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Urbanization effects have been studied all over the world, documenting impact in species richness, abundances and changes in species communities. Birds have been broadly used as study models. In general, urbanization affects birds, reducing species richness, especially in the urban core, and increasing species richness in areas with intermediate levels of disturbance, such as suburbs. Urbanization also changes species assemblages depending on urban characteristics and resources available, creating habitats for different species. Even when more than half of the cities in the world are on the coast, the effects of urbanization on habitat use of terrestrial and marine birds in coastal urban environments has received little attention. We hypothesized that coastal cities would present different bird diversity in modified marine areas and modified inland areas as terrestrial and marine ecosystems coexist. We predict that modified marine areas will have higher species richness than modified inland areas and natural marine areas. For bird assemblages, we expect to find similar species compositions between sites with similar habitat characteristics more than closeness. We compare habitat use of marine and terrestrial avifauna in the human-modified coastal city of Valparaiso, Chile, characterized by a range of urban developments within city boundaries. We specifically compare corrected bird abundance in six different possible habitats for birds, according to distance to the coast, and human influence. Bird counts (50 m fixed radius) were conducted in winter and spring of 2019. Bird species richness and abundances, corrected by the probability of detection, were estimated. Additionally, species composition and occupancy of bird species in those habitats were calculated. Results show that coastal urban cities can provide different habitats for bird species. Modified inland habitats differ from semi-natural inland habitats and from the modified beaches in species richness and species composition. Environmental heterogeneity in coastal cities seems to allow the coexistence of marine and terrestrial bird species, showing differences in species richness and bird assemblages for marine-inland environments and natural- modified habitats. Results highlight the need to consider these factors for urban planning in order to conserve bird diversity in coastal urban areas.
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INTRODUCTION

Urbanization is continuously growing and, as an example of an extreme anthropogenic landscape transformation, represents a major driver of habitat loss and degradation (Grimm et al., 2008). This phenomena has brought profound changes in the ecological functioning of ecosystems such as the decline of species richness and diversity (Antrop, 2000; Pickett et al., 2011; Seress and Liker, 2015). Urbanization has been studied widely on birds given they are conspicuous species, and considered bioindicators of ecosystem functioning (Burger and Gochfeld, 2004; Rosenberg et al., 2019). Previous evidence indicates that bird communities respond to urbanization. They usually exhibit lower species richness in urban areas compared to more natural ones, with the lowest diversities in urban core areas (McKinney, 2002, 2008). Some levels of urbanization have shown an increase in avian diversity, for example in the suburbs, linked to intermediate levels of disturbance (Blair, 1996; Marzluff, 2001; Chace and Walsh, 2006; Lepczyk et al., 2008).

Bird assemblages are being affected by urbanization. As first described by Blair in 1996, different bird assemblages can be found along an urban gradient. Based on this, a new characterization deals with urbanization and ecological mechanisms. Here, species that rarely occur in developed areas are called urban avoiders, and they may persist in natural areas embedded in urbanized landscapes. Then, the urban utizers can be found making occasional use as non-breeders of urban resources to breeding in developing areas, only because of dispersal from adjacent natural areas. And urban dwellers, which can vary from having viable population in both natural and developed areas and persist in urbanized landscapes independently of natural areas, to being dependent on developed areas for survival (Fischer et al., 2015; González-Lagos and Quesada, 2017). Moreover, there are many studies that consider urban gradients incorporating the surroundings of the cities (e.g., Clergeau et al., 1998; Crooks et al., 2004; Melo et al., 2021). For bird assemblages, evidence shows that local habitat characteristics are more important than surrounding landscapes (Clergeau et al., 2001; Evans et al., 2009). Thus, bird communities in cities are more similar to urban communities nearby than communities in surrounding natural environments (McKinney and Lockwood, 1999; Clergeau et al., 2001; McKinney, 2006).

