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Abstract

South American cities have been expanding extremely fast and with reduced urban planning, which can lead to significant
biodiversity loss. In this study, it was assessed the potential consequences of unplanned urban growth on bird species
inhabiting an area comprising a mosaic of forest and natural grasslands in the city of Belo Horizonte in Brazil. Considering
the lower aboveground biomass, it would be expected grassland patches to be more occupied by humans than forest
patches. The bird community inhabiting the area in 2012 was recorded and it was also provided a visual interpretation
of satellite imagery for 2012 and 2018. The urban area increased 192.73%, which occurred to the detriment of forest
and, especially, grasslands, with a reduction of 10.78% and 22.12%, respectively. In this area, it was recorded a total
of 126 bird species, of which 65% were classified as of open habitat. It was also discussed the need for better urban
planning by incorporating potential impacts on biodiversity and preservation of habitat mosaics within urban landscapes.
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1. Introduction

Urban landscapes are expanding at accelerated rates, especially
in underdeveloped and tropical countries (United Nations,
2018). As a consequence, different habitat types have becoming
increasingly disturbed and fragmented, leading to the loss of
biodiversity and resulting in negative impacts on ecological
processes (Haddad etal., 2015; Wilson et al., 2016). In South
American countries, such as Brazil, unplanned and uncontrolled
expansion of urban landscapes has been occurring near and
within biodiversity hotspots, such as the Atlantic Forest and
Cerrado biomes (Giineralp & Seto, 2013; Reis et al., 2012).
Thus, urban ecological studies can help to define planning and
management strategies that can harmonize urban growth and
development with the maintenance of human well-being and
biodiversity conservation.

Studies have demonstrated that urbanization gradients
intensity may have negative relationships with species and
ecological processes (Clergeau et al., 1998; Concepcidn et al.,
2017; Eotvos et al., 2018; Reale & Blair, 2005). Peri-urban
regions typically harbor greater amounts of natural vegetation
cover and contain reduced human population densities than
urban areas, which allow the presence of higher species diversity
(Canedoli et al., 2018; Snep et al., 2006). This relationship
is related to the reduction and loss of resources and habitats
that are essential for the maintenance of several species found
from peri-urban to urban areas, such as the loss of large and
old trees which are necessary for reproduction as well the daily
activities of some bird species (Le Roux etal., 2014; Stagoll et al.,
2012). On the other hand, even in highly-developed urban
centers, the preservation of green areas and the maintenance
of native flora can attenuate the effects of urbanization and
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conserve biodiversity, including the structure of biological
communities (Pena et al., 2017; James Barth et al., 2015).
Therefore, biodiversity responses to urbanization can be used
to guide urban growth and development, especially in the
urban fringe, by reducing potential negative effects on native
species (Ikin et al., 2012; Stagoll et al., 2010).

Birds are a conspicuous and diverse group of vertebrates and
their responses to urbanization are related to their morphological
and life-history characteristics (Pena et al., 2017; Croci et al.,
2008; Kark et al., 2007). These characteristics, also called
functional traits, are related to the ability of the species to
thrive in an environment, such as nesting behavior, wing and
beak morphologies, size and diet (Luck et al., 2012). Land use
modifications and environmental impacts related to urbanization
may favor or exclude species, depending on the composition of
their functional traits (Ikin et al., 2012; Stagoll et al., 2010).
For example, ground nesters and granivorous birds may be
negatively affected by urbanization due to the reduction of natural
grasslands and high intensity management of lawns and gardens
(Pena et al., 2017). Thus, studies have already demonstrated
that it is possible to link possible land use interventions with
potential impacts on bird communities (Ikin et al., 2012;
Stagoll et al., 2010). Therefore, urban planners can use these
relationships to reduce the potential impacts of urban expansion
by, for example, preserving an adequate quantity and quality
of different habitat types.

Regarding this study, it was necessary to discuss the potential
consequences of unplanned urban growth on the bird community
inhabiting one of the last remnants of natural vegetation in
the peri-urban region of the city of Belo Horizonte (Brazil).
The area comprises a natural mosaic of forest and grassland
patches, typical of the transition zone between the Cerrado
and Atlantic Forest biomes. Since 2012, the region has been

irregularly occupied by thousands of families due to housing
shortage in the city. Thus, the region represents an interesting
opportunity to assess how the irregular occupation of a habitat
mosaic would affect each phytophysiognomy and the bird
species inhabiting each habitat type (forest and grassland
patches) (Figure 1). Grasslands are commonly considered the
result of deforestation (Veldman et al., 2015), and due to the
lower aboveground biomass, it is expected that this habitat
type would be more occupied by humans during the process of
irregular occupation (Figure 1). Consequently, it is suggested
that open-habitat bird species would be more affected by the
unplanned urban expansion in the region than forest bird
species (Figure 1). Since the region is already partly occupied by
population settlements, our results can guide future interventions
in considering current and future impacts on biodiversity.

