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Abstract. Urbanization limits the number and type of species that can colonize urban environments. As habitat 
change and large abundances of urban exploiter species have been related to changes in urban bird communities, we 
evaluated shifts in the bird communities in 2 small sized settlements, 1 with exploiter species and one without them. 
Our results show that bird species richness decreases when an area becomes urbanized, regardless of the presence of 
urban exploiters. While bird densities were low in the human settlement lacking urban exploiters, they were high in 
the other settlement due to the numbers of 2 urban exploiter species. Bird community evenness decreased from forests 
to the human settlement lacking urban exploiters, while decreased importantly in the settlement dominated by urban 
exploiters. The composition of bird communities was highly similar between forest conditions and the settlement 
lacking urban exploiters, and highly different to that from the settlement with urban exploiters. Our results thus suggest 
that when an area becomes urbanized, changes in habitat structure and their subsequent invasion by urban exploiter 
species generate a significant loss in bird species richness, favoring those species that can inhabit and exploit the new 
urban condition. 
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Resumen. La urbanización limita el número y tipo de especies que pueden colonizar a los ambientes urbanos. Debido 
a que los cambios de hábitat y las elevadas abundancias de especies explotadoras de ambientes urbanos han sido 
relacionadas con cambios en las comunidades de aves, en este trabajo evaluamos los cambios en las comunidades 
de aves en dos asentamientos humanos pequeños, uno con especies explotadoras y otro sin ellas. Nuestros resultados 
muestran que la riqueza de especies de aves disminuye cuando un área es urbanizada, sin importar la presencia de 
especies explotadoras. Las densidades de aves fueron bajas en asentamientos humanos sin especies explotadoras y fueron 
significativamente más altas en el otro asentamiento, básicamente debido a la presencia de dos especies explotadoras. 
La equitatividad de las comunidades decreció de los bosques a los asentamientos humanos. La composición de las 
comunidades de aves fue más similar entre las condiciones de bosque y el asentamiento sin especies explotadoras, y 
altamente diferente en relación con el asentamiento con especies explotadoras.
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Introduction

Urbanization and its associated effects cause dramatic 
environmental changes at multiple scales, including shifts in 
land-cover, the alteration of biogeochemical cycles, climate 
change, and the introduction of exotic species (Acevedo et 
al., 1999; Andersson, 2006; Chace and Walsh, 2006; Gratani 
and Varone, 2007). Because urban habitats are quite different 
from natural ones, the establishment of urban systems limits 

the number and type of wildlife species that can colonize 
them (Marzluff et al., 2001; McKinney, 2008). While some 
bird species are able to invade and survive within urban 
environments, these areas tend to comprise poorer bird 
communities when compared to natural habitats. Also, 
these communities are commonly dominated by a few, very 
abundant, generalist and opportunistic species (McKinney, 
2002; Faeth et al., 2005; Chace and Walsh, 2006), causing 
important decreases in the evenness of such communities 
(MacGregor-For et al. 2010).

Shifts in bird diversity values following urbanization 
have been associated with various factors, including the 
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change and homogenization of environmental attributes, 
the intensity of urbanization, and the establishment of 
opportunistic urban exploiter bird species (Emlen, 1974; 
Gavareski, 1976; Grussing, 1980; Beissinger and Osborne, 
1982; Blair, 1996; Melles et al., 2003; Chace and Walsh, 
2006). The size and shape of urban settlements can also 
affect the connectivity of the surrounding natural habitats 
(Bierwagen, 2007; MacGregor-Fors et al., 2011), having 
an impact on the dynamics of species gains and losses at 
the landscape level (Marzluff, 2005). 

