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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

C. S. Fontana
Museu de Ciéncias e Tecnologia, PUCRS, Pos-graduagdo em Zoologia, PUCRS, Av. Ipiranga 6681,
90619-900 Porto Alegre, RS, Brazil

M. L. Burger
Fundagdo Zoobotanica do Rio Grande do Sul, FZBRS, Rua Dr. Salvador Franga, 1427, 90690-000 Porto
Alegre, RS, Brazil

W. E. Magnusson
Instituto Nacional de Pesquisas da Amazonia (INPA), Coordenacdo de Pesquisas em Ecologia. C.P. 478,
69011-970 Manaus, AM, Brazil

C. S. Fontana (D<)

Museu de Ciéncias e Tecnologia, PUCRS, Laboratorio de Ornitologia, Av. Ipiranga 6681, 90619-900
Porto Alegre, RS, Brazil

e-mail: carla@pucrs.br

@ Springer



342 Urban Ecosyst (2011) 14:341-360

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; Mendonga-
Lima and Fontana 2000; Valaddo et al. 2006), comparisons between urban and rural areas
(Ruszezyk 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 km? 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 Dilavio
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 Jacui, which covers 4423 ha, covers an archipelago in the middle of the Guaiba River.
The other two protected conservation units, Reserva Biologica 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 km? 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 m? 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 km? (mean=6.71, SD=x+ 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 m* 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 Serensen
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 (r* 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,
R?=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
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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. 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. 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 R? by only 0.08, whereas exclusion of tree density and noise, the

Fig. 4 Partial regressions derived from de multiple regressions (see Results) relating number of species p
recorded per point with (a) index of tree density (varying from 0 to 4), (b) Eight minutes maximum urban
noise in decibels, (¢) Latitude in UTM, (d) Longitude in UTM, (e) Survey time (hours and minutes) and (f)
human population density (in km?). 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
R? 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

The two ordination axes captured more of the variance in the original distances for site
normalized quantitative data (r*=0.63) than for presence-absence data (r*=0.54). For
quantitative data on species composition, MANCOVA indicated that the ordination axes
were significantly related to latitude (Pillai Trace=0.074, F; 1,6=5.06, P=0.008), number of
trees (Pillai Trace=0.160, F ;,,=11.97, P<0.001) and log human population density
(Pillai Trace=0.100, F ; ;,6=6.99, P=0.001). There were no significant effects of longitude
(Pillai Trace=0.029, F ,1,6=1.90, P=0,153), noise (Pillai Trace=0.043, F , 126=2.82,
P=0,064) or time of day (Pillai Trace=0.007, F , j,6=4.13, P=0.663).

Ordinations based on presence-absence data were affected by latitude (Pillai Trace=
0.130, F;,126=9.42, P<0.001), longitude (Pillai Trace=0.068, F , ;,6=4.59, P=0,012),
number of trees (Pillai Trace=0.267, F ;;,6=22.96, P<0.001), noise (Pillai Trace=
0.065, F 5 126=4.36, P=0,015) and log human population density (Pillai Trace=0.086,
F 5.126=5.92, P=0.003), but not by time of day (Pillai Trace=0.027, F , 1,6=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, F».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, Fy.151=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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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 Serensen Association Index
and Semi-Strong HMDS
(SRS_SSH); ¢. 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 ¢)
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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.
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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 Sao 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;
Mendonga-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.

Ruszezyk (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 (Jokimaki
and Kaisanlahti-Jokiméki 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.

Acknowledgments We thank André de Mendonga—Lima and Cristian Joenck for help in the field.
Roberto Reis and Juliana Bosi de Almeida gave a valuable help with the first English version.
Clarissa Fontana and Luciane Salvi helped format the figures. We thank Andreas Kindel, Luis dos
Anjos, Helena Romanowisky and Marcio Martins for their valuable suggestions on CSF dissertation
and Walter Voss and Marcio Repenning for bibliography and improvement of the manuscript. Lucio
Lucateli and Henrich Hasenack, from Idrisi Resource Study Center (UFRGS), did the map of Fig. 1.
Museu de Ciéncias e Tecnologia—Pontificia Universidade Catdlica do Rio Grande do Sul (PUCRSY),
Fundagéo Zoobotanica do Rio Grande do Sul (FZBRS), and Instituto Nacional de Pesquisas da Amazonia
(INPA) provided logistical support. Secretariate of Urban Planning provided data on Porto Alegre Census
Sectors. This work was partially supported by a CNPq fellowship to Carla Suertegaray Fontana (1998).