2. Material and methods

2.1. Study area

The study was conducted in the Isidoro Forest (Figure 2)
(19°49°10” S, 43°55°03” W), the last unprotected remnant
of natural vegetation located in the peri-urban region of the
city of Belo Horizonte, the capital of Minas Gerais in Brazil.
'The Isidoro Forest covers an area of almost 970 ha and comprises
a mosaic of grassland and forest patches (semi-deciduous
forest) (Brandao & Aradjo, 1992). The region was the focus
of a study conducted in 2014, in which the vulnerable and
rare Three-toed Jacamar, Jacamaralcyon tridactyla was recorded
(Duarte et al., 2014).

In 2010, the administration office of the Minas Gerais State
Government moved from the center of Belo Horizonte to an

Figure 1. Expectations regarding the potential impacts of the unplanned urban growth on habitat mosaics, specifically in Isidoro Forest
(Belo Horizonte, Minas Gerais, Brazil). When cities are expanding in these regions, the lower aboveground biomass of grassland patches
may lead to higher human occupation than on forest patches and consequently, higher impacts on the bird community. This figure was

developed using resources from Freepik.
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Figure 2. Study area and land use changes between 2012 and 2018 within the Isidoro Forest (Belo Horizonte, Minas Gerais, Brazil).

area near the Isidoro Forest, in which real estate speculation
in the region increased (Campos & Mendonga, 2013). This
process was intensified after the Belo Horizonte Municipal
Government (BHMG) decided to promote the urban expansion
and urbanization of the northern part of the city (Belo Horizonte,
2010). As one of the urban planning initiatives, the BHMG
delimited private and public parks within the area of Isidoro
Forest as an environmental compensation agreement. A private
contractor has been required to implement these conservation
units as a counterpart to real estate interventions in the region
(Myssior, 2011). However, housing issues in the northern
part of Belo Horizonte triggered the irregular occupation of
the Isidoro Forest in 2012, and the area became occupied by
tens of thousands of low-income families through informal
settlements, which resulted in the reduction of natural vegetation
cover (Figure 2). The illegal occupations led to a legal battle
for repossession that lasted until 2017, when the BHMG had
to withdraw from the legal process (Estado de Minas, 2017).

2.2. Bird community data

The bird species were sampled by using an exploratory
(exhaustive) strategy, and not following a previously planned
pattern. The entire area could be explored by walking through the
different vegetation types, following streams and watercourses.
The sampling occurred between August 2012 and May 2014,
and always took place on days with favorable weather (sunny
non-windy days) and in the early hours of the morning (6-10h),
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for a total of 54 hours of observation with a total of 18 days. Bird
species were identified using field guides (Van Perlo, 2009), and
the scientific nomenclature followed Piacentini et al. (2015).
The bird species were classified according to feeding guilds (Sick,
1997; Telles & Dias, 2010) and preferred habitat: forest or
open (Sick, 1997). Different estimators were also used to assess
the cumulative number of species according to our sampling
effort using the Vegan package on R (Oksanen et al., 2019).

It was also considered the bird species registered during
an Environmental Impact Assessment (EIA) study performed
in the Isidoro Forest in 2011 (Myssior, 2011). Bird species
documented in that study and not recorded by our fieldwork,
were also included in our species list.

2.3. Assessment of land use changes

It was assessed the land use changes that occurred in the
area of Isidoro Forest between 2012 and 2018 using Google
Earth™ satellite images from both years. The images were
georeferenced and projected into the Universal Transverse
Mercator (UTM) system (zone 23S; datum WGS84). Land
use types were identified through visual interpretation by
using ArcGIS 10.6.1 software in a reference scale of 1:5000.
This approach was used to describe the vegetation of Isidoro
Forest in 2012, when the bird surveys were conducted, and in
2018, when describing the current state of the region after the
irregular occupation. Both classified images were overlapped
to assess how the unplanned urban growth has affected the
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different habitat types, especially forest and grassland patches.
Then, it was discussed the potential consequences of the land
use changes on forest and open-habitat bird species inhabiting
the Isidoro Forest.

