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Urbanization constitutes one of the most aggressive drivers of habitat and biodiversity loss worldwide. However, studies focused on determining the response of local biodiversity to urbanization are still scarce, especially in tropical ecosystems. Urban ecosystems are characterized by low biological productivity which in turn leads to a reduction in biodiversity. However, the responses to urbanization should be species dependent. For instance, changes in the availability of resources can favor certain species with specific characteristics. We assessed the effects of the urbanization process on a bird community in a city located in the Tropical Andes of southern Ecuador, a region widely recognized for its diversity and endemism of birds. We selected three independent localities in each of the four levels of the urbanization gradient in the study area (forest, forest-pasture, pasture, and urban). In each locality, we sampled the bird community by visual and auditory surveys along 1 km transects between 2016 and 2017. We recorded a total of 1,257 individuals belonging to 74 bird species. We evaluated if the responses of richness and abundance of birds are dependent on trophic guild and foraging strata. We found a significant decrease in bird species richness and abundance from forest to urban sites. However, the response of birds was dependent on the trophic guild and foraging strata. Granivorous birds showed a positive response associated with the urbanization gradient while insectivorous birds showed a negative response. Insectivorous birds were more abundant in forest sites and decreased in abundance across the urbanization gradient. We found that the proportion of birds using different foraging strata drastically changed along urban gradient. Forest sites exhibited a bird community using a variety of habitats, but the bird community became simpler toward the most urbanized sites. Our findings showed different effects of urbanization on bird communities. The ugly: urbanization leads to a dramatic reduction in the diversity of birds, which is consistent in cities with different characteristics and ecological contexts. On the other hand, the responses of bird guilds to urbanization are species dependent. Some guilds are positively impacted by urbanization and show increases in species richness and abundance while other guilds are negatively impacted.
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INTRODUCTION

The expansion of urban areas is one of the greatest and most widespread threats to biodiversity worldwide (Lee and Rotenberry, 2015; Banville et al., 2017). The shift from original natural habitats to urban habitats triggers profound changes in many environmental factors (McDonnell and Hahs, 2008; Seress et al., 2014). The alteration of vegetation cover; an increase of chemical, light, and noise pollution; and higher environmental temperatures have been reported as the main effects of urbanization (Yow, 2007; Fox, 2013; Díaz et al., 2022). Those changes have strong cascading effects on species composition of plant and animal communities at both regional and global scales (Grimm et al., 2008; Arroyo-Rodríguez et al., 2013; Aronson et al., 2014) and usually involve a dramatic reduction of biodiversity (McDonnell and Hahs, 2008; Seress et al., 2014; Beninde et al., 2015; Sherry, 2021).

The effects of urbanization have been evaluated using different taxonomic groups, such as plants (Kowarik, 2008), insects (McIntyre, 2000; Blair, 2001; Gaona et al., 2021), aquatic macroinvertebrates (Zúñiga-Sarango et al., 2020), mammals (McIntyre, 2000), amphibians and reptiles (Hutto and Barrett, 2021), and birds (Pennington and Blair, 2011; McClure et al., 2015; Maure et al., 2018; Souza et al., 2019; Morelli et al., 2021; Valente-Neto et al., 2021). Birds tend to be especially affected by urbanization due to their high degree of specialization (Beaumont et al., 2011; Hermes et al., 2018). As a general rule, the effects of urbanization on bird communities are negative (Pennington and Blair, 2011; McClure et al., 2015; Ibáñez-Álamo et al., 2017; Maure et al., 2018; Morelli et al., 2021), evidencing decreases in species richness and abundance (Chiari et al., 2010; MacGregor-Fors et al., 2010), as well as decreases in phylogenetic and functional diversity (Carvajal-Castro et al., 2019; Morelli et al., 2021; Valente-Neto et al., 2021). Nevertheless, there is evidence for some positive effects of urbanization on specific bird species (Chiari et al., 2010; MacGregor-Fors et al., 2010; Møller and Díaz, 2018a). Therefore, the responses of birds to urbanization are difficult to predict (Rodewald and Yahner, 2001) because such responses are species-specific (Forsman et al., 2010; Montaño-Centellas and Garitano-Zavala, 2015).

