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Abstract

Urbanization expansion poses significant challenges to biodiversity. Studies of urban ecology in the
Global North abound, but there is an urgent need to understand the drivers of biodiversity decline in
highly diverse, yet vulnerable and understudied ecosystems such as Neotropical cities. Specifically,
while the influence of environmental, anthropogenic, and ecological factors on biodiversity is well
documented, empirical evidence on how specific urban design features such as the spatial
arrangement of patches and sources of anthropogenic disturbance contribute to these patterns
remains limited. Here, we conducted visual surveys (i.e., point counts) across five cities in the
Colombian Andes to assess how the spatial arrangement of urban features relative to vegetation,
urban infrastructure and human disturbances such as pedestrian and pet density influenced avian
diversity. Patches closer to vegetation, with lower pedestrian density and higher pet density,
supported greater species richness and abundance. Interestingly, evolutionary distinctiveness was not
affected by the ecological variables considered, whereas functional diversity was highest in patches
near urban infrastructure with elevated pedestrian density. Overall, our findings highlight the
importance of (1) preserving larger green areas with lower human disturbance to maintain biodiversity
within urban ecosystems, (2) habitat edges to promote functional diversity in urban ecosystems and

(3) incorporating taxonomic, phylogenetic, and functional dimensions when assessing ecological
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dynamics. Thus, this study contributes to the understanding of urban biodiversity patterns in an
understudied region by identifying key landscape features that support diverse avian communities,

offering insights for biodiversity informed urban planning in rapidly expanding tropical cities.

Resumen

La expansidn urbana impone desafios significativos para la biodiversidad. Por lo tanto, es urgente
comprender los factores que promueven su pérdida en ecosistemas altamente diversos como las
ciudades neotropicales. Si bien los efectos de factores ambientales, antrépicos y ecolégicos sobre la
biodiversidad han sido ampliamente documentados, hay poca evidencia empirica sobre como la
disposicion espacial y fuentes de disturbios antropogénicos contribuyen a estos patrones. Realizamos
censos visuales en cinco ciudades de los Andes colombianos para evaluar como la disposicidn espacial
en relacién con la vegetacion y la infraestructura urbanay, perturbaciones humanas como la densidad
de peatones y mascotas, influye en la diversidad de aves. Encontramos que parches con vegetacién
cercana, menor densidad peatonal y mayor densidad de mascotas, presentaron una mayor riqueza y
abundancia de especies. Interesantemente, la distintividad evolutiva no se vio afectada por las
variables ecoldgicas consideradas, mientras que la diversidad funcional fue mayor en parches
cercanos a infraestructura urbana con alta densidad peatonal. En conjunto, nuestros hallazgos
destacan la importancia de (1) conservar dareas verdes con menor perturbacién humana para
mantener la biodiversidad de los ecosistemas urbanos, (2) los bordes de habitat para promover la
diversidad funcional e (3) incorporar dimensiones taxondmicas, filogenéticas y funcionales al evaluar
dindmicas ecoldgicas. Asi, este estudio contribuye a la comprensiéon de los patrones de biodiversidad
urbana en una regién poco estudiada, al identificar caracteristicas clave del paisaje que promueven
comunidades de aves diversas, ofreciendo informacidn valiosa para una planeacién urbana sensible a

la biodiversidad en ciudades tropicales en rapida expansion.

KEYWORDS: Biodiversity, Birds, Habitat fragmentation, Neotropics, Point counts, Urbanization
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INTRODUCTION

Urbanization is considered one of the main threats for wildlife and its conservation as it introduces
novel components such as chemical, visual and auditive pollution that create ecological pressures that
only some species can overcome (Aronson et al. 2014). Broadly, urbanization tends to reduce,
taxonomically homogenize, and reshape the composition of animal communities (McKinney 2008).
However, the impact of urbanization on wildlife can vary regionally and affect species differently
(Miller et al. 2013; Kondratyeva et al. 2020; Sun et al. 2025). Moreover, most of this research has
focused on temperate ecosystems (but see Leveau and Leveau 2005; Leveau 2019 for studies
conducted in the neotropics), limiting our understanding of how urbanization affects biodiverse but
vulnerable areas, affected by rapid and often unregulated urban expansion, such as the neotropics
(Smit 2021). Therefore, studies assessing the impact of urbanization on tropical ecosystems whilst
considering the traits of involved species are needed to provide a comprehensive understanding of
the response of biological communities to this process to then inform wildlife management plans

aiming to protect diversity in urban ecosystems.

