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Abstract: Despite its importance as a component of urban green spaces, as far as we are aware no
study has focused on plant diversity in urban green corridors (GCs). Therefore, this study aimed at:
(i) characterizing tree and shrub communities in Lisbon’s GCs and (ii) assessing whether GCs’ users
value trees and shrubs. We counted Lisbon’s GCs users in the same places where we assessed the tree
and shrub community. Along the nine GCs, we observed trees and shrubs belonging to 70 species,
distributed across 35 families with most (≥50%) species and plants being trees, exotic, pollinated
by insects, with fruit dispersion by animals, evergreen leaves, and producing dry fruits. Most GCs
had a similar number of users (20–30 users h−1 survey−1) except for those of Central and Ribeirinho,
which were more frequented (60 and 100 users h−1 survey−1, respectively). Most users (≥50%) were
adults, walking accompanied, and performing leisure activities. Finally, the number of users was
shown to be influenced by: (i) tree and shrub relative abundance, confirming that users preferred
greener corridors; and (ii) function(s), showing that users preferred the most multifunctional GCs
(i.e., GCs fulfilling ecological, cultural, and recreational functions). Our data suggest that Lisbon’s
GCs favor more the inclusion of citizens than ecological functionality and resilience.

Keywords: green corridor function(s); functional diversity; human wellbeing; relative abundance;
species richness

1. Introduction

Cities cover about 3% of the land on Earth, yet they produce about 72% of global
greenhouse gas emissions. On top of that, 54% of the world’s population lives in urban
areas (estimated to reach 66% by 2050) [1] and many cities and towns worldwide are
presently dealing with the impacts of climate change (e.g., heatwaves, extreme droughts,
torrential floods). Therefore, it is increasingly urgent to address climate change in the
context of cities.

Concerning climate change adaptation and mitigation, plants (and larger species in
particular) are recognized as valuable assets as they sequester carbon and reduce droughts,
floods, and heat waves. As an example, it is estimated that 40% of Lisbon’s street trees
provide irreplaceable services (energy saving, reduction of CO2, air pollution and floods,
and property value increase) valued at €7.1 million annually [2]. Urban green spaces also
contribute to social cohesion, environmental awareness, and human wellbeing (e.g., reduc-
ing of stress, noise and pollution, increased sun exposure, improved mental health and
immune system, and reduced obesity and diabetes) [3]. Consequently, the implementation
and revitalization of urban green spaces has been used as a strategy for urban populations
to enjoy the environmental, social, and health benefits that nature provides.
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Besides planting trees and other vegetation on streets and urban parks, green corridors
(GCs) are another important component of urban green spaces. GCs emerged in the 19th
and 20th centuries [4], and are made of natural and semi-natural linear infrastructures (e.g.,
trees and other vegetation) that connect other green spaces (including outside the city) to
form an urban ecological network [5]. GCs constitute a continuous system, establishing
links between areas of high concentrations of ecological, landscape, and cultural resources,
while promoting their protection of human wellbeing and compatibility with human
activity and wellbeing [6,7]. GCs provide (i) ecosystem services (e.g., habitat and resources
for urban fauna, adaptation and mitigation of climate change impacts); (ii) genetic exchange
between animals and plants; and (iii) improved mobility connecting points of the city with
different uses (e.g., residential, commercial, education) and access to green spaces [8–10].
However, to provide these benefits, the implementation of GCs (and of other components
of urban green spaces) must be properly planned to make cities ‘more natural’, functional,
and resilient [11,12].

One strategy to properly plan urban green spaces is to study plant diversity, and in
particular plant functional diversity, which is a measure of biodiversity that incorporates
species attributes (e.g., mode of pollination and seed dispersal, leaf typology and type of
fruit) [13,14]. So far, most studies on urban plant diversity have focused on taxonomic
diversity rather than plant functional patterns [10]. The origin of plant species (native
versus exotic) is one of the few traits that has been studied. Although the presence of many
exotic species in GCs [15–17] may have undesirable effects on local plant communities [18],
some studies show a positive effect on the environmental balance of urban areas [19], and
therefore the use of exotic species in cities remains controversial. Thus, urban green spaces
planning lacks studies on the functional patterns of urban vegetation and on functional
traits. Finally, and contrary to other urban green spaces (e.g., urban parks) [20,21], as far as
we are aware, there is no study on plant diversity in GCs.

