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Abstract

Background: Urbanisation is a dominant geographical trend and an important component of global change, with
unprecedented implications for socio-economic, cultural and environmental characteristics. However, green areas,
including original fragments, can help to conserve native diversity, improving the functioning of these artificial
systems in the long term. Urban areas can still provide habitats usable by wild birds, however the structural charac-
teristics of the habitat formed by different types of green area differ, and therefore dissimilar bird diversities are to be
expected. The object of this study was to characterise the a and 3 diversities of birds in different green areas and to
analyse how diversity relates to ten variables that characterise the habitat.

Methods: We studied the green areas in the city of Temuco, southern Chile (Park, Square and Median strips of main
streets), evaluating the variables: (a) surface area, (b) vegetation, (c) estimated human impact as the proportions of
vegetation and bare soil by area, and the vehicle traffic. The bird assemblage structures were characterised by a (intra-
environment) diversity and 3 diversity (between environments) and the statistical analysis identified the environmen-
tal variables related with the presence and abundance of birds. A statistical model was constructed to describe the
contribution of the variables to bird diversity.

Results: We found significant differences between the diversity of bird species in the three types of green area. The

B showed medium to high similarity between the different study units. There was a negative correlation with bare

soil areas; the correlations with vehicle flow, plant structure and tree and shrub cover were not significant, meaning
that these variables did not explain the variation in the richness of bird species between the green areas. However the
surface area did explain this variation presenting a positive potential relation. There was also a high correlation with
the origin (native) of shrub species.

Conclusions: The bird diversity varied significantly according to the type of urban green area. The environmental
variables presenting significant correlations with bird diversity were: surface area, native species of shrub stratum,
shrub cover, and bare soil area. The best multiple regression model showed that the three most important variables
for bird diversity are the surface area of the green area, the cover of the shrub stratum and the presence of native
shrub species.
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Background

The area covered by urban settlements is increasing rap-
idly, since the world’s urban population is expected to
increase by 72% between 2000 and 2030 (Pickett et al.
2011). Urbanisation is a dominant geographical trend and
an important component of global change, with unprec-
edented implications for socio-economic, cultural and
environmental characteristics. This accelerated urbani-
sation process is a threat to biodiversity conservation
(Clergeau et al. 2001; Pickett et al. 2011), and may cause
alterations of ecological systems and malfunctioning of
urban systems as they are presently structured (McDon-
nell et al. 1997). McNeely et al. (1990) define biological
diversity as a concept that encompasses the variety of
nature, including the number and frequency of ecosys-
tems, species and genes; Halffter and Ezcurra (1992)
recall that it is the result of the evolutionary process and
Solbrig (1994) clarifies that it is not an entity, a resource,
but a property or characteristic of nature.

Due to the fragmentation or complete elimination
of the natural habitats over which cities are built or
expanded, an urban system contains only a small surface
area with fragments of original vegetation or even artifi-
cial green areas (Rees 1997). The result is a drastic change
in fauna, with a reduction in the original abundance and
diversity, as documented by various authors: birds (e.g.,
Blair and Launer 1997; Faggi 1998; Blair 1999; Cam et al.
2000); marsupials (e.g., Almeida et al. 2008); rodents (e.g.,
Cavia et al. 2009); bats (e.g., Oprea et al. 2009); amphib-
ians (e.g., MacGregor-Fors et al. 2013); reptiles (e.g., Cos-
sios and Icochea 2006); and fish (e.g., Cunico et al. 2011).

Biotic homogenization is considered to be one of the
most prominent forms of biotic impoverishment induced
by current global changes. It is described as the process
by which species invasions and extinctions increase the
genetic, taxonomic or functional similarity of two or
more biotas over a specified time interval (Olden 2006;
Devictor et al. 2008; Knop 2016). It has been demon-
strated that the homogenization of bird communities is
strongly positively correlated to landscape disturbance
and fragmentation (Devictor et al. 2008). Considering
that cities tend to homogenize the physical environment,
consequently, as they expand, biological homogenization
increases because the urban-adaptable species become
increasingly widespread and locally abundant (McKinney
2006). By that, the urban conservation should therefore
focus on promoting preservation and restoration of local
indigenous species and their habitats (McKinney 2006).

