
Frontiers in Ecology and Evolution

OPEN ACCESS

EDITED BY

Laura Pereyra,
CONICET Instituto de Ecorregiones Andinas
(INECOA), Argentina

REVIEWED BY

Alejandro Schaaf,
CONICET Instituto de Ecorregiones Andinas
(INECOA), Argentina
Rodrigo Lorenzon,
CONICET Santa Fe, Argentina

*CORRESPONDENCE

N. Javier Mancera-Rodrı́guez

njmancer@unal.edu.co

RECEIVED 13 May 2024

ACCEPTED 10 July 2024
PUBLISHED 13 August 2024

CITATION
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Introduction: Categorizing species according to their frequencies across

urbanization levels and identifying some species traits that explain this variation

could be a valuable tool for focusing conservation efforts, particularly in

biodiversity hotspots with high endemism rates. This study proposes a semi-

quantitative and multi-scale protocol to categorize bird species as urban

avoiders, utilizers, and dwellers, based on their frequencies at different

urbanization levels. Additionally, it evaluates the relationships of these

categories with altitudinal ranges, trophic guilds, and foraging strata.

Methods: We performed bird counts in 124 points located within urban areas,

and in 15 points located in non-urban areas of a Colombian Northern Andean city

(Medellıń and surroundings). Each urban point was assigned to urbanization

levels based on 200, 500, and 1,000 m buffers categorized as high (67–100% of

built cover), moderate (34–66% of built cover), or low (0–33% of built cover).

Results:We categorized 103 bird species: 49 as urban avoiders, 31 as urban utilizers,

and 23 as urban dwellers. The two recorded Colombian endemic species and seven

near-endemics were categorized as urban avoiders, with only one near-endemic

species categorized as an urban utilizer (the other three were data deficient).

Furthermore, most bird species with exclusive Andean distribution were

categorized as urban avoiders (78.57%). Urban avoiders had narrower altitudinal

ranges (1,969 ± 524 m) than utilizers (2,287 ± 592m) and dwellers (2,569 ± 654m),

and they had the largest proportion of frugivorous and frugivorous-insectivorous

species, while urban dwellers had a greater proportion of omnivorous species.

Overall, bird species with exclusive Andean distribution and narrow altitudinal ranges

are the most threatened by urban sprawl, irrespective of their trophic guild or

foraging strata.

Discussion: This study emphasizes the importance of protecting native forest

remnants in urban surroundings for conserving native Andean bird species, as

urban green spaces in high-density cities may not sufficiently support their long-
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term survival and reproduction. Also, it highlights the need to identify

conservation priorities based on local biodiversity patterns, taking into account

that species-specific urban tolerance depends on particular landscape dynamics

and species regional pools.
KEYWORDS

biodiversity, bird assemblage, tropical Andes, urbanization, wildlife categorization
1 Introduction

More than half of world human population now resides in

cities, with urban sprawl increasing significantly in recent decades

(Seto et al., 2011). This expansion has adverse effects on natural

ecosystems and biodiversity (Pauchard et al., 2006; McKinney,

2008; Aronson et al., 2014). Conservation concerns regarding

urban sprawl increase in mountain biodiversity hotspots such as

Tropical Andes, due to the high density of human population

established in places with a high rates of endemism (Cincotta

et al., 2000; Rahbek et al., 2019). These urban regions are often

overlooked by conservation efforts that primarily focus on pristine

ecosystems (Mcdonald et al., 2008; Buchanan et al., 2011).

Consequently, in biodiverse Neotropical countries such as

Colombia, research efforts often prioritize less human-perturbed

ecosystems (Martin et al., 2012; Arbeláez-Cortés, 2013), while

conservation strategies tend to concentrate on endangered species

at the national scale (Renjifo et al., 2020).

As urban population continue to grow, the importance of

biodiversity conservation within urban ecosystems becomes

increasingly evident (Miller and Hobbs, 2002; Mcdonald et al.,

2009; Puppim de Oliveira et al., 2011; Chin et al., 2022). However,

in northern South America, knowledge gaps persist regarding the

effects of urbanization on biodiversity, representing a limitation for

effective conservation efforts (Ortega-Álvarez and MacGregor-Fors,

2011). Moreover, identifying the consequences of habitat loss and

environmental pressures on specific species can be challenging,

especially when only a few species in the assemblage are considered

endangered at national or global levels. To address these challenges,

Fischer et al. (2015) proposed a theoretical framework for

categorizing bird species based on their tolerance to urbanization.

