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Abstract: The plant composition is a fundamental element in public green spaces, improving the
environment and people’s quality of life. The executing of floristic inventories can contribute to better
understanding and management of these spaces. Here, we sought to know the plants used in the
afforestation of the main public green spaces in the town of Oriximina, eastern Brazilian Amazon, as
well as to perform a brief analysis of the population’s perception regarding the afforestation of these
environments. The plants were collected and identified using specific literature and dichotomous
keys, in addition to consultations in virtual herbariums. The analysis of the population’s perception
took place through interviews, with questionnaires collected in each public green space. We registered
1616 individuals from the flora of the squares, distributed in 16 families, 24 genera, and 28 species.
Exotic plants are predominant in number species and of individuals. The interviewees demonstrated
that they are aware of the importance of plants in the squares and providing shade stands out as
the most cited benefit. The afforestation of the squares shows some irregularities, highlighting the
need for better planning which includes the use of native species and the participation of the local
community in the management of these green areas. Finally, we provide a list of native species,
naturally occurring in the Amazon region, that can be used in urban afforestation.

Keywords: urban green areas; urban planning; native plants; environmental perception; lower
Amazon; urban ecosystems; urban biodiversity

1. Introduction

Urbanization promotes changes in green spaces, producing significant impacts on the
natural environment, such as loss of biodiversity and ecosystem services [1-4], which will
likely be intensified year by year, as with high rates of urban sprawl; 68% of the world’s
population is expected to live in urban areas by 2050 [5]. Trees have multiple roles in
cities, not only for landscape purposes but also due to their importance in high carbon
storage and sequestration rates. [6—8]. In the United States, the carbon storage rate in urban
trees was estimated at 643 million tons and the annual sequestration at 25.6 million [8]. In
tropical forests, such as the Atlantic Forest, the carbon accumulation in restoration areas
shows that, in immature forests, there is a reduced number of large trees responsible for
the largest carbon stocks, and highlights the importance of long-time ecological restoration
projects to keep the carbon sequestration rates [9,10]. Furthermore, the presence of urban
trees improves air quality by removing pollution, influencing the regulation of the urban
microclimate, maintaining thermal comfort, and, also, these spaces hold cultural services,
producing positive attitudes toward mental health, helping to reduce physiological stress,
and providing well-being to the visitors, mainly due to their biodiversity [5,7,10-13].

Urban green space ensures the local biodiversity and provides an opportunity for
citizen connect with the surrounding nature. Therefore, a key challenge for these places is
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to link human perception and needs with the ecological balance for preserving biodiver-
sity [14]. Conservation of urban green spaces is a well-recognized alternative to increase
the quality of the urban environment, improving the health and well-being of the popula-
tion [15], in addition to the conservation of biodiversity [16,17]. Besides this, the integration
of green spaces can be considered an advance towards sustainable cities, and its access is a
matter of environmental justice [18,19]. From this standpoint, the role of municipal and
state management comprises the search for strategies to mitigate the negative effects of an
increasingly urbanized world, and the planning and management of cultivated plants is an
essential step to providing a high-quality and well-designed urban green space [20,21].

The Neotropical region features the greatest biodiversity richness in the world [22,23],
and the Amazon region is the most important source of such biodiversity [23]; however,
there are still insufficient studies involving urban green areas in the Amazon region. The
carrying out of inventories of flora in these environments is the first step to understanding
the composition of the urban greening. Recurs in the literature that the urban green spaces
are composed mainly of non-native plants [24], and even in megadiversity locations there
is a replacement of native plants by non-native plants [24-26]. In this sense, the choice of
the cultivated plants is an important step in planning and management of urban green
space [27], contributing to the conservation of native biodiversity, connecting citizens with
surrounding nature, and also avoiding the spread of invasive species [16,25].

In one survey about urban forestry, realized by Vieira and Panagopoulos [28], the
authors registered 43 scientific articles which were carried out in 29 cities in the nine states
of the Brazilian Amazon. However, in Para state only 13 studies in seven cities were
realized, pointing out the need for more research on this topic, bearing in mind that the
state of Para is the second largest in the Brazilian Amazon and the state that has the largest
number of cities. In addition, Brazil, despite being one of the largest countries on the
American continent and presenting a great diversity of habitats, is little considered in
studies on urban afforestation and Urban Heat Island (UHI) [13,29].