As such, we characterized the plant diversity and its functional patterns in the nine
GCs in the city of Lisbon (Portugal). We focused only on tree and shrub species because:
(i) the cover of trees and shrubs in CGs has important environmental and social functions;
(ii) being long-lived, trees and shrubs are the vegetation components most exposed and
most resistant to the anthropogenic stresses that characterize the urban environment; and
(iii) the maintenance of CGs implies the periodic removal of herbaceous plants. Although
the ecological and environmental functions of GCs are unquestionable, it is important that
these components of the urban green spaces are in tune with the needs and interests of
the urban population, so that a GC can also have a cultural and/or recreational function.
Depending on which function(s) a GC is planned to perform (ecological alone or combined
with cultural and/or recreational), different biophysical structures will be implemented
along the GC, with the potential to attract more or less people. Furthermore, if GCs provide
the abovementioned social, health, and well-being benefits to the people who use them
(i.e., users), our hypothesis is that we would find more users where vegetation was more
diverse and/or more abundant. To test our hypothesis, we counted the number of GCs
users (and their characteristics: apparent gender, mode of travel, age, etc.) in the same
places where we assessed the tree and shrub community, as well as which vegetation
variables influenced the number of users.

Our objectives were to: (i) characterize the plant diversity and its functional patterns
in the nine GCs in the city of Lisbon (Portugal) and (ii) assess whether people value
GCs’ plant diversity. Our study aims to provide scientific knowledge to local authorities
(and to the Lisbon City Council in particular) so that they can maximize GCs’ ecological,
environmental, social, health, and well-being benefits, and thus contribute to subsidizing
urban planning actions that improve urban life quality.
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2. Materials and Methods
2.1. Study Area

This study was carried out in the city of Lisbon (Portugal) which has a total area of
83.84 km2, of which 18% (~15.10 km2) correspond to urban green spaces (Figure 1). The
climate is Mediterranean, characterized by hot and dry summers, contrasting with cold,
humid, and rainy winters. Lisbon is located in a transition zone between the Atlantic
Ocean and the Mediterranean Sea and between Africa and Eurasia, hence presenting
unique characteristics, containing more biodiversity than the average European city [22].
As one of the oldest European capitals, Lisbon’s landscape and vegetation cover has become
highly fragmentated. As a result, in the past 10 years the city has been going through a
process of territory restructuring and re-arrangement accompanied by the construction
urban green spaces (Municipal Master Plan) [23]. In fact, most of Lisbon’s GCs resulted
from that very process.
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Lisbon’s GCs were thus the target of our study: Ocidental, Alcântara, Olivais, Mon-
santo, Lumiar, Oriental, Ribeirinho, Central, and Periférico. The GCs differ in environmen-
tal context, extension, year of implementation, biophysical structures, and main function(s)
(Table 1 and Figure 1). Sections of Alcântara, Ribeirinho, and Periférico GCs were still being
implemented at the time of the tree and shrub surveys; hence, those unfinished sections
were excluded from our study.
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Table 1. Main characteristics and designation of Lisbon’s GCs.

Designation GC Extension
(km2)

Year of
Implementation Biophysical Structures Function(s)

1 Ocidental 0.40 2015–2017 Public equipment, vegetable gardens, green
spaces Ecological Cultural

2 Vale de
Alcântara 0.53 2017–2020 Bike lane, public equipment (sports), green

spaces
Ecological

Recreational

3 Olivais 0.59 2013–2017 Bike lane, public equipment, vegetable
gardens, green spaces Ecological

4 Monsanto 0.72 1977–2012 Bike lane, public equipment (sports), green
spaces

Ecological
Recreational

5 Alta do Lumiar 0.78 2013 Public equipment, water source, green spaces Ecological

6 Oriental 1.91 2013–2020 Bike lane, vegetable gardens, public
equipment (sports), green spaces

Ecological
Recreational Cultural

7 Ribeirinho 3.58 2009–2020 Bike lane, public equipment (sports), green
spaces

Ecological
Recreational Cultural

8 Central 5.10 2010–2016 Public equipment, water source, green spaces Ecological
Recreational Cultural

9 Periférico 5.81 2009–2020 Bike lane, public equipment, vegetable
gardens, green spaces Ecological

2.2. Characteristics of Tree and Shrub Diversity and Functional Patterns

The diversity of trees and shrubs in the nine GCs was assessed between September
and November 2019, using the quadrant method (20 × 20 m) adapted from Durigan [24],
sampling all trees and shrubs ≥5 cm high. The sampling effort differed between GCs
and was not related with GC’s extension because: (i) as the locations for assessing plant
diversity would be the same for counting the number of users, the sampling points had to
guarantee good access, safety, sanitary environment, existence of recreational and sports
facilities, and landscape diversity; (ii) some GCs (e.g., Ribeirinho, Central and Periférico)
are discontinuous and have areas with limited green structures (e.g., avenues—Figure 1);
(iii) the sections of some GCs (Alcântara, Ribeirinho, and Periférico) were still being
implemented and were therefore excluded from the surveys; and iv) some GCs present
very few different habitats along its extension, and therefore negligible differences in
floristic composition overall. Taking into consideration the mentioned constraints, we
made 58 surveys in total: 5 surveys in GC 1 (Ocidental), 4 surveys in GC 2 (Alcântara),
4 surveys in GC 3 (Olivais), 9 surveys in GC 4 (Monsanto), 5 surveys in GC 5 (Lumiar),
6 surveys in GC 6 (Oriental), 12 surveys in GC 7 (Ribeirinho), 4 surveys in GC 8 (Central),
and 9 surveys in GC 9 (Periférico) (Table 2). The location of the quadrants was registered
using a GPS device (Garmin eTrex® 30×, Olathe, KS, USA) and a digital camera (Canon
SX540 HS—20.3 Megapixels, Tokyo, Japan).
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Table 2. Characterization of the tree and shrub community in Lisbon’s green corridors (GCs). List of the trees and shrubs observed between September and November 2019, their cumulative
abundance (i.e., accounting for all the surveys performed in a given GC; the number of surveys per GC is shown in parenthesis below green corridor designation), and their functional traits
(origin—O; size—S; pollination mode—P; seed dispersion mode—D; leaf lifespan—L; and fruit type—F).