In South America, considered an area of high biodiversity, the impacts of urbanization have shown contradictory evidence. For example, high levels of urbanization have shown low species richness of birds (Leveau et al., 2017). In fact, some attributes of cities seem to be important in determining the presence of species, such as the land cover. For example, vegetation cover can positively correlate with species richness (Filloy et al., 2019) and specifically, can affect specialist species given vegetation structure in urban forest fragments would support their habitat and feeding (Campos-Silva and Piratelli, 2021). Additionally, three cities (La Paz in Bolivia, Mar del Plata in Argentina, and Osorno in Chile) showed that urbanization does not correlate with bird abundance, but it does with bird species composition (Leveau et al., 2017). Interestingly, a study in central Argentina showed that bird communities were more similar between urban centers than between adjacent semi-natural areas (Filloy et al., 2015; Bellocq et al., 2017). However, it was demonstrated that two kinds of biomes presented different spatial patterns of species richness. In an arid biome, the highly developed areas showed higher bird richness than the natural areas, and in the humid biome, the moderately developed areas showed lower species richness than natural areas (Filloy et al., 2019). Essentially, research has shown that the effects of urbanization on diversity depend on the urban developmental dynamics and the ecology of species within a given region (Chace and Walsh, 2006; Luck and Smallbone, 2010).

Cities in coastal areas have shown faster growth rates, given their attractiveness for human settlement. By 2017, about 40% of the world’s population lives within 100 km of the coast (United Nations [UN], 2017). Furthermore, by 2009, 67% of megacities corresponded to coastal cities (von Glasow et al., 2013). However, coastal urbanization research has been mainly focused on terrestrial aspects (Graells et al., 2021). There is a gap in studies that focus on the coastal ecotone and the influence of urban areas focusing on marine and terrestrial interaction of species in an urbanized area. Therefore it is important to explore what is happening on the coast where urban areas are influenced by terrestrial and marine ecosystems.

This research aims to identify the use of coastal urban habitats by birds as a way to explore the impact of urbanization in coastal cities and the response of terrestrial and marine bird communities. The study evaluated the response of bird communities to the anthropogenic impact in coastal urban environments characterizing the bird assemblage and species origin (marine or terrestrial). We hypothesized that coastal cities would present different bird diversity in modified marine areas and modified inland areas because the first are immersed in a marine-terrestrial ecotone where urban, terrestrial and marine ecosystems coexist. We are also interested in knowing how those species are assembled in those habitats. We predict that modified marine environments (beach and rocky shore) will have higher species richness than modified inland areas, and modified marine environments will present higher species richness than natural marine environments. In relation to bird assemblages, we expect to find similar species compositions between sites with similar habitat characteristics. We specifically identified species in contrasting habitats and described the spatial use of bird species that showed the greatest difference in those contrasts.



MATERIALS AND METHODS

We conducted bird surveys in a coastal urban environment in the Valparaíso region. We estimated species composition and analyzed occupancy of those species that presented the largest differences between habitats. Greater Valparaíso is the largest metropolitan coastal area in Chile and the country’s second most populated urban area with 935,602 people (Instituto Nacional de Estadística [INE], 2017). It is composed of three coastal cities: Valparaíso, Viña del Mar, and Concón.

In this area, a random stratified design was applied along three defined coastal environments: beach, area in the coastline with at least 80% sand on its surface; rocky shore, area in the coastline with at least 80% rock formations on its surface; and inland areas, between 200 and 1800 meters from the coast and with not a direct view to the sea. In each environment, two extremes of human intervention were selected: modified and natural/semi-natural areas. Modified areas had more than 50% human intervention on the surface (i.e., buildings and paved roads). Natural areas had less than 30% of human intervention on its surface (i.e., buildings or paved roads) and preserved wild vegetation. Because inland environments did not present enough natural areas, semi-natural areas were selected. These areas had more than 50% of vegetation (natural or planted) and are represented mainly by green areas and parks. In essence, six distinct areas were considered as potential habitats for birds: urbanized beach and natural beach, natural rocky shore and modified rocky shore, modified inland (urban center) and semi-natural inland (green area) (Figure 1). Two replicas for each habitat from each of the three coastal cities were selected, with a total of 36 sampling sites.
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FIGURE 1. Valparaiso Metropolitan area in Central Chile and the 36 sampling points of this study. Each sample site shows its characterization based on coastal environments (beach, land or rocky shore) and human intervention (modified or natural).