Species diversity can be influenced by an interplay between environmental factors such as primary
productivity, vegetation diversity, presence of water bodies and anthropogenic factors such as noise,
light and air pollution (review by Hughes et al. 2022). However, the diversity of certain vertebrate
groups, such as birds, can be particularly susceptible to changes in these environmental and
anthropogenic factors, due to their reliance on vegetation resources for nesting and foraging (Narango
et al. 2017), and their high sensitivity to stressors such as light and noise pollution, which can induce
behavioral and physiological responses (Dominoni et al. 2020). Indeed, previous studies have reported
that factors associated with a higher habitat quality such as a greater primary productivity, vegetation
diversity (Leveau 2019), presence of water bodies (Xie et al. 2022) and a reduction in light and noise
pollution (Perillo et al. 2017; Morelli et al. 2023) promote avian diversity in urban ecosystems.

However, this effect might vary according to the trophic guild of the birds (e.g., Morelli et al. 2023).
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Other environmental factors such as domestic animal presence and pedestrian density can also affect
the diversity of urban niches however, its study remains largely limited to rural and natural ecosystems
(as noted by Forrest and St. Clair 2006). However, some studies showed avian diversity tending to
decrease as human population density and dog presence increased (Banks and Bryant 2007; Fontana
et al. 2011). Moreover, the impact of urbanization can vary among species as some life-history traits
might facilitate the colonization of urban niches and thus, their diversity (McKinney 2008). For
example, birds that are smaller, less territorial, generalist, long-lived, with high dispersal distance, that
have larger clutches and occupy lower elevations, tend to be more successful under urban conditions

when compared to those that do not exhibit these life-history traits (Neate-Clegg et al. 2023).

Although the interplay of environmental, anthropogenic, and ecological factors in shaping biodiversity
is well documented, empirical evidence on how urban design features such as the spatial arrangement
of local patches in relation to vegetation and urban infrastructure contributes to these patterns
remains limited. The proximity of patches to vegetation and urban infrastructure can influence their
capacity to support biodiversity, as these features are indicators of habitat connectivity and resource
availability (as reported by Qi et al. 2021). Hence, well-connected patches that have proximate
vegetation and further urban infrastructure, are expected to provide resources, shelter, and enhance
animal movement, supporting greater diversity than fragmented patches with further vegetation and
closer urban infrastructure (Qi et al. 2021). Indeed, some studies have shown that patches proximate
to native vegetation (Mufioz-Pacheco and Villasefior 2023) and high levels of woody cover (Mufioz-
Pedreros et al. 2018) were associated with higher avian diversity. However, these studies mainly
focused on patch distance to vegetation cover and have only focused on one city, overlooking the
potential influence of proximity to urban infrastructure, a key indicator of habitat fragmentation, on
biodiversity, as well as whether these patterns maintain across regional scales. Therefore, studies that
simultaneously assess the effects of both distance to vegetation cover and urban infrastructure on a

regional scale are needed to provide a more comprehensive understanding of how spatial
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arrangement influences the diversity of patches and to inform the development of biodiversity-

friendly urban landscapes.

Here, we conducted visual surveys (i.e., point counts) in five cities in the Colombian Andes to assess
how the spatial arrangement of urban features and levels of human disturbance influenced avian
diversity on a regional scale. We choose birds as our study model as they offer an interesting
opportunity to study this due to their conspicuousness, ease to survey, presence in areas with
different human-intervention levels and being ecological indicators of the presence of other taxa such
as invertebrates (Fraixedas et al. 2020). We specifically aimed to understand how the distance of
patches to urban infrastructure and vegetation cover, as well as pedestrian and domestic animal
density, influenced the species richness, relative abundance, functional diversity, and evolutionary
distinctiveness of avian communities. We expected species richness and relative abundance to decline
and communities to homogenize as distance to vegetation, pedestrian density, domestic animal
density increase and, distance to urban infrastructure decrease as less fragmented and disturbed
areas tend to support greater biodiversity. Overall, this study aims to provide insights regarding how
specific urban design and human-induced disturbances shape bird communities across tropical cities

with the goal of informing more biodiversity-sensitive urban planning.