The rural bird communities compared with urban bird
communities have lower average evolutionary distinc-
tiveness (Morelli et al. 2016) and by other hand in the
urbanized environments, changes in phylogenetic rich-
ness and evolutionary distinctiveness are less substantial
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in moderately urbanized environments that still preserve
much of the original diversity (Sol et al. 2017). The urban
environments are a factor of concern for maintaining
diversity across the tree of life of birds, and the urbaniza-
tion planning could help buffer extreme loss of phyloge-
netic diversity caused by this process (Morelli et al. 2016).

However, green areas, including original fragments,
can help to conserve native diversity (e.g., flora, birds),
improving the functioning of these artificial systems
in the long term (e.g., Chace and Walsh 2006). This has
been shown in various green areas such as urban gardens
in Hamilton, New Zealand (Day 1995); private gardens,
semi-public spaces associated with apartment build-
ings, public parks and courtyards of industrial buildings
in Zurich, Lucerne and Lugano in Switzerland (Fon-
tana et al. 2011); urban parks in Hong Kong (Zhoua
et al. 2012); urban parks in Beijing (Morelli et al. 2017)
and Santiago of Chile (Urquiza and Mella 2002). For
further research in Latin America see Ortega-Alvarez
and MacGregor-Fors (2011a). All these studies address
bird diversity in disturbed and/or artificial habitats with
species surviving from the original habitats. Interest
in the urban ecology of birds is growing (Grimm et al.
2000, 2008; Garaffa et al. 2009); however, most research
in Latin America has focused on species lists, which,
although they provide valuable information, need to be
complemented by other aspects such as demographic
patterns, physiological and behavioural ecology, interac-
tions between exotic and native species and adaptation
processes and functional diversity (Ortega-Alvarez and
MacGregor-Fors 2011a, b; MacGregor-Fors and Ortega-
Alvarez 2013).

During the 19th century, the coastal mountain range
in southern Chile between the Biobio River and Puerto
Montt (approx. 36°-41°S) was thickly forested. In the
north—south lying central depression, the forest was not
so dense; the woods which covered the gullies and hills
alternated with cleared areas in the plains where the
indigenous people practiced various forms of agriculture
(Gongora 1862; de Vivar 1979; Camus 2002; Solari et al.
2011).

After the Spanish occupation, fragmentation of the
native vegetation was intensified due to the expansion
of farmland, particularly from the second half of the
19th century. The new structure of the countryside was
dominated by continuous anthropic matrices, enclosing
isolated fragments of secondary native forest (Gantz and
Rau 1999; Rau and Gantz 2001). This process was accom-
panied and accelerated by strong urban expansion of the
main cities of southern Chile. The impact of this urban
expansion on bird communities appears to have been
high, but knowledge is still at a rudimentary stage (Chace
and Walsh 2006).
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The objective of the present study was to analyse the
bird diversity in green areas of the city of Temuco and to
characterise the environments which the birds occupy,
in order to answer the following questions. Which struc-
tural elements of green areas (e.g., vegetation strata)
affect bird diversity and species richness the most? Is
this avian diversity affected by the diversity and origin
(native/exotic) of the vegetation? Is it affected by human
disturbance (e.g., proportion of bare soil area, vehicle
traffic adjacent to green areas)?

Methods

Study area

The study area comprised 10 green areas (study units)
in the city of Temuco, located in the Araucania Region,
southern Chile (38°46°S, 72°38"W; 114 m asl), with a total
urban area of 32.54 km? In 2007 the population was
287,000 with a density of 4 m? of green areas, maintained
by the city council, per inhabitant of the comuna (district)
of Temuco (Ministerio del Interior 2009). Urban areas
can still provide habitats usable by wild birds; however,
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the characteristics of the habitat formed by different
types of green area differ, and therefore dissimilar bird
diversities are to be expected. The study units were: (a)
five town squares (Godoy, Recabarren, Pinto, Dreves and
Schmidt). Town squares are open, square shaped spaces
for public use, connected by streets and used principally
for leisure and pedestrian traffic; they are civic spaces for
exchange relationships within a neighbourhood deter-
mined by sociability and movement to maximize human
contacts (Miyasako 2009); in Chile, these spaces contain
trees and gardens; (b) two median strips of main streets
(Balmaceda and Prieto Norte). Median strips are green
areas that exist in the central axis of a great avenue. In
this context we refer to median strips set along these
two major streets (approx. 30 and 20 m wide respec-
tively), which are covered with herbaceous vegetation,
shrubs and trees; (c) three urban parks (German Becker,
Los Pinos and Campus Norte of Universidad Catolica de
Temuco) (Fig. 1).