Bird surveys were performed in the southern hemisphere winter and late spring of 2019 to determine resident and migratory species. We decided to sample in late spring instead of summer because of the possible influence of summer tourists on the beach. For both seasons, sampling was performed in each of the 36 sites randomly. Surveys were conducted daily during sunrise and 3 h later, managing to perform between four and six of them, depending on the distance between sites. We used fixed radius point counts with a range of 50 m from the observer. A short count period of 10 min was used to not over-count large, conspicuous species and to deal with the mobility assumption of point count methods (Bibby et al., 2000). All species that were seen and heard were registered.

To deal with differences in the detectability of birds, abundance obtained from the field was corrected using detection covariables (Royle and Nichols, 2003). We accounted for differences in precipitation, wind direction and speed, humidity, and temperature of the sampling point in a specific day and time (see Supplementary Table 1). To do this, we used repeated presence-absence data with the DiversityOcuppancy package for R software (Corcoran et al., 2017). Here, all the species detected in the sampling period were a part of the potential community. If the species was detected at least once during the point count, it was considered to be present (probability of 1 for that day and site). If it was not detected, it was supposed to be absent for that sampling date and site (probability of 0). When a species was observed once or twice in the 3 days sampling, the probability was according to the number of days present related to the 3 days of sampling (1/3 or 0.33 and 2/3 or 0.67, respectively). For all the further abundance analysis, we used abundance corrected by detection probability (MacKenzie and Nichols, 2004; Kendall and White, 2009; Latif et al., 2016).


Data Analysis


Species in Contrasting Habitats

To test what variables are the most important at determining species richness (λ) we made a Poisson GLM model. The general model included as predictor variables: human intervention (natural and modified habitats, I), the season (winter or spring, S), and the environment (beach, rocky shore or inland, E). The model included the interaction of variables (season and environment, intervention and environment) and the response variable was the observed species richness. We used a multimodel inference approach to select the best model (Burnham and Anderson, 2004). In order to do this, first we fitted the general model (Eq. 1), and we calculated the Variance Inflation Factor (VIF) for each variable (Belsley et al., 2005). Using a threshold of 5 (James et al., 2013), we recursively eliminated the variable with the highest VIF until all variables had a value that was lesser than the threshold. Then, we used the MuMIn package with the resulting equation to test all combinations of models from the new general model (Eq. 2) and limit the number of variables to the number of samples divided by 10. After that, we took into account models with a delta Akaike Information Criteria (AICc) of 2 from the model with the lowest AICc. Finally, we made a full model average taking AICc weights as the weight of the model for the final one. Post hoc comparisons between season, human intervention and coastal environments were obtained from estimated marginal means (EMMs) with Tukey adjustment using the “emmeans” package.
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Bird communities for each habitat were analyzed using this abundance estimation through ordination methods with the Vegan package in R (Oksanen et al., 2019). Additionally, we determined dissimilarity distances among sample sites and tested significant differences among habitats by analyzing similarities (ANOSIM). To assess species contribution to the difference between habitats we used Bray–Curtis dissimilarities with SIMPER analysis.

Using the models generated by Tamburello et al. (2015) and the body mass reported for the species in Wilman et al. (2014), we estimated the home range of the species selected by SIMPER. Because birds in urban environments had significantly broader environmental tolerance (Bonier et al., 2007), we created land-use proportions on a buffer of 2,200 m around the sampling points. For each sampling point, the percentage of cells belonging to the following environments was calculated: native forest, crops, gravel, shrubs, ocean, grasslands, sand, and paved surfaces. Land cover layers were extracted from Zhao et al. (2016). Thus, we obtained land cover buffer rasters to test environmental variables used by bird assemblages, using PERMANOVA and occupancy of bird species.



