
ample, grey in the case of the house sparrow (Passer domes-
ticus), the eared dove (Zenaida auriculata), and the picazuro
pigeon (Patagioenas picazuro) (Leveau, 2019; Hambuckers
et al., 2023; Swartz et al., 2023).

Bird color composition changed in relation to environmen-
tal variables of green areas. The abundance of species with
grey plumage was positively correlated with pedestrian and
car traffic, habitat diversity, area size, and distance to rural
areas (city size) and increased near the urban center. Species
with grey plumage that may become abundant in green areas
are often omnivorous or granivorous species that form flocks
to feed on food discarded by humans (Jokimäki and Suhonen,
1998; Leveau, 2013; Patankar et al., 2021). Such species, like
the house sparrow and the eared dove, are adapted to dis-
turbed sites (Baptista et al., 2020; Lowther and Cink, 2020)
which have high levels of noise due to car traffic. In addition,
the dominance of species with grey plumage was related to
the distance to rural areas, which is an indicator of city size.
City size is positively related to people density and the level
of urbanization surrounding green areas, which may favor the
abundance of grey species.

Yellow and blue birds tended to be more abundant near
rural areas or in small cities. The closeness of rural areas
may favor the dispersion of individuals and the availability
of resources near urban parks. The relationship between city
size and bird colors supports findings made by Leveau (2019)
along impervious surface gradients in three of the six cities
analyzed in this study (Balcarce, Mar del Plata, and Mira-
mar).
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Table 2. Final generalized linear models between taxonomic and color diversity and environmental variables in urban parks of six cities in
central Argentina.

Estimate Standard error z value P

(a) Taxonomic richness Intercept 2.379 0.059 40.500 < 0.001
Size 0.092 0.017 5.460 < 0.001

(b) Taxonomic Shannon diversity Intercept 2.043 0.057 35.655 < 0.001
Size 0.100 0.018 5.662 < 0.001
Pedestrian −0.026 0.009 −2.844 0.007

(c) Color richness Intercept 0.756 0.006 133.990 < 0.001
Car −0.001 0.000 −1.742 0.088

(d) SES color richness Intercept −0.114 0.144 −0.794 0.431

(e) Color diversity Intercept 0.633 0.011 56.028 < 0.001
Size 0.013 0.003 3.968 < 0.001
Car −0.003 0.001 −3.472 0.001
Pedestrian −0.005 0.002 −2.700 0.010

(f) SES color diversity Intercept 0.393 0.139 2.820 0.007
Car −0.027 0.013 −2.121 0.039
Pedestrian −0.067 0.030 −2.221 0.031

Figure 2. Final generalized linear models showing the relationships between environmental variables and bird (a) taxonomic species rich-
ness, (b, c) taxonomic Shannon diversity, (d) color richness, (e–g) color diversity, and (h, i) standardized effects sizes (SESs) of color
diversity in urban parks of central Argentina. Blue lines indicate the fitted model, and grey bands indicate 95 % confidence intervals.
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Figure 3. Relationship between bird color composition and envi-
ronmental variables of urban parks in six cities of central Argentina.
Standardized coefficients for all environment–trait interaction terms
are presented, which represent the interaction between the matrices
of species× sites, environment× sites, and species traits× species
(Brown et al., 2014). Coefficients were obtained with the least
absolute shrinkage and selection operator (LASSO; Brown et al.,
2014) with red colors indicating positive relationships and blue
colors indicating negative relationships. Dist_rural: minimum dis-
tance to rural areas; Dist_center: minimum distance to urban cen-
ter; Dist_green: minimum distance to other green areas; H: habitat
diversity; Size: size of urban park; Car: number of cars passing on
the street closest to the urban park; Pedestrian: number of people at
each urban park.

Camouflage and the avoidance of predation have been pos-
tulated as the main factors shaping animal colors in anthro-
pogenic landscapes (Delhey and Peters, 2017). It is expected
that birds will choose surfaces that match their plumage
color (Endler, 1993). In urban environments dominated by
impervious grey surfaces, grey plumage may favor camou-
flage to avoid humans and other common mammals such as
cats and dogs (Møller and Ibáñez-Álamo, 2012; Morelli et
al., 2023). However, urban parks are usually dominated by
green surfaces composed of lawns where grey birds feed. The
mismatch between the green surface and the grey plumage
can be offset by flocking, which is an antipredator strategy
(Beauchamp, 2023).

The loss of bird color diversity in urban parks may be re-
lated to a loss of cultural services. Bird color has been de-
scribed as one feature appreciated by humans (Lišková et al.,
2015; Belaire et al., 2015). In addition, particular colors such
as yellow and blue that were described as preferred by hu-
mans (Lišková et al., 2015; Correia et al., 2016; Garnett et
al., 2018) declined with city size and distance to rural areas
in our study. Therefore, local factors such as human distur-
bance and landscape factors such as closeness to rural areas

should be controlled to avoid the loss of cultural ecosystem
services in urban parks.

5 Conclusions

The results obtained showed that bird taxonomic diversity
and color diversity were related to green-area size and human
disturbance. After accounting for species richness, bird color
diversity was mainly related to human disturbance. There-
fore, the increase in color diversity with area seems to be
mediated by an increase in species richness. Bird color com-
position changed according to green-area size, disturbance,
park isolation, and city size. Grey species were more com-
mon near the urban center of cities, whereas yellow birds
were more common in parks near rural areas. Bird color
composition in urban parks seems to be influenced by bi-
otic interactions between birds and humans, mediated by the
availability of food resources, and the proximity to highly ur-
banized areas. Finally, the relations between color diversity
and composition with green-area size and human disturbance
suggest a loss of ecosystem services. Future studies should
focus on temporal dynamics of color diversity in urban green
areas, such as seasonal variations (Leveau, 2022), and the in-
clusion of other bird traits related to cultural ecosystem ser-
vices, such as song diversity (Goodness et al., 2016; Han et
al., 2022).
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