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Abstract Although Brazil is recognized as a country of megadiversity many Brazilian cities
have an overwhelming number of exotic street trees in their urban environments. Here we
investigate this situation in the city of Fortaleza, Brazil’s fifth largest city. Through an
extensive qualitative survey, complemented by published quantitative surveys, we developed
the most complete inventory done to date in Fortaleza. We registered the largest possible
number of plant species which we could record in the public treescape of the city. We recorded
219 tree species, of which 158 were exotic to Fortaleza’s ecosystems. Of the 61 native species,
some were represented only by relictual individuals spared during urban growth and only 39
native species were cultivated plants. Most of these 39 cultivated natives are represented by a
small number of individuals in the city, while most of common trees are exotic species. We
show that many native plants that are potentially suitable for ornamental use in urban settings
are being ignored and argue that exotics are overvalued, including some plants that are
invasive. We also discuss the consequences of the predominance of alien species for the public
perception of native biodiversity. We advocate that increasing the number of native plants in
cities has many advantages from an ecological perspective.
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Introduction

Urban trees bring many benefits to a city. They reduce the heat island effect, provide shade,
contribute to psychological well-being and play an important role in maintaining biodiversity
within urban environments (Lombardo 1985; Kweon et al. 1998; Sukopp 2004; Wong and Yu
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2005; Dearborn and Kark 2010). A further, rarely recognized role that urban trees and garden
plants can play is to introduce native biodiversity to the people living in cities. In a heavily
urbanized world, people live mainly in urban ecosystems and usually do not have contact with,
or knowledge about, plants that occur outside cities. If the majority of plants in a city are
aliens, the urban people’s knowledge of native biodiversity may be reduced, as well as support
for the conservation of biodiversity (McKinney 2006; Dearborn and Kark 2010).

Another aspect to be considered is that garden plants and urban trees may provide a
pathway for disseminating invasive plants (Richardson 1998; Harrington et al. 2003;
Pemberton and Liu 2009). Although most of the exotic species introduced to an area may
not cause problems, given the astonishing number of alien ornamental plants available in the
market (Lorenzi and de Souza 2008; Cullen et al. 2011), it is not surprising that the
horticultural industry is responsible for many cases of plant invasions (Harrington et al.
2003; Richardson and Rejmánek 2011; Zenni 2013). If a higher proportion of plants cultivated
as garden and street trees were native, we would expect a reduction in exotic plants escaping
cultivation, combined with an increase in appreciation for native plants and a higher public
awareness about conservation concerns (Harrington et al. 2003; McKinney 2006; Pemberton
and Liu 2009; Dearborn and Kark 2010).

Brazil is known as a country of megadiversity and is home to more plant species than any
other country in the world (Lewinsohn and Prado 2002; Forzza et al. 2010). Given Brazil’s
proactive role in the conservation of biodiversity, and the widely acknowledged advantages of
using native species in urban treescapes, one might expect to find native species as common
ornamental species in many Brazilian cities. However, this is not the case, and many Brazilian
cities have treescapes composed mostly of exotic plants, surpassing by far the native trees in
both numbers of species and abundance of individuals (Rocha et al. 2004; Santos et al. 2009;
Barros et al. 2010; Moro and Westerkamp 2011; Moro et al. 2014).

In order to promote discussion on the role of native biodiversity in urban forestry we
produced the most comprehensive species list to date for the trees and large shrubs occurring in
public spaces in the city of Fortaleza, one of the largest cities in Brazil. Our objectives were to:

(1) Provide a comprehensive species list of woody plants in the urban public areas of
Fortaleza, in Northeastern Brazil;

(2) Document the proportion of exotic versus native species used in Fortaleza’s treescape;
(3) Assess how many of the exotic species present in Fortaleza’s treescape have been

recorded as invasive in Brazil as a whole, and in Fortaleza in particular;
(4) Estimate how many native species occurring in natural ecosystems of coastal Ceará are

not represented in the urban treescape of Fortaleza. This aims to illustrate the untapped
potential for use of this native biodiversity in an urban setting.