Green Corridor

Family Species O S P D L F 1 2 3 4 5 6 7 8 9

(5) (4) (4) (9) (5) (6) (12) (4) (9)

Adoxaceae Viburnum tinus (L.) N S E A E F 3

Altingiaceae Liquidambar styraciflua (L.) E T E A D D 1

Anacardiaceae Pistacia lentiscus (L.) E T A Z E F 6

Schinus molle (L.) E T E Z E F 1

Apocynaceae Nerium oleander (L.) E S E A E D 2 7

Aquifoliaceae Ilex aquifolium (L.) E T E Z E F 1

Araucariaceae Araucaria heterophylla (Salisb.) E T A A E D 2

Arecaceae Chamaerops humilis (L.) N S A Z E F 3

Livistona chinensis (Jacq.) E T E Z E F 2

Washingtonia robusta (Wendland) E T E Z E F 1

Betulaceae Almus glutinosa (L.) N T A A D D 1 6 3

Bignoniaceae Jacaranda mimosifolia (D. Don) E T E A E D 1

Buxaceae Buxus sempervirens (L.) E S E Z E D 60

Cannabaceae Celtis australis (L.) E T E A D F 2 4 1 1 6 1

Caprifoliaceae Abelia x grandiflora (André) E S E A E D 5

Casuarinaceae Casuarina equisetifolia (L.) E T E A E D 3 2

Cupressaceae Cupressus sempervirens (L.) E T A A E D 2

Cupressus lusitanica (Miller) E T A A E D 16

Cycadaceae Cycas revoluta (Thunberg) E S E Z E D 5

Elaeagnaceae Elaeagnus angustifolia (L.) E S E Z D F 20 1
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Table 2. Cont.

Green Corridor

Family Species O S P D L F 1 2 3 4 5 6 7 8 9

(5) (4) (4) (9) (5) (6) (12) (4) (9)

Ericaceae Arbutus unedo (L.) N T E Z E F 1 4 3 1 6

Rhododendron ponticum (L.) E S A A E D 1

Fabaceae Acacia melanoxylon (Aiton) E T E Z E D 3 3

Albizia julibrissin (Durazz) E T A A D D 1

Cercis siliquastrum (L.) E T E A D D 1 3 3 1 1

Ceratonia síliqua (L.) E T A A E D 1

Coronilla valentina (L.) N T E A E D 1

Erythrina crista-galli (L.) E T E Z D D 1

Erythrina variegata (L.) E T E Z D D 3

Sophara japonica (L.) E T E A D D 1

Tipuana tipu (Benth.) E T E A E D 1

Fagaceae Quercus ilex (Lam.) E T A Z E D 1

Quercus robur (L.) E T A Z D D 1

Quercus pubescens (Willd.) E T A Z D D 2 1

Quercus suber (L.) N T A Z E D 2 6 1 10

Lamioceae Vitex agnus costus (L.) N T A Z D F 1

Lauraceae Laurus nobilis (L.) E T E Z E F 1

Magnoliaceae Magnolia grandiflora (L.) E T E Z E D 4

Meliaceae Melia azedarach (L.) E T E Z D F 5 6

Moraceae Ficus carica (L.) E T E Z D F 1

Morus nigra (L.) E S E Z D F 1 1
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Table 2. Cont.