Urban bird ecology studies have, in part, concentrated on 
the measurement of differences between types of urbanized 
areas (e.g., urban and rural; Yaukey, 1996; Danielson et al., 
1997; Clergeau et al., 1998; Simon et al., 2007). However, 
the effects of small to medium-sized human settlements 
on bird communities remain unclear. In this study, we 
evaluated shifts in the diversity, structure, and composition 
of bird communities related to small sized settlements 
using well-preserved tropical dry forest as a reference for 
comparisons. The urbanization conditions included in this 
study comprise: 1) a small-sized human settlement entirely 
surrounded by well-preserved tropical dry forest, and 
2) a larger, still small-sized human settlement, surrounded 
by forests and abandoned agriculture plots.

Materials and methods

Study area. We conducted this study on the Pacific coast 
of Jalisco, western Mexico, in the region of the Chamela-
Cuixmala Biosphere Reserve and surrounding areas 
(19°29’ N, 105°02’ W; Fig. 1). This region is characterized 
by a well-defined seasonality with a marked dry season 
from October to June (García-Oliva et al., 2002). Natural 
habitats within the Chamela-Cuixmala Biosphere Reserve 
comprise tropical dry deciduous and semi-deciduous 
forests (Noguera et al., 2002). However, land outside of the 
reserve zone is rapidly being transformed into croplands, 
cattle pastures, and urban settlements (Durán et al., 2002; 
Noguera et al., 2002).

We carried out bird surveys in 2 small human 
settlements within the biome of tropical dry forest along the 
coast. The smallest human settlement was represented by 
the Estación de Biología Chamela (referred to as Biology 
Station hereafter), which is located on a low hill (80-100 
m elevation) within well-preserved continuous tropical 
deciduous forest of the Chamela-Cuixmala Biosphere 
Reserve. The forest that surrounds the Biology Station is 
considered well-preserved because it has not been modified 
by human productive activities, being one of the few 
protected old-growth tropical dry forests remaining in the 
world (Noguera et al., 2002; Vega-Rivera, 2007). The built 
area of the Biology Station is a peculiar urbanized area that 

Figure 1. Map of study area depicting survey sites within the 
biological reserve (inset).

does not fit to any of the categories proposed by Marzluff et 
al. (2001). Although it could be considered as an ex-urban 
site sensu Marzluff et al. (2001) because it is completely 
surrounded by forest, it has higher building density, and 
often surpasses the human density value given to ex-urban 
areas. The Biology Station is a highly developed small 
urbanized site (0.8 ha) with an average population of 10 
residents, comprised of a couple of two-story dormitories, 
administrative offices, 2 laboratories, a library/museum, a 
large dinning room, a laundry room, workshops, a water 
tower, a volleyball court, and a two lanes access paved 
road that leads to a central parking lot. Because this site is 
a human settlement that lacks urban exploiter bird species, 
it offers a unique opportunity to evaluate the effects of 
a small human settlement on bird communities within a 
well-preserved natural habitat context.

We also surveyed another human settlement (i.e., 
Careyes) that can be classified as rural sensu Marzluff et 
al. (2001). This is a small-sized settlement (7.5 ha – 50 
inhabitants; INEGI, 2005) comprised by medium to high-
income homesteads with large gardens, cobblestone streets, 
a medical clinic, and a soccer field. The settlement occurs 
in a small valley at 10-20 m elevation, along the Careyes 
stream, and surrounded by few abandoned croplands and 
tropical deciduous forest on the hills to the North and 
South, with tropical semi-deciduous forest of the Careyes 
stream on the eastern edge, and the Federal Highway 200 
on the western edge. Both human settlements considered 
in this study were established between the 1960s and the 
1970s (Castillo et al., 2005), and have similar urbanization 
intensities (~60% built cover).
Bird surveys. We surveyed resident and summer visitor 
bird communities during April and May 2008, from 07:00 
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to 10:00. Bird communities were sampled using point-
counts (5-min, 25 m radius; following Ralph et al., 1996), 
recording all birds seen or heard. We used limited-radius 
point-counts for assuring that all birds recorded were 
actively using the surveyed area and not nearby conditions 
with different environmental attributes, and to maintain 
an identical sampled area per point count. At each one of 
our surveys, we recorded the distance from the observer 
to each one of the detected birds inside the limited-radius 
point-counts using a rangefinder (Bushnell Yardage Pro). 
We performed a total of 51 independent point-counts. 
Because of its size, only one 25 m radius point-count 
could be established within the Biology Station building 
area. Unfortunately, the Biology Station is unique and 
could not be replicated in the region. Although we could 
not replicate this condition, we sampled this site 20 times 
in different days to determine the variation of its bird 
community. Because the data derived from these surveys 
are not independent, we consider them as a single data 
point that robustly describes the bird community of this 
area in the surveyed space and time.