Spatial Use by Bird Species

Species selected by SIMPER analysis that showed differences between modified and natural habitats were analyzed separately to determine species occurrence. In order to do this, we used occupancy models with the package DiversityOccupancy in R (Corcoran et al., 2017) with previously prepared environmental variables from land cover layers. For each of the 36 sampling points, a specific previously selected diameter circle raster of the proportion of land cover was used. The percentage of cells belonging to the following environments was calculated: Native forest, Crops, Gravel, Shrubs, Ocean, Grasslands, Sand or Paved surfaces (for a complete description of variables see Supplementary Table 1). To select the best model of occurrence, corrected AICc was used. Models selected were projected to the study area showing the probability of use of habitat for each species in the area.





RESULTS

A total of 56 bird species were found in the sampled six coastal urban habitats. Observed species richness was similar between winter and late spring (45 and 48 species, respectively); however, only 37 species were common in both seasons (see the complete species list in Supplementary Table 2).


Species in Contrasting Habitats

GLM indicated that species richness should be analyzed separately in both seasons, as the season was one of the selected variables under the Multimodel Inference approach (see in Supplementary Table 3). Predicted species richness obtained from GLM showed for both modified and natural areas that inland has the least richness and beach has the highest. Specifically, modified beach areas had significantly more species richness than modified inland areas in both seasons, but not modified rocky shore. When comparing marine environments, both beach and rocky shore did not show differences in species richness between modified and natural areas (Figure 2) (Complete results of post hoc paired analysis of the averaged GLM model can be found in Supplementary Table 4).
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FIGURE 2. Species richness of birds estimated by GLM models, according to environment (inland, rocky shore and beach), human intervention (modified and natural) and sample season (winter and spring). Points represent the estimate and bars the 95% of CI.


Species assemblages also showed differences between human modification and environments. Figure 3 presents a multidimensional scaling (MDS) of sites of winter and spring seasons separately, according to the estimated species abundances. Both seasons showed that bird assemblages are different between habitats. Notably, distance to inland habitats are greatest. Also, marine modified sites, such as urbanized beaches and modified rocky shores, show more similarity to marine natural sites (natural beach and rocky shore) than to modified land (urban centers). Seasonal ANOSIM analysis shows that assemblages in each environment are different among studied seasons (R = 0.584, P < 0.01 in winter and R = 0.573, P < 0.01 in spring). Dissimilarity rank indicates with a 95% confidence interval, that dissimilarities within each habitat are lower than between them. There is one exception shown by natural beach habitat during winter, here the variability of species in the habitat is as high as we consider all habitats together. All of this seems to show that in most of the habitats there are specific conditions that allow different species compositions for the winter and spring seasons.
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FIGURE 3. Multidimensional scaling (MDS) of bird species composition for all sites, according to environments and human intervention in panel (A) winter and panel (B) spring.


PERMANOVA indicated species assemblages were determined by the same two environmental variables: altitude and proportion of ocean cover 2,200 m around the sample point. However, two variables are different for each season: during the winter, vegetation cover also determines assemblages and during spring paved surfaces cover in 2,200 m around the sample point are also important.

Both sampled seasons showed that few species contribute to assemblage differences in paired habitat comparisons. According to the SIMPER analysis, in each habitat comparison, two species always contributed to the main differences (Table 1). In winter, six species showed to add to this difference between intervention states of environments. These species were Larus dominicanus, Larosterna inca, Pelecanus thagus, Coragyps atratus, Columba livia, and Sephanoides sephanoides. The cumulative sum of contribution to the difference between habitats went from 19.43 to 26.69%. In this season, Larus dominicanus presented differences between natural and modified beaches in spring. Even when Larus was present in the six studied habitats, in natural beaches its abundance was higher. Larosterna inca was more abundant in modified beaches, where they were seen flying and nesting in stone walls in front of the sea. Pelecanus thagus abundance was higher in modified rocky shore, mostly in places such as coves where there is a great amount of fishery waste. Coragyps atratus were more abundant in the natural rocky shore where they were seen flying above natural vegetation. Columba livia is the only exotic species described by SIMPER analysis, and they were more abundant in modified inland habitats. Lastly, Sephanoides sephanoides are winter visitors and were more abundant in green areas during this season (The complete SIMPER analysis result for winter can be found in Supplementary Table 5).