@ Springer



Urban Ecosyst (2011) 14:341-360

354

€L0°0 YorCl 900°0 0LT'T 120°6 Is Ly A 1O[NUUBIAY, PI)SIIO-OMYM vIvistoqns p3vydod.ag sepruueIA[,
7800 L61°C1 9000 0CT’1 Sor'6 149 (4 qd HO_SECMH%H-mwu—_ubNom Evﬁsom :&&N\Q%QQ S:;QNMSQ.SNNU DNUEENEA.H
860°0 61111 L00°0 S61'1 €176 6 8% A ysnuy, parfjaq-Aurear) SRUIDYD0MDUD SHPAN], aepIpng,
801°0 TSTST L00°0 €29°0 86LY 9 ST d0 00PN eIND DANS DAND aeprnony
SIT°0 1$9°61 L00°0 6911 YTeIr 9 65 d0 mouredg porefjod-snoyny sisuadd DiydLIOU0Z sepIziquug
921°0 YLEIT 800°0 1201 698°L L9 14 A IoSeug], Mo[joA-pue-onjg SISUDLIDUOG SIAND.LY | seprdneryy,
vET'0 €98°91 800°0 (AN 120°6 69 Ly 40 aA0(J-punolny Appny 3020d]p] DUIGUINIOD) aepIquIn[o)
€170 T9T1C 0100 v6S°T v8TTI L8 ¥9 d0 priqury qeordory, SnoOYdUDPUL SNUUDAA] sepruueIA[,
8TT0 S66'1T 0100 S6T'1 186'6 06 43 d0 UnIRIN PaISedIq-Lo1n 02qAqYy> US04 SepIuIpunIIy
SLSO LY6'v€ 910°0 TiTe 09LvT b1 621 40 pIqSuruwmny popyio DANSALYD SLDYI0IAL] SEPIIYI0I],
8TL'0 9P€°6¢ 6100 161°C 168791 191 88 10 prgmo) Auryg SISUDLIDUOG SNLYIOJOJ 9EPLIdIOT
LYL0 SE8°6€ 6100 661°0 9¢5'T €91 8 d0 Juerounio) ordonodN SIUDI]ISDAQ XDA0D0ODDY  9EPIOLIOd0IdR[RY]
¥8L°0 TI8°0b 6100 S19°C vST0CT  L9T o1 d0 9AO(T-pUNOID MIIJ mord puiquingo) aepIquIn[o)
v0T'1 885°0S ¥20°0 74! L6S°6 L0T 0s d0 SuimdeT wyINOg s1sua[1yd Snjjoun/ sepruperey)
8191 759'8S 820°0 €09°S 98T°cy  0FC STt 40 UDIA-0SNOH UIdINOS snInosnu $a)Apo3o.], aepnApoSoiL,
v8L'1 $85°'19 62070 Tige 8T$'ST  TST €€l d0 YIMG $, IS SHDUOIPLIOUL DANJIDYD) aeprpody
00LC 6SL'SL 9€0°0 vLY'9 Y06'6t  0I€ 092 £ ymbeueueg p]02AD} Dq2.420) 9EpIqaIan)
18°C SILLL LEO0 LT8'S viery  8I¢ ¥€T d IoZeue], eoekes popAvs sidnp.ay] seprdnery],
(127 €v0°96 SY0°0 SLT9 69¢'8y  €6¢ 454 A YSnIy ], por[[aq-snojny SLgudALfinL Snpn] aepIpIng,
SIL'S 81011 75070 vS1T'S I€L68 ISt LOT n MO[[eMS M-puE-on[g ponajoundd uopljaY203Lg SepIuIpunIIH
L66'S 906'CTT £50°0 £60°8 08€T9 9% 943 d0 Q0pENSIY Je0ID snp.anydins Sn3uvid oepruueIAL,
LOT'9 198411 ¥50°0 vr9°L ST6'8S 0LV LO€E d0 OISUIOH SNOJIy snfint snLung SeprLIewIn |
S0T'TT 8ST'LIT 201°0 601t 0L9'TE 688 91 n aA0( YOy iaj] bquingo) aepIquIn[o)
9Z0'9LT 969119 8870 08111 08198  €0ST  6bP n Mouedg dsnoy SNOSIUIOP 4SSO QEpLIdSSE]

yda  (zupa yaa (%) ¥4 (%)4 vV AN QeH LPWeN ystsug PWeN soroedg PWEN AJruef

6661 PUB 8661 JO sieak oy ur A10 2139]y 0}10J WOIJ SPIIq PIPIOdAY | dqeL

xipuaddy

pringer

A's



355

Urban Ecosyst (2011) 14:341-360

€00°0
€00°0
€00°0
€000
¥00°0
¥00°0
€00°0
¥00°0
S00°0
900°0
900°0
900°0
L0070
L00°0
600°0
0100
¥10°0
910°0
9100
020°0
6100
00
§c0'0
620°0
1€0°0
S¥0°0
500
LS00
SI1°0
0L0°0

1424
889°C
889°C
889°C
££6'C
£€6'C
889°C
£€€6'C
LLT'E
Ier'e
Iey'e
999°¢
ole’c
ole'c
66¢'Y
oy
9LE'S
S98°¢
S98°¢
8659
ySE9
£v89
(4395
0T8’L
$90°8
SLL'6
60501
L66°01
9°S1
61CCl