METHODS

Study area

This study was conducted in five cities located in the Colombian Andes (Figure 1). Cities were selected
based on accessibility and aiming to ensure a broad representation of the Andean region, allowing us
to evaluate whether the observed avian diversity patterns maintain across a regional gradient formed
by cities with varying levels of impervious surface (Table 1). Impervious surfaces reflect the degree of
human development of a given site, as they consist of built infrastructure such as roads, rooftops, and

sidewalks that limit water infiltration. Therefore, we used the extent of impervious surface as a proxy
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for urbanization level (as suggested by Hanh Nguyen et al. 2023). The impervious surface for each
selected city and study site was calculated using the Zonal Statistics tool in QGIS (QGIS Development
Team 2018) on the 2024 Global Artificial Impervious Area (GAIA) raster covering the study region

(Gong et al. 2020).

Study sites within each city were selected to represent a local urbanization gradient ranging from
natural sites, parks to residential areas (Figure 2) based on the extent of their impervious surface (1S)
and patterns of human use (following Ardila-Villamizar et al. 2022). Natural sites consisted of areas
with a low percentage of impervious surface where recreational activities are prohibited, resulting in
a lower intensity of human-induced disturbances. Parks were sites with a medium percentage of
impervious surface, higher than natural sites but lower than residential areas, that have infrastructure
for recreational use, leading to a higher intensity of disturbances. Lastly, residential areas had a high
percentage of impervious surface, with heavy vehicular traffic and pedestrian density, and
consequently, experienced the highest level of human-induced disturbances within categories. We
selected two sites per category in each city, thus, there were six study sites per city and 30 in total

(Figure 2).
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Figure 1. Map highlighting the five Colombian Andes cities selected for this study. Cities (Bogotd, Medellin,

Ibague, Neiva and Tunja) are represented by a yellow bubble. This image was recovered from Google Earth.
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153 Figure 2. Map highlighting the selected study sites in Bogota, Medellin, Ibagué, Tunja and Neiva. Sites
154 represented an urbanization gradient ranging from natural sites highlighted by blue bubbles, parks highlighted
155 by green bubbles and residential areas highlighted by gray bubbles. This image was recovered from Google
156  Earth.
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Table 1. Percentage of impervious surface of each of the selected cities and study sites. Impervious surface for
each selected city and study site was calculated using the Zonal Statistics tool in QGIS (QGIS Development Team

2018) on the 2024 Global Artificial Impervious Area (GAIA) raster covering the study region (Gong et al. 2020).

City (Impervious surface %)

Site

Site category

Impervious surface %

Bogota (67. 5)

Medellin (65.55)

Tunja (61.79)

Neiva (57.81)

Humedal Burro

Humedal Cérdoba

Simon Bolivar
Timiza
Javeriana

Libre

Cerro Volador
Jardin Botanico
Humedal Ditaires
Presidenta
Universidad de
Medellin

UPB

Ecogranja
Reserva Malmo
Independencia
Muiscas

Pinzon

UPTC

Jardin Botanico
Mirador Mohan
Vergel
Cucaracha

UAN

Corhuila

Natural site

Park

Residential area

Natural Site

Park

Residential area

Natural site

Park

Residential area

Natural site

Park

Residential

9.49
1.86
26.94
25.79
60.54
32.6
1.88
12.5
43.75
34.61
75

68.44
1.82
0.81
42.8
47.23
57.89
95.55
0.25
0.57
25.56
42.5
73.4
68.98
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Data collection

First, we selected three locations within each study site varying in their proximity to urban
infrastructure and vegetation (Figure 2). The first patch (Grey Edge) was located within five meters of
urban infrastructure (i.e., near) but more than five meters from vegetation (i.e., far). The second patch
(Core) was near vegetation but far from urban infrastructure. The third patch (Green Edge) was
situated near both vegetation and urban infrastructure. We considered urban infrastructure elements
from the ecosystem that were part of its streetscape and would lead to landscape fragmentation such
as concrete sidewalks, streets, recreational and residential areas and buildings (following Ehrenfeucht
and Loukaitou-Sideris 2010). Locations were at least 100 meters apart from each other to avoid
pseudo-replication. We recorded the distance of each location to its closest vegetation cover and

urban infrastructure using a laser rangefinder (BOSCH GLM 20).