3. Results

A total of 126 bird species were registered in the Isidoro
Forest (106 species during fieldwork and 20 species observed
only during the study of Environmental Impact Assessment
(EIA)), distributed among 38 families (the complete species
list is found in Supplementary Material). This diversity is
probably higher according to all resulted accumulation curves
(Supplementary Material). We could identify eight feeding
guilds: insectivores were the most abundant guild (54 species),
followed by omnivorous (29), carnivorous (10), frugivorous (9),
seedeaters (9), nectarivores (8), piscivorous (6) and detritivores
(1) (Figure 3, Supplementary Material). In relation to habitat

40+

kOpen habitat species
Forest species
301

N° bird species

INS ONI CAR FRU NEC SEE PIS DET

Feeding guilds

Figure 3. Number of bird species classified according to feeding
guilds and habitat preference (forest or open habitat) within the
Isidoro Forest (Belo Horizonte, Minas Gerais, Brazil). Feeding
guilds: insectivores (INS), omnivorous (ONI), carnivorous
(CAR), frugivorous (FRU), seed eaters (SEE), nectarivores (NEC),
piscivorous (PIS) and detritivores (DET).

preference, 83 species (65%) were classified as open-habitat
birds, while 43 (35%) were classified as forest species (Figure 3,
Supplementary Material). We also recorded bird species which
are considered endemic to the Atlantic Forest [Hemithraupis
ruficapilla, Ilicura militaris, Myiornis auricularis, Pyriglena
leucoptera, Tachyphonus coronatus and Jacamaralcyon tridactyla
(Silva et al., 2004)] and Cerrado [Antilophia galeata and
Cyanocorax cristatellus (Silva, 1997)] biomes.

Land use change assessment documented an increase of
192.72% in urban area within the Isidoro Forest (Figure 2,
Table 1). The unplanned urban growth occurred to the detriment
of forest and, especially, open-habitat patches, with a reduction
0f 10.78% and 22.12%, respectively (Figure 2, Table 1). Most
of the urban expansion occurred in the northern part of Isidoro
Forest, where it also caused the loss and degradation of meadows
and, probably, watercourses in the region (Figure 2, Table 1).

4, Discussion

‘The Isidoro Forest is one of the last remnants of natural
vegetation in the peri-urban region of Belo Horizonte.
Its heterogeneity comprising a mosaic of forest and grassland
habitat patches, favors the occurrence of high diversity of bird
species, including species considered endemic to the Atlantic
Forest and Cerrado biomes. As we expected, the unplanned
urban expansion reduced more than 20% of the grassland
area in relation to its previous coverage in 2012, which is
the preferred habitat for more than 65% of the bird species
recorded in Isidoro Forest. The process of urban expansion
reduces remnants of natural vegetation, which causes changes
in species composition of bird communities (Schiitz & Schulze,
2015). This change is related to how bird species may vary in
their utilization of vegetation, such as for nesting sites and
foraging (Ikin et al., 2012). Therefore, changes in vegetation
structure and composition during the process of urbanization
have a direct impact on birds (Ikin et al., 2012).

According to our knowledge, this is the first study
attempting to assess the potential consequences of unplanned

Table 1. Land use changes identified within the Isidoro Forest (Belo Horizonte, Minas Gerais, Brazil) between 2012 and 2018.

Land use type Area in 2012 (ha)
Agriculture 9.20
Bare soil 7.81
Semi-deciduous Forest! 523.72
Meadows 8.89
Mined Areas 1.39
Open Habitat? 353.63
Urban/Human Settlements 63.24
‘Water Reservoirs 1.03
Total 968.91

Area in 2018 (ha) % change
12.87 39.89
17.03 118.05
467.28 -10.78
8.59 -3.37
1.39 0
275.40 -22.12
185.12 192.73
1.24 19.42
968.91

Endemic species recorded during our surveys: 'Hemithraupis ruficapilla, Ilicura militaris, and Jacamaralcyon tridactyla (also Vulnerable -

International, 2018); *Antilophia galeata and Cyanocorax cristatellus.

BirdLife
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and uncontrolled urban expansion on birds in a peri-urban area
of a Brazilian city. This type of analysis is important because
each species responds differently to the land use changes during
urbanization. However, little is known about the differential
impact of urban expansion on different phytophysiognomies.
Grasslands, such as the Cerrado biome, are preferentially used
for human occupation or agricultural lands (Bond & Parr, 2010;
Veech, 2006). Furthermore, grasslands are less represented
among Brazilian conservation units (Overbeck et al., 2015).
The occupation process of grassland patches within the Isidoro
Forest reduces the available habitat for most species recorded
in the region, including birds considered endemics to the
Cerrado biome.