100°0
100°0
100°0
100°0
100°0
100°0
100°0
100°0
100°0
2000
2000
2000
2000
20070
2000
2000
€00°0
£00°0
€00°0
€00°0
€00°0
€000
€00°0
¥00°0
¥00°0
S00°0
S00°0
S00°0
L00°0
900°0

6¥1°0
6¥C0
6¥C0
050°0
YL1"0
scro
6¥1°0
66C°0
YLT0
yCe0
6¥¢°0
YLEO
SLOO
YLEO
001°0
8¥y'0
€ero
yCe0
€LS°0
YLEO
L¥9°0
L¥9°0
YLEO
6¥1°0
£€¢S°0
8650
8’0
966°0
LYL 0
Scro

[41 !
616°1
616°1
¥8¢°0
Prel
096°0
[4 0!
€0€'C
I1e
Sev'c
L89°C
6L8°C
9LS0
6L8°C
89L°0
SSy'e
£€9C°¢
Sev'c
Siv'y
6L8°C
066'Y
066'v
6L8°C
[4 !
€0y
L09Y
Pee9
8L9°L
8SL'S
096°0

0l
I
1T
IT
4!
4!
I
4!
€l
4!
4!
Sl
91
91
81
61
[44
YT
¥C
LT
9T
8¢
0¢
[43
€€
(U4
194
Sy
9
0S

0l
0Tl

4!
I
€l
4!
SI

Sl

81
LT
€l
€C
SI
9T
9¢
Sl

1c
¥C
€€
(U4
0€

40

40
40
40
40

PHQSUDO0JA PaMOI-Y[eyD
10390dpooA| PoLIRq-UdID)
[rejourds s, xidg

prgmo)) paguim-Aeq
euonbad-eoueig-edred

SIQ PadB}-aNyM

jooyeIRd NUOIN

BIUSE[] Pa[Iq-[ews
[1eY-POOA\ PRISealq-Aie[s
JROIYIMO[[O PIYSBIA
aro( paddn-oyym
[reurds 91O

RUBJR[ PI[NBA

I9[GIBA\ PAUMOII-UIP[OD)
paugyoeg paddes-nusay)
BIUSE[] PaI[[oq-MO[[oA
your uoijes

mo[ems paduni-oyym
IO[QIBA\ POMOIQ-OIY A\
100114 odwe)
oyuysioddog pomoig-snojny
ernied reordory,

12134 18310

[IqXeA\ UOWIIOD)

UIIBJA| PISAYO-UMOIG
JueIk], o[pe)

I0UIRIAT] Pa[Ie)-310]
eruoydnyg pojeoryy-ojding
aA0( pareyq

SIq] paoej-areq

SNUILIDS SNULY
soioqyoounjou sa3dnjo)
ads sixojpudg

snippq Sap1o1vja3y

vny) vi1a43g

11y sipv3a]d

snyovuows vijisdorpy
sLysoqiand viuav)g
DANODADS SIPIUD.IY
sipnoouinban s1dAjy0a0
1xnva.Lida pjoyday
D12]0SQO DINDJOIUD.LD)
puvovl puvov
SIIOAIDIND SNADINAJISDG
snypdpoifing snuosdiy)
42180304V} vIUAD]T
pjo2Av]f SyDIIS
DO1Y.L100N2] DI2UIDAYIN]
snipydajqoona) sniamajisng
s1ysadupd s21dpjo)
sisuaupng s1y.10]247)
nundvid vpnavg

Qv DaPAY

pr4sv vplasH

vtadp) audodJ

DSOXLI STUIOJDYIDI
PUDADS SNUUDAAT
pono.0pyd viuoydnyg
DIDINOLIND DPIDUIT

smpasnfur snsowityJ

SEPIWIN
9epIold
QBpILIRUIN,]
QBPLISIOL
SBpIoplY
SBPIYIIUIOLYSAIY L,
oeproenIsq
qepruueIA[,
SepIIeY
depinied
SBpIqUIN[OD
oepIIEWIN]
oeprueoe[
depinied
oBpLISIOL
JepruueIA],
oepIzuoquig
SEPIUIpUTIE
depinied
SepIold
QBPIUOAIA
depinied
9BpIoplY
SBPIP[LOSH
SEpIUIpunIiH
qepruueIA],
qepruueIA],
EpI[IBULL]
SBpIqUIN[OD