Considering the gap of knowledge about urban green areas in the Amazon region,
the importance of the knowledge and maintenance of Brazilian native biodiversity, and
the benefits that these areas provide, this study aimed to collect floristic data from the
main public areas in the municipality of Oriximina, Para (Eastern Brazilian Amazon) along
with a brief analysis of the population’s perception concerning the afforestation of these
environments. In addition, this study presents a list of native species, naturally occurring
in the Amazon region, that can be used in urban afforestation.

2. Materials and Methods
2.1. Characterization of the Study Area

The municipality of Oriximina is located in the Brazilian biome Amazon, more specifi-
cally in Western Para State (01°46'00” S and 55°51’30"” W) (Figure 1). It is the second-largest
municipality in the State of Para and the fourth of Brazil in territorial extension, covering
an area of 107,603.436 km?2, and with an estimated population of 73,096 inhabitants. It
also has 32% of urban households on public streets with afforestation [30]. The Oriximina
city holds several protected areas, where 96.82% of its area is formed by indigenous lands,
quilombola territories, and state and federal nature reserves [31].
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Figure 1. Location of the municipality of Oriximind, Pard, and the squares studied: (1) Santo Antonio, (2) Saudade Square
Square, and (3) Centenario Square.

The study was carried out from May 2018 to July 2019, in three public green spaces in
the urban perimeter: Centenario Square, Santo Antonio Square, and Saudade Square. These
green spaces were installed at the same time as the official foundation of the municipality,
in 1933. These places receive public and cultural festivities that are held annually, such
as the Sirio of Santo Anténio, artistic performances by traditional populations, such as
indigenous peoples, and quilombolas. In addition, gastronomic events and June parties are
held. Therefore, these areas were selected because they represent the main cultural points
and most visited public spaces in the city. Table 1 shows information about the area and
geographic localization.

Table 1. Total area and geographical coordinates of each urban green space studied in the city of
Oriximina, Para.

Public Green Space Area (m?) Coordinates
Centendrio 25,381.83 m? 1°46'10.5” S 55°51/32.9" W
Santo Antonio 3841.14 m? 1°46'03.5" S 55°52/05.2" W

Saudade 1822.99 m?2 1°45'51.9" $55°52/15.0" W
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2.2. Collection and Identification of Botanical Material

In the floristic data collection, all trees, small trees, palms, vines, and shrubs present
in the public green spaces are considered. The known species were identified in loco and,
when necessary, the collection of fertile individuals (with flower and/or fruit) and infertile
individuals was carried out using basic techniques of collection and herborization for later
identification [32]. In the laboratory, these species were identified using stereomicroscope
(Leica®) identification keys contained in classical references of Brazilian Flora [33-38]. The
record of the information on the collected plants was made using a digital camera and a
field notebook containing essential data such as collector, number and date of collection, the
characteristics of the environment, and description of the plant (habit, size, leaves, flowers,
and fruits). To perform a quantitative analysis, we recorded the number of individuals
from each of the registered species. For numerous and dense shrubs, such as the species
Ixora coccinea L., we established a different counting criterion. A tape measure was used
to delimit a small portion of the area occupied by a given species, with 1 m? being the
standard measure. The individuals present in that area were quantified and, after having
obtained the total measurements for the entire area, we estimated the total number of
individuals of the species under analysis, which were counted only for the total and not
included in the frequency calculations.

The identifications took place according to the Angiosperm Phylogeny Group 1V [39]
classification system, checked in the database of the Botanical Garden of Rio de Janeiro [40]
and Flora do Brasil 2020. Additionally, scientific articles published in journals, monographs,
and floras in this area of research were consulted. The names of the species were confirmed
on the IPNI and Flora do Brasil 2020 website [41,42]. Regarding taxa where the specific
epithet was not possible to determine, identification was restricted to the genus.