Once locations were selected, an observer (Melissa Ardila-Villamizar) conducted the visual surveys
(i.e., point counts) along a 20x50 meter transect from them (i.e., local patches illustrated in Figure 3).
Point counts were conducted by recording all the species seen or heard in the local patches during a
10-minute period within birds’ peak activity hours (07:00—10:00 AM) (following Mitchell et al., 2020).
Each local patch was surveyed twice on different days. Lastly, the observer also recorded the number
of pedestrians and domestic animals (e.g., cats and dogs) passing through the patches during each

point count (hereby, pedestrian density and pet density) to assess the disturbance level of each patch.

10
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Figure 3. Schematic representation of local patches within each study site. Each site contained three patches

labelled as Edge A, Core, and Edge B varying in their proximity to vegetation cover and urban infrastructure.

Data analysis

Quantification of the diversity metrics of the local patches

We calculated the species richness, relative abundance, evolutionary distinctiveness, and functional
diversity of each local patch. Species richness was calculated as a sum of the unique species observed
at each patch (following Tucker et al. 2017). Relative abundance was assessed as the proportion of
individuals observed at each patch relative to the total number recorded across its study site

(following Tucker et al. 2017).

Relative evolutionary distinctiveness (ED) quantified how phylogenetically unique the species within
each patch were compared to the overall assemblage at their study site. It was estimated using the
sum of phylogenetic branch lengths from a tree (Tucker et al. 2017) including all recorded species,

generated with the Ericson backbone via birdtree.org. Each branch was assigned a value equal to its

11

Urban infrastructure
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length divided by the number of species subtending it using the evol.distinct function from the
“picante” package v1.8.2 (Kembel et al. 2010). First, we calculated the community-level ED of each
patch by summing the ED scores of its species and then calculated each patch’s relative contribution
to the total ED of the site community (following Ibafiez-Alamo et al. 2017). Lastly, functional diversity
measured how diverse assemblages were in terms of two traits: primary lifestyle (generalist or
specialist) and trophic guild (insectivore, scavenger, carnivore, nectivore, or omnivore). We assessed
functional diversity using Rao’s Q entropy index, a mathematically measure of the functional diversity
in a community based on multiple traits (Tucker et al. 2017). Rao's Q was calculated using the avian
niche traits provided by the AVONET dataset (Tobias et al. 2022), and using the rao.diversity function
from the “SYNCSA” package (Debastiani and Pillar 2012). Diversity measures were calculate using R v

4.4.3 (R Core Team 2021).

Assessing the effect of spatial arrangement of urban features in the diversity of local patches

We performed four Generalized Linear Mixed Models (GLMM) using Template Model Builder (TMB)
each fitting the diversity metric (species richness, relative abundance, relative evolutionary
distinctiveness and functional diversity) as a response variable and distance to closest vegetation,
distance to closest urban infrastructure, pedestrian density and pet density as scaled predictors using
the glmmTMB function of the “glmmTMB” package v 1.1.11 (Bolker 2019). Additionally, we included
a nested random effect with location nested within site, and site nested within city in each model. The
models fitting relative abundance, relative evolutionary distinctiveness and functional diversity were
performed under a beta distribution and the model fitting species richness under a Poisson
distribution given the nature of their variables (proportions and count data, respectively). Moreover,
the general performance of the models specifically the multicollinearity of their predictors, outliers,
heteroscedasticity and convergence was checked using the check_collinearity, check_outliers, check_
heteroscedasticity and check_convergence function of the package “performance” v 0.13.0 (Ludecke

et al. 2021). Lastly, statistical significance was assessed at the a = 0.05 level.

12
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RESULTS

We conducted 180-point count surveys in which we identified 1,459 individuals from 84 species from
15 orders and 30 families. In average, local patches were (mean + SD) 12.11+ 5.68 meters from urban
infrastructure, 3.35+2.21 meters from vegetation and had 1.48+2.95 walkers per minute and
0.24+2.05 dogs per minute. As a general trend, 8.58+3.78 species were recorded at each patch that
exhibited a relative abundance of 0.3310.11, relative evolutionary distinctiveness of 0.440.11 and

functional diversity of 0.67+0.08.

Local patches with closer vegetation, lower pedestrian density and higher pet density had a higher
species richness.