QEPIYIUIONYSATY L,

pringer

A's



Urban Ecosyst (2011) 14:341-360

356

0000 8L60 0000 0010 89L°0 4 4 d IoSeue], pojsearq-ume,| pjouounaw paplav.dig oeprdnexy],
00070 8L6°0 0000  SLOO 9L5°0 14 € d0 PIQAOB[E POMOIQ-ONTA SLDIfI42dns vjaung 9EpLILIOY
1000 w1 1000 001°0 89L°0 S 14 d u0031q 0INZedld oanzpoid spua018DIDg aepIquInjo)
1000 w1 1000 ST00 T61°0 S I n jo1rRd pRjuOy-an|g DALSID DUOZDULY SepIoENISd
100°0 Wl 1000 SLOO 9L5°0 S € 40 YIMS Pore[[0d-OHYM SLpu0z 2ud0.1dodo.ig aepipody
100°0 w1 1000 STI'0 096°0 S S d yuysiuy paddes-snoymy snjjdvayfi snjrydouwny aeprjiydouey,
1000 Tl 1000 SLOO 9L5°0 S 3 d0 )OI YA ouadn.ay stujox oepIuUeIA],
1000 w1 1000 SLOO 9L5°0 S € 40 JUBIAL, PAMOIG-MO[[OX sduydo.o1o1 pdp.yung SEpIUUBIA],
100°0 99%°1 1000 6¥1°0 (98! 9 9 d USTUYL, PIYO3U-SMYM $1]021q]D Snpanj, sepipang,
100°0 w1 1000 0010 89L°0 S 14 d yourf-Sui[qiepy poduuni-pay siyp4a)p] vZIdsood aepIzLdqUIF
000°0 8L60 0000 0S0°0 ¥8€°0 4 z 40 amynA yor[g smp.yp SAED.0) aepuIeyie)
1000 L1 1000 ¥L1°0 Prel L L d ooxpn) [ornbg Dupdv> DADIY aeprnon)
2000 $S6'1 1000 001°0 89L°0 8 4 40 RIZH dmed siq1 snojngng SEpIOpIY
1000 111 1000 SLOO 9LS0 L € 40 adiug ueoLLWY YINOS avwn3p.apd 0Spuilpn aeproedojoog
2000 SS6'l 1000 ¥L1°0 PreT 8 L d0 [resourdg Kojoud  wppydoun3diyd xvjdydoruaoysg oEpILIEUIN]
1000 99%°1 1000 0010 89L°0 9 14 d0 To10Y)D-POOMAIL] 1quinuup smquinuy aeprLeUIn |
100°0 L1 1000 ¥L1°0 Prel L L 40 eluoe[g pue[ySiH DANISQO DIV SEpIUUBIA],
100°0 11 100°0 6¥1°0 498! L 9 E| 10y03edAJ-Apo], pades-o1ydQ sdaotoquinyd 1221110112204 oepruuelk,
2000 SS6'l 1000 0S0°0 ¥8€°0 8 z 40 [ea], uerizerg SISUDI|ISDAq DIIUOZDULY oepueuy
2000 §S6'l 1000 0S0°0 ¥8€°0 8 z 40 [BL, JOAJIS 10]021S.120 SDUY oepueuy
2000 SS6'l 1000 ¥L1°0 Prel 8 L 40 plesowy pai[[oq-SuLnID SnpIoN] UOGJISOL0]YD) SEPI[IYOOI],
100°0 L1 1000 ¥L1°0 Prel L L dO  YouL{-Surjqrep Snojni-pue-yoelg pfni0431u pz1dsooq SeprzLaquIg
2000 661°C 1000 TT0 LTL'1 6 6 d yMeH opIspeoy sLysouvu sputodmy oepryidiooy
€00°0 vrrT 1000 661°0 9¢¢'1 01 8 d BIBOBIED) POPEAY-MO[[OX puiyILUIYD OSDAJYN OEPIUOO[E]
€000 vrrT 1000 20 LTL1 01 6 40 [0S UBdLIDWY SnLLALDAS 0D, aEpIuod[e,]
2000 661°C 1000 ¥L1°0 Prel 6 L 40 1y paf[Iq-yloows 1up v3pydojol) aepynon)
€000 vrrC 1000 6610 9¢6°1 01 8 d OLIYSIUY S[qRLIBA Sus2soIN.1202 Snj1ydouwvy ] aeprjiydouwey,

yda  (tuw)a yaa (%) ¥d (%)4 AN QeH PWEN yssug PUWeN seradg LPWEN AJruef

(panunuoo) T 3qey,

pringer

A's



357

Urban Ecosyst (2011) 14:341-360

00070
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
00070
00070
000°0
000°0
000°0
00070
000°0
000°0
000°0
00070
000°0
000°0
000°0
00070
00070
000°0
100°0

Yreo
Yo
Yo
Yo
Yrco
YrCo
YrTo
YrCo
YrT0
687°0
68¥°0
68Y°0
687°0
68%°0
687°0
68¥°0
687°0
€€L°0
€€L0
€EL°0
€EL°0
€EL0
€EL°0
€EL°0
€EL°0
8L6°0
8L6°0
8L6°0
8L6°0
991