The climate of the study area is wet-temperate. The
average annual precipitation is 1400 mm, distributed
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Fig. 1 Study areas in Temuco, Chile. Town squares: 1 =Dreves, 2= Godoy, 3 =Recabarren, 4 = Schmidt, 5= Pinto; parks, 6= German Becker, 7=Los
Pinos, 8 =Campus Norte; median strips, 9= Prieto Norte, 10 =Balmaceda
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throughout the year, with greater intensity in the win-
ter and one or two dry months in summer; the average
annual temperature is 12 °C (Di Castri and Hajek 1976).
The local vegetation formation is southern deciduous for-
est (Gajardo 1994) and the urban flora of Temuco, found
principally in the green areas, consists mainly of exotic
species (Hauenstein and Leiva 1987; Hauenstein and Lat-
sague 1988; Hauenstein et al. 1988, 1989). The greatest
distance between study units is 4990 m and the least is
226 m.

Characterization of the study units

The study was carried out over one year, from southern
autumn 2007 to southern summer 2008. The follow-
ing variables were assessed in all the study units (town
squares, median strips of main streets, parks) for: (a)
surface area measured in ha; (b) vegetation measured as
species richness of herbs, plants, and trees; number of
individuals of each species in each stratum (herbaceous,
shrub and tree, perennial and deciduous); the plant cover
was estimated by a floristic inventory including the num-
ber of each species. In the squares and median strips of
main streets the samplings included all the surface of
squares (0.9-1.1 ha) and median strips of main streets
(2-3.7 ha) and the parks were surveyed in square sub-
plots of 20 m x 20 m each, in a variable number accord-
ing to the surface of each park (5-17 ha). The species
were included in an inventory with scientific name and
phytogeographic origin (sensu Hoffmann 1991, 1999;
Tykac 1993; Hessayon 1999). We also recorded the pro-
portion (%) of cover to the total surface area of each study
unit; in each plot all vascular plant species present were
identified and for each was estimated its relative abun-
dance (sensu Mueller-Dombois and Ellenberg 1974); (c)
estimated human impact as the proportions of vegetation
and bare soil by area (soil without vegetation or covered
by cement), and the vehicle traffic flow on the roads adja-
cent to each study unit, estimated in number of vehicles
per minute measured at the same hour in the same place
and reduced to an annual average (modified from Leveau
and Leveau 2006), the counting of the vehicles was done
in the morning when the highest vehicle flow occurs; this
variable was not considered in parks as there is no vehicle
traffic. The bare soil area was estimated as a proportion
of the total area of each study unit and was considered to
be a human impact variable, not a type of habitat, as its
characteristics do not make it an appropriate habitat for
birds (see Faggi and Perepelizin 2006).

Census methods

In town squares we used the point count method pro-
posed by Bibby et al. (1993); counting points were located
25 m apart and the counting period at each point was
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10 min. The census uses sighting/listening points with a
25 m radius according to Hutto et al. (1986), Bibby et al.
(1993) and Willson et al. (1994). In median strips the
method was adapted (sensu Leveau and Leveau 2004)
to the variable dimensions of the median strips of main
streets (linear areas), for periods of 5-10 min. Sampling
in parks covered all the different habitats in each park
(Faggi and Perepelizin 2006). The census points were
independent since two observers participated simulta-
neously, one of them with the objective of avoiding dou-
ble counting when identifying the birds that could move
from one plot to another. The sampling intensity was
determined, by means of previous censuses, with the rar-
efaction method (accumulation curves) (sensu Willson
et al. 1994) and the whole surface area of each unit was
sampled. Water birds were excluded, because only one
study unit contained wetland habitat (Campus Norte, a
small lagoon with six species).