Negative effects of urbanization on birds are especially significant for frugivores and nectarivores (de Oliveira Ramos and dos Anjos, 2014; Souza et al., 2019) because flower and fruit abundance drops in urban areas (Schütz and Schulze, 2015; Concepción et al., 2017). In contrast, generalist species such omnivores, granivores, or invasive species (Sol et al., 2017), and those foraging on the ground (MacGregor-Fors and Escobar-Ibáñez, 2017), usually take advantage of these urban habitats (Chiari et al., 2010; MacGregor-Fors et al., 2010). Increased abundance of generalist birds within cities (Møller and Díaz, 2018a) is likely the result of a dramatic reduction of predators, nest parasites, and competitors (de Oliveira Ramos and dos Anjos, 2014; Møller et al., 2016; Møller and Díaz, 2018b), an increase in refuges and/or nesting sites (Leveau, 2018), a higher supply of food associated with humans (McKinney, 2002; De León et al., 2019; Díaz et al., 2022), and a longer breeding season due to a warmer climate, especially in higher latitudes (Møller et al., 2015).

On the other hand, the trophic-guild organization of birds is directly related to the vegetation structure, which in turn is determined by the degree of anthropic modification (Laurance and Bierregaard, 1997). Several studies showed a positive association between structural complexity of vegetation and bird diversity (Fajardo et al., 2009; Carranza-Quiceno et al., 2018). Forested areas have greater plant diversity, occupying different strata and providing a complex canopy structure (de Toledo et al., 2012; Leveau et al., 2015). Conversely, vegetation within cities becomes simpler and sparser with few, scattered trees—mainly exotic species—and with the middle and lower vegetation strata disappearing (Chace and Walsh, 2006). Therefore, modified habitats allow the presence of an important number of bird species of different feeding guilds which take advantage of the available resources depending on the phenology and seasonality of the vegetation (Ramírez-Albores, 2004; Aycart and Díaz, 2021).

In spite of the effort to understand the effects of urbanization on birds, the information for the Tropical regions such as the Andes is still scarce (see Escobar-Ibáñez and MacGregor-Fors, 2017). This is disconcerting because the tropical Andes are the richest hotspots of bird biodiversity globally (Mittermeier et al., 2011; Bax and Francesconi, 2019). However, the major concern is that the cities in these regions are experiencing rapid expansion, disturbing their adjacent natural habitats (Cincotta et al., 2000; Luck, 2007). The Tropical Andes host more than 25% of the world’s bird species in a territory that corresponds to approximately 3% of the planet’s surface (BirdLife International and Conservation International, 2005). Despite its importance for birds, this region is one of the most threatened, mainly due to a rapid land transformation (Jetz et al., 2007), urbanization being one of the most critical pressures on biodiversity (Ramirez-Villegas et al., 2014; Zúñiga-Sarango et al., 2020). Consequently, more than 10% of the bird species in the region are seriously threatened (IUCN, 2021).

Conscious of the dramatic loss of bird diversity and of the extreme habitat degradation due to the expansion of cities in the Tropical Andes, we have conducted a study of a bird community along an urbanization gradient. The study was carried out in one middle size Andean city of Ecuador in sites ranging from the best-preserved areas (peri-urban forests) to the most disturbed areas dominated by urban development. We specifically evaluated (1) to what extent the bird diversity is negatively affected by urbanization, (2) do these negative effects differ among trophic guilds and foraging strata of birds? We hypothesized that the diversity and abundance of birds would exhibit a drastic decrease along the urbanization gradient as a consequence of the simplification of the landscape. Also, we predicted that the effects would likely differ among trophic guilds and foraging strata. For instance, granivores or birds that forage on the ground would be positively impacted rather than negatively affected by urbanization due to food subsidies from human sources, whereas insectivores would be negatively affected within cities.