This framework distinguishes between urban dwellers (i.e., high

tolerance), urban utilizers (i.e., intermediate tolerance), and urban

avoiders (i.e., low tolerance). Categorizing species according to this

framework could help to identify conservation priorities within urban

regions. Furthermore, identifying the features that explain urban

tolerance can aid in predicting which species are most vulnerable to

urbanization pressures. This knowledge can inform the design of

conservation strategies focused on specific species or environmental

characteristics that mitigate the impacts of urbanization (Goddard

et al., 2010; Aronson et al., 2017; Threlfall et al., 2017).
02
Giving the significance of multiple spatial scales in modulating

urban biodiversity patterns (e.g., Jokimäki and Kaisanlahti-Jokimäki,

2003; Conole and Kirkpatrick, 2011; Concepción et al., 2015; Xie et al.,

2016; Tryjanowski et al., 2017; Sidemo-Holm et al., 2022), this study

conducted in urban and non-urban areas of a Northern Andean city

(Medellıń and surroundings) aimed to: (i) propose a semi-quantitative

and multi-scale protocol to categorize bird species as urban avoiders,

utilizers, and dwellers, based on their frequencies at different

urbanization levels, and (ii) evaluate relationships of these categories

with altitudinal ranges, trophic guilds, and foraging strata of bird

species. We hypothesized that bird species with wider altitudinal

ranges would exhibit higher urban tolerance, potentially link to the

ability to tolerate greater environmental heterogeneity (Ruggiero,

2001). Similarly, we hypothesized that bird species with certain

trophic guilds, such as omnivorous and granivorous, and foraging

strategies encompassing the use of multiple strata might exhibit

greater urban tolerance, due to the related capacity of exploiting

diverse and novel food resources, reflecting higher ecological plasticity

(Evans et al., 2011; González-Lagos and Quesada, 2017). Therefore, we

predicted that bird species with narrower altitudinal ranges, more

specialized diets, and limited foraging strata would be categorized as

urban avoiders, whereas those with broader altitudinal ranges, more

generalized diets, and flexible foraging strata would be categorized as

urban utilizers or dwellers.
2 Materials and methods

2.1 Study area

The city of Medellıń and nine adjacent municipalities (referred

to as “Medellıń” hereafter) are located in northern central Andes of

Colombia (6.26029 North, −75.574139 West), with an urban area

mainly established between 1,400 and 1,700 m.a.s.l (Schnitter et al.,

2006) (Figure 1). Medellıń is one of the most densely populated

cities in northern South America with approximately 21,000

people/km2 (Parés-Ramos et al., 2013), with an overall human

population of approximately four million people. Our study area

represented the urban core and adjacent non-urban areas of

Medellıń, which were defined using a buffer of 2,000 m from the

city limits.
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Garizábal-Carmona et al. 10.3389/fevo.2024.1432340
Besides urban green spaces and other green cover within city

limits, urban core represented areas occupied by built cover such as

buildings, roads, and other human infrastructure that reached up to

75% of the city by 2015 (Paniagua-Villada et al., 2024). These areas

across the city were assigned to categorical values proposed by

MacGregor-Fors (2011) when measuring urbanization levels: highly

developed (67–100% of built cover, i.e., high urbanization level),

moderately developed (34–66% of built cover, i.e., intermediate

urbanization level), or low urban developed areas (0–33% of built

cover, i.e., low urbanization level). These percentages were

estimated based on land cover reclassification, using the Tasseled

cap index, using bands on brightness, greenness, and wetness to

differentiate between built, grass, and tree cover (Dymond et al.,

2002; Samarawickrama et al., 2017). This cover reclassification used

a 10 × 10 m resolution satellite image taken on 22 February 2019 by

Sentinel-2 (USGS EROS Archive). Non-urban areas corresponded

to sparsely developed areas dominated by lawns, herbaceous

croplands, cultivated human-consumed herbaceous plants, exotic

tree plantations, and some native forest remnants.
2.2 Bird surveys

To assess bird species categorization based on species

frequency, we designed a sampling strategy following

recommendations by Bibby et al. (1998) and Sutherland (2006).

We used data from 139-point counts situated between 1,486 and

2,351 m.a.s.l. in both urban (n = 124) and non-urban areas of

Medellıń (n = 15). All points were located at least 200 m from each

other to avoid bird re-counting. The dataset we used resulted from a

posteriori data compilation of sampling conducted between January
Frontiers in Ecology and Evolution 03
2014 and June 2019, including both dry and rainy seasons. Each

point had a 25 m fixed radius and was visited for 10-min, four times

within the same week, exclusively during favorable weather

conditions (particularly no rain), within the time frame of 06:00

to 10:00. Total observation effort was 5,560 minutes (556 total

visits). As bird surveys were always diurnal and included months

when migratory species were absent, we excluded migratory and

nocturnal species, as well as overflying individuals that weren’t

directly using the sampling habitats. Species that were found in only

one sampling point were also excluded, as they were considered

accidental, along with bird species found in non-urban areas whose

altitudinal distribution did not coincide with the altitude of the

urban core (i.e., species whose maximum altitudinal distribution

was under 1,400 m.a.s.l. or whose minimum altitudinal distribution

was above 1,700 m.a.s.l.). The last were excluded because no

evidence of urban tolerance could be interpreted from their

absence within the city, which could be better explained by their

altitudinal distribution.
2.3 Distribution, conservation status,
trophic guilds, and foraging strata

We assigned altitudinal ranges according to Ayerbe-Quiñones

(2018), endemism to Chaparro-Herrera et al. (2024), migratory status

to Naranjo et al. (2012), and conservation status to Renjifo et al.