TABLE 1. Summary of SIMPER analysis results showing habitat compared in both seasons, species that contribute to the differences in this comparison and the cumulative sum of contribution to the difference between habitats of species mentioned.
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In spring, five species are the most important at differentiating bird assemblages in different habitats: Leucophaeus pipixcan, Larus dominicanus, Larosterna inca, Phalacrocorax bougainvillii, Columba livia, and Larus dominicanus. Their contribution to the paired comparison in the cumulative sum went from 19.60 to 22.62%. In general, these cumulative sums are similar among paired habitat comparisons. However, species change between winter and spring. In this season, Leucophaeus pipixcan and Larus dominicanus were both more abundant in natural beaches. Larosterna inca was more abundant in the modified rocky shore. Phalacrocorax bougainvillii are spring visitors and they were more abundant in the natural rocky shore. Columba livia was also more abundant in modified inland habitats. And finally, Larus dominicanus showed a difference between modified and semi-natural inland areas, being more abundant in modified habitats in these environments (The complete SIMPER analysis result for spring can be found in Supplementary Table 6).



Spatial Use by Bird Species

Predictions of the occurrence of bird species in the studied area indicate differences in habitat use (Figure 4). Most of the predictions showed higher levels of occupancy on the coast than inland. In winter, two marine species (Pelecanus thagus and Larosterna inca) are present only in marine environments, one terrestrial species (Coragyps atratus) uses part of the coastline and terrestrial habitats, one species is present in the whole study area (Larus dominicanus), and two terrestrial species (Columba livia and Sephanoides sephaniodes) use the entire study area with probabilities over 50% both coastline and inland. In spring, three marine species (Larosterna inca, Leucophaeus pipixcan, and Phalacrocorax bougainvilii) use only the coastline and the other two (Columba livia, terrestrial exotic species, and Larus dominicanus, marine species) are present in the whole study area (Larus with some restrictions on the coast and inland). Specifically, Larus dominicanus presented the maximum probability of occupancy in the whole area in both winter and spring. In this case, there was no variable in the model that determined the occupancy. In the case of Columba livia, during the winter their occurrence is focussed on certain coastal areas, defined by the presence of sand. During the spring, its presence is high in almost the whole study area with exception of some small areas. According to the model selected, the presence of native forest and sand, and the absence of gravel and tree plantations allow this pattern. Larosterna inca shows a similar occurrence in both seasons, however during the spring it expands a little to the inland in some specific parts of the study area. The occurrence in winter is determined by covariables such as low altitude, low proportion of native forest, low proportion of sand, and in spring by high proportion of ocean and a high proportion of gardens on the coast.
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FIGURE 4. Predictions of occupancy models for those bird species that contributed the most to the differences between paired habitat comparisons during panel (A) winter and panel (B) spring. Some of the sample sites are PLB: La Boca Beach (natural beach), RO: Oceanic Rock (natural rocky shore), PR: Reñaca Beach (modified beach), T: Bus Terminal (modified inland), CEM: El Membrillo Cove (modified rocky shore), PEL: El Litre Park (semi-natural inland).


