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Abstract Cities are highly modified environments in which the only areas that resemble
natural landscapes are urban parks with low human population density. Attempts are
frequently made to maintain high bird diversity in cities for aesthetic or educational reasons.
However, it remains unclear whether local site characteristics are important in determining
bird assemblage composition or whether simplification of the assemblage is an inevitable
consequence of the changes associated with human population density. From May 1998 to
December 1999, we undertook bird counts at 521 points in Porto Alegre, Rio Grande do Sul,
southern Brazil. Our main goal was to understand the pattern of distribution of the bird species
richness and density within the city and determine which variables most affect species
assemblages.We recorded 132 species belonging to 43 families that are common in Rio Grande
do Sul and obtained quantitative data on 121 species in survey sites. The two most abundant
species (House Sparrow, Passer domesticus and Rock dove, Columba livia) were exotics.
Analysis based on a reduced subset of 134 points surveyed in spring/early summer suggested
that there was a North–south gradient in assemblage structure. Variation in assemblage
structure was also affected by the number of trees, urban noise and human population density.
However, human population density had a much smaller effect on richness and assemblage
structure than variables subject to management, such as tree density and noise levels. These
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results suggest that complex communities may be maintained in densely populated urban
areas of sub-tropical South-America given adequate urban planning.

Keywords Bird assemblage . Brazil . Urban . Diversity . Porto Alegre

Introduction

The global human population is predicted to grow from about 6.5 billion to 9 billion in
2050 (United 2006) with about 80% of people concentrated in cities and towns, mainly in
developing countries (UNFPA 2007). This prediction indicates that cities will determine
many of the patterns of global ecology (Lyle 1996).

Urbanization is fast, and urban sprawl results from immediate human necessities, usually
without consideration of current or future environmental issues. In general, cities are
considered places where vegetation cover is lower, or absent, forest areas are fragmented,
biotic diversity is lower, between-site variation is reduced, and densities of introduced
species are generally high in comparison with non-urban areas (Marzluff et al. 2001a;
Chace and Walsh 2006). Urban areas usually have regional biotas that are similar in space
and time (biological homogenization - (Chace and Walsh 2006; Olden and Rooney 2006)).
Cities are also affected by many factors associated with human activities, such as noise and
direct interference, such as activities near nests (Marzluff et al. 2001b). Latin America cities
in particular are characterized by unplanned growth, overexploitation of natural resources
and rapid change (MacGregor-Fors 2008).

Birds have frequently been used in ecological research, and are excellent indicators of
urban-ecosystem stresses and changes (Savard et al. 2000; Sekercioglu 2006). Conserving
native birds in cities also helps to preserve regional biodiversity, can promote well being in
some inhabitants, and can promote conservation of biological resources in general (Platt
and Lill 2006). Despite their potential use as indicators of urban quality, few studies on the
ecology of urban avifauna have been undertaken in Brazil (Fontana 2004), or even in the
Southern Hemisphere, in comparison with the Northern Hemisphere (Marzluff et al. 2001b;
Chace and Walsh 2006).

In Brazil, most conservation-related studies on birds focused on the impact of forest
fragmentation or the value of refuges (Willis 1979; Aleixo 1999a; Martensen et al. 2008), but
studies of birds in areas of high human density are relatively recent (see Franchin 2009 for
review). Bird studies of Brazilian or other Latin America cities have concentrated on surveys
of urban parks and university campi (Feninger 1983; Matarazzo-Neuberger 1992; Mendonça-
Lima and Fontana 2000; Valadão et al. 2006), comparisons between urban and rural areas
(Ruszczyk et al. 1987; Reynaud and Thioulouse 2000; Leveau and Leveau 2004; Leveau
and Leveau 2005), or surveys of only a small part of a city (Voss 1979a,b; Torga et al.
2007). The focus on species richness has shown that some parts of the cities are very
poor bird habitat, and that other parts can sustain quite large numbers of species.
However, this generalization could be made about almost any biome, including mega
diverse habitats, such as tropical forests and coral reefs. To contribute to the
understanding of cities to biodiversity conservation in sub-tropical areas, we evaluated
the distribution of bird assemblages throughout the city of Porto Alegre, which is the
largest and most urbanized city in Rio Grande do Sul State, Brazil. Because a single
local feature, such as a city park, will not be able to sustain viable populations if it is
not connected to other suitable areas, we studied the whole city as a mosaic of
habitats resulting from constructions of different areas and heights, natural and highly
modified parks, street arborisation, cemeteries, gardens etc. Our principal objective
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was to determine if the composition and diversity of bird assemblage is affected by
urban noise, tree density and human-population density within the city.