Methods

The study site

Fortaleza is the capital of Ceará state, in northeastern Brazil (Fig. 1). It is the fifth largest city in
the country, with a population of 2,452,185 (IBGE 2010). It is a coastal city (3°43′02″S 38°32′
35″W), 16 m above sea level with a tropical sub-humid climate. It has an annual rainfall of
1338 mm and a mean temperature of 26–28°. The original vegetation of the city included
coastal semi-deciduous forests (“mata de tabuleiro”), coastal savannas (“cerrados costeiros”),
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mangroves, dunes, “restinga” vegetation and, in the southern part of the municipality, dry
woodlands known as Caatinga (Figueiredo 1997; Fortaleza 2003; Moro et al. 2011). Fortaleza
grew from less than 50,000 people at the beginning of the twentieth century to more than two
million at the end of the same century. This rapid and extensive urban growth resulted in a
significant reduction of the original vegetation, which is now restricted to less than 10 % of its
original extent and mostly reduced to vegetation fragments (Fortaleza 2003; Moro et al. 2011).

The list of species in public treescape of Fortaleza

This check list is based on more than 10 years of qualitative observations of urban trees in the
city. During this time the authors visited most of Fortaleza’s regions, from low-income,
peripherical districts, to rich districts located in the beach front. We visited long established
districts, such as the downtown and surrounding areas (Centro, Jacarecanga, Benfica, Montese
districts, some of these districts being over one hundred years old), as well as newly urbanized

Fig. 1 Geographical position of the municipality of Fortaleza within Brazil and Ceará state
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areas or areas currently under urban development (Cocó and Sapiranga regions). In each of
these districts we recorded the species present in public spaces (streets and squares) of the city
in the last decade. In our list, we considered only trees and large shrubs present in streets,
squares and parks, but not those present in native vegetation fragments or private spaces. We
included in our survey all plants which could attain at least 3 m in height, excluding lianas. We
classified species as native if they were known to occur naturally in the coastal region of Ceará
or in the adjacent Caatinga dry forest vegetation (Figueiredo 1997). Species that do not occur
naturally in the native ecosystems surrounding the city were classified as exotics. Exotic
species were further subdivided to distinguish plants which are not native to Fortaleza but are
considered native somewhere in Brazil, here termed ‘Exotic to Fortaleza’, from those species
which are exotic to Brazil as a whole, termed ‘Exotic to Brazil’. Based on this list we
calculated how many native and exotic species were present in the treescape of the city.

We further classified the species in our list according to whether they are consid-
ered invasive somewhere in Brazil, following Zenni and Ziller’s (2011) preliminary
list of invasive plants of Brazil. Since Brazil has many ecosystems and a species may
be invasive in one ecosystem but not in another, we also provide data for each exotic
plant stating whether it is naturalized or invasive in the urban vegetation fragments of
Fortaleza. We applied the terms naturalized and invasive exotic species according to
the concepts of Richardson et al. (2000), i.e. the species must be able to reproduce
and maintain a self replacing population in an urban vegetation fragment or in semi-
natural areas inside Fortaleza limits to be considered naturalized, and it should spread
autonomously to be considered invasive (Richardson et al. 2000).

A tree or shrub may be present in a city because it was cultivated by humans, but also
because it was present in natural vegetation and was spared when urbanization took place, or
even because it grew spontaneously within the city after urbanization had occurred. A further
classification was then necessary to distinguish the reasons for why trees are present in the city.
We classified as cultivated plants those deliberately grown by people in the city due aesthetic
or functional purposes (e.g. shade or fruit trees). Some plant species (both native and invasive)
manage to survive in heavily urbanized areas, despite being never or rarely planted in
Fortaleza. Such plants maintain viable populations inside the city through wind or animal
dispersal and germinate in streets, squares, gardens, backyards, parks or in wastelands. We
classified those as self established plants. Some bat dispersed plants (as the alien Ficus
microcarpa and the native Ficus elliotiana and Piper tuberculatum), for example, fall in this
category. Additionally, some trees are spared when land clearing occurs for urban growth and
eventually these plants, although not cultivated, may be incorporated into the treescape of the
city. These plants were classified as remaining plants.