The sampled species are classified according to their origin: native and exotic. Those
that occur naturally within the Brazilian territory are considered native species, whereas
those that are introduced, coming from other countries, are considered exotic. We also
categorized species that naturally occur in the Amazon biome and species that naturally
do no occur in the Amazon biome, according to Flora do Brasil (2020). We verified both
the invasive and toxic potentials of the sampled plants according to the Horus Institute
database and the National System of Toxic-Pharmacological Information (SINITOX), re-
spectively [43,44]. The exsiccates are deposited at the HSTM, Herbarium of Universidade
Federal do Oeste do Para, (UFOPA) in Santarém, Para State, Brazil.

The data were plotted and represented graphically in spreadsheets using Microsoft
Office Excel®. The relative frequency was calculated by dividing the number of individuals
of a given species by the total number of individuals of all species in each urban public
green space and then multiplied by one hundred. This study presents a list of native
species, naturally occurring in the Amazon region, that can be used in urban afforestation
in the municipality of Oriximind, PA (Table 4). The species were selected based both on the
list suggested by Lorenzi (2009) [34] and the work Plants from Amazonia [45], and also
consulting Thesis and Monographies of Amazon species, considering the use of plants that
are adaptable to the urban environment [34,45,46].

2.3. Perception of Squares’ Visitors

The analysis of the local community perception, concerning the afforestation of the
studied urban public areas, was carried out through interviews with the regular visitors
of these places. The objective of the interviews was to know the visitor’s profile, such
as age and time when they go to the squares, and their perception of afforestation. The
interviewees were randomly approached and, as a criterion, people aged over 15 years old
were selected. We applied 30 questionnaires in each square (Supplementary Material S1)
at different times and days, and we obtained a total of 90 interviews. Participants were
previously informed about the nature of the research and were guaranteed anonymity.
Most respondents, equivalent to 47%, are aged between 15 and 25 years old, followed by
22% aged between 26 to 36 years old and 18% between 37 to 47 years old. Concerning
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the level of education of the respondents, 31% have completed high school, 25% did not
complete high school, 16% did not complete elementary school, 13% have an incomplete
bachelor’s degree, and 10% have a complete bachelor’s degree.

The questionnaires were structured with open and closed questions, containing in-
formation such as the profile of the interviewees and questions related to afforestation,
examining participants” knowledge about the plants grown in these places, their degree
of importance, benefits, and whether urban afforestation and/or green areas should be
considered a priority investment by local management. The data obtained were tabulated
and represented graphically using the Microsoft Excel package.

3. Results
3.1. Floristic Composition in Urban Public Areas

Regarding the floristic composition of the public areas in the study, we registered a
total of 1.616 individuals, distributed in 16 families, 24 genera, and 28 species, among which
three were identified only up to the generic level (Table 2). The families that demonstrate
the highest species richness are Arecaceae (six), Bignoniaceae (four), Apocynaceae (three),
and Fabaceae (three). However, despite having a single species, Rubiaceae is the most
representative, totaling 91% of the sampled individuals. For a more specific analysis of
the urban public areas, the Centenary square demonstrates the highest floristic richness,
totaling 13 identified species, whereas the Santo Ant6énio demonstrates the lowest richness,
totaling 11 species.

Table 2. Plants used in the afforestation of the three urban public areas in the municipality of Oriximind, Para. Centenario (C),
Santo Antdnio (SA), and Saudade (S). The voucher number refers to the identification of the HSTM herbarium. N = number
of individuals sampled by places; NI = total number of individuals; RF = relative frequency in (%); N = native; E = exotic;
NID = Not identified; NEA = native, exotic to Amazon; NE = Not Evaluated; LC = Least Concern; NT = Near Threatened.
The calculation of relative frequency was not performed for the species marked with an asterisk (*).

Families/Species

Voucher N

Common Name —— NI FR% Origin IUCN

Life Form HSTM C SA S

Anacardiaceae

Anacardium occidentale L.

Apocynaceae

Allamanda blanchetii
A.DC.

Allamanda cathartica L.

Plumeria pudica Jacq.

Arecaceae

Caryota urens L.