00070
000°0
000°0
000°0
000°0
000°0
0000
000°0
000°0
0000
000°0
0000
000°0
00070
0000
000°0
000°0
000°0
00070
0000
000°0
000°0
0000
000°0
000°0
000°0
00070
00070
000°0
100°0

§20°0
§c00
§c00
§200
§200
§20'0
§c00
§200
§200
§20'0
§c00
050°0
050°0
§20°0
§20'0
050°0
050°0
SLOO
050°0
SLOO
SLOO
SLOO
050°0
050°0
SLOO
050°0
050°0
SLOO
001°0
001°0

610
61°0
61°0
61°0
610
61°0
61°0
61°0
61°0
°61°0
61°0
¥8¢€°0
¥8¢€°0
610
61°0
¥8¢€°0
¥8¢€°0
9LS0
¥8¢°0
9LS°0
9LS°0
9LS0
¥8¢°0
¥8¢€°0
9LS°0
¥8¢€°0
¥8¢°0
9LS°0
89L°0
89L°0

O < F F T N NN enenen NN Al A A A A A A A e e e e e

— o e e e e e e =

<t T AN AN A AN N A Al A~ — A A

o =

40

40
40
40
40
40
40

40

40
40

10599dpooAy PIMOIG-MO[[OX
[reyourdg parfjaq-Aein
1oued[3-a3e1[0] PaMmoIq-png
IOUOYRIAT] QAT[O-MO[[OX
I0U9)eIA]] UOI[TULIOA
105eue] po[3303-yoelg
moureds puejssein

[eUIPIR)) PIISAIO-PAY
PIIgmo)) Surueaiog

UOIOH SUIPSIYM

AN [reus

ey ysejoeg

I07BOJRUL) SNOJNY

MO[[eMS Popeay-Aume],
ysnay ], paseaiq-afed
105eUR], WR]

10JE)[BS PISUIM-USAIN)
UOIOH-YSIN PAuMOId-dr[g
eIeoeIe) ofuewIy)
10)99dpoopy panods-anym
I0Y0JBIAT] S o[

03IIA Poko-poy

ndig ysImo[[px

10)BOPAAS PAIL[[09-9[qno(]
eruoydnyg peduni-uopjon
amymnp Aoy,

[IND Papooy-umoIg
JO[NUUBIA], POYIYI-I[NOIA
I10U0JRIAT] PaIo]od-ueIg

IY0JROAT] S UOSUTEMS

snjuapnInD SNNd1J
SUIISDLDULD SIXD]IDUAS
viv12.42dNSOfind DIIPPUAY
suadsainydins sviduousjor
snuign.s Snpydaooidg
sdouvjout s1dnp.1yp0yoLLL
SHDLOUWNY SHUDAPOUULY
DIDUOLOD DIIDOIDJ
SLD]JIXDOSL SNYIOJOPA
XLUD]JIGIS DUSLIAG
S11GDID0S SNUIDY.AISOY
SUDILASIU SHIDLPAD T
vau1] v3vydodouo)
vponf uopijayoodoy
SpjaUI0IND] SNPAN]
wnapuippd sidnp.ay |

syuis A0IpIvs

XDA021JIAU XDA0IIAN
o3unuinyd> o3vajN
A21sp30)1ds S1u.101]113,
112]12 SNOILIOLYIDT
$nadpA1j0 0241/

Suads21N) SNy
suaasajn.iand vjydo.todg
vypydasouvdd> viuoydnsg
DAND S2LADYID))
stuuadinovuw snjpydod010.41)
SypU2A $210IS0]]AY J
smp12svf snqoydorpy

1UOSUIDAS STY2ADIAPY

oepIdld
oepILIBWIN,]
oBpILIEWIN,]
QepruueIA],
QepruueIA],
oeprdnery]
SBpIZLIaquiy
oepIZLIOqUIg
QBPLISIOL
SBpIopIY
aepuidiooy
SEPIIEY
aepigeydodouo)
SepIUIpUTLIE
oepIpm],
seprdnery],
SEpIfeulpIen
SBpIoply
QBPIUOI[E,]
9epIold
QepruueIA[,
QBPIUOAMA
SBPI[[I9BION
SepIzLIaquiy
epI[IBULL]
Sepnleyen
SepLIET]
qepruueIA],
JepruueIA],

SepruueIA],

pringer

A's



Urban Ecosyst (2011) 14:341-360

358

(8007) 099D,

(#007) eueIUO UL EIEP [RUISLIO
(8007) OYgD Surpioode are sowreu drwouoxe], ddwes syurod daneyenb [zg/pansedws jou dqenes e ‘(YJQ) Ansudp uonendod aane[oy () Ansudq {(YQ) Ansuop soroads
aAne[oy () Aouenbaxy oane[y () Aouenbarg () eduepunqy ((YN) spiooal Jo zaquny ((1opioq 1sa10f Jo 35210} J ‘ploy uado JO ‘ueqin N (661 OXIATY) qeH) 2dA) jenqey
[1se1g "SY 9189y oMo NS Op
JpUBID) OTY Op ©OI[0Je)) IPEPISIOAIU() BIOIIUOJ [NS OP dpURID) 0Ny "Iy 010 WO 0JUIWILIdAXS Win :S9ALR 9P BUBQIN OPEPIUNIOD BWIN OP BININNSH ($0()7) BULIUO,] PIIO 9INJEINI