(2014). We assigned trophic guilds and foraging strata categories

based on Wilman et al. (2014), which is a compilation of bird

ecological traits at the species level based on The Handbook of the

Birds of the World (del Hoyo et al., 1992). They provided a data

frame specifying percentage of diets and foraging strata at 10%
FIGURE 1

Study area and sampled points located across urban and non-urban areas of Medellıń and surrounding municipalities, Colombian northern Andes.
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increments. Based on this information, we assigned categories as

follows: only one diet when some item had ≥ 80%, two simultaneous

diets when there were two items with at least 30% each, and

Omnivorous when there were three or more types of food and

none of them had ≥ 80%. Similarly, we assigned a single foraging

stratum when one stratum had ≥ 80%, two simultaneous strata when

there were two with at least 30% each, and Multiple when there were

three or more strata present and none of them had ≥ 80%.
2.4 Categorization protocol and
data analysis

To categorize bird species as urban avoiders, urban utilizers, or

urban dwellers, sensu Fischer et al. (2015), we considered four criteria

and rated them on a scale from 1 to 3. We assigned values based on

species frequencies at each point, according to comparisons between

urban and non-urban areas frequencies, and frequencies at each

urban point according to its urbanization level at 200, 500, and 1,000

m buffers. The lowest value (1) was assigned to the presumably least

tolerant species (most frequent in sites with lower urbanization levels

or non-urban areas), while the highest value (3) was assigned to the

presumably most tolerant species for each evaluated criterion at each

spatial scale (most frequent in sites with higher urbanization levels).

The intermediate value (2) was assigned to species that are

presumably moderate in their tolerance to urbanization (most

frequent in sites with intermediate urbanization levels or similar

values across the urbanization gradient) (see Table 1).

Minimum and maximum total scores were 4 and 12,

respectively, and thus, we divided by equal numerical ranges to

assign the final category as follows: urban avoider (4 to 6), urban

utilizer (7 to 9), and urban dweller (10 to 12). Urban avoiders would

represent species that inhabit exclusively or mainly in non-urban

environments, with only isolated records within urban

environments (i.e., without urban populations). Urban utilizers

would represent species that inhabit both urban and non-urban

environments, but still depend on metapopulation dynamics (i.e.,

urban populations depending on non-urban populations). Finally,

urban dwellers would represent species that inhabit mainly in urban

environments, where their populations thrive (i.e., long-term urban

populations without any dependence on non-urban populations).

We plotted incidence-based rarefaction curves using the

“iNEXT” R package (Hsieh et al., 2016) and verified that surveyed

points in non-urban areas (n = 15) and urban areas at 200, 500, and

1,000 m (n = 124) suggested representative sampling (bootstrap =

1,000 repetitions and confidence intervals = 84%, see MacGregor-

Fors and Payton, 2013). In urban areas, each spatial scale was

independently addressed from the same 124 sampling points at

each buffer, as follows: low (n = 49), intermediate (n = 59), and high

urbanization levels at 200 (n = 16); low (n = 32), intermediate (76),

and high urbanization levels at 500 (n = 16); and low (n = 30),

intermediate (n = 81), and high urbanization levels at 1,000 m (n =

13) (Supplementary Figure 1). After validating normal distribution,

and testing homoscedasticity and leverage using the “stats” package

in R software (R Core Team, 2019), we compared altitudinal ranges
Frontiers in Ecology and Evolution
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among categories of urbanization tolerance using an ANOVA test

and Tukey Honest Significant Differences (Tukey-HSD). Tukey-

HSD analysis provides p-values after adjustment for the multiple

comparisons, reducing the effects of sample size differences between

groups (Miller, 1981). Then, we ran a General Linear Model (GLM)

with Poisson distribution to test the relation between species

tolerances to urbanization (score as the response variable) and

altitudinal range (as the explicative variable). The altitudinal range

was considered as the difference between the maximum and

minimum reported elevations for each species, according to

Ayerbe-Quiñones (2018). In the case of categorical variables, we

performed the non-parametric Pearson’s Chi-square (X2) and

Fisher’s exact tests for evaluating whether trophic guilds or

foraging strata explained differences in urbanization tolerance.

The last test was performed using the “exact2x2” R package (Fay,

2010) to corroborate statistical relationships for contingency tables

with some small frequencies (< 5).
TABLE 1 Categorization criteria and scores for bird species according to
frequencies at 139-point counts sampled across urban and non-urban
areas of Medellıń and surrounding municipalities, Colombian
northern Andes.