For the winter, Coragyps atratus has a specific presence in certain areas. Its model is determined by the presence of sand and the absence of paved areas. Pelecanus thagus appear only by the coastline and its model is determined by low altitude, absence of native forest and gravel and needs oceanic surrounding areas (all of this translates to being on the coast). Sephanoides sephaniodes are present on the coast and inland, but they have a marked preference for higher altitude and absence of sand surface. For the spring, both Leucophaeus pipixcan and Phalacrocorax bougainvilii are more selective of marine environments, with Leucophaeus being able to come to the inland to some extent. Leucophaeus pipixcan models indicate preferences of low altitude, absence of gravel and presence of oceanic surrounding and paved areas. Phalacrocorax bougainvilii also needs oceanic surroundings and the absence of gravel but showed a preference for more vegetation present in the area [Details of occupancy models can be found in Supplementary Table 7 (winter species) and Supplementary Table 8 (spring species)].




DISCUSSION

Prior research has documented the effects of urbanization on bird richness (e.g., McKinney, 2002, 2008), abundance (e.g., Marzluff, 2001), and composition (e.g., Blair, 1996). However, evidence has been contradictory during the last decades, mostly from the southern hemisphere. Additionally, these studies have either been focused mostly on urban terrestrial habitats or in specific ecosystems within coastal areas. In this study, we evaluate species richness, abundance, and community assemblages of birds in modified and natural/semi-natural areas in a coastal city, including marine and inland environments. Our results match some of our predictions, indicating modified beach habitats can allow a higher bird species richness than modified inland habitats. However, modified marine areas do not show more species than their natural counterpart. Results highlight variations regarding species composition. Marine environments (beach and rocky shore) seem to be more similar among them compared to modified inland and semi-natural inland habitats for both seasons.

Modified beach areas show more bird richness than modified inland areas (Figure 2), probably because modified beaches are immersed in a marine-terrestrial ecotone. This ecotone provides more resources to species because it mixes terrestrial, oceanic, and atmospheric processes (Ray and Hayden, 1992). At the same time, modified inland areas present a high level of urbanization with high percentages of paved surfaces such as roads and buildings. And even when human intervention has been demonstrated to facilitate the presence of birds (Cereghetti et al., 2019; Carmona et al., 2021), urban areas also can generate ecological traps for bird nesting (Reynolds et al., 2019), increase bird mortality by collisions with moving vehicles (Erritzoe et al., 2003), and increased competition for good quality food and native trees for nesting (Seress and Liker, 2015).

If human intervention have been shown to increase ecosystem variability and the availability of resources for birds (Cereghetti et al., 2019; Carmona et al., 2021), this could potentially be also true for modified beach areas that correspond to an intermediate level of human intervention (Doxa et al., 2012). However, rocky shores could present higher intervention than beaches, and that reflects on non-differences with modified inland areas richness (Figure 2). Modified marine environments did not show higher species richness than natural marine environments as we had predicted. Both observations could represent that human modification on the coast is not an intermediate level of perturbation and present areas with higher intervention.

There are differences in bird assemblages between marine (beach and rocky shore) and inland environments. MDS results show marine (natural and modified) habitats are more similar than those inland (Figure 3). Notably, specific differences between modified and natural habitat species composition could be described with SIMPER results. Table 1 shows the species that add the most to the dissimilarity between those habitats in the beach, rocky shore, and inland environments. In winter there were six species (Larus dominicanus, Larosterna inca, Pelecanus thagus, Coragyps atratus, Columba livia, and Sephanoides sephanoides), and in spring, five (Leucophaeus pipixcan, Larus dominicanus, Larosterna inca, Phalacrocorax bougainvillii, Columba livia, and Larus dominicanus). Considering this, it seems that some species can use modified habitats to get what they need when resources are scarce or available. For example, in winter Larosterna inca was more abundant in modified beaches than natural beaches. We found Larosterna nesting in stone walls in front of the sea built as part of the roads. Similar to habitats that they naturally use in order to reduce predation risk, selecting natural walls with cavities and crevices (Velando and Márquez, 2002). Moreover, this happens in winter probably because there is a low presence of tourists on the beach. During spring, people can affect the foraging behavior, formerly described for birds (Yasué, 2005). Other species can be generalistic and opportunistic, such as Larus dominicanus. They are present in all habitats but more abundant on natural beaches. These differences could be linked to preferences for feeding areas (Kasinsky et al., 2018) or breeding sites (García-Borboroglu and Yorio, 2004).