To determine whether a species was cultivated, remaining or self-established we
made informal observations on which species are available for purchase from nurser-
ies and also observed which species are planted by citizens in front of their houses.
Species we know to be available in nurseries or species we could see planted by
citizens were considered cultivated. A few species (e.g. the native Ficus elliotiana and
Piper tuberculatum and the exotic Calotropis procera) we could never find as
cultivated individuals, but we could locate self-established seedlings of these species
and monitored these to reproductive age as fully grown individuals. These were
considered self-established species. Other species such as Himatanthus drasticus and
Andira surinamensis were never observed as cultivate or as self-established plants, but
these species are known to remain in natural vegetation fragments in Fortaleza (Moro
et al. 2011). We were able to observe fully grown individuals of a few native and
exotic species spared and incorporated in the forestry of the city in recently urbanized
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districts, and thus, considered these species to be remaining species within the city, as
these were neither cultivated nor self-established individuals.

These three categories are not mutually exclusive and a species may be represented
in the city by a combination of planted, remaining and self established individuals
(e.g. the native Copernicia prunifera and Guazuma ulmifolia and the naturalized
Mangifera indica, see Table 1).

We also classified each species on a subjective abundance scheme, from rare species to very
common ones. This is a subjective classification based primarily on our observations of the
city’s trees over many years, but a few quantitative surveys of forestry in some Fortaleza’s
districts are available, which we also took into account (Borges 2002; Moro and Westerkamp
2011; Moro et al. 2014). The five most abundant species in the quantitative surveys available
in the literature (Moro and Westerkamp 2011; Moro et al. 2014) were classified as “very
common”; species commonly found within the city in many different districts and usually with
a moderate abundance were classified as “common”; species easily found around the city, but
not in most of the districts, and usually represented by a small number of individuals, were
classified as “moderate”; species recorded only in a few districts, usually in small number, and
not frequently found around the city were classified as “rare”. Although a subjective classi-
fication, this scheme conveys a general impression of the relative frequency and abundance of
native and exotic species to facilitate discussion.

Comparing the number of exotic versus native species and estimating the number of excluded
native species in the city

We aimed not only to document the proportions of native and exotic species in the urban
treescape of Fortaleza, but also to explore the untapped potential for urban horticulture of the
many native tree species of the coastal region of Ceará. To address the former point we
calculated from our urban species list the ratio of native to exotic species. To address the latter
question we compared our species list of Fortaleza’s treescaping with the lists of native trees
and large shrubs in published surveys of the natural ecosystems of coastal Ceará (Matias and
Nunes 2001; Moro et al. 2011; Castro et al. 2012).

Results

We recorded 219 species of trees and large shrubs in the public treescape of Fortaleza
(Table 1). The families best represented as urban trees were Fabaceae (41 species),
Arecaceae (36 species), Malvaceae (13), Bignoniaceae (12) and Anacardiaceae (10), together
accounting for 51 % of the species in our list (Fig. 2). Exotic plants comprise the great majority
of our list, contributing 158 species. Of these, 124 species were exotic to all ecosystems of
Brazil and 34 were native elsewhere in Brazil, but exotic to Fortaleza (Fig. 3). Plants native to
Fortaleza’s ecosystems accounted for only 61 species or 28 % of the total (Fig. 3). All “very
common” species in our survey (defined as the five most abundant species in Moro et al. 2014
and Moro and Westerkamp 2011 studies) were exotic (Fig. 4). In contrast, 44 (72 %) of the 61
natives were classified in the category “rare” (Table 2; Fig. 4).

Of the 219 species in our list, 195 are cultivated by humans in Fortaleza’s public horticulture
or landscaping, 44 species have remaining individuals that were spared when clearance occurred
for urban expansion, and 29 species have self established individuals that grew by themselves
in the city (a particular species may fall into more than one of these categories—Table 1). The
majority of the 61 native plants in Fortaleza’s treescape are represented as remaining
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individuals, with 17 species as self established (Fig. 4c). In total, 39 native plants are cultivated
in Fortaleza’s public treescaping, but 24 of these species are rare, 14 moderately abundant and
only one native species (Licania tomentosa) is common. Not one of the native species was
found to be very common in the city (Fig. 4). Of the 61 native species, 36 % (22) were never
observed as cultivated plants, but only as remaining individuals, spared when land clearance
occurred, and/or as spontaneous plants that grew naturally in urban sites (Table 1). The large
majority of species are exotic, and all “very common” species in the city are exotic. Also, most
of the “common”, and the majority of “moderate” species are exotic to the coastal ecosystems
of Ceará (Fig. 4; Table 1).