To assess if the effects related to urbanization 
generated by the Biology Station buildings were restricted 
to the building area or had a gradual effect within the well-
preserved forest of the biosphere reserve, we established 
3 independent survey sites (replicated 7, 7 and 6 times 
respectively; for a total of 20 repetitions) located 200 
m away from the building area in different directions 
(referred as F200m hereafter), plus 3 independent survey 
sites (replicated 7, 7 and 6 times respectively; for a total of 
20 repetitions) 400 m away (referred as F400m hereafter). 
As the Biology Station buildings were constructed 
immerse in the well-preserved forest, and the surrounding 
vegetation was not affected by their establishment, this 
allowed us to determine the effect of human activities (e.g., 
walking between buildings, talking and shouting, driving 
vehicles, and working in gardens and buildings) on bird 
communities. We also carried out 10 independent point-
counts at Careyes. At both forest conditions and Careyes, 
we located survey sites at a minimum distance of 200 m 
from each other to maintain survey independence (Ralph 
et al. 1996, Bibby 2000). For all comparisons, we used the 
10 surveys for Careyes and 10 randomly chosen surveys 
from the Biology Station, and from both forest conditions 
(i.e., F200m, F400m).
Statistical analyses. To determine whether our survey 
effort was sufficient to record a representative sample of 
the bird communities in the studied conditions, we used 
an abundance-based coverage estimator (ACE; Chao and 
Lee, 1992) using SPADE (Chao and Shen, 2006). To do 
so, we compared the mean predicted species from the 
ACE with the total observed species at each condition. We 

also compared the upper bound confidence interval of the 
species prediction (ACE) for all surveyed conditions with 
the total non-aquatic summer migrant and resident species 
included in the bird-list of the Chamela region (Arizmendi 
et al., 1990).

To contrast species richness values of both forest 
conditions (i.e., F200m, F400m) and both human 
settlements (i.e., Biology Station, Careyes), we computed 
the statistical expectation of bird species richness for 
each treatment using EstimateS (Sobs [Mao Tao] ± 95% 
confidence intervals; Colwell, 2009). Such expectation 
is calculated based on the repeated re-sampling of all 
pooled samples (Gotelli and Colwell, 2001), allowing the 
comparison of the statistically expected species richness 
of the bird community recorded at each treatment with 
different sample size by comparing results using a same 
computed accumulated abundance (Moreno, 2001; 
Magurran, 2004).

To calculate bird densities, we computed individuals/
ha (mean ± 95% confidence intervals) using Distance 
6.0 (Thomas et al., 2010). This software calculates the 
probability of detection of individuals at increasing 
distances from the observer and estimates the number 
of bird individuals that exist within a surveyed area 
(Buckland et al., 2001). We computed bird densities 
for the entire bird community because Distance 6.0 
estimates the number of bird individuals that exist within 
a surveyed area by calculating the probability of detection 
of individuals, and standardizing the number of detections 
along the concentric distances of observations (Buckland 
et al., 2004). This software can pool species to avoid biases 
resultant from differences in detection probabilities among 
them (Buckland et al., 2004), which could both over- or 
under-estimate due to the commonness/rarity of species 
and their differences in detection rates (Alldredge et al., 
2007). We report the effective detection radius (EDR) and 
key function/series expansion (KF/SE) to describe the 
coverage of our surveys and the nature of the methods used 
by the program to calculate bird densities. To determine if 
species richness and bird density values were statistically 
different among the surveyed forest and human settlement 
conditions, we compared their 95% confidence intervals. 
If confidence intervals did not overlap, we considered the 
data to be statistically different with an α < 0.01 (following 
Payton et al., 2003).