Green Corridor

Family Species O S P D L F 1 2 3 4 5 6 7 8 9

(5) (4) (4) (9) (5) (6) (12) (4) (9)

Myoporaceae Myoporum laetum (Forst.) E T E A E F 4

Myrtaceae Callistemon speciosus (Sims) E S E Z E D 18

Eucalyptus globulus (Labill.) E T E A E D 2

Myrtus communis (L.) E S E Z E F 1 1

Oleaceae Fraxinus angustifolia (Vahl) N T A A D D 8 3 3

Ligustrum lucidum (Aiton) E T E Z E F 5

Olea europaea (L.) E T A Z E F 6 3 5 1 2

Phillyrea latifolia (L.) N T E Z E F 2 1

Pinaceae Pinus pinaster (Aiton) N T A A E D 1 5 5 1 8 3

Pinus pinea (L.) N T A Z E D 3 2 1 1 9 2

Pittosporaceae Pittosporum tobia (Thunb.) E S E Z E D 12 9

Platanaceae Platanus hispanica (Mill.) E T A A D D 2 2 1 8

Proteaceae Grevillea robusta (Cunn.) E T A A D D 8 4

Rosaceae Cotoneaster coriaceus (Franch.) E S E Z D F 7

Crataegus monogyna (Jacq.) N T E Z D F 9

Cotoneaster pannosus (Franch.) E S E Z E F 3

Prunus avium (L.) E T E Z D F 4 1 8

Prunus dulcis (Mill.) E T E Z D F 1 1 1

Prunus cerasifera (Ehrh.) E T E Z D F 1 1

Pyracantha (Roem.) E T E Z E F 9

Pyracantha coccinea (Roem.) E S E Z E F 1

Sorbus aria (L.) E T E Z D F 1

Sorbus latifolia (Lam.) N T E Z D F 1



Sustainability 2021, 13, 13228 8 of 19

Table 2. Cont.

Green Corridor

Family Species O S P D L F 1 2 3 4 5 6 7 8 9

(5) (4) (4) (9) (5) (6) (12) (4) (9)

Salicaceae Populus alba (L.) N T A A D D 2 3 1

Populus nigra (L.) N T A A D D 1 6 8 6 12 5 21 7

Salix alba (L.) E T A A D D 1

Scrophulariaceae Buddleja daviddii (Franch.) E S E A D D 6

Tamaricaceae Tamarix africana (Poir.) E T E A D D 2

Tamarix parviflora (DC.) E S E A D D 2

35 families 70 species 27 20 20 145 61 37 121 27 79

Colour codes for tree and shrub functional traits are the same as in Figures 2 and 3. Origin: native (N)/exotic (E). Size: tree (T)/shrub (S). Pollination mode: anemophilous (A)/entomophilous (E). Seed dispersal
mode: anemochory (A)/zoochory (Z). Foliage lifespan: deciduous (D)/evergreens (E). Fruit type: fleshy (F)/dry (D). GCs: 1—Ocidental, 2—Alcântara, 3—Olivais, 4—Monsanto, 5—Lumiar, 6—Oriental,
7—Ribeirinho, 8—Central, 9—Periférico.
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To identify the tree and shrub species we combined analysis of plant physiological
and morphological characteristics according to the APG IV classification system [25],
specialized bibliography (botanical manual) [26,27] and the citizen science app PlantNet.
From the tree and shrub community assessments, it was possible to calculate:

(a) Relative abundance—number of tree and shrub individuals observed per survey;
(b) Species richness (S)—number of tree and shrub species observed per survey;
(c) Species evenness (J)—is a measure of diversity that quantifies how equal the commu-

nity is numerically. Varies from 0 (zero) to 1 (one), with values closer to zero reflecting
an uneven community is (i.e., one or more species are dominant) and vice versa.

Finally, plant species were grouped according to functional traits relevant for urban
ecosystem functioning and environmental balance [14]. We studied the following traits
adapted from Cornelissen et al. [13] and Duncan et al. [28]:

(a) Species size: tree (≥6 m) versus shrub (≤5 m) [29]. Species size does not refer to the
observed size of the individuals, but the maximum size described for a given species;

(b) Species origin: native versus exotic. Although it is not consensual, we considered
species origin as a functional trait in this study;

(c) Pollination mode: anemophilous (pollination occurs through the wind) versus en-
tomophilous (insects are the pollinating agents). Pollination mode was determined
based on field observations and morphological analysis [30];

(d) Seed dispersal mode: anemochory (dispersion is wind-facilitated) versus zoochory
(dispersion is animal-facilitated);

(e) Foliage lifespan: deciduous (plants shed their leaves during unfavorable seasons)
versus evergreens (maintain their foliage permanently);

(f) Fruit type: fleshy (the pericarp is succulent and attracts animals that will contribute to
seed dispersion) versus dry (the pericarp is dry and normally the seed is wind dispersed).