MATERIALS AND METHODS


Study Area and Sampling Sites

The study was carried out in the city of Loja and its surroundings in a watershed located in the southern Ecuadorian Andes (Figure 1). This city is located between two important areas of bird endemism (BirdLife International, 2021a,b), the Southern Central Andes (EBA046) and the Central Andean Paramo (EBA043). These areas are recognized globally for their high diversity of birds and the presence of several highly threatened species with narrow ranges, such as the bearded guan (Penelope barbata), the rainbow starfrontlet (Coeligena iris), the neblina metaltail (Metallura odomae), or the mouse-colored thistletail (Asthenes griseomurina) (BirdLife International, 2021a,b).
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FIGURE 1. Location of the study area, the city of Loja, and the sampling sites (yellow symbols) within different land-use types in southern Ecuadorian Andes. Fo, forest; FP, forest-pasture; Pa, pasture; Ur, urban. Modified from Chuquimarca et al. (2019).


Altitude in the watershed ranges from 2,000 to 3,250 m. Climate is influenced by humid air masses from the Amazon and dry air masses from the Tumbes Dry Region. The annual precipitation varies between 800 and 2,500 mm and with a range of annual temperature between 7 and 15°C (Iñiguez-Armijos et al., 2014). The landscape of the study area has been transformed from native vegetation to other land uses throughout history but with a sharp intensification in recent decades (Ochoa-Cueva et al., 2015; Tapia-Armijos et al., 2015). The city of Loja, with ∼215,000 inhabitants, occupies approximately 36% (99 km2) of a watershed of 276 km2 (Gaona et al., 2021). The population growth of the city in general has been very low with a significant deceleration between 1974 and 2001. The number of inhabitants in 1950 was ∼50,000 and by 2001 it reached ∼175,000 inhabitants. Loja is a small-medium sized city relative to other Ecuadorian cities, with a contribution of around 6% of the national population (Information taken from the INEC 2022 web portal). It is located in the valley and has spread out toward the outskirts, replacing native vegetation first into pasture and then to urban areas (Figure 1), displaying a gradient of transformation to urban areas (Zúñiga-Sarango et al., 2020). The actual landscape in the area exhibits a city surrounded by pastureland dedicated to cattle ranching with the native vegetation restricted to the headwaters (Iñiguez-Armijos et al., 2016; Ordóñez-Delgado et al., 2016).



Experimental Design

Since the urbanization process in the study area has been defined by the transformation of native forest vegetation into cleared forest, pasture, and then to urban areas, we have defined four levels of disturbance based on the landscape pattern (see Iñiguez-Armijos et al., 2022). We selected 12 watersheds, hereafter sampling sites, arranged in watersheds that are characterized by different levels of entry within the city and that include different levels of urbanization. Forest sites (Fo) correspond to the least disturbed areas and are dominated by montane forests (≥75% of the watershed). These watersheds have isolated houses and are the farthest sites from the city. Forest-pasture sites (FP) are areas dominated by a mixture of disturbed montane forest (∼60% of the watershed) and pasture (∼40% of the watershed) and are occasionally used by livestock. In these watersheds, there are small neighborhoods that have not been completely integrated with the city. Pasture sites (Pa) correspond to areas that are dominated by pastures (>65%) and are entirely dedicated to cattle ranching. These watersheds are located on the edge of the city and include some urbanized areas connected to the city; and although urbanization is not yet dominant upstream these sites are directly influenced by the urban areas. Finally, urban sites (Ur) correspond to watersheds with around 30% of their area composed of impervious surfaces and the presence of few green areas which are dominated by exotic and ornamental vegetation. These watersheds are part of the city, despite that they are not entirely covered by urban areas. Our experimental set up is similar to others that studies have previously used to assess the effects of this urbanization gradient on terrestrial (Gaona et al., 2021) and aquatic (Zúñiga-Sarango et al., 2020) insects, as well as on riparian vegetation (Chuquimarca et al., 2019) and stream ecosystems (Iñiguez-Armijos et al., 2022).