The GLMM models indicated that there was a significant negative relationship between distance to
vegetation cover, pedestrian density and species richness and a significant positive relationship
between pet density and species richness (Table 2). Local patches that had closer vegetation, lower
pedestrian density and higher pet density exhibited greater species richness (Figure 4). Lastly,
although there was a positive relationship between distance to urban cover and species richness, it

was not statistically significant (Table 2).

13
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Figure 4. Relationship between distance to vegetation cover (A), pedestrian density (B) and pet density (C) and
species richness (N=1459). The plot shows the regression line for the main effect fitted using the GLMM results
included in Table 2 (blue line) and its corresponding 95% confidence interval (shaded zone). Dots represent the

raw data. Data of Figure 3C was log-transformed for visualization purposes.
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250 Table 2. Coefficients, standard errors and p-values from four generalized mixed models built using Template

251 Model Builder (glmmTMB) evaluating the influence of distance to urban infrastructure, distance to vegetation,

252 pedestrian density and pet density (fixed terms) on diversity metrics. Each diversity metric: species richness,

253 abundance, evolutionary distinctiveness (ED) and functional diversity (FD) was fitted as a response variable of

254 the fixed terms. Bold values indicate statistical significance at a = 0.05. N = 1459 corresponds to the total number

255 of individuals included in the regression models. The AIC fitting species richness as a response variable was

256 6496.9, the model fitting relative abundance -2554.9, the model fitting evolutionary distinctiveness -2316.7 and

257  the model fitting functional diversity -5019.3.

258
Estimate SE P-value
Fixed terms Richness Abundance ED FD Richness Abundance ED FD Richness Abundance ED FD
Intercept 2.13 -0.56 -0.70 0.71 0.08 0.06 0.02 0.06 <0.001 <0.001 <0.01 <0.01
Distance to urban 0.01 0.05 -0.002 -0.03 0.01 0.01 0.01 0.01 0.60 <0.001 0.85 <0.01
infrastructure
Distance to vegetation -0.06 -0.12 -0.005 0.0003 -0.06 0.01 0.01 0.01 <0.01 <0.01 0.74 0.962
Pedestrian density -0.07 -0.07 0.06 -0.07 -0.07 0.03 0.03 0.01 0.01 0.01 0.06 <0.01
Pet density 0.23 0.45 -0.04 0.04 0.23 0.08 0.03 0.03 <0.01 <0.01 0.08 0.130
Variance SE
Random effects Richness Abundance ED FD Richness Abundance ED FD
city:site:site_category 0.19 0.12 0.01 0.1 0.43 0.35 0.08 0.32
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Patches with closer vegetation, lower pedestrian density, higher pet density and further urban
infrastructure exhibited higher relative abundance.

There was a significant negative relationship between distance to vegetation cover, pedestrian density
and relative abundance and a significant positive relationship between pet density and distance to
urban infrastructure and relative abundance (Table 2). Local patches that had closer vegetation, lower
pedestrian density, higher pet density and further urban infrastructure exhibited higher relative

species abundance (Figure 5).
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Figure 5. Relationship between distance to vegetation cover (A), distance to urban infrastructure (B) pedestrian
density (C) and pet density (D) and relative abundance (N=1459). The plot shows the regression line for the main
effect fitted using the GLMM results included in Table 2 (blue line) and its corresponding 95% confidence interval
(shaded zone). Dots represent the raw data. The y axis of the distance to urban infrastructure and pet density

graphs (C and D) were transformed for visualization purposes.
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Evolutionary distinctiveness was not influenced by any ecological factors.

Although the evolutionary distinctiveness of local patches tended to increase with closer urban
infrastructure and vegetation, as well as higher pedestrian density, and lower pet density, these trends
were not statistically significant (Table 2). Thus, none of the evaluated ecological factors influenced

the evolutionary distinctiveness of local patches.

Local patches with closer urban infrastructure and higher pedestrian density exhibited higher
functional diversity (FD).

There was a significant negative relationship between distance to urban infrastructure and FD and a
positive relationship between pedestrian density and FD (Table 2). Local patches that had closer urban
infrastructure and higher pedestrian density had a higher functional diversity (reflected as a higher
Rao’s Q entropy index) (Figure 6). Note that although the figure illustrating the relationship between
functional diversity and pedestrian density displays a negative relationship between the variables

(Figure 6B), possibly driven by outliers; their overall estimate remains positive.