2.3. Characteristics of GCs Users

To assess Lisbon’s GCs users, we counted the number of people using each of the
nine GCs, in June, July, and October 2020 (no survey was made on very hot—>35 ◦C—or
cloudy/rainy days). GCs users were counted during 1 h periods on weekdays in two time
periods: in the morning between 9:00 and 12:00, and in the afternoon between 15:00 and
19:00. The locations for counting the number of users coincided with the 58 sampling points
previously established for the tree and shrub surveys. As previously mentioned, these
locations guaranteed: (1) good access, (2) safety, (3) clean environment, (4) recreational
and sports facilities, and (5) landscape diversity. To ensure we did not overcount users
(e.g., counted the same person twice), we made photographic records with a digital camera
(Canon SX540 HS—20.3 Megapixels, Tokyo, Japan). GCs users were characterized in
terms of:

(a) Gender: male or female.
(b) Age: children <11 years old; young between 12 and 24 years old; adults between 25

and 64 years old; and elderly >65 years old.
(c) Company: alone or accompanied.
(d) Mobility: walking, running, bicycle, others (skate, rollerblades, and scooter).
(e) Purpose of using the GC: commuting to work/school, leisure, or sport.

2.4. Statistics

To confirm that our sampling effort to assess tree and shrub diversity was adequate,
we built a species accumulation curve by the rarefaction method (data not shown) using
Statistical Estimation of Species Richness and Shared Species from samples—Estimates
(Version 9.1.0, 2019) [31].

Despite trying different data transformations (e.g., log, ln), our plant diversity and
users’ variables did not show a normal distribution (Shapiro-Wilk test, p < 0.05). Therefore,
the effect of the GC on plant diversity and functional traits, and on users’ characteristics
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was tested separately using a non-parametric test (Kruskal-Wallis test followed by pairwise
Mann-Whitney tests with Bonferroni correction, p < 0.05). To relate plant (diversity and
functional traits) and users’ variables we used a principal component analysis (PCA),
whereby we pooled all sampling points (n = 58). Preliminary analyses were performed
to ensure there was no violation of the assumptions regarding the PCA application (e.g.,
Kaiser-Meyer-Olkin Measure of Sampling Adequacy and Bartlett’s test of sphericity). SPSS
(version 27.0, IBM, Inc., Chicago, IL, USA) was used for all of these analyses.

The influence of plant diversity variables (tree and shrub richness and relative abun-
dance) on the number of users was tested using Generalized Linear Models (GLMs) with
Negative Binomial distribution (connection recording function) due to users’ characteristics
(counting data and presenting super dispersion). We further included GC’s function(s)
in the GLMs, which was shown to be significant. Finally, the effect of GC function(s)
on the number of users was tested with the Tukey test using lsmeans (Least Square
Media, p < 0.05). We used the statistical software R version 3.6.0 [32] for these analyses.

3. Results
3.1. Tree and Shrub Diversity and Functional Patterns

Along the nine GCs, we observed trees and shrubs belonging to 70 species, distributed
across 35 families. Although the GCs differed in tree and shrub composition and abundance
(Tables 2 and 3), the most represented families were Rosaceae (10 species and 49 individ-
uals) and Fabaceae (9 species and 24 individuals). The rare and less abundant species
(1–5 individuals) were mostly exotic, while the most abundant species (>5 individuals)
were native (e.g., Populus nigra, Buxus sempervirens, Pinus pinaster, and Quercus suber) or
naturalized (Elaeagnus angustifolia—Table 2).

Table 3. Characterization of the tree and shrub community in Lisbon’s GCs in terms of relative abundance and diversity
(species richness and evenness). Different letters show significant differences between GCs (p < 0.05). Values are the mean
± SD (n = variable—see Table 2).

GCs Number of Surveys Relative Abundance (ind. Survey−1) Species Richness (sp. Survey−1) Species Evenness (J)

1—Ocidental 5 5.4 ± 3.8 b 2.6 ± 0.5 a 0.4 ± 0.1 a

2—Alcântara 4 5.0 ± 3.9 b 1.5 ± 0.5 b 0.4 ± 0.1 a

3—Olivais 4 5.0 ± 3.9 b 1.8 ± 0.5 b 0.4 ± 0.1 a

4—Monsanto 9 16.1 ± 3.7 a 2.7 ± 0.5 a 0.3 ± 0.1 b

5—Lumiar 5 12.2 ± 2.5 a 2.8 ± 0.5 a 0.3 ± 0.1 b

6—Oriental 6 6.2 ± 1.8 ab 2.3 ± 0.5 ab 0.3 ± 0.1 b

7—Ribeirinho 12 10.1 ± 1.7 ab 2.1 ± 0.6 ab 0.3 ± 0.1 b

8—Central 4 6.8 ± 1.4 ab 1.5 ± 0.8 b 0.4 ± 0.1 a

9—Periférico 9 8.8 ± 0.0 ab 2.7 ± 0.5 a 0.3 ± 0.1 b

Most GCs were very heterogeneous along their extension, as shown by their high
variation. We observed the highest tree and shrub relative abundance in GCs 4 (Monsanto)
and 5 (Lumiar), while GCs 1 (Ocidental), 2 (Alcântara), and 3 (Olivais) had the lowest
tree and shrub relative abundance (Table 3). We also observed the highest number of
tree and shrub species (i.e., species richness) in GC 4 (Monsanto), together with GCs
1 (Ocidental), 5 (Lumiar), and 9 (Periférico), while GCs 2 (Alcântara), 3 (Olivais), and
8 (Central) were those with the lowest values of species richness. Although the variation
was very small, GCs 1 (Ocidental), 2 (Alcântara), 3 (Olivais), and 8 (Central) showed more
evenness between trees and shrubs, while GCs 4 (Monsanto), 5 (Lumiar), 6 (Oriental),
7 (Ribeirinho), and 9 (Periférico) had lower evenness values, reflecting a greater dominance
of some species.