Bird Sampling

Birds were surveyed along 1 km transects set at each sampling site. Since changes in the structural conditions of the study sites may influence the detectability of the birds, we have used two different sampling methods (auditory and visual surveys), which allowed us to reduce potential detectability bias. We carried out the sampling in two periods between 2016 (May–July) and 2017 (June–August). Surveys started at 05:45 a.m. and finished at 10:00 a.m., and birds were recorded while walking at a speed of 100 m/6 min. All the surveys were led by the same person (LO-D), an experienced researcher with several years of experience studying the birds of southern Ecuador and contributing to on-line databases for bird vocalizations. Birds were identified using field guides (Ridgely and Greenfield, 2006), collections of bird songs (Moore et al., 2013), and the reference collection for the city of Loja.1 Trophic guilds (frugivores, granivorous, insectivorous, nectarivores, and omnivorous) and foraging strata (aerial, canopy, midstory, understory, and terrestrial) of each species detected were assigned to each recorded species according to Stotz et al. (1996) and Billerman et al. (2021). Although birds may have varied diets or use other strata than those used here for analysis, we used the primary guild and stratum for each species. For example, Tyrannus melancholicus (Tyrannidae), a species that feeds mainly on insects in the canopy, is defined here as a canopy-foraging insectivore, although it may sporadically feed on ripe fruits found in lower strata. Aerial strata refer mainly to insectivorous birds that feed in the air, canopy refers to birds that forage in the upper canopy of trees, midstory refers to birds that forage within the canopy and trunk of trees, understory refers to birds that forage in the shrubbier part of the forest, and terrestrial refers to birds that forage on the ground.



Data Analysis

Sampling effort was assessed by calculating the coverage for each level of urbanization using the rarefy function (Oksanen et al., 2020). The species richness was extrapolated using the Chao2 estimator and was used to calculate the sampling coverage as observed species richness divided by estimated species richness. We built generalized linear models (GLMs) to evaluate the effect of each land-use type on the species richness, abundance and evenness. We included in the model the sampling year as covariate. We pooled the visual and auditory recordings at the transect level. We assumed each auditory record registered at least 100 m apart as an independent individual. In the case of birds with a loud vocalization, we took care to only record them once. We calculated the species richness and abundance for each sampling site and year. The species evenness was calculated as the division of the Shannon diversity index by the logarithm of species richness.

Generalized linear models were fitted assuming a Poisson error distribution for count data and gamma error distribution for continuous data. Additionally, we calculated the proportion of individuals and species by foraging strata and trophic guild. In this case, we adjusted the GLMs using a binomial error distribution for proportions. Parameters for the GLMs were estimated using Laplace approximations (Bolker et al., 2008). We then performed a post hoc test using the function glht of the “multcomp” R package (Hothorn et al., 2008, 2017) to examine significant differences between land-use types. Data analyses were performed in R (R Core Team, 2020).




RESULTS

We recorded a total of 1,257 individuals of 74 bird species belonging to 30 families (Supplementary Material). We found changes in the total species richness along the urbanization gradient, with a total of 54 species in forest sites, 47 in forest-pasture sites, 36 in pasture sites, and 29 in urban sites. According to rarefaction, the differences between urbanization levels were significant (95% confidence intervals did not overlap) (Figure 2). The Chao2 estimate of species richness varies from 55 to 30 species along the urbanization gradient, showing a sampling coverage greater than 90%, being highest in forest (0.98) and lowest in forest-pasture (0.90), indicating an adequate sampling effort for all urbanization levels. Most bird species recorded use the understory (44%) followed by the terrestrial stratum (36%), with no difference in the proportion of species using the aerial, canopy, and midstory strata (c.a. 7% each).
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FIGURE 2. Rarefaction curves (solid lines) for species richness calculated by using the Chao2 estimator with 95% confidence intervals (shaded areas) for the four land-use types along an urbanization gradient in the southern Ecuadorian Andes.