Dypsis lutescens (H.
Wendl.) Beentje & J.
Dransf.

Euterpe oleracea M art.

Mauritia flexuosa L. £.

Pritchardia pacifica Seem.

& H. Wendl.

Cajueiro/Cashew Tree 14480 01 00 00 01 0.68 N NE
Alamanda Fl in
roxa/Purple owenng 14488 00 00 01 01 068 NEA  NE
shrub
Allamanda
Alamanda/Golden Flowering
frumpet shrub 14483 00 18 00 18 12.33 N NE
Buque-de- Flowerin
noiva/Golden & 14485 00 00 08 08 5.48 E LC
shrub
Arrow
Palmeira-rabo-
. de-. Palm - 00 01 00 01 0.68 E NE
peixe/Solitary
fishtail palm
Palmeira areca-
bambu/Areca Palm - 00 06 00 06 4.1 E NT
palm
Acai-do-
para/Acai Palm - 12 00 00 12 8.22 N NE
berry
Buriti/Moriche Palm - 13 00 00 13 890 N NE
palm
Palmeira-de-
leque/Fiji fan Palm - 00 01 01 02 1.37 E NE

palm
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Table 2. Cont.
Families/Species Common Name Voucher L NI FR% Origin IUCN
Life Form HSTM C SA S
Cycadaceae
o Cica/Queen
Cycas circinalis L. sago Palm - 09 02 03 14 9.59 E NE
Fabaceae
Andira cf. surinamensis Andira-da-
(Bondt) Splitg. ex B Tree 14484 02 00 00 02 1.37 N NE
varzea
Amshoff
Clitoria fairchildiana Sombreiro Tree 14489 00 00 01 01 068 N NE
R.A.Howard
Delonix regia (Bojer ex Flamb'oye.mt/ Royal Tree 14482 0 00 ol 01 0.68 E NE
Hook.) Raf. poinciana
Malpighiaceae
Lophanthera lactescens Lofantefajda— Tree 14478 100 00 1 753 N NE
Ducke amazonia
Malvaceae
Pseudobombax munguba Munguba Tree 14490 00 00 01 01 068 N NE
(Mart.) Dugand & ’
Meliaceae
Azadirachta indica A. Juss. Nim/Neem Tree 14479 14 01 00 15 10.27 E NE
Moraceae
) o Ficus/Weeping
Ficus benjamina L. fig Tree 14493 00 00 02 02 1.37 E NE
Myrtaceae
Syzygium malaccense (L.)  Jambeiro/Malay
Merr. & L.M. Perry apple Tree 14477 00 00 01 01 0.68 E LC
Nyctaginaceae
Bougainvillea sp. Buganvilea Vine 14474 00 00 00 01 0.68 NID -
Rubiaceae
Ixora ver- Flowerin
Ixora coccinea L. melha/Jungle ‘;hr‘;b & 14481 764 386 320 147 * E NE
geranium
Total 847 427 342 1.616 100

The relative frequency of plant life table shows that the flowering shrub I. coccinea
is predominant in the three public green areas, representing, by itself, about 91% of all
vegetation sampled. However, as previously mentioned, given that the density of the
growth habit of this species makes it difficult to distinguish each individual, then its
relative frequency was not calculated, as it was considered that the criterion established for
counting its individuals was different from the others and could underestimate the results.
Among the plant life of the remaining species, trees represent 42%, followed by 34% palms,
21% flowering shrubs, and 0.68% vines.

The most frequent species list is as follows: Handroanthus serratifolius (13.01%), Alla-
manda cathartica (12.33%), Azadirachta indica (10.27%), Cycas circinalis (9.59%), and Mauritia
flexuosa (8.90%). Altogether, these represent 54.1% of the studied community. We also
observed a high number of species with a low rate of occurrence, among which the follow-
ing stand out: Caryota urens, Handroanthus barbatus, Anacardium occidentale, Delonix regia,
Syzygium malaccense, Pseudobombax munguba, Clitoria fairchildiana, Allamanda blanchetti, Han-
droanthus sp.1, and Bougainvillea sp. All of them have a frequency below 1.0%. Regarding
the relative frequency per public green space, the species A. cathartica is the most frequent
in Santo Antonio square (43.90%), while P. pudica (36.36%) is the most frequent in Saudade
square and A. indica (17.07%) in Centenario square (Table 3).