Lastly, although there was a positive relationship between distance to vegetation and pet density and

functional diversity, it was not statistically significant (Table 2).
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Figure 6. Relationship between distance to urban infrastructure (A) and pedestrian density (B) and functional

diversity (assessed with Rao entropy index) (N=1459). The plot shows the regression line for the main effect

fitted using the GLMM results included in Table 2 (blue line) and its corresponding 95% confidence interval

(shaded zone). Dots represent the raw data. The y axis of the distance to urban infrastructure graphs (A) was

log-transformed for visualization purposes. Note that Figure 5B displays a negative relationship between the

variables, driven by outliers; however, the overall estimate remains positive.
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DISCUSSION

As urbanization expansion exacerbates pressures on biodiversity, there is an urgent need to design
urban landscapes responsive to the needs of animal communities and capable of supporting local
biodiversity (McKinney 2002). Here, we found that local patches with closer vegetation, lower
pedestrian density, and higher pet density supported greater species richness and abundance.
Interestingly, evolutionary distinctiveness remained unaffected by the evaluated ecological variables
whilst functional diversity was highest in patches near urban infrastructure with higher pedestrian
density. Overall, these findings highlight the importance of (1) preserving larger green areas with
lower human disturbance to maintain biodiversity within urban ecosystems, (2) habitat edges to
promote functional diversity in urban ecosystems and (3) incorporating taxonomic, phylogenetic, and
functional dimensions when assessing ecological dynamics. Thus, our study contributes to the
understanding of the drivers of biodiversity loss in urban ecosystems in the Neotropics and highlights
key urban design features that support diverse bird communities. These findings offer guidance for

urban planning supportive of biodiversity in rapidly growing tropical cities.

Local patches with proximate vegetation and lower pedestrian density tending to support greater
species richness and abundance supports the idea of continuous and less disturbed green areas
offering better habitat quality for birds and consequently, hosting diverse bird communities (Callaghan
et al. 2018). Human-induced disturbances, such as pedestrian activity, can disrupt bird foraging
behaviour; hence, areas with lower disturbance intensity may allow individuals to forage for longer
due to fewer environmental disruptions, contributing greater species richness and abundance
(Ditchkoff et al. 2006; Bateman and Fleming 2014). Moreover, less fragmented green spaces can
facilitate animal movement and offer a greater variety of foraging resources, promoting population
connectivity and enhancing habitat quality and thus, supporting avian diversity (Cramer et al. 2023).
The diversity of patches being enhanced by closer vegetation and less intensity of disturbances aligns

with our initial hypothesis and previous studies in tropical ecosystems finding that patches proximate
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to native vegetation (Mufioz-Pacheco and Villasefior 2023), high levels of woody cover (Mufoz-
Pedreros et al. 2018) and with a reduced pedestrian density (Oropeza-Sanchez et al. 2024) were
associated with higher avian diversity. Similar patterns have also been observed in temperate
ecosystems (Barbe et al. 2018). Overall, this finding suggests that vegetation availability within urban
matrices and lower intensity of disturbance play a crucial role in maintaining local avian diversity and
thus, should be a key factor to consider in urban planning and management aiming to support and

conserve wildlife in the neotropics.

Two sources of human-induced disturbances were considered in this study, pedestrian and pet
density. Only pedestrian density followed our initial hypothesis and was negatively related to bird
diversity, while pet density was positively related to diversity. This contrasting finding suggests that
not all sources of human-induced disturbance exert the same ecological pressure on local avian
diversity (as seen in Fernandez-Juricic 2002). This pattern could have been caused by pedestrian
activity being unpredictable and generating frequent disruptions such as movement off paths, that
birds might have perceived as high-risk, reducing habitat suitability (Miller et al. 2001). In contrast,
pets in public spaces that are typically accompanied and often leashed, may represent a more
predictable and less threatening form of disturbance (Miller et al. 2001). Moreover, the presence of
domestic animals, especially dogs, tends to be higher in well-maintained and vegetated areas that
offer higher habitat quality which are typically those with a higher diversity (Aronson et al. 2017).
Furthermore, higher domestic animal density can be related to lower density of natural predators of
birds such as raptors (Loss et al. 2013). Thus, the positive relationship between diversity and pet
density might be a result of pets being more present in well-maintain areas that support more diversity
due to their characteristics and dogs not representing a greater disturbance. However, note that most
pets included in the pet density measure were leashed dogs, not free-ranging animals or cats.
Therefore, the results could have differed if the metric was composed primarily by cats or unleashed

free-ranging dogs (as seen in Banks and Bryant 2007; Sims et al. 2008). Further research is needed to
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determine the specific influence of these different types of domestic animals on avian diversity.
Overall, these findings highlight the need to distinguish between types of human presence when
assessing the impact of urbanization on biodiversity. Future studies should determine whether these
patterns reflect actual tolerance to pets or are linked to habitat conditions, and explore variation

across urban contexts, disturbance types, and bird species responses to inform urban management.