Considering the set of the nine Lisbon’s GCs, most of the observed species were trees
(77%), had exotic origin (80%), were pollinated by insects (entomophilous—70%), fruits
were dispersed by animals (zoochory—58%), with evergreen leaves (55%), and produced
dry fruits (61%—Figure 2). However, some GCs showed a different pattern of functional
traits. For example, in GCs 2 (Alcântara) and 3 (Olivais) we only observed trees that were
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mostly native (67% and 57%, respectively), displaying anemophilous pollination (67% and
57%, respectively), fruits with wind-dispersion (83% and 57%, respectively), deciduous
leaves (67% and 86%, respectively), and dry fruits (83% and 71%, respectively).
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Analysis of the functional traits considering the plants (trees and shrubs—Figure 3)
showed a similar pattern to that of species (Figure 2) but highlighted differences in some
functional traits. Thus, most of the plants we observed were trees (70%), exotic (64%),
with pollination by insects (entomophilous—54%) and dispersal by animals (zoochory—
53%), evergreen (55%), and that produce dry fruits (71%). Again, GCs 2 (Alcântara) and
3 (Olivais) showed a distinct pattern of functional traits.

3.2. GCs’ Users

Most GCs had a similar number of users. However, the most frequented GCs
were 7 (Ribeirinho) and 8 (Central). The GCs with fewer users were 1 (Ocidental) and
2 (Alcântara) (Figure 4a). When characterizing Lisbon’s GCs users, we found no significant
difference between users according to their gender (Figure 4b). However, most GCs users
were young and adults (30% and 50%, respectively), walking (85%) accompanied (66%),
performing leisure activities (61%) (Figure 4).
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3.3. Relationship between GCs’ Tree and Shrub Diversity and Users

Principal Component Analysis (PCA) of GCs’ tree and shrub diversity and users
showed that the first two components explained 64% of the variance (Figure 5). PC1,
which explained 42% of the variance, was associated with the number of users and users’
dominant characteristics (e.g., adults, walking accompanied). PC2, which explained 22%
of the variance, was associated with the number of tree and shrub species (i.e., species
richness). Therefore, there were two gradients along which the nine Lisbon’s GCs were
distributed: very frequented GCs with high tree and shrub species richness (e.g., GC 7—
Ribeirinho) and less frequented GCs and with low tree and shrub species richness (e.g., GC
2—Alcântara). Both tree and shrub relative abundance and plant functional traits showed
low loadings (<0.8—Table S1) for the first two axes of the PCA. However, tree and shrub
relative abundance was more associated with the number of users.

In fact, the tree and shrub relative abundance had a positive influence on the number
of users (Table 4 and Figure 6a) but not tree and shrub richness (Table 4). The GLM estimate
for the tree and shrub relative abundance was 0.04 (data not shown), meaning that when
increasing the tree and shrub relative abundance by one unit, we would expect to have
+1 user (3.74%). The function(s) for which a GC was designed also influenced the number
of users, with people clearly preferring the most multifunctional GCs (i.e., GCs fulfilling
ecological + cultural + recreational functions) (Figure 6b). We tested other models (without
GC function(s), with other plant variables) but selected the model on Table 4 based on
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the normal distribution of the model residuals (Shapiro–Wilk test, p = 0.1321), Akaike
information criterion (AIC = 514.6), and the Chi-square test (p < 0.05).
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Table 4. GLM results to assess if the number of GC users could be predicted by the tree and shrub
diversity variables and/or GC function(s). Relative fitness of the model was evaluated via deviance,
residuals distribution, and Akaike information criteria (AIC).