Methods

Study area

Porto Alegre, the capital of Rio Grande do Sul State, Brazil, covers about 497 km2 and was
founded in 1732. It is the most populous city of the State with about 1.5 million inhabitants
(IBGE 2005), and continues to grow outward over habitats that were originally mainly
grasslands, marshes, gallery forests and Atlantic rainforests.

The climate is sub-tropical humid (Cfa) with temperatures in the warmest month above
22°C and rainfall (approximately 1,300 mm/year) relatively evenly distributed throughout
the year. Although the climate is considered sub-tropical, Porto Alegre is in a transition
zone where tropical maritime air masses are more frequent in summer and polar air masses are
more frequent in winter. Altitude varies from 4 m to 300 ma.s.l. (mean range 80–100 ma.s.l.).
The city covers two topographic sub-regions: highlands (granite hills) and lowlands of
predominantly alluvial origin (Ruszczyk 1984). Guaiba Lake and Crista de Porto Alegre hills
are the western and eastern boundaries of the city, respectively. The stream Arroio Dilúvio
divides the city in northern and southern parts (Fig. 1). The northern part of the city is mainly
industrial. The southern is mainly residential (see Menegat et al. 1998), with urban
development expanding south during the last two decades.

The original vegetation was mainly sub-tropical rain forest, with trees up to about 15 m
high. Only a few remnants of this flora are found today in the city, which includes 171
species of native trees and 77 species of native shrubs (Brack et al. 1998). Some of the
original forest elements occur in less developed areas, such as hills and city parks, including
species of Ficus (Moraceae), Nectandra (Lauraceae), Sebastiana (Euphorbiaceae), Schinus
(Anacardiaceae), and Baccharis (Asteraceae). Vegetation in public streets, gardens, urban
parks and squares is dominated by exotic species, such as Ligustrum japonicum (Oleaceae),
Melia azedarach (Meliaceae), Platanus acerifolia (Platanaceae), and Lagerstroemia indica
(Lythraceae) (Sanchotene 2000).

Within the study area, there are 395 public squares (305 ha), 11 implemented or
predicted recreational parks, totaling 541 ha, and three private green areas covering 78 ha.
There are three conservation units within the limits of the city. The Parque Estadual Delta
do Jacuí, which covers 4423 ha, covers an archipelago in the middle of the Guaiba River.
The other two protected conservation units, Reserva Biológica do Lami and Reserva do
Morro Santana have a combined area of only 70 ha. The three conservation units were not
included in this study since our questions addressed urban bird community structure.

Fontana (2005) considered 169 species of birds to occur regularly in Porto Alegre; 32
species were considered occasional; 13 species are in the process of colonization and 27
had previously been recorded but were considered locally extinct or nearly extinct in the
city. Twenty six species were data deficient. Three resident species were considered non
native: P. domesticus, Columba livia and Estrilda astrild.

Sampling design

Surveys were undertaken in the zone classified as intensely occupied in the Master Plan of
Porto Alegre (PPDUA 1999). Field work was conducted from May 1998 to December 1999
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in the 170 km2 of the continental portion of the city, which is the most urbanized area
(Fig. 1). This survey provides a general description of bird assemblage diversity and
composition. However, there was considerable temporal fluctuation in the presence of
migratory species and some species were more difficult to detect outside the breeding
season. Bird detectability also varied throughout the day. Therefore, we used a subset of the
points sampled between 05:50 and 10:00, and in spring/summer (September to early
December 1998 and 1999) to quantify patterns in assemblage spatial variation. Preliminary
analyses indicated little temporal variation within these periods.

Birds were counted at points selected randomly using the following procedure: (1) 42 road-
directory maps representing the urbanized area of the city (GUIA 1998) were numbered from 0
to 41; (2) each map was divided in 827 squares of 0.5 cm side (7,854 m2 in terrain) and the
potential sample unit was placed in the middle of each square; (3) the 20 points to be surveyed
on each day were drawn using the Excel random-number generator. Points over Guaiba Lake
(approximately 33%) were discarded. The process was repeated successively, until the species
accumulation curve stabilized and the points covered the whole study area (Fig. 1).