Criteria Description Score

I. Species frequency according to
the urban limits

Urban core frequency >
non-urban areas frequency
(difference greater than 10%)

3

Difference between urban core
frequency and non-urban areas
frequency (less than 10%)

2

Urban core frequency <
non-urban areas frequency
(difference greater than 10%)

1

II. Species frequency according to
building percentage at
1,000 m buffer

Highest frequencies at points
with ≥ 66% of building areas

3

Highest frequencies at points
between 33 and 65% of
building areas

2

Highest frequencies at points
with less than 33% of
building areas

1

III. Species frequency according to
building percentage at
500 m buffer

Highest frequencies at points
with ≥ 66% of building areas

3

Highest frequencies at points
between 33 and 65% of
building areas

2

Highest frequencies at points
with less than 33% of
building areas

1

IV. Species frequency according to
building percentage at
200 m buffer

Highest frequencies at points
with ≥ 66% of building areas

3

Highest frequencies at points
between 33 and 65% of
building areas

2

Highest frequencies at points
with less than 33% of
building areas

1
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3 Results

We recorded 139 bird species, 103 of which were categorized: 49

as urban avoiders (47.6%), 31 as urban utilizers (30.1%), and 23 as

urban dwellers (22.3%) (Supplementary Table 1). We considered

the other species as “Data Deficient”. According to our defined

criteria, the two recorded Colombian endemic species (Hypopyrrhus

pyrohypogaster and Ortalis columbiana), and seven near-endemic

species (Chlorostilbon melanorhynchus, Ramphocelus flammigerus,

Saucerottia saucerottei, Forpus conspicillatus, Pheugopedius

mystacalis, Stilpnia vitriolina, and Tangara labradorides) were

categorized as urban avoiders. Only one near-endemic species

(Thamnophilus multistriatus) was categorized as urban utilizer

and the other three species with narrow geographic distribution

were considered Data Deficient (Cyanocorax affinis, Cyclarhis
Frontiers in Ecology and Evolution 05
nigrirostris, and Saltator atripennis; also, near-endemics). Most

species categorized as urban avoiders (33 of 49: 67.35%) have an

exclusive Andean distribution, comparing with 8 of 31 species

categorized as urban utilizers (25.81%) and 1 of 23 species

categorized as urban dwellers (4.35%) (Table 2). In addition, the

only two exotic species recorded were categorized as utilizer

(Bubulcus ibis) or as dweller (Columba livia). The latter was more

frequent in highly developed areas (> 66% covered by buildings or

impervious surfaces).
3.1 Altitudinal range and urban tolerance

Bird species exhibited altitudinal ranges of 2,221 ± 654 m, with

significant differences observed between categories (F = 9.02, df = 2,
TABLE 2 Bird species categorization to dweller, utilizer or avoider, based on species frequency and data collected at 139-point counts located in
urban (n = 124) and non-urban areas (n = 15) of Medellín and surrounding municipalities, Colombian northern Andes, between 2014 and 2019.

Avoider Utilizer Dweller

Family Species Family Species Family Species

Cracidae Chamaepetes goudotii * Cuculidae Crotophaga ani Columbidae Columba livia

Cracidae Ortalis columbiana * Rallidae Laterallus albigularis * Columbidae Zenaida auriculata

Columbidae Leptotila verreauxi Charadriidae Vanellus chilensis Columbidae Columbina talpacoti

Cuculidae Tapera naevia Ardeidae Bubulcus ibis Trochilidae Anthracothorax
nigricollis

Trochilidae Colibri cyanotus * Ardeidae Egretta thula Trochilidae Amazilia tzacatl

Trochilidae Chlorostilbon
melanorhynchus *

Picidae Picumnus olivaceus * Threskiornithidae Phimosus infuscatus

Trochilidae Saucerottia saucerottei * Picidae Dryocopus lineatus Cathartidae Coragyps atratus

Cathartidae Cathartes aura Picidae Colaptes punctigula Accipitridae Rupornis magnirostris

Momotidae Momotus aequatorialis * Falconidae Milvago chimachima Picidae Melanerpes
rubricapillus

Picidae Melanerpes formicivorus * Psittacidae Amazona amazonica Falconidae Falco sparverius

Picidae Colaptes rubiginosus Psittacidae Eupsittula pertinax Psittacidae Brotogeris jugularis

Psittacidae Forpus conspicillatus Psittacidae Ara ararauna Psittacidae Amazona ochrocephala

Psittacidae Ara Macao Thamnophilidae Thamnophilus
multistriatus *

Tyrannidae Pitangus sulphuratus

Furnariidae Synallaxis albescens Tyrannidae Todirostrum cinereum Tyrannidae Myiodynastes
maculatus

Furnariidae Synallaxis azarae * Tyrannidae Elaenia flavogaster Tyrannidae Tyrannus
melancholicus

Tyrannidae Leptopogon superciliaris * Tyrannidae Camptostoma obsoletum Tyrannidae Pyrocephalus rubinus

Tyrannidae Zimmerius chrysops * Tyrannidae Phaeomyias murina Tyrannidae Sayornis nigricans *

Tyrannidae Elaenia chiriquensis Tyrannidae Serpophaga cinereal * Troglodytidae Troglodytes aedon

Tyrannidae Elaenia frantzii * Tyrannidae Legatus leucophaius Turdidae Turdus ignobilis

Tyrannidae Tyrannulus elatus Tyrannidae Machetornis rixosa Thraupidae Sicalis flaveola

Tyrannidae Myiodynastes
chrysocephalus *

Tyrannidae Contopus cinereus * Thraupidae Coereba flaveola

(Continued)
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p < 0.05). The Tukey-HSD test suggested not overlapping

altitudinal ranges between urban avoiders and dwellers (adjusted

p < 0.001), which represented the tolerance extremes across the

urbanization gradient (low and high tolerance, respectively), and

between urban avoiders and utilizers (adjusted p-value < 0.05).