There are differences in the abundance of those species for modified and natural habitats. This could indicate differences in nesting possibilities, shelter (protection from predators) and food availability. Mediterranean climate seasonality with cold/wet winters and hot/dry summers (Aschmann, 1973) can make a difference in terms of resources present in different habitats. This is demonstrated by PERMANOVA, which indicates that in winter, vegetation cover is an important variable to determine species composition. Vegetation cover also had been positively correlated to species richness (e.g., Filloy et al., 2019), and could be possible given evergreen trees, shrubs and grasses provide food and shelter during this season for some species. As an example of the studied habitats, we found a large number of Sephanoides sephanoides feeding on nectar from the hemiparasitic Tristerix corymbosus (Smith-Ramirez, 1993; Aizen, 2005; Abrahamczyk et al., 2017), mainly in green areas. Urban green areas have been studied in detail, and it is known that they can sustain bird and plant biodiversity, and this could also explain the difference in species richness between modified inland and semi-natural inland areas (Figure 2). Specifically, urban green space management plays an important role (Aronson et al., 2017). For example, native trees for specialist seed feeder birds or keeping leaf litter for foraging birds. In spring, paved surface cover is a variable that determines species composition. Possibly for the human presence and food subsidies for birds (Cereghetti et al., 2019; Carmona et al., 2021).

Coastal urban areas present specific characteristics that allow the presence of marine and terrestrial bird species. The occupancy model analysis shows that most of the marine birds (defined by literature) are using only marine areas. Most terrestrial species get closer to the ocean, specifically in areas with native vegetation such as natural beaches and natural rocky shores (Figure 4). It seems that coastal cities present several variables and closeness to the coast that may generate conditions that allow the subsistence of specific species of birds in different habitats. This is also demonstrated by PERMANOVA results, which indicate that ocean cover is an important variable that determines species composition for the six habitats in both seasons.

There are specific bird assemblages in modified marine habitats (beach and rocky shore). This has been described for beaches in the coast of Australia, where human activities modify habitat selection by birds (Meager et al., 2012). Additionally, modified marine habitats assemblages are more similar to natural marine assemblages than modified inland habitat, probably because of the effect of the ocean. Contrary to what has been described, where species present in cities are more similar among them and less with those in natural areas surrounding them (Clergeau et al., 2001), these areas can possibly keep certain environmental heterogeneity that allows new species assemblages where marine and terrestrial bird species can coexist. Additionally, there is a low rate of invasiveness, contrary to what has been found in other urban areas (González-Lagos et al., 2021). Our study found a few non-native species, where only Columba livia was selected in our analysis. The presence of exotic species tends to create more homogeneous environments (McKinney and Lockwood, 1999; Bilyaminu et al., 2020). Furthermore, coastal urban areas, being a land-sea ecotone, are environmentally more diverse (Ray and Hayden, 1992), and they can provide more resources to native species.

Human intervention in coastal urban areas such as modified beaches and rocky shores show nuances in the effects over species richness, abundance and species composition. Here, modified beaches show higher species richness than modified inland areas. However, natural and modified marine areas did not show differences in the number of species. Additionally, bird species assemblages can be particular depending on the combination of environmental variables presented. Results suggest that modified marine environments are more similar to their natural counterparts, whereas modified inland areas are very different from semi-natural inland areas (green spaces). One consequence of this is that green areas might have to be placed more strategically since they are potentially important to maintain the composition of species.

The study of coastal urban areas makes an excellent opportunity to understand their complexity, considering the land-sea ecotone where they are located and how bird communities respond to habitat interventions. This study highlights the importance of species diversity in marine modified habitats. Under this scenario, efforts directed toward conserving coastal areas should focus on both modified and natural habitats. Future research should focus on evaluating marine urbanization and its effects on bird communities, given sea construction creates a new habitat modification.
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