Bird sampling

Field work started approximately 30 min after sunrise and extended throughout the day. All
sites located over land (residential gardens, portions of streets, malls, city parks, clubs, parking
lots, cemeteries, etc.) were surveyed, whether they would be subjectively considered suitable
habitat for birds or not. Points where we could not obtain permission to enter, such as military
land and the airport, were substituted by the next available point drawn.

Point counts (based on Bibby et al. 1992) were conducted by the same two trained
ornithologists from two to four days a month, totalizing 50 field expeditions and 521
point counts. Birds were detected visually and/or by vocalizations in an area of 50 m
radius around the observers, since previous studies had shown that most birds in Porto
Alegre could be detected within this distance. We did not include species suspected of
being captive or clearly pets. Surveys were undertaken all months of the year on sunny
and non-windy days. The duration of count (8 min) was established from a preliminary
study.

Habitat guilds

Bird species were classified in habitat guilds based on general literature (Belton 1994,
Sick 1997) and personal observations. Three groups were recognized: open field species (OF)
(e.g. native fields, marshes, and cultivated pastures habitats); forest species (F) (e.g. native or
exotic forest fragments, forest edge or wooded park vegetation habitats); urban (U) (human
constructions of any type, such as roads, bridges, buildings or paved areas habitats).

Independent variables

Variables used as indirect measures of urbanization were urban noise (N), number of trees
(TD), and human population density (HD). Spatial variables recorded were longitude (LO)
and latitude (LA) (UTM coordinate system) and time of day (H). Temperature (T) was
measured but not included in analyses as there was little variation in this variable during
spring surveys.

The urban noise was the maximum noise recorded during the 8 min of the duration of
the point count. It was measured in the middle of the point by one of the observers with a
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Fig. 1 Study site, showing the distribution of 521 points sampled in Porto Alegre, Rio Grande do Sul State,
Brazil, in the years 1998 and 1999
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sound meter (in decibels), which was held at waist height and pointed towards the street.
The maximum urban noise varied from 73.4 to 113.4 (mean=91.06, S.D=± 8.77).

Tree density was estimated on a categorical scale within 50 m of each point count: 0
(zero to 3 individuals), 1 (4-8 individuals), 2 (9–15 individuals), 3 (15–20 individuals) and
4 (>20 individuals). Trees were defined as any woody vegetation taller than 2 m. The
percentages of tree densities were 3.7%, 14.1%, 31.1%, 28.4% and 22.0% for categories 0,
1, 2, 3, and 4, respectively.

The human population density was obtained from the 1996 demographic census
(IBGE 2005). To find the human density of each point surveyed, we plotted all
points over a digital map containing the information on human population of that Census
Sector of Porto Alegre. Densities of human population varied from no inhabitants to
42.53 people by km2 (mean=6.71, SD=± 7.42) in the Census Sectors where points were
placed.

Geographical coordinates (latitude and longitude - UTM) were taken with a GPS. Time
of day was measured in minutes at each point count. Initial time to survey in point
counts used in analyses varied from 5:53 a.m. to 9:40 (the average starting count time
was 8:12 a.m.).

Statistical analysis

Descriptive statistical analyses were based on the 521 points surveyed in four seasons. Bird
relative densities were estimated based on a presumed area of 7,854 m2 sampled for each
point. No attempt was made to convert these to absolute densities because of the potentially
enormous number of confounding variables for each species. Therefore, relative densities
can probably only be compared cautiously within species, and relative-density data were
only used to describe general patterns in species composition with multivariate ordination.
Original data will be available at http://ppbio.inpa.gov.br.

A subset of 134 points with little seasonal variation was used in multivariate
analyses to quantify patterns in the assemblage. To reduce dimensionality of the bird
assemblage data, dissimilarities in composition were summarized with Hybrid
Multidimensional Scaling (HMDS), using the Pattern Analysis Package PATN (Belbin
1992). The Bray-Curtis association index was used for quantitative data, and Sørensen
distance measure was used for presence/absence data. Ordinations were based on the
relative densities of species within sites, and species abundances were standardized
(i.e. divided by sum of squares) to give the same weight to all species. Differences
between sites in species richness and predictor variables were calculated using Euclidean
Distance.

The coefficient of regression (r2 statistic) was used to describe the proportion of the
variance in the original distances captured by the ordinations. This procedure might,
however, slightly underestimate the effectiveness of the HMDS, which does not require a
linear relationship between the input and output distances.

The decision to use ordinations in only two dimensions was made a priori because it is
difficult to observe patterns in more than two axes, and because two dimensions usually
capture the major gradients. However, we also used ordinations in other dimensions to
verify that our choice of dimensionality did not affect the conclusions of the inferential
analyses.