° ° ° ° ° ° ° J0 01§ LIengefy PNIDUL DIUOIL) QBpITUOdI))

° ° . ° ° ° ° 4 SMEBH PaIeI-1I0YS snandyon.aq oang oepudooy

° ° . . ° ° ° Kl Smey pauurys-dreyg smLys 4o11d123y oepuydooy

. ° ° ° ° ° ° J0 MO Surmorng DLIDINOIUND 2UDYIY oepiSing

° . . . . ° . d0 Pimg Asn( jeain Xouas sapirojasda) aepipody

° ° ° ° ° ° ° J0 1oysy3ury] pagury snypnb.oy ajd12) QBepIUIPAd[Y

° ° ° ° ° ° ° 40 IoysySury uozeury puozowD 2]4.1220.10]Yy) QBPIUIPAJ[Y

° ° . ° ° ° ° q 10399dpoopy paIsaIo-puo[g Su22s24D]f S22 aepiolg

° ° ° ° . ° ° 40 Mo[[emS PoSUIM-USNOY WIOYINoS s111001fina xA12rdopi3jarg SeprurpunIry

° ° ° ° ° ° ° el IoyJed)RUL) PAYSEIN pjodnunp vjydooq seprmdorod

. . . . . . . ki [YouI,] PISAI-PIY smpynond sndurdsoydq.io) Jeprzuaquig
00070 Yrco 00070 §20°0 610 ! I 40 [Tejuld po[lq-MO[[PA 2131093 svuy depneuy
000°0 Yo 0000 §c0'0 61°0 I I 40 UOI9H 10900 10000 vap.ty 9BpIopIY
000°0 YrCo 0000 §c00 61°0 I I 40 Blgdrle]) UlyInos smouyd v.vIv.0) SBPIUOJ[E]
000°0 Yo 000°0 §200 61°0 I I 40 USYIOOJN uowtos sndo.opy> vnugjpo SEpIIeY
000°0 YT 0 000°0 §200 61°0 I ! 40 NOS pdau-3de[g soupsixaul SndopuvuiEy SBPLISOIAINGSY
000°0 Yo 000°0 §20'0 61°0 ! I 40 1o djoyy SRUDIIUIUOp SNDT SEpLIET]
000°0 Yo 0000 §c0'0 61°0 I I d ooyon) pading plaovu viadn] 9BpINONg
000°0 Yo 000°0 §200 61°0 I I 40 AMEYIYSIN BPUNOEN ppunovU 1230poq oepi3[nuiide)
000°0 YrT0 000°0 §200 610 I ! 40 OSUB pareory-3oelg SH]0I1ZIU XDAOYIOID 11U SEPIIYO0IL
00070 Yveo 00070 §20°0 610 I ! d 1591010A0[d ipup|p] sixouvydaig QEPI[IYO0LL,
¥da  (cua qga (%) ¥4 (%)d AN qeH PWEN ysi3ug PWEN sa10adg PWEN Ajiueg

(panunuoo) T 3qey,

pringer

A's



Urban Ecosyst (2011) 14:341-360 359

References

Aleixo A (1999a) Effect of selective logging on bird community in Brazilian Atlantic Forest. Condor
101:537-548

Aleixo A (1999b) Effect of selective logging on bird community in Brazilian Atlantic Forest. Condor
101:537-548

Aleixo A, Vielliard JME (1995) Composicdo e dindmica da avifauna da mata da Santa Genebra, Campinas,
Sdo Paulo, Brasil. Rev Bras Zool 12:493-511

Beissinger SR, Osborne DR (1982) Effect of urbanization on avian community organization. Condor
84:75-83

Belbin L (1992) PATN—Pattern Analysis Package. CSIRO, Australia

Belton W (1994) Aves do Rio Grande do Sul: distribui¢do e biologia. Unisinos, Sdo Leopoldo

Bencke GA (2001) Lista de referéncia das aves do Rio Grande do Sul. Fundagdo Zoobotanica do Rio Grande
do Sul, Porto Alegre

Bezzel E (1985) Birdlife in intensively used rural and urban environments. Ornis Fennica 62:90-95

Bibby CJ, Burgess ND, Hill DA (1992) Bird Census Techniques. Royal Society for the Protection of Birds,
British trust for Ornithology, Academic Press and The University Press, Cambridge

Blair RB (1996) Land use and avian species diversity along an urban gradient. Ecol Appl 6:506-519