However, we found no significant differences between urban

utilizers and dwellers (adjusted p = 0.18) (Figure 2). On average,

urban avoiders had altitudinal ranges of 1,969 ± 524 m, whereas

utilizers had altitudinal ranges of 2,287 ± 592 m and dwellers of

2,569 ± 645 m. Tolerance to urbanization of bird species increased

as a function of altitudinal ranges (GLM: b = 0.0401 ± 0.0008, p <

0.001; R2 = 0.16), with higher ranges suggesting higher

urbanization tolerance.
Frontiers in Ecology and Evolution 06
3.2 Trophic guilds and foraging strata
according to urban categorization

We assigned more than half of categorized bird species to

Insectivorous (32.04%) or Omnivorous (26.21%). Others trophic

guilds were represented by Frugivorous-Insectivorous (14.56%),

Granivorous (7.77%), and Frugivorous (6.80%). The rest of

trophic guilds were represented by five or fewer bird species

(maximum 4.85% each). Urban avoiders had more Insectivorous

(30.61%) and Omnivorous (24.49%), and the largest proportion of

Frugivorous (10.20%) and Frugivorous-Insectivorous (20.41%).

Contrastingly, urban utilizers had the largest proportion of

Insectivorous (41.94%), while urban dwellers had the largest
TABLE 2 Continued

Avoider Utilizer Dweller

Tyrannidae Myiozetetes cayanensis Hirundinidae Pygochelidon cyanoleuca Thraupidae Thraupis episcopus

Tyrannidae Myiarchus cephalotes * Mimidae Mimus gilvus Thraupidae Thraupis palmarum

Tyrannidae Myiophobus fasciatus * Fringillidae Euphonia cyanocephala *

Vireonidae Vireo leucophrys * Icteridae Molothrus oryzivorus

Hirundinidae Stelgidopteryx ruficollis Icteridae Molothrus bonariensis

Troglodytidae Pheugopedius mystacalis * Parulidae Basileuterus rufifrons *

Troglodytidae Henicorhina leucophrys * Thraupidae Sporophila minuta

Turdidae Myadestes ralloides * Thraupidae Sporophila nigricollis

Turdidae Catharus aurantiirostris * Thraupidae Sporophila schistacea *

Fringillidae Spinus psaltria * Thraupidae Saltator coerulescens

Fringillidae Euphonia laniirostris

Passerellidae Chlorospingus flavopectus *

Passerellidae Arremon brunneinucha *

Passerellidae Zonotrichia capensis

Passerellidae Atlapetes albinucha *

Icteridae Hypopyrrhus
pyrohypogaster *

Parulidae Myiothlypis coronata *

Parulidae Myioborus miniatus *

Thraupidae Volatinia jacarina

Thraupidae Ramphocelus flammigerus *

Thraupidae Saltator striatipectus

Thraupidae Tiaris olivaceus

Thraupidae Asemospiza obscura *

Thraupidae Anisognathus somptuosus *

Thraupidae Stilpnia heinei *

Thraupidae Stilpnia vitriolina *

Thraupidae Stilpnia cyanicollis *

Thraupidae Tangara labradorides *
Species are arranged in taxonomic order. *Exclusive Andean distribution: only Andes (distribution west from Amazonas and Orinoco rivers basin, excluding Caribbean lowlands).
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proportion of Omnivorous (34.78%), and the fewer of Insectivorous

(21.74%) and Frugivorous-Insectivorous (4.35%) (Figure 3A).

Regarding foraging strata, the most common among bird species

was Multiple (35.92%), followed by Ground (15.53%), Understory-

Midstory (10.68%), and Midstory-Canopy (10.68%), with the rest

grouping nine or fewer species (maximum 8.74% each). Differences

between categories in foraging strata percentages were less clear

than in trophic guilds, with urban avoiders and dwellers including

more species assigned to the Multiple strata than urban utilizers.