A total of 220 counts were carried out: 112 in town
squares and median strips of main streets, and 108 in
parks. All the study sites were sampled in each season of
the year, with four replicates (4 days) with a total sam-
pling effort of 160 censuses. The frequency was 9 days/
season (autumn, winter, spring, summer) for parks and
4 days/season for town squares and median strips. In
each case counting was carried out between 7:00 am and
12:00 noon, when birds presented their greatest feeding
and social activity. The total period covered a complete
annual biological cycle from southern autumn 2007 to
southern summer 2008. The total number of counts was
16 in town squares and median strips of main streets (4
per season) and 36 in parks (9 per season).

The censuses were taken by two observers trained in
visual and aural bird identification (Verner and Milne
1989), in order to capture all the birds in the census
with no counting errors. Nomenclature followed Marin
(2004). Both the native and exotic bird species identified
were included in the records.

Analysis of bird assemblage structures

The bird assemblage structures in each of the study units
were characterised by: (a) The a (intra-environment)
diversity measured as species richness (S) and Shannon—
Wiener’s diversity index, which quantifies the total diver-
sity of a sample influenced by two basic components,
richness and evenness. The formula for this function is:
H' =—-% (p;xlog, p;), where p, is the proportion of the
total number of individuals in the sample correspond-
ing to the species. The values ranged between zero, when
there was only one species, and the maximum (H],,) cor-
responding to log, S. In addition, the Pielou (/) index was
calculated according to the equation: J=H’/H]_,,. This

max*
index describes species evenness of a community. Hence
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it measures the proportion of the diversity observed (H")
in relation to the maximum diversity expected (H},,,)- Its
values fluctuate between 0 (minimum heterogeneity) and
1 (maximum heterogeneity, i.e. the species are equally
abundant) (Magurran 1998; Magurran and McGill 2011;
Maurer and McGill 2011). To test the null hypothesis that
the H’ diversities of the four environments were equal,
Hutcheson’s procedure (1970) described in Zar (2010)
was followed. This consists of a ¢ test to calculate the
weighted diversity index (Hp = (NlogN) — (X p; log p,)/N),
including the variance calculation for each environment
according to S2,=[Z (p; log)’p;— (X p, log p,)*/N]/N*
We processed this test in a programme created by the
authors in an Excel spread sheet; (b) The S diversity
(between environments) was represented by the differen-
tiation between the study units using a dissimilarity tree
diagram based on the Bray—Curtis index (1957) and the
UPGMA unweighted pair group method with arithmetic
mean (Sokal and Rohlf 1995), using the software Past 1.68
(Hammer et al. 2001). The level of significance (p=0.05)
of the dendrogram results was determined by calculating
the 95% percentile of similarity pseudoranges obtained
by the bootstrapping technique with 10,000 iterations
(Manly 1997). Various measures of 8 diversity exist (see
Koleff et al. 2003); a similarity tree diagram was used in
this work because it allows comparison with other similar
research in Chile.

Statistical analysis

Non-metric multidimensional scaling (nMDS) was
used to distinguish similar groups of study units (town
squares, median strips of main streets, parks) considering
structural variables (e.g., vegetation covered by stratum),
vegetation characteristics (e.g., richness and origin) and
human impact (e.g., bare soil area, noise pollution from
vehicle traffic). In addition a hierarchical agglomerative
clustering analysis was performed applying a square root
transformation to the original data and using Bray—Cur-
tis as an index of similarity. To objectively identify the
groupings, the SIMPROF test was carried out (Clarke
et al. 2014).

It was established if the relative abundances of the birds
in a study unit, as a whole, differ among sites (ANOSIM).
Analysis of the species which contributed to the differ-
ences in bird composition between study units was done
by similarity percentage analysis (SIMPER). To identify
the environmental variables (e.g., structural, vegeta-
tional and anthropic impact) which explained the multi-
variate community pattern of birds in the study units, a
BEST procedure (Biota and/or Environment matching)
was carried out in the Primer 6.0 software, with forward
stepwise Spearman Rank correlation (Clarke and Gor-
ley 2006). Finally, a statistical model was constructed to
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describe the contribution of the variables to bird diversity
using step by step Multiple Regression as per Zar (2010).
Normality was assessed for each variable by graphical
analysis and the Chi square test; the homogeneity of vari-
ances was evaluated by Bartlett’s Test. The statistical pro-
grammes used were XLSTAT version 4.03, Statgraphics
plus 5.1 and PRIMER version 6.