When assessing the potential effects of the land use changes
occurring in the Isidoro Forest on bird feeding guilds, we
noticed that most birds were classified as open-habitat species,
including all seedeaters. This result was expected since these
species forage on herbaceous and shrub species that are typical
of open-habitat patches. It has been shown that in South
American urban landscapes, seedeaters are adversely affected by
the process of urbanization (Pena et al., 2017; Reis et al., 2012).
Therefore, considering that only a few fragmented remnants
of natural grasslands are available within the landscape of Belo
Horizonte, the Isidoro Forest is of critical importance for the
preservation of the great diversity of bird species present in
the peri-urban region.

We also identified bird species related to freshwater
environments. There are many streams and watercourses within
the Isidoro Forest that have remained relatively preserved due
to limited development in the region. However, we observed
that between 2012 and 2018, the urban expansion had already
reduced the area of meadow habitat. Furthermore, the process
of irregular occupation, due to the lack of urban planning and
infrastructure (e.g., basic sanitation facilities), has probably
already reduced the integrity and quality of streams and
watercourses. Therefore, given the reduced area of meadow
habitat and its importance in the preservation of water resources
and biodiversity in the region, it is essential that planning and
management strategies may be developed to reduce impacts of
the urban expansion on meadows, watercourses and streams.

We also observed a reduction in forested area within the
Isidoro Forest between 2012 and 2018. In addition to habitat
destruction, urban expansion reduces matrix permeability and
habitat quality by increasing edge effects (Banks-Leite et al.,
2010). Bird species classified as forest specialists are negatively
impacted by urbanization, especially species that nest or forage
on the ground/understory, like many insectivorous birds
(Anjos et al., 2015; Powell et al., 2015). Urban forest patches
are important for the maintenance of populations of bird species
within cities. This is particularly true for the Isidoro Forest,
which harbors six bird species that are endemic to the Atlantic
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Forest biome, including the Three-toed Jacamar (Jacamaralcyon
tridactyla) (Duarte et al., 2014), which is classified as vulnerable
by the International Union for Conservation of Nature (IUCN)
(BirdLife International, 2018). Furthermore, it has already been
demonstrated that the Isidoro Forest is an important habitat
patch for the maintenance of functional connectivity within
the urban landscape of Belo Horizonte (Horta et al., 2018).
Thus, the negative effects that the unplanned urban expansion
has had on the biodiversity in the region are clearly evident.
We were not able to perform bird surveys in the modified
areas of Isidoro Forest after the occupation process due to the
conflicts occurring in the region. Thus, we do not have data
to compare the bird community inhabiting the area in 2018.
However, by classifying species according to habitat preferences,
we believe our analysis is a substantial assessment on how the
bird community may be influenced by the land use changes
occurring in the region. Our results can help in guiding
planning and management initiatives for the better occupation
of Isidoro Forest. For example, the creation and maintenance of
conservation units are essential for the preservation of ecosystem
services and biodiversity conservation during peripheral urban
growth pattern (Aguilar, 2008). Heterogeneous landscapes,
such as the Isidoro Forest, are able to retain a high diversity of
bird species (Canedoli et al., 2018; Giineralp & Seto, 2013;
Haila, 2002), which is evident by the high species richness
and variety of feeding guilds recorded for the region. Although
forest physiognomies have significant social and political appeal
for the creation of conservation units (Overbeck et al., 2015,
2007), most of the bird species observed in the Isidoro Forest
were classified as open-habitat species. Thus, we highlight the
need to preserve natural mosaics, such as those typical regions

of the ecotone between the Atlantic Forest and Cerrado biomes.

5. Conclusions

We emphasize the importance of assessing how urban
expansion can influence different types of environments and
phytophysiognomies. Our results could indicate that, only over
six years, the urbanized area within Isidoro Forest increased by
192.73%. Due the increase in the area of bare soil nearby the
occupied area, it seems that the urban expansion on Isidoro
Forest will continue. This rapid and unplanned process has
probably been having serious impacts on local biodiversity
due habitat loss and fragmentation. Thus, we highlighted the
urgent need for planning initiatives, considering not only
social needs but also the conservation of the biodiversity in
this region. Considering the circumstances, we demonstrated
that birds can be used as scientific models to indicate possible
impacts of urban expansion on biodiversity. Land use changes
affect several feeding guilds, especially when evaluating habitat
preferences. More sensitive habitats need special attention, such
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as meadows and watercourses. In this way, it will be possible
to harmonize urban development with the maintenance of

human quality of life and biodiversity conservation.
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