To test significance of effects of independent variables on multivariate ordination axes,
we used Multivariate Analysis of Covariance (MANCOVA) in the Systat 10.0 (SPSS 2000)
package for statistical data analysis.
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Results

Taxonomic composition and relative abundance

During the overall bird survey (n=521 points) we recorded qualitatively 132 species of
birds from 43 families in Porto Alegre. It was not possible to count all species, and we
obtained counted 8,698 individuals from 121 species that were contacted 4,016 times.
The number of species recorded per point varied from zero to 28 (mean=7.7, S.D.±
4.1 species/point). The number of individuals recorded per point varied from zero to
167 (mean=16.7±13.8 individuals/point).

Two introduced species, House Sparrow (Passer domesticus) and Rock Dove
(Columba livia) had the highest number of individuals registered and introduced species
represented about 40% of the total number of individuals recorded. House sparrows
occurred in more points than any other species, but 8 native species occurred in more
points than the Rock Dove (Appendix 1). Most species were represented by few
individuals (Fig. 2). Variation in abundance was lower when only native species were
included (Appendix 1). The richest bird families of Rio Grande do Sul were poorly
represented in the city (Fig. 3). Forest-associated species (most woodpeckers, flycatchers,
thrushes, and seedeaters) constituted 40% of the assemblage. The rest of the birds were
open-field or marsh birds, such as herons or ducks. Thirteen open-field and eight forest
birds had only one record in the city (Appendix 1).

Variables affecting number of species (NSP) recorded

Multiple regression (NSP=0.00*LO-0.00*LA+1.44*TD-0.22*N-12.73*H-2.19*HD,
R2=0.55, F6,127=25.5, P<0.001) indicated that the number of species registered per
point (NSP) was related only to noise (N - P<0.001), tree density (TD - P<0.001), log
human population density (HD – P<0.001) and latitude (LA – P=0.021), but not to
longitude (LO – P=0.108) or time of survey (H – P=0.081). Tree density was positively
related to the number of species recorded (Fig. 4a) and negatively related to noise

Fig. 2 Relative-abundance logarithmic curve of avifauna at Porto Alegre, illustrating the high relative
abundance of a few common species (n=121)
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(Fig. 4b), latitude (Fig. 4c) and human population density (Fig 4f). There was little
evidence of colinearity among the predictor variables (tolerance>0.5 in all cases). The
partial regressions for longitude (Fig. 4d) and time of day (Fig. 4e) gave no indication of
nonlinear effects that could compromise the statistical tests.

The standardised regression coefficients (bs) for the model indicated stronger
effects of tree density (bs=0.36) and noise (bs=0.39) than the indirect effect of human
population density (bs=0.29). Addition of the direct effect of human population
density increased the R2 by only 0.08, whereas exclusion of tree density and noise, the

Fig. 3 Number of species of each family encountered in Porto Alegre compared to the species richness of
these families recorded for the State of Rio Grande do Sul. Emberizidae includes Emberizidae, Thraupidae,
Fringilidae, Cardinalidae and Coereba flaveola; Turdidae includes Turdidae and Polioptidae

Fig. 4 Partial regressions derived from de multiple regressions (see Results) relating number of species
recorded per point with (a) index of tree density (varying from 0 to 4), (b) Eight minutes maximum urban
noise in decibels, (c) Latitude in UTM, (d) Longitude in UTM, (e) Survey time (hours and minutes) and (f)
human population density (in km2). Variables in partial regressions can take negative values because they
represent how much that variable causes deviation from the expected value if all other variables were
constrained to be constant. That is, they represent the independent effect of that variable. In nature, the
observed value will always be different because other variables will not be constrained to be constant

�
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two indirect effects expected to be influenced by human population density, reduced the
R2 by 0.32. There was little colinearity between human population density, tree density
and noise, and the latter variables were only associated with 5% of the variance in human
population density.

Multivariate patterns in species distributions

Ordinations based on presence-absence data were affected by latitude (Pillai Trace=
0.130, F2,126=9.42, P<0.001), longitude (Pillai Trace=0.068, F 2,126=4.59, P=0,012),
number of trees (Pillai Trace=0.267, F 2,126=22.96, P<0.001), noise (Pillai Trace=
0.065, F 2,126=4.36, P=0,015) and log human population density (Pillai Trace=0.086,
F 2,126=5.92, P=0.003), but not by time of day (Pillai Trace=0.027, F 2,126=1.76,
P=0.177).