Results
Characterisation of study units
The largest study units were the parks (9.5-17 ha), and
the smallest were the squares (=1 ha) (Table 1). The
highest richness of tree species was found in two of the
parks (Becker and Campus Norte), and the lowest in the
Los Pinos Park and Recabarren Square; for the shrub
stratum, the highest values were recorded in two town
squares and the lowest in a park and a square. The tree
cover in all the study units was high (>30%), while the
shrub cover was low (<10%) and the herbaceous stratum
was variable (between 0 and 50%) (Table 1). There was
dissimilarity in the composition of the flora in the study
units (>60%), in both the tree and shrub strata; the dis-
similarity was the greatest in the shrub stratum (Fig. 2).
In terms of human disturbance, the greatest proportion
of soil without vegetation (bare soil area) was in the town
squares and median strips of main streets (40%—55%),
except in Recabarren Square; the lowest proportion was
in the parks (< 10%). The highest rate of vehicle flow was
recorded in the median strips of the main streets (>223
vehicles/min). In the squares the flow ranged from 27 to
76 vehicles/min, and in the parks the vehicle flow was
not recorded because none exists (Table 1). In terms of
phyto-geographical origin, the majority of the study units
presented a high percentage of exotic species (<70%),
in both trees and shrubs. The unit with the highest per-
centage of native species was Campus Norte (82%). On
the other hand Los Pinos park was composed of a single,
exotic species (Pinus radiata D. Don) (Fig. 3).

Bird abundance and diversity

The number of individuals recorded was 5282, from 30
bird species belonging to 7 orders and 18 families. The
abundance, the species richness and Shannon’s index (H’),
and the taxonomic representation for the study units are
shown in Table 2. The highest number of individuals was
recorded in two parks (Campus Norte and Becker > 668),
and the lowest in a square (Recabarren<132). In the
other study units, the numbers ranged from 343 to 692
individuals. The greatest diversity of birds as richness of
species (S) (24) was recorded in a park (Campus Norte)
and the lowest (<9) in two squares (Godoy and Pinto)
(Table 2). The highest values for the Shannon index (H")
were recorded in the Campus Norte and Los Pinos parks,
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Table 1 Environmental and human disturbance—characterisation of study units

Type of green area Park Square Median strips of main
streets
Los Pinos Campus Norte Becker Godoy Dreves Recabarren Pinto Schmidt Prieto Norte Balmaceda
Surface area (ha) 9.5 12 174 09 1.1 1.0 1.1 0.9 20 37
Number of strata 2 3 3 3 3 3 3 3
Richness of bird species 19 30 23 9 14 11 4 10 15 13
Herbaceous stratum
Cover (%) 40 50 35 5 5 30 5 5 15 0
Shrub stratum
Cover (%) 0 10 5 5 0 5 15 5 5
Richness of species (S) 0 12 7 14 1 9 37 28 7
Native species (%) 0 583 14.3 14.3 0 0 8.1 10.7 0 0
Tree stratum
Cover (%) 60 40 50 40 40 50 40 40 30 30
Richness of species (S) 1 23 34 10 16 7 9 15 15 14
Native species (%) 0 82.6 294 20.0 250 42.8 66.6 26.6 20.0 285
Human disturbances
Bare soil (%) 0 10.0 50.0 550 15.0 40.0 50.0 50.0 45.0
Vehicle flow (annual 0 0 0 42 27 32 66 76 223 564
average) (No. vehicles/
min)

and the lowest in two squares (Pinto and Schmidt). For
the homogeneity of species distribution, the highest
evenness index (J) was found in Los Pinos park and the
lowest in two squares (Schmidt and Godoy). The unit
which presented the greatest taxonomic representation
in the number of orders and families was a park (Campus
Norte) while the lowest representation was in a square
(Pinto).

In the parks, 91.2% of the individuals were native
(belonging to 35 species). In town squares and median
strips only 38.3% of the individuals were native (belong-
ing to 22 species), while the exotic species Passer domes-
ticus accounted for 60.3% of all individuals.

The f diversity presents medium to high similar-
ity between the different study units (>40% in the 10
green areas). There were not clear associations between
types of units. Only two clusters were significant (boot-
strap 100%), one that groups the Parks Campus Norte
and Becker with 50% of similarity and other group that
includes all the other areas with>40% of similarity. The
most similar areas were the squares Godoy, Pinto and
Schmidt with>73% of similarity and 16 shared species
(Fig. 4).