Exotic plants are predominant concerning native plants, representing 52% of the
vegetation found in the public areas of Oriximina (Figure 2). Regarding the number of
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individuals sampled, 1.530 exotic species and 82 native species were registered. The species
that were identified only up to the genus level were not evaluated in this classification.
Therefore, we do not consider them in this classification. Regarding the public green areas
analyzed, only in Centenario square does the number of native species exceed that of exotic
species.

Table 3. Analysis of the relative frequency (RF) of species per public green area.

Centenario Santo Antonio Saudade
Species

RF% RF% RF%

Allamanda blanchetii - - 4.55
Allamanda cathartica - 43.90 -
Anacardium occidentale 1.22 - -
Andira cf. surinamensis 2.44 - -
Azadirachta indica 17.07 2.44 -
Bougainvillea sp. 1.22 - -
Caryota urens - 2.44 -

Clitoria fairchildiana - - 4.55

Cycas circinalis 10.98 4.88 13.64

Delonix regia - - 4.55
Dracaena fragans 4.88 - -
Dypsis lutescens - 14.63 -
Euterpe oleracea 14.63 - -

Ficus benjamina - - 9.09
Handroanthus barbatus 1.22 - -

Handroanthus serratifolius 15.85 12.2 4.55
Handronthus sp.q 1.22 - -

Handronthus sp.; - - 9.09
Licania tomentosa - 4.88 -
Lophanthera lactescens 13.41 - -
Mauritia flexuosa 15.85 - -

Plumeria pudica - - 36.36

Pritchardia pacifica - 2.44 4.55

Pseudobombax munguba - - 4.55
Roystonea oleracea - 7.32 -

Syzygium malaccense - - 4.55
Terminalia catappa - 4.88 -

Total 100 100 100

As noted in the Flora do Brasil 2020, 10 of the native species observed in our study
are reported in the state of Para: A. occidentale, A. cathartica, M. flexuosa, E. oleracea, H.
serratifolius, H. barbatus, A. surinamensis, C. fairchildiana, L. lactescens, and P. munguba,
while three are endemic to Brazil: A. blanchetii, L. tomentosa, and L. lactescens. Lophanthera
lactescens is endemic to the Amazon region, having confirmed occurrence in the states of
Acre, Amazonas, Para, Roraima, and, possibly, Rondoénia. The complete list of Angiosperm
species registered in the state of Para can be viewed on the Flora do Brasil 2020 website,
by clicking on the link (http://floradobrasil.jbrj.gov.br/, accessed on 1 July 2020) or by
accessing the QR code (Figure S1 of the Supplementary Material).

We also observed the presence of invasive species, namely: C. urens, T. catappa, A. indica,
C. fairchildiana, and S. malaccense. Among these, only Nim (A. indica) shows a high potential
for invasion, as observed in the database of the Horus Institute. Further, regarding the
presence of toxic plants in the studied environments, concerning the 28 species identified,
as observed in the SINITOX list, A. cathartica was mentioned as one of the most toxic
species.


http://floradobrasil.jbrj.gov.br/

Sustainability 2021, 13, 10332

8 of 15

100% - .
° ONative

B Exotic
80% -

60% -

40% -

20% -

N. of species/individuals (%)

0%

Spp Ind
Classification native /exotic
Figure 2. Percentage of species (Spp.) and their individuals (Ind.) found in the public areas of
Oriximind concerning their origin.

3.2. Analysis of the Questionnaires

When asked about the afforestation of the squares, 56% of respondents reported not
knowing the plants grown in the locations. On the other hand, 44% claimed to know at
least some of the species. The public green areas were classified as reasonably forested by
43% of the people interviewed, 39% considered it good, and 6% considered the afforestation
to be poor.