Explaining Variable DF Deviance p-Value

Functions 3 33.398 <0.001
Tree and shrub

relative abundance 1 17.438 <0.001

Tree and shrub
richness 1 2.320 0.1277

Residuals
(Shapiro–Wilk test) 0.1321

AIC 514.6
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4. Discussion

By characterizing, for the first time, urban GCs’ tree and shrub community and their
users, we were able to confirm our hypothesis that people prefer “greener” (with more
abundant trees and shrubs) corridors. Further, GCs function(s) also influenced the number
of users, with people clearly preferring the most multifunctional GCs (i.e., GCs fulfilling
ecological + cultural + recreational functions).
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4.1. GCs Promote Urban Biodiversity and Human Wellbeing

Urban ecosystems do not have to be barriers to biodiversity, instead they can function
as housing for plant diversity and consequently contribute to the maintenance of urban
fauna, as suggested by the involvement of insects and other animals in the dominant pollina-
tion and seed dispersal modes found in GCs trees and shrubs (Table 2 and Figures 2 and 3).
Since there are no studies on plant diversity in GCs, we compared the tree and shrub
richness we observed in the set of the nine GCs with that reported for street trees, as both
components of urban green spaces have a similar linear structure. Using Brazilian cities
as examples, de Almeida and Barbosa [33] observed 45 species in Cacoal-Rondônia and
Kramer and Krupek [17] observed 98 species in Guarapuava-Paraná. Therefore, Lisbon’s
GCs showed an intermediate tree and shrub species richness (Table 2).

When analyzing the mean tree and shrub species richness per GC, we found low
values (1.5–2.8 species per 400 m2—Table 3), which reflects the fact that GCs are composed
of forest fragments that were implemented/revitalized in the last decade and share the
space with other urban infrastructures (Table 1 and Figure 1). The low tree and shrub
evenness in Lisbon GCs (Table 3) reflects the fact that only 3% of the species were dominant
and almost 60% of species were rare and less abundant (Table 2), as observed in other
studies [34]. Despite its artificial characteristics, Lisbon’s green infrastructure gained
functionality with the implementation of the GCs network [35].

Although it is more likely to have suitable conditions for different plant communities
along longer GCs (e.g., GC 9 is 5.81 km2) than in shorter ones (e.g., GC 1 is 0.4 km2), our
sampling effort allowed us to detect most tree and shrub species (>80%, data not shown).
Therefore, the differences in GCs’ tree and shrub composition and relative abundance
(Tables 2 and 3) may be related with the periods of GCs’ implementation, some of which
were still being concluded at the time of our study (e.g., GC 2, 6, 7, and 9) (Table 1).
Additionally, since 1977 (the year the implementation of the first GC in Lisbon started—
GC 4) until 2020 (when the last sections of the most recent GCs were being completed—GC
2, 6, 7, and 9) there were 8 years of low precipitation, and between 2016 and 2019 there were
3 consecutive years of severe droughts. Since GCs were implemented in different years,
the drought periods may have decreased tree and shrub survival, especially if droughts
occurred soon after trees and shrubs were planted. Frequent droughts may also have
contributed to changing plant community composition to promote more drought tolerant
species. The drought periods and the low soil organic matter result in low water holding
capacity (e.g., GC 6), which may have affected tree and shrub survival and functionality
in the urban environment, and the reforestation plan of the Lisbon City Council [36]. The
GCs with higher tree and shrub relative abundance were implemented when there were
fewer droughts.

Tree and shrub functional traits are of great relevance in cities where the environment
is constantly changing. Small plant species producing dry fruits tend to be favored by
strongly disturbed environments [37,38] and urban management since small plants are
more compatible with sidewalks and urban power lines [39], and fleshy fruits can cause
accidents [33]. In fact, in Lisbon’s GCs, most species and plants produced dry fruits, but
they were large trees (Table 2 and Figures 2 and 3). The dominance of species and of trees
and shrubs with entomophilous pollination (Figures 2c and 3c) and zoochory (Figures 2d
and 3d) agrees with other studies in cities in Brazil [40,41], United States of America [15],
Hong Kong [42], and Germany [16].

The large number of species and exotic trees and shrubs that we observed in the GCs
(Table 2 and Figures 2b and 3b) agrees with other studies on street trees [33,43]. However,
the use of exotic species entails risks, namely: (i) considerable probability of competition
with native species and subsequent native population decline [44]; (ii) homogenization
of the urban flora composition [18]; (iii) damage to local fauna, with loss of habitats [45];
and iv) biological invasions [46]. The fact that most rare and low abundant species
(1–5 individuals—Table 2) are exotic suggests that these plants are not yet reproducing
and have not become invasive. However, in species invasions time-lags need to be consid-
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ered [47], which calls for periodic monitoring of exotic plant species. By contrast, native
species benefit from genetic variability, preserve local flora, etc. [48,49], which can turn
cities into true ecological corridors connected with nearby forest fragments and increase
the permeability of the urban environment [50]. Furthermore, the city and the flora will
both benefit from such interactions because ecological processes essential to reproduction
and species persistence will be maintained [42]. However, the use of native plant species
in cities is not always possible due to the highly disturbed urban environment [51], re-
duced green spaces, and little or no connectivity between them [52]. Overall, and despite
the constraints in using native plant species, these should be preferred in detriment of
exotic plants.