To evaluate shifts in bird community composition 
among the well-preserved continuous forests and human 
settlements, we computed an abundance based Bray-Curtis 
cluster analysis using BiodiversityPro (McAleece, 1997), 
and calculated a species turnover index (βsim; Lennon et 
al., 2001). The latter calculates the relative magnitude of 
species gains and losses in relation to the sample with the 
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lowest unique species, revealing whether the low number of 
species is due to a shift in its species composition or simply 
represents a nested subset of species of the richer sample 
(Koleff et al., 2003; Gaston et al., 2007). Because βsim is a 
dissimilarity index, we report similarity values (1- βsim).

To compare the structure (dominance/evenness) of bird 
communities recorded at the different studied conditions, 
we used species rank/abundance plots (Whittaker plots; 
Magurran, 2004). We compared the slopes of the species 
rank/abundance plots using ANCOVA to contrast the 
dominance/evenness of the bird communities at different 
conditions, and to test whether the proportion of dominant 
and rare species differed significantly between conditions. 
As recommended by Magurran (2004), we log transformed 
the abundance data (log10). Each rank/abundance regression 
summarizes the abundance distribution of each studied bird 
community, and represents a single independent value. We 
also calculated the Shannon evenness measure (J’= H’/
Hmax) to set a reference for our rank/abundance results.

Finally, as a way to describe the functional responses 
of local bird communities related to their use of urban 
systems, we classified the recorded bird species based on 
their presence using Blair’s (1996) categories: 1), urban 
exploiters – species found only in human settlements; 2), 
urban adapters – species found in both human settlements 
and forest conditions, and 3), urban avoiders – species 
found only in forest conditions.

Results

The proportion of recorded species in relation to the 
ACE (mean predicted value) was > 73% in all cases, being 
highest in the Biology Station buildings (91%) and lowest 
in Careyes (73%). This indicates that our sampling effort 
was enough to record a representative sample of the local 
species that inhabited our study conditions at the surveyed 
space and time (Appendix 1). Estimations of the ACE, 
based on our entire dataset, predicted a maximum of 121 
non-aquatic summer migrant and resident bird species for 
the studied conditions. This represents 77% of the 157 non-
aquatic summer migrant and resident bird species reported 
in the last 3 decades for the Chamela region (Arizmendi et 
al., 1990; J. H. Vega-Rivera pers. comm.).

Species richness values were significantly higher 
in both forest conditions when compared to those from 
human settlements, showing no statistical differences 
within them (F400m: 29.3 ± 4.4 species; F200m: 25.6 ± 4.6 
species). With contrastingly lower values than forests, bird 
species richness recorded in the Biology Station buildings 
(16 ± 1.9 species) did not show statistical differences 
in relation to the species richness from Careyes (12.9 ± 
3.6; Fig. 2). Bird density values also differed among the 

surveyed conditions. Although bird densities differed 
statistically between both well-preserved forest conditions 
(F400m: 54.3 ind/ha, CI: 50.2–58.6, EDR= 26 m, KF/SE= 
Uniform/Simple Polynomial; F200m: 37.7 ind/ha, CI: 
34.3–41.4, EDR= 25.6 m, KF/SE= Hazard-rate/Coisine), 
both were significantly higher than those from the Biology 
Station buildings (26.22 ind/ha, CI: 21.5–31.9, EDR= 26.2 
m, KF/SE= Uniform/Simple Polynomial). However, bird 
densities recorded in Careyes (65.2 ind/ha, CI: 52.1–81.7, 
EDR= 25 m, KF/SE= Uniform/Hermite Polynomial) were 
significantly higher when compared to those from the 
Biology Station buildings and F200m, but did not differ 
from those of F400m (Fig. 3). Both forest communities 
were basically comprised by individuals of urban adapter 
species (76-80%) and a few avoiders (20-24%), while the 
Biology Station was solely comprised by urban adapters, 
and Careyes was basically comprised by urban exploiters 
(85%) (Fig. 4).