Our models showed a strong negative effect of urbanization on bird species richness (Figure 3A). Species richness was significantly higher in forest sites, followed by the forest-pasture sites, and with lower numbers of species at pastures and urban sites, respectively. Bird abundance showed a similar pattern (Figure 3B) with the number of individuals decreasing from forest to urban sites. Significantly higher abundance was detected in forest and forest-pasture sites compared to pasture and urban sites. Species evenness only showed significant differences between the forest and the urban sites, with the bird community being more even toward the most disturbed sites (Figure 3C).
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FIGURE 3. Land-use effects on richness (A), abundance (B), and evenness (C) of the bird communities along an urbanization gradient in the southern Ecuadorian Andes. Data is depicted through quartiles and different lowercase letters above the whiskers indicate significant differences between land uses (GLM p < 0.05). Fo, forest sites; FP, forest-pasture sites; Pa, pasture sites; Ur, urban sites. All sampling times (two) and sites (three) for each land use are used for plotting.


The proportion of the richness of the trophic guilds was significantly affected by urbanization only in granivorous birds (Figure 4A). We found a large amount of variation in sampling sites within the same level of urbanization. Proportion of abundance was affected in three of the four trophic guilds (Figures 4A–H). Granivorous birds increased in abundance in urban sites, while insectivorous birds decreased in abundance from forest to urban sites (Figures 4A,B,E,F). The omnivores showed a reduction in abundance in the first levels of urbanization, but the abundance of this guild was higher in the urban areas (Figures 4E,F,H).
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FIGURE 4. Land-use effects on richness (A–D) and abundance (E–H) of bird trophic guilds along an urbanization gradient in the southern Ecuadorian Andes. Carnivore (A), frugivore (B), granivore (C), insectivore (D), nectarivore (E), and omnivore (F) birds. Data is depicted through quartiles and different lowercase letters above (or below) the whiskers indicate significant differences between land uses (GLM p < 0.05). Fo, forest sites; FP, forest-pasture sites; Pa, pasture sites; Ur, urban sites.


Our models showed significant effects of urbanization in proportion of richness in two foraging guilds and proportion of abundance in all foraging guilds (Figures 5A–J). The proportion of richness in the understory and terrestrial foraging guilds changed significantly along the urbanization gradient. Understory species decreased and terrestrial species increased (Figures 5D,E). Abundance of all foraging guilds was significantly affected by urbanization, although the direction of the response depended on the guild. The midstory and terrestrial guilds increased in abundance along the gradient, while aerial, canopy, and understory guilds decreased in abundance (Figures 5F–J).
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FIGURE 5. Land-use effects on richness (A–E) and abundance (F–J) of bird foraging strata along an urbanization gradient in the southern Ecuadorian Andes. Aerial (A,F), canopy (B,G), midstory (C,H), understory (D,I), and terrestrial (E,J) habitats. Panels (A–E) show models from species richness and (F–J) show models from abundance. Data is depicted through quartiles and different lowercase letters above (or below) the whiskers indicate significant differences between land uses (GLM p < 0.05). Fo, forest sites; FP, forest-pasture sites; Pa, pasture sites; Ur, urban sites.


We included the year of sampling in all models to test interannual changes and quantify the possible effect of temporal collinearity between samples in the same study site. In general, the sampling year did not affect the richness and abundance of birds and guilds.