Reproductive populations were found across the spectrum of native and non-native species.
Relictual populations of the native Annona glabra, for example, persisted in wetland areas
urbanized relatively recently. A small population of this species survived on the unpaved edge
of a lake that was completely surrounded by urban development in a young district of the city
(Moro et al. 2014). A few native species, dispersed by bats or birds have spread in urban
environments and established a population within the city. For example, Ficus elliotiana, Piper
tuberculatum and Cecropia palmata are dispersed by flying animals and were found to have
established individuals in the public treescape, but we never observed them as cultivated
plants. Some exotic species (ranging from naturalized to invasive plants) also managed to
autonomously establish individuals in the urban forestry. Of these, Ficus microcarpa is an

41
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Fig. 2 Number of species in each family in the urban treescape of Fortaleza, Brazil
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Exo�c-Brazil Exo�c-Fortaleza Na�ve

Fig. 3 Number of species represented in the urban treescape of Fortaleza, Brazil, according to their origin. We
considered native species only those naturally occurring in the coastal vegetation of Ceará, or in the adjacent
Caatinga dry forests (the original ecosystems of Fortaleza municipality). Species exotic to Fortaleza’s ecosys-
tems, but native elsewhere in Brazil, are tagged as “Exotic-Fortaleza”. Species exotic to Brazil are tagged as
“Exotic-Brazil”
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interesting example because the plant was brought from Asia as a shade tree and was not
reproductive until the introduction of its pollinator wasps from Asia. Nowadays, its fruits are
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Fig. 4 Bar graph showing the number of species recorded in each “abundance class” as cultivated, self
established and remaining plants in Fortaleza. The graph displays data for species exotic to Brazil, native to
Brazil, but exotic to Fortaleza, and native to Fortaleza. A particular species may be present in the city due to more
than one reason (species may be cultivated and also present some self established and remaining individuals), and
thus, the sums in this graph is higher than the total species sums. See Table 2 to obtain the actual species numbers
in each abundance class and Table 1 to see the raw data
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dispersed by bats and seedlings are easily found in the city. Two weedy invasive species
(Ricinus communis and Calotropis procera) are present in the treescape exclusively as
spontaneous species. Both are widespread invasive plants in Northeastern Brazil and are
usually cut down rather than cultivated, but eventually re-grow and incorporate themselves
into the forestry of the city.

Of the 158 exotic species we recorded, 21 are reported by Zenni and Ziller (2011) to be
invasive in one or more Brazilian ecosystems and we recorded ten species as being naturalized
or invasive in semi-urban or natural areas in Fortaleza.

From published botanical surveys in the coastal vegetation of Ceará (Matias and Nunes
2001; Moro et al. 2011; Castro et al. 2012), we compiled a list of 149 native tree and large
shrub species. Although some of these species (e.g. mangrove trees) may not be technically
appropriate for use as urban trees, we considered this number of species as indicative of the
scale of the potential pool of native options and compared the number of potential with the
actual number of native species in Fortaleza. Of the 149 native species registered in these three
vegetation surveys of coastal Ceará, 37 (25 %) were present in the urban treescape (many of
them as rare remaining individuals, rather than cultivated ones—Table 1). A further 23 native
species were present in the urban treescape, but not captured in these vegetation surveys. Some
of these are species from the surrounding Caatinga dry forests that are sometimes cultivated in
the city, but others (e.g. Annona glabra) are native species from the coastal region not recorded
in the available vegetation surveys.

Discussion

The native species in Fortaleza are strikingly underrepresented in the urban forestry. Not only
is the number of exotic species much larger than that of natives, but the exotic species also
represented the vast majority in terms of number of individuals. In their quantitative surveys of
some districts of Fortaleza, Moro and Westerkamp (2011), Moro et al. (2014) and Borges
(2002) showed that the most abundant species in the city are exotic and that native specimens
comprise a small proportion of the total number of trees. They found that in some districts
exotics comprise more than 90 % of individuals and only a few native species (e.g. Licania
tomentosa) made up at least 1 % of relative abundance (Moro andWesterkamp 2011), while all
of the most abundant species were exotic.