The factors that affected species composition were generally the same as those that
affected the number of species registered per point, and the species composition was not
independent of the number of species recorded per point. The two ordination axes based on
quantitative data predicted almost 60% of the variance in the number of species recorded
(R2=0.59, F2,131=93.2, P<0.001) and the two ordination axes based on presence-absence
data predicted over 50% of the variance in the number of species (R2=0.52, F2,131=71.8,
P<0.001).

Although there was a north–south gradient in species density after taking into account
other predictor variables, areas with high and low species densities were found throughout
the city (Fig. 5a), and ordinations axes based on presence-absence data (Fig. 5b) and
quantitative data (Fig. 5c) also showed no consistent trends when other predictor variables
were not taken into account. Therefore, geographic coordinates alone have little capacity to
predict bird assemblage patterns.

Discussion

The 132 species found in this study correspond to approximately 78% of the birds
that have been recorded regularly from Porto Alegre and 21% of the birds known to
occur in Rio Grande do Sul State (Bencke 2001; Fontana 2005). Most of the birds
are common species of the State (Belton 1994). All species of the Families
Conopophagidae, Estrildidae, Passeridae, Phalacrocoracidae, and Recurvirostridae were
recorded, but these families have only one species in Rio Grande do Sul. All four species
of warblers (Parulidae) from the State were recorded in the city. Families with mostly
forest species, such as Formicariidae and Thamnophilidae, were not well represented in
Porto Alegre.
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The two ordination axes captured more of the variance in the original distances for site
normalized quantitative data (r2=0.63) than for presence-absence data (r2=0.54). For
quantitative data on species composition, MANCOVA indicated that the ordination axes
were significantly related to latitude (Pillai Trace=0.074, F2,126=5.06, P=0.008), number of
trees (Pillai Trace=0.160, F 2,126=11.97, P<0.001) and log human population density
(Pillai Trace=0.100, F 2,126=6.99, P=0.001). There were no significant effects of longitude
(Pillai Trace=0.029, F 2,126=1.90, P=0,153), noise (Pillai Trace=0.043, F 2,126=2.82,
P=0,064) or time of day (Pillai Trace=0.007, F 2,126=4.13, P=0.663).



The Porto Alegre bird community has a few very common species, and many relatively
rare species, as do most diverse, well-studied communities (Magurran 2005). The bird
fauna of Porto Alegre is dominated by seven native species and two introduced species.
Although the Rock Dove had the second highest number of registers of individuals, it
occurred in a lower number of sites than seven native species. Therefore, the bird
community of Porto Alegre is not only dominated by introduced species.

Fig. 5 Spatial distribution of
species richness and relative
composition of the Porto
Alegre avifauna. a. Number of
Species/point; b. composition
presence/absence data ordinated
with Sørensen Association Index
and Semi-Strong HMDS
(SRS_SSH); c. composition
quantitative data ordinated with
Bray-Curtis Association Index
and Semi-Strong HMDS
(BC_SSH). The size of symbols
is proportional to the number of
sepecies (part a) or the value o a
single ordination axis, which is
centred on zero (part b and c)
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The number of species recorded was higher than reports for most cities in Brazil
(Matarazzo-Neuberger 1992; Souza 1995), or even natural subtropical habitats. For
instance, species richness is comparable to that of tropical semi-deciduous forests of
similar area in São Paulo State, such as Santa Genebra forest (134 species), or the Atlantic
forest, such as Jacupiranga (142 species) and Boracéia forests (132 species) (Willis and
Oniki 1981; Aleixo and Vielliard 1995). Direct comparison is not possible because the
sampling was not uniform across the whole area of interest in the other studies. It is
generally considered that cities have low bird diversities, dominated by introduced
species even though biomass and density may be high (Lancaster and Rees 1979;
Beissinger and Osborne 1982; Bezzel 1985; Cam et al. 2000). An increase in urban
species diversity is frequently observed at regional and local scales (Olden and Rooney
2006) as a result of a variety of influences, such as. presence of remnant vegetation,
human supplementation, non-native predators, and preponderance of “edge” species
(Emlen 1974; Chace and Walsh 2006; McKinney 2006). Although the cities cannot
substitute more natural areas in terms of bird conservation, they can have an important
role in complementing other areas, and may conserve more species than some areas of
intensive agriculture, such as rice monocultures (Dias and Burger 2005) or fragments in
sugar cane plantations (Piratelli et al. 2005). Most of the more common birds recorded are
solitary or pair−forming passerines, with the exception of Blue-and-white Swallows
(Pygochelidon cyanoleuca), White-rumped Swallows (Tachycineta leucorrhoa), and
Chesnut-capped Blackbirds (Chrysomus ruficapillus). Some non−passerine birds were
recorded a few times at high abundances, indicating gregarious behavior (e.g. Neotropic
cormorant [Phalacrocorax brasilianus], Bare-faced Ibis [Phimosus infuscatus], Wattled
jacana [Jacana jacana], Southern Lapwing [Vanellus chilensis], and most of the doves).
Aggregations of similar species are common in cities (Feninger 1983; Belton 1994;
Mendonça-Lima and Fontana 2000).