The abundance-based Bray-Curtis multivariate cluster 
analysis revealed that both tropical dry forest conditions 
shared the highest proportion of bird community similarity 
(76% similarity). Bird communities from the 3 studied 
conditions within the biosphere reserve (i.e., F400m, 
F200m, Biology Station buildings) were more alike, 
clustered at 54% similarity, than those from Careyes, 
which showed higher similarity in relation to the Biology 
Station buildings (8% similarity). These results were 
consistent with the species turnover rates (1-βsim), showing 

Figure 2. Bird species richness statistical expectations for the stu-
died forest conditions and human settlements using an abundance 
comparable cut-off of 103 accumulated individuals (lesser total 
abundance recorded in the Biology Station buildings). Letters 
above upper-bound confidence intervals (CI) represent statistical 
differences with α < 0.01.
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Figure 3. Bird density values (mean ± 95% CI) for the studied 
forest conditions and human settlements. Letters above upper-
bound confidence intervals (CI) represent statistical differences 
with α < 0.01.

Figure 4. Proportion of recorded urban exploiter, adapter, and 
avoider species (see Methods for details) among the studied 
forest conditions and human settlements.

that the most similar bird communities in relation to the 
farthest forest condition (F400m) were the Biology Station 
buildings (1-βsim= 1) and F200m (1-βsim= 0.86), while 
Careyes showed lower similarity in relation to the other 
studied conditions (1-βsim= 0.43). These results indicate 
that all species recorded at the Biology Station buildings 
were recorded in F400m. However, the bird community 
from Careyes only shared 43% of the comparable set of 

species, indicating that the decrease in species richness 
was not only due to species loss, but to the incorporation 
of new urban exploiter species.

Slopes from the rank/abundance plots differed among 
forest conditions and human settlements, revealing the 
existence of a gradient of levels of evenness in the studied 
bird communities. We found no statistical differences 
when compared the slopes of the 2 forest conditions (F1,74= 
0.69, p= 0.40). However, both forest conditions had bird 
communities that were more even than those from Careyes 
(F400m: F1,54= 25.39, p< 0.001; F200m: F1,44= 23.91, p< 
0.001) and the Biology Station buildings (F400m: F1,56= 
6.94, p= 0.01; F200m: F1,46= 6.07, p= 0.01). Finally, the 
regression lines from the rank/abundance plots for bird 
communities recorded in Careyes and the Biology Station 
buildings also showed significant differences (F1,26= 6.58, 
p= 0.01; Fig. 5). Similarly, Shannon evenness measures 
(H’) were high in both forest conditions (F400m= 0.86, 
F200m= 0.85), lower in the Biology Station (0.83) and 
lowest in Careyes (0.75).

Discussion

This study provides evidence of bird communities shifts 
related to small-sized human settlements, representing 2 early 
stages of urbanization, and the presence of urban exploiter 
species. Our results show that bird species richness decreases 
significantly when an area becomes urbanized, regardless 
of the presence-absence of urban exploiter species (Fig. 2). 
The loss of bird species richness related to urbanization has 
been reported in previous urban ecology studies that have 
evaluated the effect of larger human settlements on bird 
communities (see Chace and Walsh, 2006; Evans et al., 
2009; MacGregor-Fors et al., 2009 and references therein). 
These studies have shown that the impoverishment of bird 
communities due to urbanization is related to: 1) shifts of 
in-site habitat structure and composition (Jökimaki and 
Suhonen, 1998; Green and Baker, 2003; MacGregor-Fors, 
2008); 2) human activity (Blair, 1996; Fernández-Juricic et 
al., 2001; Ortega-Álvarez and MacGregor-Fors, 2009); 3) 
the invasion of urban habitats by urban exploiter species 
(Shochat, 2004; Shochat et al., 2004; MacGregor-Fors et al., 
2010); 4) greater habitat fragmentation found in urban areas 
(Marzluff, 2005), and 5) potential changes in predation risk 
(Evans, 2004; López-Flores et al., 2009). However, little 
is known on the relative role of these factors. In our study, 
Careyes and the Biology Station buildings had significantly 
lower species richness than both forest conditions (F400m, 
F200m). We suggest that habitat modification per se plays a 
crucial role in the loss of bird species related to urbanization.