Brack P, Rodrigues RS, Sobral M et al (1998) Arvores e arbustos na vegetagio natural de Porto Alegre, Rio
Grande do Sul, Brasil. Iheringia 51:139-166

Cam EB, Nichols JD, Sauer JR et al (2000) Relative species richness and community completeness: birds
and urbanization in the Mid-Atlantic States. Ecol Appl 10:1196-1210

Comité Brasileiro de Registros Ornitologicos (2008) Lista de aves do Brasil. Version 10/02/2008. Available
at: http://www.cbro.org.br. Accessed date 01/12/2008

Chace JF, Walsh JJ (2006) Urban effects on native avifauna: a review. Landscape Urban Plan 74:46—69

Clergeau P, Savard JP, Menechez G et al (1998) Bird abundace and diversity along an urban-rural gradient: a
comparative study between two cities in different continents. Condor 45:413-425

Clergeau P, Croci S, Jokiméki J et al (2006a) Avifauna homogenisation by urbanisation: analysis at different
European latitudes. Biol Conserv 127:336-344

Clergeau P, Croci S, Jokiméki J et al (2006b) Avifauna homogenisation by urbanisation: analysis at different
European latitudes. Biol Conserv 127:336-344

Dias RA, Burger MI (2005) A assembléia de aves de areas umidas em dois sistemas de cultivo de arroz
irrigado no extremo sul do Brasil. Revista Brasileira de Ornitologia 13:63-80

Emlen JT (1974) An urban bird community in Tucson, Arizona: derivation, structure, regulation. Condor
76:184-197. doi:10.2307/1366729

Erz W (1983) Ecological principles in the urbanization of birds. Ostrich Sup 6:357-363

Feninger O (1983) Estudios cuantitativos sobre aves em areas urbanas de Buenos Aires con densa poblacion
humana. Hornero no. Extraordinario

Fontana CS (2004) Estrutura de uma comunidade urbana de aves: um experimento em Porto Alegre. PhD
Pontificia Universidade Catolica do Rio Grande do Sul, Rio Grande do Sul

Fontana CS (2005) A ornitofauna em Porto Alegre no século XX: status de ocorréncia e conservagdo Comun
Mus Ciénc Tecnol PUCRS. Sér Zool 18:161-206

Franchin AG. (2009) Avifauna em areas urbanas brasileiras, com énfase em cidades do Tridngulo Mineiro/
Alto Paranaiba. Universidade Federal de Uberlandia

GUIA (1998) Guia das ruas de Porto Alegre: mapas e CEP de todo o municipio. Editora Globo, Porto Alegre

IBGE (2005) Instituto Brasileiro de Geografia e Estatistica. Disponible at: http://www.ibge.gov.br

Jokimiki J, Kaisanlahti-Jokimdki MJ (2003) Spatial similarity of urban bird communities: a multiscale
approach. J Biogeogr 30:1183-1193

Lancaster RK, Rees WE (1979) Bird communities and the structure of urban habitats. Can J Zool 57:2358-2368

Leveau LM, Leveau CM (2004) Comunidades de aves en un gradiente urbano de la ciudad de Mar del Plata,
Argentina. Hornero 19:13-21

Leveau CM, Leveau LM (2005) Avian community response to urbanization in the pampeam region,
Argentina. Ornitologia Neotrop 16:505-510

Lyle JT (1996) Cities of the future will embrace the ecology of the landscape, rather than set themselves
apart. In: In Context

MacGregor-Fors I (2008) Relation between habitat atributes and bird richness in a western Mexico suburb.
Landscape Urban Plan 84:92-98, www.elsevier.com/locate/landurbplan

Magurran AE (2005) Species abundance distributions: pattern or process? Funct Ecol 19:177-181

Martensen AC, Pimentel RG, Metzger JP (2008) Relative effects of fragment size and connectivity on bird
community in the Atlantic Rain Forest: Implications for conservation. Biol Conserv 141:2184-2192

@ Springer


http://www.cbro.org.br
http://dx.doi.org/10.2307/1366729
http://www.ibge.gov.br
http://www.elsevier.com/locate/landurbplan

360 Urban Ecosyst (2011) 14:341-360

Marzluff JM, Bowman R, Donnely R (2001a) Avian ecology and conservation in an urbanizing world.
Kluwer Academic Publishers, Norwell

Marzluff JM, Bowman R, Donnely R (2001b) A historical perspective on urban birds research: trends, terms
and approaches. In: Marzluff JM, Bowman R, Donnelly R (eds) Avian ecology and conservation in an
urbanizing world. Kluwer Academic Publishers, Norwell pp. 1-17

Matarazzo-Neuberger WM (1992) Avifauna urbana de dois municipios da grande Sdo Paulo, SP (Brasil).
Acta Biol Par 21:89-106

McKinney ML (2006) Urbanization as a major cause of biotic homogenization. Biol Conserv 127:247-260