Urban avoiders showed the largest proportion of Understory-

Midstory (Figure 3B), and urban utilizers had the largest

proportion of species assigned to Ground, Ground-Understory

and Understory-Midstory (Figure 3B). Otherwise, dwellers had

the fewest species assigned to Ground-Understory and the highest

to Understory (Figure 3B). However, after evaluating statistical

differences between categories, urban tolerance of bird species did

not depend on trophic guild (X2 = 21.61, df = 18, p-value = 0.25, and

p-value of Fisher’s exact test = 0.18) or foraging strata (X2 = 19.84,

df = 18, p-value = 0.35, and p-value of Fisher’s exact test = 0.50).
4 Discussion

The bird species richness we recorded in this study is a relatively

high number compared to other urban studies worldwide (Mills

et al., 1989; Tryjanowski et al., 2017; Callaghan et al., 2019), and also

most Neotropical ones (Charre et al., 2013; de Castro Pena et al.,

2017; Lees and Moura, 2017; Leveau et al., 2017; Carvajal-Castro

et al., 2019). Nevertheless, in most Neotropical cities facing similar

biogeographic and socioeconomic scenarios, bird assemblages have

been described after urbanization has already transformed the

natural landscape. As a result, the least tolerant species to

urbanization have already disappeared from most developed areas

(Stiles, 1990; Biamonte et al., 2011; Escobar-Ibáñez and Macgregor-

Fors, 2016). This suggests that a significant proportion of the

regional species pool of Medellıń and its surrounding landscape

has already been filtered out from urban areas, which was indirectly
Frontiers in Ecology and Evolution 07
confirmed by the presence of bird species recorded exclusively in

non-urban areas (i.e., urban avoiders), aligning with findings from

other studies in the region that employed a space-for-time

substitution approach (Garizábal-Carmona et al., 2023).

Therefore, the decrease of biodiversity may not solely be a matter

of the number of species, but rather which species are disappearing,

especially as urbanization tends to homogenize landscapes and

biotas (McKinney, 2006).

As predicted, we observed a positive relationship between bird

species’ urban tolerance and altitudinal ranges, consistent with

findings from other cities (Bonier et al., 2007). In Medellıń, urban

avoiders included the two recorded endemic species and seven near-

endemic ones, as well as other native species exclusively distributed

across the Tropical Andes. This aligns with regional biodiversity

patterns, where species with the smallest geographic ranges tend to

peak in mountain ecosystems (Rahbek et al., 2019). The

composition of urban avoiders in Medellıń encompassed bird

species with diverse diets and foraging strata, which may partially

explain why these traits were less conclusive in our analysis. Based

on these results, it becomes necessary to design complementary

strategies for species with varying urban tolerance at both landscape

and local scales, as suggested by other authors (Melles et al., 2003;

Shwartz et al., 2008; Kong et al., 2010). In Medellıń, conserving

Andean forest remnants in the city surroundings would likely be

crucial for maintaining viable populations of urban avoiders, as

creating suitable habitats within the city, especially in terms of patch

size, would be challenging (Garizábal-Carmona and Mancera-

Rodrıǵuez, 2021). Interventions aimed at enhancing urban green

cover at both landscape and local levels may prove to be more

efficient for targeting urban utilizers and some avoider species that

can be found within the city, especially at sites with higher

representation of native vegetation and less human intervention

(Garizábal-Carmona and Mancera-Rodrıǵuez, 2021). However, in

both cases, it would be important to consider other characteristics

in tropical urban regions, such as socioeconomic inequality, where

these human-related dynamics also play a pivotal role (Villaseñor

et al., 2024).
FIGURE 2

Tukey’s HSD test plot using altitudinal ranges and urban tolerance categories (avoider, utilizer, and dweller), for bird resident species assemblages
across urban and non-urban areas of Medellín and surrounding municipalities, Colombian northern Andes. Analysis based upon data collected at
139-point counts located in urban (n = 124) and non-urban areas (n = 15), between 2014 and 2019.
frontiersin.org

https://doi.org/10.3389/fevo.2024.1432340
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
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The rapid landscape transformation and loss of native forest

remnants across most of the Northern Andean region (Quintero

et al., 2017), underscores the urgency of rapidly identifying species

that persist in the regional pool but face high risks of local

extinctions driven by urbanization. Urban categorization of

species could serve as a key tool in developing more efficient local

and regional conservation priorities, by focusing on certain species

or taxonomical groups beyond the conservation status at national or

global levels. For instance, bird families such as Cotingidae,

Furnariidae, Passerellidae, Grallaridae, Odontophoridae, and

Rhynocryptidae, which are predominantly rare within urban

areas, but fairly common and highly diverse across less

perturbated ecosystems of Colombian Andes (Hilty and Brown,
Frontiers in Ecology and Evolution 08
1986; Castaño-Villa and Patiño-Zabala, 2007; Ayerbe-Quiñones,

2018), could benefit from this approach. Therefore, urban tolerance

categories can provide urban planners with valuable tools to

concentrate conservation efforts on these most vulnerable birds

and the environmental characteristics that would support their

presence within cities or their surroundings (e.g., Aronson et al.,

2017; Threlfall et al., 2017; Beaugeard et al., 2021).