Bird densities responded to a gradient of human 
disturbance and habitat conditions among the studied 
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Figure 5. Bird community rank/abundance plots for the studied 
forest and human settlement conditions. Our results show that 
both forest conditions (F400m, F200m) had gentle slopes that did 
not differ statistically between them. However, they differed from 
those recorded at the Biology Station building area and Care-
yes, which showed steeper slopes. Letters following the survey 
condition’s name indicate statistical differences among slopes. 
The equation for each regression line is displayed.

conditions. When we compared bird densities considering 
F400m as a well-preserved forest control, bird densities 
decreased significantly as we moved towards the Biology 
Station buildings (Fig. 3). We believe that this is the result of 
human activities reducing habitat quality for forest birds and 
the absence of urban exploiter species in the Biology Station 
buildings (Reijnen and Foppen, 1994; Chace and Walsh, 
2006; Evans et al., 2009; MacGregor-Fors et al., 2009). 
Although we did not find different bird densities between 
Careyes and F400m, Careyes had mean bird densities that 
were higher than the upper-bound 95% confidence intervals 
of F400m. This is consistent with results from previous 
studies that show increases in bird density with urbanization 
(see Chace and Walsh, 2006; Evans et al., 2009; MacGregor-
Fors et al., 2009, and references therein). Similarly to what 
has been proposed by Shochat (2004), our results suggest 
that when urban exploiter species are present, the quality 
and quantity of available resources can determine bird 
densities in urban areas. 

Additionally, bird density values from Careyes 
showed broad 95% confidence intervals, while both forest 
conditions and the Biology Station building area did not, 
sharing highly similar ones. Our data suggest that this 
difference was caused by the presence and density of 

urban exploiter species. Some of these species tend to have 
clumped distributions that increase the variation in density 
estimations. Particularly, wide 95% confidence intervals of 
the density values at Careyes seem to be caused by 2 bird 
species: House Sparrows (Passer domesticus) and Barn 
Swallows (Hirundo rustica). These species, considered 
urban exploiters in other Mexican regions (Nocedal, 1987; 
Cupul-Magaña, 1996; MacGregor-Fors, 2005; MacGregor-
Fors et al., 2010) and different parts of the world (Blair, 
1996; McKinney, 2002; Kark et al., 2007), comprised 53% 
of the total bird recordings in Careyes.

Bird communities showed to be highly even in both 
forest conditions. As expected for urbanized sites, the 
Biology Station building area and Careyes showed non-
even bird communities. However, the lack of evenness 
of the bird communities from Careyes was due to the 
presence and density of a few urban exploiter species 
(Clergeau et al., 2006; McKinney, 2006; Kark et al., 
2007; MacGregor-Fors et al., 2010). The bird community 
recorded at the Biology Station buildings was comprised 
entirely by tropical dry forest-dwelling species that could 
be cataloged as urban adaptable, indicating the existence 
of a subset of forest species that are able to withstand 
dramatic changes in habitat structure and human activity 
levels. This is similar to the patterns reported by Staniforth 
(2002), where waterfowl and passerine birds associated 
with natural undisturbed habitats, in the absence of urban 
exploiter species, take advantage of the new conditions 
created by the development of human settlements. The 
existence of a subset of bird species that are able to tolerate 
the disturbance caused by human settlements as part of 
well-preserved tropical dry forest bird communities in our 
study could be the result of an adaptation to the regime 
of natural disturbance experienced by this habitat that is 
commonly affected by hurricanes (García-Oliva et al., 
2002; Maass et al., 2002).