Although deciduous species provide greater well-being [53] (i.e., in the summer they
provide shade and reduce the heat waves typical of southern European cities, and in the
winter they allow more light), in Lisbon’s GCs, most species and trees and shrubs were
evergreens (Table 2 and Figures 2e and 3e). This may reflect the fact that evergreen species
do not require maintenance due to leaf fall (as deciduous species do), and evergreen species
are more adapted to the water stress that characterizes the Mediterranean climate, and
which is increasing due to climate change [36]. The advantages of using evergreen trees
and shrubs could be maximized for building ecological functionality and resilience if the
species used in Lisbon’s GCs were native, which is not the case.

The dominance of trees and shrubs whose seed dispersal is made by animals (i.e.,
zoochory) that we observed in Lisbon’s GCs can increase the amount and variety of
resources available to the local fauna [39], such as bats [42], lizards [54], and birds [55].
Furthermore, the people who use the GCs can also collect the edible fruits, which can
contribute to environmental education and improve people’s relationship with nature.

Human choices of which species will form urban vegetation act as strong selective
filters for richness and functional types of plants found in cities [38,51]. Furthermore, the
ecosystem services provided by urban green spaces are more important for the city’s envi-
ronmental sustainability and human well-being than the number of species, so functional
diversity should be considered as a conservation tool in the design of GCs [56].

4.2. Linking GCs’ Tree and Shrub Community and Users

The influence of GCs on urban biodiversity comes from the revitalization of existing
green spaces and the implementation of new ones. Lisbon’s GCs also seem to influence
human well-being as we observed a positive influence of the tree and shrub relative
abundance on the number of users (Table 4 and Figure 6a). Considering that this census of
GCs’ users was made during the pandemic, the total number of observed people is relevant
(>4500 people) and, as observed in Spain, Italy, Israel, and Lithuania, probably reflects
population’s rapprochement with nature and green elements triggered by the confinement
during the previous months [57].

Most GCs’ users were adults (Figure 4), which is in line with a survey on the use
of Lisbon’s green spaces [21] and reflects the dominance of this age group in Lisbon’s
population (adults correspond to ~50%) [58,59]. By contrast, although 24% of Lisbon’s
population are elderly, the low frequency of this age group in the GCs (10% elderly)
(Figure 4c) may reflect reduced mobility and health concerns generated by the pandemic.

The fact that most GCs’ users were developing leisure or sports activities accompanied
by other users may also be related to the pandemic, as socializing outdoors is known to be
safer than indoors. Additionally, with the closing of gymnasiums and sports centers, and
the fear of indoor activities, outdoor activities such as walking, hiking, and other outdoor
sports became an option for many people. Thus, it is possible that the pandemic helped
some people to start using GCs as a preferred place to socialize, relax, or practice sports.

Multifactorial analysis of the GCs’ tree and shrub community (and their characteristics)
and users (and their characteristics) showed that the number of tree and shrub species (i.e.,
richness) was not the main factor explaining the number of users. Although the tree and
shrub relative abundance had a smaller influence than expected (loading < 0.8, Table S1),
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this biodiversity variable influenced positively the number of users (Table 4 and Figure 6a).
Further, we could observe that the most multifunctional GCs (GCs fulfilling ecological,
cultural, and recreational functions) were the most frequented by the local community and
tourists (Table 4 and Figure 6b), especially in the GC sections with more recreational and
sports infrastructures. GC 7 (Ribeirinho), which differed from the other GCs in the PCA
(Figure 5), is a good example of other factors that attract users: besides having recreational
and sports infrastructures (Table 1), as it extends along the Tagus River (Figure 1), it
provides a particularly visually attractive landscape, which explains why it has more users
than any other GC in Lisbon (Figures 4–6). Urban public instruments (e.g., garden benches,
sports, and recreational equipment), GCs’ maintenance and the presence of drinking
fountains along the GCs appear to be factors that attract users.

5. Conclusions

The tree and shrub communities in GCs, and their functional patterns, may connect
urban green spaces and function as ecological refuges for urban fauna, thus promoting
urban biodiversity. However, the number of exotic tree and shrub species that are currently
used in Lisbon GCs is excessive, which contrasts with that of native trees and shrubs.
The design and implementation of Lisbon’s GCs favor more the inclusion of citizens than
ecological functionality and resilience. Therefore, and although Lisbon’s GCs improve
urban mobility, environmental comfort, and human well-being, urban green spaces projects
should promote ecological complexity, increasing the size and connectivity between green
spaces. While there is a positive influence of tree and shrub relative abundance on users,
users prefer more multifunctional GCs (and GC sections). Thus, as urban populations
grow, implementing and revitalizing urban GCs promoting the adequate set of functional
traits (e.g., native species pollinated by insects and with fruit dispersion by animals) can
be an important strategy to promote ecologically resilient urban ecosystems that provide
benefits to people and nature.

Supplementary Materials: The following is available online at https://www.mdpi.com/article/10
.3390/su132313228/s1, Table S1: PCA component matrix for the first 2 components.
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