Additionally, understanding the use of food resources and

foraging strata could provide valuable insights for making

informed decisions regarding vegetation management, such as

selecting appropriate plants and determining how they should be

managed (Chong et al., 2014; Aronson et al., 2017; Campos-Silva

and Piratelli, 2021). However, our study revealed a weak
A

B

FIGURE 3

Percentage of bird species by trophic guild (A), and by foraging strata (B) according to urban categorization: urban avoiders (n=49 spp.), utilizers
(n=31 spp.) and dwellers (n=23 spp.). Mu: Multiple, Gr: Ground, U: Understory Gr-U: Ground-Understory, U-Mi: Understory- Midstory, Mi: Midstory,
Mi-Ca: Midstory-Canopy; “Others” includes: Canopy, Water, and Water-Ground.
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relationship between these traits and urban tolerance, indicating the

need for future research to focus on functional diversity and

evaluate direct relationships between site-scale characteristics and

functional traits. Given that our analysis was constrained to

landscape scales (≥ 200 m) and relied on literature-based

assessments of diets and foraging strata (Wilman et al., 2014), our

ability to draw conclusions regarding these issues was limited.

Furthermore, patterns related to diet and foraging strata were

inconclusive, probably due to the lack of control for functional

differences related to body size (Ortega-Álvarez and MacGregor-

Fors, 2009; Estevo et al., 2017), as well as the absence of direct

information on other highly variable traits, given the low

representation of Neotropical birds in global open data (e.g.,

Tobias et al., 2022). Secondary information could be a limitation

because species commonly found in urban ecosystems exhibit

flexibility in behavioral traits (Shochat et al., 2006) and their

foraging strategies are influenced by factors such as habitat use

and human presence (McKinney, 2006), which are often unknown

for most Neotropical species in urban environments (González-

Lagos and Quesada, 2017; Rega-Brodsky et al., 2022).

Urban utilizers, which could play a crucial role in biodiversity

conservation within highly dense urban landscapes due to their

moderate urban tolerance, exhibited a wide range of ecological

traits. However, our findings revealed that most utilizer species were

native birds typically inhabiting open green areas thriving in both

urban and non-urban environments. Utilizer species in our system

were frequent at large and medium-size green spaces (between 5

and 50 ha), as well as in some small-size green spaces (< 5 ha)

dominated by grass or clustered urban trees (i.e., > 50% of the area).

This aligns with findings from other studies indicating that bird

assemblages in the Colombian Andes are increasingly dominated by

widely distributed Neotropical species favored by agricultural and

urban sprawl (Avendaño et al., 2013). Indeed, regarding altitudinal

ranges, utilizer species exhibited similarities to dweller species,

while both groups were distinct from urban avoiders.

Urban dwellers comprised bird species widely distributed across

the city, including areas where trees or grass represented less than

25%. These species were typically associated with isolated vegetation

or related to buildings or places with high human activities, as it is a

common trait for species considered highly tolerant to urbanization

(Evans et al., 2011; Sol et al., 2014; Barnett et al., 2023; Neate-Clegg

et al., 2023). Most of the species categorized as urban dwellers in our

study are widely distributed Neotropical native birds found in

lowlands, a pattern observed in other Colombian Andean cities

(Carvajal-Castro et al., 2019; Echeverry-Galvis et al., 2023).

Notably, the only non-native species categorized as an urban

dweller was Columba livia (Rock Dove), which is usually one of the

most common bird species across all studied Neotropical cities (e.g.

Ortega-Álvarez and MacGregor-Fors, 2011; Sanz and Caula, 2015;

Bellocq et al., 2017). These urban dweller species are also prevalent in

the bird assemblages of Caribbean cities and other Neotropical cities

located below 500 m.a.s.l., primarily found west of the Andes

(Barbosa de Toledo et al., 2012; Avendaño et al., 2013; Elıás

Domıńguez-López and Ortega-Álvarez, 2014; Sanz and Caula,
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2015; de Castro Pena et al., 2017). They typically increase in

frequency when rapid environmental changes occur, as a result of

the increasing emerging novel resources and habitats, including bird

feeders (Clergeau et al., 1998; Conole and Kirkpatrick, 2011; Kowarik,

2011; Møller et al., 2015; Ouyang et al., 2018). Therefore, these highly

tolerant species are likely to benefit the most from continued urban

sprawl across the Tropical Andes.

The most common resident Neotropical species, categorized as

urban dwellers or utilizers, are likely to include highly or moderately

tolerant species to urbanization. However, the vulnerability of some

low-tolerance resident Neotropical species to urbanization,

categorized as urban avoiders, data deficient, or those that were

absent in our surveys, requires most robust sampling designs that

minimize spatial and temporal biases, and improve sampling

balance across environmental conditions (i.e., more similar

sampling sizes). This could be achieved, for example, by

increasing sampling efforts across less perturbed areas in city

adjacencies or across new emergent Andean cities. However,

despite challenges in understanding the proximate and ultimate

drivers of bird tolerance to urbanization, our study provides

valuable insights into the responses of certain bird species to

urbanization in highly biodiverse urbanized landscapes. The

categorization method proposed in our study could serve as a

useful tool for identifying the most vulnerable species to

urbanization, thereby facilitating strategies to mitigate the loss of

beta-diversity and phylogenetic diversity (La Sorte et al., 2007; Blair

and Johnson, 2008; Ferenc et al., 2014; Morelli et al., 2016; Leveau

et al., 2017). However, addressing this conservation challenge

remains complex, particularly in mountain regions like the

northern Andes, where densely urban sprawl intersects with

unique and still understudied biodiversity hotspots (Cincotta

et al., 2000; Bax and Francesconi, 2019; Rahbek et al., 2019).
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Charre, G. M., Zavala Hurtado, J. A., Néve, G., Ponce-Mendoza, A., and Corcuera, P.
(2013). Relationship between habitat traits and bird diversity and composition in
selected urban green areas of Mexico city. Ornitol. Neotrop. 24, 275–293.