The decline in species abundance but not richness as distance to urban infrastructure increases could
be driven by edge effects limiting the population size but not the presence of species (Schneider et al.
2015). Edge zones tend to exhibit higher levels of disturbances and increase species exposure to
predators and brood parasites, which can reduce the population size of species over time and explain
the observed reduction in species abundance as distance to urban infrastructure increased (Chalfoun
et al. 2002). This finding aligns with our initial hypothesis and other studies showing that bird
abundance decreased as distance to urban edges increased, but richness seemed unaffected
(Schneider et al. 2015) and songbird abundance decreased as housing density increased likely due to
increases in brood parasitism (Burhans and Thompson Il 2006). Nonetheless, further studies are
needed to understand the underlying mechanism driving the decrease in abundance but no richness
of urban dwellers by directly assessing the influence of distance to urban infrastructure on predation

exposure, brood parasitism and disturbance.

Contrary to our hypothesis, evolutionary distinctiveness was not influenced by any of the ecological
factors considered. The lack of phylogenetic variation among patches with differing urban features
and disturbance levels suggests that variation in spatial arrangement alone may be insufficient to filter
phylogenetic traits. However, this finding contrasts with previous studies reporting that sites with
denser urban infrastructure supported less evolutionary unique communities (La Sorte et al. 2018;
Morelli et al. 2024). Such discrepancies may be driven by differences in spatial scale, as this study

focused on small urban patches, whereas previous studies have often examined broader urban
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environments. Additionally, these studies were conducted in temperate ecosystems that might exhibit
different patterns of urban filtering compared to tropical regions. Nonetheless, further studies are
needed to assess if this effect persists in larger urban tropical ecosystems and to compare

phylogenetic urbanization filtering processes among temperate and tropical ecosystems.

Although spatial arrangement regarding distance to urban infrastructure and disturbance levels such
as pedestrian activity did not affect evolutionary distinctiveness, it did affect functional diversity. This
suggests that filtering processes might be occurring on a trait and not phylogenetic level (Aronson et
al. 2017). Functional homogenization as distance to urban infrastructure decreases might be due to
urbanization favoring species with a broader range of functional traits (Evans et al. 2009), as species
more tolerant to the high level of disturbances present around edge areas are expected to possess a
variety of traits to exploit more heterogeneous ecosystems (Aronson et al. 2017). Moreover, edge
areas are transition zones within the ecosystems and thus, might favor the diversity of functional traits
in the community (Barbaro et al. 2014). Nonetheless, this finding is contrasting with previous studies
reporting functional homogenization in edge areas and our initial hypothesis (Morelli et al. 2024). This
difference between previous findings and our results might be related to variation in the size of the
study areas and ecosystems, and in their relative difference in urbanization pressure. However, further

studies are needed to establish this.

Overall, this study assessed the influence of the spatial arrangement of urban features and human
disturbance on avian biodiversity in local patches in the neotropics. While species richness and
abundance were higher in patches with proximate vegetation and lower pedestrian activity, functional
diversity was higher in more disturbed patches closer to urban infrastructure, indicating that edge
environments may favor a broader range of functional traits. Interestingly, pet density was positively
associated with diversity, suggesting that not all forms of human presence may exert the same

ecological pressure on avian diversity. Evolutionary distinctiveness was not influenced by any
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ecological factors, indicating that ecological filtering might be occurring at functional and not
phylogenetic scale. Thus, these findings highlight the importance of larger green areas with reduced
human activity for maintaining biodiversity within urban ecosystems and the importance of
considering both functional and evolutionary dimensions in biodiversity assessments. Further studies
should assess if these patterns persist at different spatial scales and compare temperate and tropical
contexts to better our understanding of the processes underlying ecological filtering in urban

ecosystems.
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