In sum, our results suggest that when an area becomes 
urbanized, changes in habitat structure generate a significant 
loss in bird species richness by selecting those species that 
can inhabit the new urban condition from the local pool 
of species. Also, this study gives evidence that the initial 
dramatic loss of bird species is not generated by the arrival 
of urban exploiter species in our study area. Subsequent 
changes in human settlement size, the reduction of natural 
habitats surrounding the settlement, and the location 
nearby roads associated to agricultural practices allow the 
arrival of urban exploiter species, and therefore generate 
changes in bird community composition and structure. 
Thus, understanding the negative impacts that small-sized 
urbanized areas can have on bird communities is crucial 
to generate urban habitats with characteristics that make 
them compatible to birds and other wildlife species, 
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following the conceptual framework of reconciliation 
ecology (Rosenzweig, 2003).
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Appendix 1. Bird species recorded in this study. 

Species*	 Urban use	 Food guild	 Main nesting sites	 Ind. / point count
				    F400m	 F200m 	 Biol. St.	 Careyes
Ortalis poliocephala	 Urban adaptable	 Frugivore	 Trees	 0.75	 0.3	 1.05	
Columba livia	 Urban exploiter	 Granivore	 Buildings	  	  	  	 1.3
Columbina inca	 Urban adaptable	 Granivore	 Trees/shrubs	 0.25	 0.1	 0.1	 0.3
Columbina passerina	 Urban adaptable	 Granivore	 Shrubs/ground	 0.3	  	 0.05	  
Columbina talpacoti	 Urban adaptable	 Granivore	 Trees/shrubs	 0.05	  	  	 0.7
Leptotila verreauxi	 Urban adaptable	 Granivore	 Trees/shrubs/ground	 1	 0.85	 0.2	
Aratinga canicularis	 Urban avoider	 Granivore	 Termitaria	 0.15	 0.05	  	  
Amazona finschi	 Urban avoider	 Granivore	 Tree cavities	 0.1	  	  	  
Glaucidium brasilianum	 Urban avoider	 Carnivore	 Tree/cactus cavities	 0.15	 0.1		
Amazilia rutila	 Urban adaptable	 Nectarivore	 Trees/shrubs	 0.55	 0.45	 0.15	 0.5
Heliomaster constantii	 Urban avoider	 Nectarivore	 Trees	 0.05	  		
Trogon citreolus	 Urban avoider	 Frugivore	 Termitaria	 0.05	 0.05	  	
Melanerpes chrysogenys	 Urban adaptable	 Insectivore	 Tree cavities	 1.15	 0.95	 0.3	
Picoides scalaris	 Urban avoider	 Insectivore	 Tree cavities	  	 0.05		   
Dryocopus lineatus	 Urban avoider	 Insectivore	 Tree cavities	 0.15	  		
Xiphorhynchus flavigaster	 Urban adaptable	 Insectivore	 Tree cavities	 0.65	 0.45	 0.1	  
Camptostoma imberbe	 Urban avoider	 Insectivore	 Trees	  	 0.05	  	  
Empidonax sp.	 Urban avoider	 Insectivore	 Trees	 0.05	 0.05		
Pyrocephalus rubinus	 Urban exploiter	 Insectivore	 Trees	  	  		  0.1
Attila spadiceus	 Urban adaptable	 Insectivore	 Trees	 0.7	 0.55	 0.3	  