Chin, A. T. M., Ruppert, J. L. W., Shrestha, N., and Fortin, M.-J. (2022). Urban avian
conservation planning using species functional traits and habitat suitability mapping.
Land. 11, 1831. doi: 10.3390/land11101831

Chong, K. Y., Teo, S., Kurukulasuriya, B., Chung, Y. F., Rajathurai, S., Tiang, H., et al.
(2014). Not all green is as good: Different effects of the natural and cultivated
components of urban vegetation on bird and butterfly diversity. Biol. Conserv. 171,
299–309. doi: 10.1016/j.biocon.2014.01.037

Cincotta, R. P., Wisnewski, J., and Engelman, R. (2000). Human population in the
biodiversity hotspots. Nature. 404, 990–992. doi: 10.1038/35010105
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fevo.2024.1432340/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fevo.2024.1432340/full#supplementary-material
https://doi.org/10.1007/s10531-013-0560-y
https://doi.org/10.1098/rspb.2013.3330
https://doi.org/10.1002/fee.1480
https://doi.org/10.22579/20112629.18
https://doi.org/10.1007/s11252-011-0195-2
https://doi.org/10.3390/birds4030023
https://doi.org/10.1016/j.jenvman.2018.11.086
https://doi.org/10.1007/s11252-020-01062-7
https://doi.org/10.1007/978-3-319-43314-1
https://doi.org/10.1007/s10980-010-9564-0
https://doi.org/10.1007/s10980-008-9267-y
https://doi.org/10.1098/rsbl.2007.0349
https://doi.org/10.1371/journal.pone.0029080
https://doi.org/10.1111/ecog.04863
https://doi.org/10.1007/s11252-020-01045-8
https://doi.org/10.1371/journal.pone.0218775
https://doi.org/10.59517/oc.e580
https://doi.org/10.3390/land11101831
https://doi.org/10.1016/j.biocon.2014.01.037
https://doi.org/10.1038/35010105
https://doi.org/10.3389/fevo.2024.1432340
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
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G., et al. (2017). Bird diversity in urban green space: A large-scale analysis of differences
between parks and cemeteries in Central Europe. Urban Forestry Urban Greening 27,
264–271. doi: 10.1016/j.ufug.2017.08.014

Villaseñor, N. R., Muñoz-Pacheco, C. B., and Escobar, M. A. H. (2024). Opposite
responses of native and nonnative birds to socioeconomics in a latin american city.
Animals 14, 299. doi: 10.3390/ani14020299

Wilman, H., Belmaker, J., Simpson, J., de la Rosa, C., Rivadeneira, M. M., and Jetz, W.
(2014). Elton Traits 1.0: Species-level foraging attributes of the world’s birds and
mammals. Ecology 95, 1–14. doi: 10.1890/13-1917.1

Xie, S., Lu, F., Cao, L., Zhou, W., and Ouyang, Z. (2016). Multi-scale factors
influencing the characteristics of avian communities in urban parks across Beijing
during the breeding season. Sci. Rep. 6, 1–9. doi: 10.1038/srep29350
frontiersin.org

http://www.R-project.org/
https://doi.org/10.1007/s11252-022-01207-w
https://doi.org/10.1371/journal.pone.0227381
https://doi.org/10.1046/j.1365-2699.2001.00632.x
https://doi.org/10.1007/s11252-014-0426-4
https://doi.org/10.1007/s11252-014-0426-4
https://doi.org/10.1371/journal.pone.0023777
https://doi.org/10.1016/j.tree.2005.11.019
https://doi.org/10.1016/j.landurbplan.2007.08.003
https://doi.org/10.1016/j.landurbplan.2007.08.003
https://doi.org/10.1111/gcb.16350
https://doi.org/10.1111/ele.12297
https://doi.org/10.1111/1365-2664.12876
https://doi.org/10.1111/ele.13898
https://doi.org/10.1016/j.ufug.2017.08.014
https://doi.org/10.3390/ani14020299
https://doi.org/10.1890/13-1917.1
https://doi.org/10.1038/srep29350
https://doi.org/10.3389/fevo.2024.1432340
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

	Categorizing urban avoiders, utilizers, and dwellers for identifying bird conservation priorities in a Northern Andean city
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Bird surveys
	2.3 Distribution, conservation status, trophic guilds, and foraging strata
	2.4 Categorization protocol and data analysis

	3 Results
	3.1 Altitudinal range and urban tolerance
	3.2 Trophic guilds and foraging strata according to urban categorization

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