Analysis of habitat variables

Multidimensional scaling analysis showed that parks
formed one group, and town squares and median strips
formed the other group (Fig. 5). There were significant

global differences (p=0.014), corroborated by the
ANOSIM test. Pair-wise comparisons indicated signifi-
cant differences between parks and squares (p =0.018)
and between parks and median strips of main streets
(»=0.010), but not between squares and median strips
(p=0.66). Parks and squares presented a dissimilar-
ity of 65.33%; the principal species contributing to the
difference were P domesticus (31.57%) and Milvago
chimango (9.64%). The difference between parks and
median strips of main streets was 53%, resulting mainly
from the abundance of P. domesticus, M. chimango and
Sicalis luteola. P. domesticus and M. chimango were the
most abundant in median strips while Vanellus chilen-
sis was the most abundant in parks.

According to results of the BEST routine, the environ-
mental variables (surface area, native species of shrub
stratum, shrub cover and bare soil area) explain the 84%
of the variability in bird diversity. After a step by step
multiple regression analysis was carried out with the
environmental variables, the best of all models was ‘Bird
diversity =12.6636 4 0.696962 x Surface area of study
unit — 0.700773 x Shrub Cover +0.239708 x Native
species of shrub stratum’ with r*=0.935, p-value of 0.05
and Mallows’ Cp of 0.27. The variables selected in this
model coincided with those previously identified by
BEST routine.
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Discussion

In our study we found out that the three most impor-
tant variables for bird diversity were the surface area, the
cover of the shrub stratum and the presence of native
species of shrub. So the structural elements of green
areas affect bird diversity. This diversity is affected by
some human disturbance like the bare soil areas, but not
by vehicle flow, plant structure and tree and shrub cover.

Willson and Armesto (2003) stated that the conse-
quences of fragmentation for bird species depend on
their habitat requirements and their home range, and
that larger areas, such as parks, are more likely to be
colonised by rare or randomly distributed species. The
surface area would therefore explain the greater diversity
(species richness) in the parks as compared to squares
and median strips of main streets; however, the diversity
was also correlated with the number of tree species in
the squares, the presence of shrub species of native ori-
gin and the absence of bare soil areas. It seems that native
shrubs present in the study area offer more food (e.g.,
Ugni molinae, Berberis buxifolia, Berberis darwini, Fuch-
sia magellanica).

In squares and median strips of main streets, the
majority of bird species were exotic (60%), which was
rather less than the percentage documented in some
European cities (80%) (e.g., Blair and Launer 1997; Chace
and Walsh 2006). This is explained by the lack of natural
habitat (high proportion of bare soil areas) and intoler-
ance to human disturbance (Vejrup 2004), for this reason
the exotic species Passer domesticus is a bird associ-
ated with anthropized environments around the world
(De Laet and Summers-Smith 2007). In this study a sig-
nificant linear relation was demonstrated between bird
diversity (species richness) on the one hand, and the
surface area of the units, the shrub cover and the pres-
ence of native species on the other. The lower diversity
of birds in squares and median strips of main streets

compared to their diversity in parks may be explained by
the smaller surface area and isolation in a hostile matrix
(Fahrig 2003). In this type of green area the surface areas
are small (<4 ha) and structurally simple, with geomet-
ric architecture, rectangular in the squares and linear in
the median strips of main streets. In addition, their loca-
tion in the city centre results in the predominance of tall
buildings all around, narrow streets with high vehicle
flows, low or poor plant cover and large bare soil areas,
similar to the situation described in other Southern
Hemisphere cities with low diversity (e.g., Garitano-Zav-
ala and Gismondi 2003; Leveau and Leveau 2004, 2006;
Faggi and Perepelizin 2006; Pauchard et al. 2006). Cler-
geau et al. (2001) and Jokimaki and Kaisanlahti-Jokimaki
(2003) reported that cities offer a habitat for birds inde-
pendent of the phyto-geographical origin of the plants
(native/exotic) because plants are a scarce resource. In
this study this was true for the origin of tree species, but
the native origin of shrub species was positively corre-
lated with bird diversity.