We observed that the interviewees were aware of the importance of trees in the
urban environment. The majority of respondents (97%) reported that the presence of
vegetation in the public areas is very important, whereas 1% considered it to be of little
importance. Regarding the period of when people usually go to these places, it was found
that 39% answered that they usually go at night, 31% in alternating periods, 19% in the
afternoon, and 11% in the morning. Some advantages of urban trees are also observed. Most
respondents (96%) report that the trees in the urban environment provide benefits. Shading
(49%) stands out as the most cited benefit (Figure 3). Besides, 97% of the interviewees
considered that investing in the planning of green spaces should be a priority for the local
administration.
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Figure 3. The interviewees’ perception of the afforestation benefits in the public green areas.

4. Discussion

The floristic richness shown in the three sampled public areas demonstrates similarity
when compared to studies developed in other Brazilian small cities. Thirty species were
registered in fourteen urban public areas in Altamira, also in the Amazon biome [47], and
29 species were sampled in 9 urban public areas in the city of Areia/PB, in the Atlantic
Forest biome [48]. In the same sense, we identified a low species richness and distribution,
with the predominance of a single species. Ixora coccinea is predominant in the three public
green spaces, representing 91% of all vegetation sampled. The predominance of a single or
few species is recurrent in the literature; in a review of forestry in the Brazilian Amazon,
42% of the individuals sampled correspond to only three species [28]. In addition to its
aesthetic function, the structural complexity of the system is essential for maintaining
ecosystem services; therefore, the vegetation present in cities must be as diverse as possible,
as this brings a balance and resilience to the urban ecosystem [14,49].

In general, the species H. serratifolius and A. cathartica are the most frequent, 13.01%
and 12.33%, respectively. It is recommended to plant no more than 10% of any species,
avoiding any possibility of devastation by pests and diseases [50]. In Centenario square, five
species demonstrate frequency above the limit, while three species in Santo Anténio square
and two species at Saudade square have the same condition. These irregularities in the
distribution of individuals indicate a lack of adequate planning. Indeed, few Brazilian cities
have a Municipal Vegetation Policy for Public Spaces (in Portuguese, Sistema Municipal de
Areas Verdes) with regulated environmental legislation [51]. The choice of plants when
composing an afforestation plan would be relevant for cities in each region of the country
to be able to select the plants in their surroundings and cultivate them preferentially, also
considering the local environment and the plant characteristics [52]. This would contribute
to rescuing at least part of the biodiversity that existed before the formation of urban spaces
and reducing the biotic homogenization [26].

Exotic plants had more species and more individuals when compared with the native
ones and, in line with other research carried out in the country involving urban vegetation,
most of the plants used in the afforestation of Brazilian cities are exotic [25,51,53,54].
This preference for exotic plants in afforestation in Brazil is related to the arrival of the
Portuguese Royal Family during the colonial period (19th century), when many European
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botanists, such as Jean Marie Batiste Glaziou, were brought in to carry out afforestation
projects in public places using plants from other continents. In this period, many species
were introduced to the country, including I. coccinea [55,56], and this practice of the use of
exotic plants has persisted in urban afforestation until nowadays.

In other cities of Brazilian Amazonia, the register of the predominance of exotic plants
is very common, as shown by Barros et al. (2018) [57] and Silva et al. (2018) [58] in two
municipalities similar to Oriximind in Para state. In these studies, more than 65% of species
registered in public areas are exotic. The eminent use of exotic plants in these squares may
be associated with the acquisition or unavailability of native seedlings to meet the demand.
The availability of exotic species on the market is much higher than native ones, as the latter
is difficult to find [25]. Thereby, the occurrence of few native species from the Amazon
is justified by the lack of knowledge on our local flora with a potential for use in urban
afforestation. There is a consensus in the literature that the lack of natural biodiversity
knowledge directly influences the choice of cultivated plants [16,25,26]. On the other
hand, the cultivation of native plants could be used as an important tool of environmental
education with the local community, enhancing the conservation of biodiversity [16].