These findings can be related to the fact that people are not aware of the natural biodiversity
of their own region and are not aware of which native species could be grown there
(McKinney 2006; Dearborn and Kark 2010; Castro et al. 2011). Living in an urban environ-
ment where the treescape is dominated by exotics renders people more familiar with alien

Table 2 Number of species registered in the urban forestry of Fortaleza in each subjective class of abundance
according their origin

Very common Common Moderate Rare Total

Exotic to Brazil 5 7 50 62 124

Exotic to Fortaleza, but native
elsewhere in Brazil

0 1 8 25 34

Native to Fortaleza 0 1 16 44 61

Total 5 9 74 131 219
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species than with natives, which in turn will make aliens the species of choice when people are
choosing a species to grow as an ornamental plant, creating a vicious circle. It is noteworthy
that all species classified as “very common” and most of the species classified as “common” in
our list are exotics (see quantitative surveys in some districts in Borges 2002; Moro and
Westerkamp 2011; Moro et al. 2014) while, in contrast, 72 % of the native species (44 of 61)
are in the rare category (Table 2).

The dearth of native plants in the urban treescape of Fortaleza is more striking when we
take into account the fact that not only are the native species relatively poorly represented
(in terms of both species and number of individuals), but also that a significant portion of
the existing native individuals are not cultivated plants, but relictual individuals or self
established ones (Fig. 4c). The number of native species that we recorded as being cultivated
by humans is only 39 species while 156 exotic species are cultivated (Table 1). Native species
that were recorded in Fortaleza and could potentially be appropriate for use on a broader scale in
urban treescapes include Astronium fraxinifolium, Tapirira guianensis, Himatanthus drasticus
and Andira surinamensis, but currently, each of these species is represented in the city by only
relictual individuals. Thus, as these species are neither cultivated nor spontaneously occurring
in the city they are likely to disappear from the urban treescape in the coming decades, unless
there is a change in practice with regard to the proactive cultivation of native plants.

A noteworthy result of our study is that a number of native species on our list were never
recorded as cultivated plants in the Fortaleza’s treescape but only as self established, sponta-
neous individuals. Gaston et al. (2005), Thompson et al. (2004) and Thompson et al. (2005)
showed that in lawns and urban gardens of England spontaneous species (both native and
exotic) play a role in the local biodiversity. Instead of being passive environments, in which
humans alone choose which species will be present, both gardens and lawns were a mix of
cultivated and spontaneous species, resulting in higher levels of biodiversity than one might
otherwise expect. We found similar results in Fortaleza regarding trees and large shrubs. Of the
61 native species in our study, 17 were found to be reproducing and self-establishing in the
city. Some of them such as Crateva tapia and Anacardium occidentale only rarely complete
their life cycles and establish new adult individuals, but bat or bird dispersed species such
as Ficus elliotiana, Piper tuberculatum and Cecropia palmata appear to owe their presence in
the city’s treescape entirely to their own capacity for dispersal, establishment and recovery
after cutting.

Another aspect to be considered is that urban plants are not only accomplishing
aesthetic functions, but also make up part of the intrinsic ecology of the city. Birds,
insects, mammals and many other groups depend on ornamental plants, parks and
gardens to survive (Ruszczyk and Nascimento 1999; Menezes 2004; Smith et al.
2006a; Smith et al. 2006b). Both native and exotic plants perform ecological roles in
the city, which is a positive aspect. But some of the cultivated exotic plants turn into
invasive species and are thus environmental pests. This aspect should be considered
when selecting species for urban cultivation. On the other hand, native plants are safe
regarding bioinvasive risks, could improve the ecological quality of urban environ-
ments, support the native fauna and at the same time provide aesthetical benefits and
act as an ex-situ conservation pool of native species.

Cultivated plants could be managed within cities to provide seeds for nurseries and could
also be used as a tool to educate the citizens about the native biodiversity from their regions.
The Brazilian population is becoming increasingly concentrated in urban settlements and
currently, over 160 million Brazilians (84.4 % of the population) live in urban areas (IBGE
2010). This mainly urban population has more contact with ornamental plants cultivated in
cities than with plants in natural ecosystems. A native treescape could be a means of improving
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the knowledge of and appreciation for biodiversity, potentially increasing public support for
the protection of native plants (McKinney 2006).