With respect to disturbance caused by vehicle traffic,
Chace and Walsh (2006) reported that it causes isolation
of populations, alteration of acoustic communication
patterns, and direct mortalities due to collisions with
vehicles, reducing the recreation value of green areas as
well as their value as fauna corridors (Nilsson and Ran-
drup 1997). In this study, however, we found no signifi-
cant correlation between vehicle flow and bird species
richness. Although the bare soil area variable presented a
significant negative correlation with bird species richness
in town squares and median strips of main streets, it was
not considered in the model as it does not occur in the
three parks.

This is a very interesting case of urban ecosystem,
because of the environmental characteristics of the city
(e.g., high air pollution, low surface of green areas, veg-
etation ecotone between sclerophyll and temperate
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The dotted line indicates the level of significance between groups and the numbers on the cluster represent the bootstrapping results

Pa Becker

rainforest), and the proximity to protected areas (Nielol,
Rucamanque) (Romero et al. 2001). The landscaping of
the green areas in Temuco is European in style, charac-
terised by exotic tree and shrub species and little native
flora. These mosaics of small-scale habitats contain a high
diversity of vegetation but are very small in area, with the
character of plant collections. Anguita (2003) proposed
that many of these exotic plant species (shrubs and trees)
have little value for native bird species especially because
they have a low food supply. The preference of town plan-
ners and urban landscapers for exotic species does not
favour the creation of habitats suitable for birds, which
is why many birds only visit these green areas but do not
reside or nest there. Furthermore the vegetation in green
areas is subjected to regular intervention (e.g., pruning,
fumigation and removal of dead plants), displacing bird
species which require intact plant cover, dead stumps,
plant litter, or a quiet habitat (Lim and Sodhi 2004).
Finally, urbanisation tends to select omnivorous or grain-
eating species, and those which nest in cavities, and
drives the progressive loss of insectivorous and nectari-
vorous species dependent on structurally diverse and/or
native vegetation for both shelter and food resources, so
this type of habitat increases avian biomass but reduces
diversity (White et al. 2005).

Greater connectivity increases the area of habitat that
birds can occupy, resulting in greater species richness,
while a larger surface area of green areas would allow
greater abundance due to an increase in the habitat avail-
able to the species already present in a fragment (Shana-
han et al. 2012). A combined focus on improving the
connectivity and the habitat in terms of life forms, diver-
sity and connectivity (e.g., higher number of tree spe-
cies, greater proportion of native shrub species, soil with
plant cover, plants which provide food) would lead to an
increase in the richness of bird species in green areas.
For future research, it would be interesting to study their
relationships with nearby protected areas, and the habitat
requirements for the different bird species and their rela-
tionships with different vegetation strata and plant func-
tional groups.

Ecological research has moved into the cities, and the
challenge is to put knowledge into practice, with regu-
latory policies based on incentives which influence the
design of green infrastructure to really conserve and
increase biodiversity (Hostetler et al. 2011; Steiner
2011). For all this it is recommended in the planning and
management of the green areas of cities in the south of
Chile, to include native vegetation, especially increas-
ing its cover (in park, square and median strips of main
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Fig.5 Dissimilarities represented by Non metric multidimensional scaling ("nMDS) (Transform = Square root; Resemblance = Bray—Curtis similarity;
2-d: Stress: 0.07) between the types of green area in terms of species richness, area (in ha), native origin of the shrub stratum, tree cover and bare
soil area in 10 green areas in Temuco, southern Chile, 2007-2008

streets) and, as much as possible, increasing its surfaces.
To increase the avian diversity we propose, for park and
square, increasing the coverage of shrubs and trees of dif-
ferent heights and as far as possible to decrease the bare
soil. For median strips it is proposed to increase the cov-
erage of shrubs and medium height trees.

Conclusions

The bird diversity varied significantly according to the
type of urban green area. Greater diversity, expressed
as species richness and evenness, was observed in parks
than in town squares and median strips of main streets.
The environmental variables presenting significant corre-
lations with bird diversity were: surface area, native spe-
cies of shrub stratum, shrub cover, and bare soil area. The
BEST multiple regression model showed that the three
most important variables for bird diversity are the sur-
face area of the green area, the cover of the shrub stratum
and the presence of native shrub species. All these vari-
ables should be considered by urban planners in the con-
struction or modification of urban green areas, in order
to avoid biotic homogenization.
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