The invasive and exotic species sampled could also be associated with a lack of
knowledge or neglect to investigate their invasive potential, especially when it comes
to plants commonly used in afforestation. Rufino et al. (2019) [59] report the lack of
knowledge about bioinvasion both by the population and the authorities. The necessary
measures have not been taken to prevent the spread of invasive plants. Among the invasive
exotic species, the Nim (A. indica) showed high invasive potential. The species is widely
cultivated in many Brazilian cities and can reduce biodiversity by suppressing native
species, causing ecological and economic impacts [43]. Urban afforestation is considered
one of the main routes of introduction and dispersion of invasive exotic species ICMBIO
2019 [60]. Zenni and Ziller [61] registered 117 invasive plants throughout the Brazilian
territory. Thus, the ideal scenario consists of investigating potential threats from exotic
species before starting any urban afforestation project, thus avoiding possible invasion
problems [62].

Also sampled was a species with toxic potential in one of the squares. Although found
in a small number, we consider it relevant to investigate the toxic potential of plants before
they are used in any landscape projects. It is useful to identify these species, informing
the population about health risks. Data available in the National Toxic-Pharmacological
Information System registered 821 cases of poisoning by plants, of which 78% occurred
in the urban area, 74% occurred accidentally, and the majority, 30%, involved children
aged from one to four years old, SINITOX 2020 [44]. In this case, the prevention of these
accidents consists mainly of facilitating access to information rather than extinguishing or
removing the plants from the environment [63].

To avoid future biodiversity losses in the studied municipality and reducing the use
of exotic species in urban afforestation, it would be necessary to know the local flora with
potential for the landscape and their characteristics. Besides, there is a need for further
research to understand which are the native species that can replace exotic ones in the
urban environment, especially those that have been used for centuries [64]. Moreover, it
is important to test whether the exclusive use of native species in urban afforestation is
necessary to achieve its multiple objectives or functions in the urban environment [65].
With this respect, inventories of urban flora are indispensable for the development of future
projects that prioritize both the use of native species and the involvement of the population
in the planning of urban green areas.

Perception of Regular Visitors

The knowledge about community perception can contribute to the planning of green
areas in the urban space. It is an instrument to support local environmental management
and can be useful to the subsidy for shared management with the participatory involvement
of society [66]. The results showed that the interviewees have a positive perception of the
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squares, although most of them do not know the plants grown in these places, much less
are they aware of the plants’ origins. Nonetheless, it was observed that they are informed
of the importance of plants in the urban environment as well as the benefits they provide.
Not only by the greenery but by the many benefits associated with biodiversity increase in
urban green areas [67].

The most cited benefits are: “shade,” “improved air quality,” and “thermal comfort”;
these three attributes also stand out as the most cited by the assessed the population in the
municipality of Santarém and Mocajuba, and also eastern Brazilian Amazon [57,67]. Itis
common in several perception studies for people to report the “shade” as one of the main
functions provided by urban trees. The municipality of Oriximina has high temperatures,
especially during the summer, which may explain this relationship between users and
trees, in the search for comfort on hot days, considering that they act in reducing heat and
providing a more pleasant environment. Also, perennial species demonstrated to have a
greater influence on thermal comfort, especially in the summer, due to the shading they
provide [11].

We observed the participation of the surrounding residents in the planting of species
in the squares. Although it is a praiseworthy and important attitude for the maintenance
of urban vegetation, it can be worrisome when done inappropriately, and it can contribute
negatively to the introduction of species unsuitable for cultivation and which may even be
exotic with invasive potential. In this context, in addition to including the local population
in the planning of green spaces and/or urban afforestation, it is also necessary to promote
environmental education actions, especially in primary schools and other education insti-
tutes, as well as planting actions and seedling donations by the municipal management.
These actions should include informing residents about the relevance of vegetation in the
urban environment, especially the importance of native species, as this would prevent
disorderly and irregular plantations carried out by the residents themselves. It is significant
to emphasize that this awareness of the local population could demand more studies
involving biodiversity, specifically in the place where the municipality is inserted [68].

The public green spaces visitations conducted in this study had a curious result.
As shown in the answers to the questionnaires, the square’s visitors, mainly the local
population, usually go at different times of the day to practice physical activities and walks,
among others. Visits can serve as an important indicator of the quality of urban green areas
and understanding this interaction between users with these environments contributes
to better management and planning of these places [69,70]. It is expected that with larger
interaction and contact with urban green areas, the greater the benefits will be to its users
and that such benefits will vary depending on their biodiversity [69].