Myiarchus tuberculifer	 Urban adaptable	 Insectivore	 Tree/cactus cavities	 0.2	 0.2	 0.1	
Myiarchus cinerascens	 Urban avoider	 Insectivore	 Tree/cactus cavities	 0.1	 0.05	  	
Myiarchus tyrannulus	 Urban adaptable	 Insectivore	 Tree/cactus cavities	 0.15	 0.05	 0.05	
Myiozetetes similis	 Urban avoider	 Insectivore	 Trees/shrubs	 0.05	  	  	
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Tyrannus melancholicus	 Urban adaptable	 Insectivore	 Trees	  	 0.05	  	
Pachyramphus aglaiae	 Urban avoider	 Insectivore	 Shrubs	 0.05	  	  	
Tityra semifasciata	 Urban avoider	 Frugivore	 Tree cavities	 0.05	  	  	
Vireo gilvus	 Urban avoider	 Insectivore	 Trees	 0.25	 0.15	  	  
Vireo flavoviridis	 Urban avoider	 Insectivore	 Trees/shrubs	 0.05	 0.05	  	  
Cyanocorax sanblasianus	 Urban adaptable	 Granivore	 Trees	 0.3	 0.35	 0.85	
Hirundo rustica	 Urban exploiter	 Insectivore	 Buildings	  	  		  3.5
Thryothorus sinaloa	 Urban avoider	 Insectivore	 Trees/shrubs/rocks	 0.3	 0.1	  	
Thryothorus felix	 Urban avoider	 Insectivore	 Trees/shrubs/rocks 	 0.15	 0.05	  	
Uropsila leucogastra	 Urban avoider	 Insectivore	 Shrubs	 0.05	 0.2	  	
Polioptila nigriceps	 Urban avoider	 Insectivore	 Trees/shrubs	 0.05	  		   
Turdus rufopalliatus	 Urban adaptable	 Frugivore	 Trees/shrubs	 0.25	 0.2	 0.05	
Setophaga pitiayumi**	 Urban adaptable	 Insectivore	 Trees	 1.1	 1	 0.85	
Seiurus aurocapilla	 Urban avoider	 Insectivore	 Ground	 0.05	  		   
Saltator coerulescens	 Urban avoider	 Omnivore	 Unknown	 0.05	 0.05		   
Volatinia jacarina	 Urban adaptable	 Granivore	 Shrubs	 0.05	  	  	 0.1
Sporophila torqueola	 Urban exploiter	 Granivore	 Trees/shrubs	  	  	  	 0.6
Arremonops rufivirgatus	 Urban avoider	 Granivore	 Shrubs/ground	 0.05	  	  	  
Peucaea ruficauda	 Urban exploiter	 Granivore	 Shrubs/ground	  	  	  	 0.1
Pheucticus chrysopeplus	 Urban avoider	 Granivore	 Trees/shrubs	 0.4	 0.35		   
Granatellus venustus	 Urban avoider	 Omnivore	 Shrubs	 0.1	 0.1		
Cyanocompsa parellina	 Urban adaptable	 Granivore	 Trees/shrubs	 0.25	 0.05	 0.1	
Passerina versicolor	 Urban avoider	 Granivore	 Trees/shrubs	 0.05	  		   
Passerina leclancherii	 Urban avoider	 Granivore	 Shrubs	 0.2	 0.05		   
Quiscalus mexicanus	 Urban exploiter	 Omnivore	 Trees	  	  		  1.8
Icterus pustulatus	 Urban adaptable	 Omnivore	 Trees	 0.45	 0.25	 0.2	 0.1
Cacicus melanicterus	 Urban adaptable	 Omnivore	 Trees	 0.65	 0.45	 0.7	 0.1
Spinus psaltria	 Urban adaptable	 Granivore	 Trees/shrubs	  	 0.05		  0.3
Passer domesticus	 Urban exploiter	 Omnivore	 Buildings/trees	  	  		  3.3

Appendix 1. Continues. 

*Bird nomenclature and order of display follow the one proposed by the AOU (1998), updated to their last supplement (Chesser et 
al., 2011).
**Formerly Parula pitiayumi.