Mendonga-Lima A, Fontana CS (2000) Composicdo, freqiiéncia e aspectos biologicos da avifauna no Porto
Alegre Country Clube, Rio Grande do Sul. Ararajuba 8:1-8

Menegat R, Porto ML, Carraro CC et al (1998) Atlas Ambiental de Porto Alegre. Editora da Universidade/
UFRGS, Porto Alegre

Morneau F, Décarie R, Pelletier R et al (1999) Changes in breeding bird richness and abundance in Montreal
parks over a period of 15 years. Landscape Urban Plan 44:11-121

Olden JD, Rooney TP (2006) On defining and quantifying biotic homogenization. Glob Ecol Biogeogr
15:113-120

Piratelli A, de Andrade VA, Lima-Filho M (2005) Aves de fragmentos florestais em area de cultivo de cana-
de-agticar no sudeste do Brasil. Iheringia Sér Zoologia 95:217-222

Platt A, Lill A (2006) Composition and conservation value of bird assemblages of urban “habitat islands™:
Do pedestrian traffic and landscape variables exert an influence? Urban Ecosystem 9:83-97.
doi:10.1007/s11252-006-7900-6

PPDUA (1999) Lei Complementar n® 434, de 1 de dezembro de 1999. Dispde sobre o desenvolvimento
urbano no Municipio de Porto Alegre, institui o Plano Diretor de Desenvolvimento Urbano Ambiental
de Porto Alegre e da outras providéncias. (ed Alegre DOdP). Prefeitura Municipal de Porto Alegre

Reynaud RA, Thioulouse J (2000) Identification of birds as ecological markers along a neotropical urban-
rural gradient (Cayenne, French Guiana) using co-inertia analysis. J Environ Manage 59:121-140

Ruszezyk A (1984) Influéncia da urbanizagdo na distribuigdo, abundéncia e diversidade das borboletas
(LEPIDOPTERA) da cidade de Porto Alegre. Universidade Federal do Rio Grande do Sul, Brasil

Ruszczyk A (1986) Distribution and abundance of butterflies in the urbanization zones of Porto Alegre,
Brazil. J Res Lepidoptera 25:157-178

Ruszczyk A, Rodrigues JJS, Roberts TMT et al (1987) Distribution patterns of eight bird species in the
urbanization gradient of Porto Alegre, Brazil. Cién Cult 39:14-19

Sanchotene MCC (2000) Plano diretor de Vias Publicas. Secretaria Municipal do Meio Ambiente, Porto
Alegre

Savard JPL, Clergeau P, Mennechez G (2000) Biodiversity concepts and urban ecosystems. Landscape
Urban Plan 48:131-142

Sekercioglu CH (2006) Increasing awareness of avian ecological function. Trends Ecol Evol 21:464-471.
doi:10.1016/j.tree.2006.05.07

Sick H (1997) Ornitologia Brasileira. Nova Fronteira, Rio de Janeiro

Souza FL (1995) Avifauna da cidade de Ribeirdo Preto, estado de Sdo Paulo. Biotemas 8:100-109

SPSS SMD (2000) ISystat 10.0 StatisticsI,Computer Program

Torga K, Franchin AG, Marcal Junior O (2007) Avifauna in a section of the urban area of Uberlandia, MG.
Biotemas 20:7-17

UNFPA (2007) State of World Population 2007: Unleasing the Potential of Urban Growth. United Nations
Population Fund

United N (2006) Population division of the Departament of Economic and Social Affairs of the United
Nations Secretariat, World Population Prospects: The 2006 Revision and World Urbanization Prospects:
The 2007 Revision. United Nations

Valadao RM, Marcal Junior O, Franchin AG (2006) The avifauna in the Santa Luzia Municipal Park, urban
zone of the municipality of Uberlandia, State of Minas Gerais. Biosci J 22:97-108

Voss WA (1979a) Aves de Porto Alegre, RS: I- aves observadas na area central da cidade. Pesquisas 1-7

Voss WA (1979b) Aves observadas na area central da cidade de Sdo Leopoldo, RS. Pesquisas 9-24

Willis EO (1979) The composition of avian communities in remanescent woodlots in southern Brazil. Papéis
Avulsos Zoologia 33:1-25

Willis EO, Oniki Y (1981) Levantamento preliminar de aves em treze areas do Estado de Sdo Paulo. Revta
Bras Biol 41:121-135

@ Springer


http://dx.doi.org/10.1007/s11252-006-7900-6
http://dx.doi.org/10.1016/j.tree.2006.05.07

	Bird diversity in a subtropical South-American City: effects of noise levels, arborisation and human population density
	Abstract
	Introduction
	Methods
	Study area
	Sampling design
	Bird sampling
	Habitat guilds
	Independent variables
	Statistical analysis

	Results
	Taxonomic composition and relative abundance
	Variables affecting number of species (NSP) recorded
	Multivariate patterns in species distributions

	Discussion
	Section115
	References