DISCUSSION

Urban areas across the planet contain substantially lower species densities as compared to non-urban surroundings (Chace and Walsh, 2006; Aronson et al., 2014; Lee and Rotenberry, 2015). Species loss can exceed 75% relative to species pools in the original habitats that cities have replaced (Newbold et al., 2015). Our work also demonstrates a drastic loss of bird diversity along the urbanization gradient in a megadiverse tropical region. However, these effects are not the same for all species and can change depending on the guild they belong to. The urbanization was “good” for some guilds, such as granivorous and terrestrial species; the areas most urbanized show higher richness and/or abundance for these guilds. The urbanization was “bad” for the others guilds, with a reduction in the species richness and/or abundance. Finally, the urbanization was “ugly” for whole bird community, the richness and abundance decreasing drastically with the increase of urbanization.

According to our expectations, tropical areas should show a greater loss of diversity as a consequence of the levels of specialization that birds present in tropical ecosystems. Although comparison with other ecosystems and studies with different methods and sampling efforts have limitations, we found some indications that the magnitude of loss is greater in our ecosystem. In the studies by Mikami and Mikami (2014) in Fukuoka, Japan and by Blair (1996) in Palo Alto, California, they found a decrease in 10 of the 22 and 21 species found in forested areas, respectively. In the case of cities of similar size to Loja such as Örebro in Sweden (155,989 inhabitants), the bird community showed similar losses reaching values as high as 66% (Sandström et al., 2006). The reported changes are similar to those found in our study where 25 of the 54 species found in the forest sites are lost. Although the loss ratios of these three studies are similar, the disturbance gradient that is used in each is very different. While the studies in Fukuoka, Örebro, and Palo Alto cover fully urbanized areas, in our study the areas with the highest urbanization are not fully urbanized, thus we would expect this loss to be even stronger. On the other hand, the history of intervention and the size of the cities is very different, while Loja is a relatively new small city, Palo Alto and Fukuoka are older and larger than Loja. Other studies have found high losses of bird diversity in temperate cities. In Chile (Silva et al., 2016), where three cities were studied (Temuco, Osorno, and Valdivia) with populations between 100,000 and 300,000 inhabitants, results showed bird species loss of 40, 17, and 15%, respectively. In Argentina, bird species losses of at least 40% of the total species richness were recorded for the cities of Mar del Plata (500,000 inhabitants), Balcarce (35,000 inhabitants), and Miramar (24,000 inhabitants), when comparing natural and the urban sites (Leveau et al., 2017). Although the data presented here show some dissimilarities in the percentages of species loss between less undisturbed areas and urban areas, all the studies reviewed here are consistent in their findings. Urban environments always tend to harbor a smaller number of species than forested areas or areas with greater vegetation cover surrounding the cities.

While bird community response has been consistent across different regions, these effects are expected to be species dependent, with certain species being favored by new habitats and resources, and others being harmed by habitat-level alterations (Chace and Walsh, 2006; Walker and Shochat, 2010; Valente-Neto et al., 2021). Our results showed trophic guild-dependent responses. Granivorous bird diversity and abundance increased toward the most urbanized sites. This response is consistent with what was found in other urbanized areas (Chace and Walsh, 2006; Fox and Hockey, 2007; Blair and Johnson, 2008). The group of granivorous terrestrial-feeding birds within the city of Loja is composed mainly of generalist species (e.g., Rock Dove Columba livia, Eared Dove Zenaida auriculata, Rufous-collared Sparrow Zonotrichia capensis), which have adapted quite well to coexistence with humans. These conditions have favored an increase in the population densities of these species in the last decade, similar to what has been reported for other generalist species, like Passer domesticus and Sturnus vulgaris in cities in the United Kingdom (Evans et al., 2009), C. livia, and P. domesticus in Chile (Silva et al., 2016) or in Mexico (Escobar-Ibáñez et al., 2020).