5. Conclusions and Recommendations

The study’s squares showed irregularities, demonstrating the need for better planning.
The three squares have a predominance of a single species (I. coccinea) and its prevalence is
higher than the recommended limit. As in most Brazilian cities, plants of exotic origin are
also predominant in these studied areas, both regarding species and number of individuals.
It is important to investigate the invasive potential of exotic species. Therefore, we suggest
that management bodies include native species from the Amazon in afforestation projects
in relevant municipalities, especially those naturally occurring in the biome to presented
better fitness and resilience (see Table 4). It is important to point out that the use of exotic
species facilitates the biological invasion process. Therefore, the cultivation of native
species in the urban environment serves as a strategy for the maintenance and conservation
of our local flora. Management’s lack of knowledge of Amazonian flora may limit its use
in afforestation. Thus, studies such as this can subsidize future afforestation projects in the
municipalities of this region that may support the use of native species and the participation
of the local population. Also, it is important to focus on environmental education actions
within the community, contributing to improving the quality of the urban environment
and stimulating citizens to connect with the natural greenery. Therefore, the weel-planning
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will enhance the effects of vegetation within these urban spaces, especially on the local
biodiversity.

Table 4. The suggestion list of native species for use in urban afforestation in Amazonian municipalities.

Species Common Name Life Form Familia
Alibertia edulis (Rich.) A. Rich. Puru Tree Rubiaceae
Andira inermis (W.Wright) DC. Morcegueira/Cabbage tree Tree Fabaceae
Andira parviflora Ducke Sucupira-vermelha Tree Fabaceae
Apeiba tibourbou Aubl. Pente-de-macaco Tree Malvaceae
Annona montana Macfad. Araticum/Mountain soursop Tree Annonaceae
Bauhinia ungulata L. Pata-de-vaca Shrub/Tree Fabaceae
Cenostigma tocantinum Ducke Pau-pretinho Shrub/Tree Fabaceae
Costus spiralis (Jacq.) Roscoe Cana-do-brejo/Spiral ginger Herb Costaceae
Dipteryx odorata (Aubl.) Willd. Cumaru/Tonka beans Tree Fabaceae
Heliconia acuminata L.C.Rich. Heliconia Herb Heliconiaceae
Heliconia hirsuta L.f. Heliconia Herb Heliconiaceae
Heliconia psittacorum L.f. Heliconia-p ?)}Zziam/Parrot ° Herb Heliconiaceae
Hevea bmszlzens.z.s (Willd. ex A Juss.) Seringueira/Para rubber tree Tree Euphorbiaceae
Mill.Arg.
Himatanthus drasticus (Mart.) Plumel Janatba, sucuuba Tree Apocynaceae
Humiria balsamifera (Aubl.) A.St.-Hil. Umiri Shrub/Tree Humiriaceae
Inga laurina (Sw.) Wild Inga-chichica, inga-de-macaco Tree Fabaceae
Inga capitata Desv. Inga-ferro Tree Fabaceae
Inga edulis Mart. Inga-de-mle)ts:r{ke—cream— Tree Fabaceae
Jacaranda copaia (Aubl.) D.Don Caroba Tree Bignoniaceae
Oenocarpus bacaba Mart. Bacaba Palm Arecaceae
Pachira aquatica Aubl. Monguba, mamorana/Guiana Tree Malvaceae
chestut
Pouteria ramiflora (Mart.) Radlk. Abiu-do-campo Shrub/Tree Sapotaceae
Tabebuia aurea (Silva Manso) Benth. &  Carobeira, ipé amarelo/Silver Tree Bienoniaceae
Hook.f. ex S.Moore trumpet tree &
Talisia esculenta (Cambess.) Radlk. Pitomba Tree Sapindaceae
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.3390/5u131810332 /51, Supplementary S1: Questionnaire used in the interviews. Figure S1: Qr code
to access the FLORA DO BRASIL 2020 website.
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