Many families that have many species in the State were rarely observed in Porto Alegre.
Families Strigidae and Caprimulgidae were not considered, as most of their species are
nocturnal, and hence poorly sampled by the methods we used. Generally, species and
families common in natural open habitats do better in the city. Species usually found in
forests, such as wood creepers (Formicariidae) and many flycatchers (Tyrannidae) are
poorly represented in the city. Thrushes, pigeons and swallows are common colonizers of
cities, and were found in abundance in Porto Alegre. Erz (1983) considered falcons, swifts,
swallows (rock or cliff-dwellers) to be typical elements of European cities, with some
park-land or open wood-land species (e.g. doves) and even forest species, but ground-
breeding birds were generally lacking. Southern Lapwing and Rufous-collared Sparrow
(Zonotrichia capensis) are ground-breeding birds and were frequently recorded in Porto
Alegre.

Birds are affected by factors such as vegetation cover and diversity, and also by habitat
heterogeneity (Lancaster and Rees 1979; Clergeau et al. 1998; Morneau et al. 1999;
Clergeau et al. 2006a; Clergeau et al. 2006b). The results of this study indicate that, in Porto
Alegre, as well as the number of trees, anthropogenic factors, such as urban noise, affect
species assemblages.

Level of urbanization can be described by the relative development of different man-
made structures, such as residential and business areas, and there is generally a peak in
species richness at intermediate levels of urban development that may reflect habitat
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diversity (Blair 1996). However, there was no tendency for unimodal peaks in bird
density in relation to any of the indices of urban development (human population
density, tree density, noise levels) that we investigated. The latitudinal gradient found
in composition and the number of species may be explained by the fact that there are
more commercial and industrial areas in the north, and more residential in the south
(see Menegat et al. 1998), but the latitudinal gradient was weak in relation to the effects
of the local environmental factors.

Changes in species composition along spatial or environmental gradients have important
implications for regional biodiversity planning (Olden and Rooney 2006). This study
indicates that increases in bird abundance and diversity can be obtained by increasing the
number of trees and reducing noise levels, or the environmental conditions associated with
them, even in areas with high population density.

Ruszczyk (1984, 1986) concluded that diurnal Lepidoptera were associated with a
environmental gradient, oriented northwest−southeast in Porto Alegre. That distribution
could result from an effect of time since settlement, because urbanization in Porto Alegre
started from west to east, accompanying the human colonization along avenues radiating
outward from the commercial centre. A similar pattern could be expected for birds, since
the number of species and individuals of butterflies were negatively correlated with the
presence of human constructions. A similar pattern was found for seven bird species in
Porto Alegre (Ruszczyk et al. 1987). Nevertheless, our results for the whole bird
assemblage revealed a north–south gradient in Porto Alegre that did not coincide with
the gradient in butterflies. Although gradients in number of species and assemblage
composition can be detected for birds, after taking into account environmental conditions,
there are no strong patterns associated with geographical coordinates that would allow their
use for macro zoning. High numbers of species and all types of assemblages can be found
in most regions within the city.

Cities worldwide hold an avifauna that can be rich, with more or less non-native
species, depending on habitat features within and around the cities (Jokimäki
and Kaisanlahti-Jokimäki 2003). Urbanization causes biotic homogenization and
consequently increases similarities of regional biotas, reducing world biodiversity. That
constitutes one of the big challenges in conservation biology. We suggest that
conservation of birds in cities should be part of strategies to conserve native local
species. In the case of Porto Alegre, and probably other Neotropical cities, the effects of
high population densities can be largely mitigated by maintaining as much green spaces
between the buildings as possible and reducing direct interference by negative factors,
such as noise levels.
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