In the case of omnivorous birds, we found an “U” shape response with a decrease in abundance in the first levels of urbanization, but another increase of abundance in more urbanized areas. These results differ from some studies that reported that abundance and species richness were lower in the least urbanized areas (Walker and Shochat, 2010; Huang et al., 2015). The shift in this pattern could be a consequence of the appearance of exotic generalist bird species, associated with the consumption of food provided directly or indirectly by humans. The omnivorous birds found in the forest sites are native species (e.g., Aulacorhynchus prasinus, Cyclarhis gujanensis), while the bird community in the urban sites is dominated by exotic species associated with humans and the resources that they provide (e.g., C. livia). This change in the trophic organization, again, is influenced by the difference in the presence of food resources and perching or nesting sites. Previous studies have already reported that urbanization favors terrestrial-feeding omnivorous and granivorous birds (Beissinger and Osborne, 1982; Lim and Sodhi, 2004). Omnivorous birds in forested areas use different strata to forage, while omnivorous birds in the city efficiently use the resources available in the urban areas, feeding in trees in the parks or on the ground.

As for insectivorous birds, our hypothesis was corroborated. In the Tropical Andes, the richness and abundance of this trophic guild decreased toward sites with higher degrees of urbanization, as reported by Amaya-Espinel et al. (2019) in Chile or by Máthé and Batáry (2015) in Romania. Many resident insectivorous birds are dependent on insect populations, both for their own food (Tallamy, 2004) and for feeding their nestlings (Dickinson, 1999). Hence the scarcity of vegetation, and particularly the scarcity of native species in urban green spaces, directly causes a decrease in insect diversity, which in turn negatively influences the diversity of birds, particularly insectivorous birds (Burghardt et al., 2009; Sherry, 2021). In our study area, Gaona et al. (2021) found a severe decrease in the diversity, abundance and species richness of moth species, which could reflect a reduction of insects because of urbanization in the city of Loja. Despite the decreases in insectivorous birds, some studies have showed an increased diversity of insectivorous birds in the most-urbanized areas (Hayes et al., 2020), for example, in Guyana (Escobar-Ibáñez and MacGregor-Fors, 2016) and various locations in Mexico (Escobar-Ibáñez et al., 2020). Leveau (2013) attributed the presence and distribution of remnants of native vegetation within or near urban areas as the main factor causing this phenomenon. Cities with the presence of native vegetation in their parks have the possibility of providing a greater amount of food resources to bird species. Many of the changes that were observed in trophic guilds can be partially explained by changes in the supply of food resources. However, further research is needed to quantify the changes in the supply of resources along the urbanization gradient and how these affect the trophic guilds.

Our results showed very clear responses to urbanization of birds using the lower strata (understory and terrestrial). As urbanization increases, the species richness and abundance of these groups changes abruptly, but in opposite directions. While urbanization favors terrestrial bird species, understory bird species show a reduction in diversity and abundance. We believe that the lack of trees within the city has a direct effect on birds that occupy the upper strata. Although we did not find significant differences in the richness of birds using the canopy and aerial strata between urbanization levels, the trend of reduction in their abundance at the most urbanized sites suggests that canopy birds and those that feed during flight are negatively affected by the urbanization process. This could be also explained by the lack of trees and food resources (e.g., insects) that have been drastically reduced in these urban sites (Gaona et al., 2021). Although the changes in resource availability in response to the structural changes of vegetation and other resources along the urbanization gradient is a plausible explanation, other authors have proposed that the restriction of nesting sites in urban areas could explain the changes in the diversity and abundance of the birds. It is necessary to carry out further studies to assess the extent to which nesting habits could be a taxonomic diversity filtering factor.

Our work shows the “ugly” side of the urbanization: a severe reduction in the diversity of birds along the urbanization gradient, which is consistent in cities with different demographic characteristics and environmental features. On the other hand, the effect of urbanization showed that the responses of the birds are species-dependent. The “bad” side of the urbanization is the reduction of richness and abundance of most guilds. Finally, for granivorous and terrestrial trophic guilds, the urbanization shows its “good” side as there is an increase of species richness and abundance. Although the answers found here are consistent with other studies, it has been observed that in certain cities the favored or affected groups may vary. It is necessary to develop a more in-depth study that allows us to understand what the factors within the urbanization process are that are causing this variation in the responses of the bird community.
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