When we consider biological invasive risks, 21 out of the 158 exotic species of
Fortaleza are reported as invasive somewhere in Brazil according Zenni and Ziller
(2011), and we recorded ten of the alien plants from our list as being naturalized or
invasive in ecosystems within Fortaleza (in vegetation fragments or semi-natural sites).
The act of cultivating exotic species is not necessarily a hazard in itself, but when
potentially invasive species are grown, urban tree planting and horticulture can
become a vehicle for spreading plants that could damage the native biodiversity
(Harrington et al. 2003; Zenni 2013). This has occurred both in Brazil and elsewhere,
when cultivated plants have invaded native vegetation fragments (e.g. Dislich et al.
2002; Zipperer 2002).

Another aspect to be considered is that the probability of naturalization of an exotic
plant depends on the number of cultivated individuals (the more individuals, the greater
the chance of an exotic population becoming naturalized) and the time of introduction
(Richardson et al. 2000; Pemberton and Liu 2009; Richardson and Pyšek 2012).
Pemberton and Liu (2009) showed that ornamental exotic plants commercialized over
a longer period in California had a greater probability of becoming invasive. Although
only ten species were considered naturalized/invasive within Fortaleza, given more time
it is possible that other species could naturalize and eventually spread in natural areas
within the city. This was the case with Azadirachta indica. Intensively used as an
ornamental plant in the last decade, this species is now naturalized (Moro et al. 2013)
and recently we have begun to record seedlings spreading into vegetation fragments of
the city. The same occurs with Acacia mangium, which was recently introduced as a
shade tree in Fortaleza, even though is an aggressive invasive species in many parts of
the world and is globally recognized as a problematic species (Richardson et al. 2011;
Aguiar et al. 2014). Although this plant has not had time to naturalize here, given time, it
would not be surprising if this eventually occurred in the future (e.g. Aguiar et al. 2014).

Our point is not that exotic plants should never be used as ornamentals (although
invasive plants certainly should not), but that preferential use of native species offers
more advantages for urban ecosystems from a biodiversity perspective. Buchenavia
tetraphylla (Aubl.) R.A.Howard, Byrsonima sericea DC., Byrsonima gardneriana
A.Juss., Manilkara triflora (Allemão) Monach., Ziziphus platyphylla Reissek and
Himatanthus drasticus (Mart.) Plumel are all native species with great ornamental
potential to coastal cities in Ceará. We recognize that currently in Brazil, there is
more technical knowledge about cultivation of exotics than natives, but this is due to
the lack of focus on the use of native biodiversity for treescaping. This leads to a
situation where more value is given to species that come from abroad than to local
ones. Many nurseries spend time and effort learning how to cultivate newly intro-
duced exotics, while little or no effort is put into cultivating native species. This
creates an ambiguous situation where researchers spend time and resources investi-
gating the growth rate of exotic species such as Azadirachta indica (Silva et al.
2007), while data about native species is lacking.

This lack of environmental perception has led to a contradictory situation, where Brazil, one
of the megadiverse countries in the world, does not know or value its own biodiversity. Native
species are being expelled from our cities, while dozens of exotic plants, from far flung
ecosystems are cultivated and nursed (Ignatieva 2012). Now, trees from India are easily
recognized in our streets while very characteristic species from native ecosystems are complete
strangers to most people.
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Conclusions

It is time to change the focus from a merely utilitarian view of street trees to a view which
prioritizes biodiversity. Brazil is signatory to the Convention on Biological Diversity and has
the commitment to stop the spread of invasive species. It is contradictory that potentially
invasive exotics such as Azadirachta indica and Acacia mangium are nursed and planted for
ornamental purposes in Brazil. Even when “safe” exotics are available, the use of natives is
preferable. Urban forestry may serve as a tool for ex-situ conservation, potentially allowing the
presence of a large number of native species to be cultivated as shade and ornamental trees.
Moreover, technical knowledge and nursery market developed around native plants could both
provide plants for ornamental use and ecosystem restoration, creating a virtuous circle of
valued and easy to obtain native seedlings. The reality we observed is the opposite, with exotic
plants being readily available for purchase, while native species are extremely hard to find in
the market.

Another much-ignored aspect is that stressed by McKinney (2006): people in urban areas
have few chances to become familiar with the native species of their own region. Bringing
native plants to the cities can be an opportunity to present native biodiversity to the people,
with a goal of increasing awareness regarding native plants and the need to conserve them.
Building effective bonds between people and native biodiversity is an important conservation
challenge, to which wise urban tree planting can contribute, and which is all too often ignored
when urban treescapes are considered.
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