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Abstract

The growth of the world’s urban population enhances the interest for urban
forests and their ecosystem services (ES). Trees and shrubs in urban environments
provide habitats for many living organisms and several supporting services for human
well-being, such as biodiversity increasing. The aim of the research was to assess
supporting ES in terms of biodiversity provided by woody species of the Turin city, one
of the most polluted Italian cities. After a deep bibliographic research, data of the
census provided in March 2019 by the Turin Municipality (AlberaTo system) were
analysed using a GIS platform. The main ecological indicators have been analysed to
evaluate the level of woody species biodiversity of the city (Simpson’ diversity index
and Shannon evenness index) and their ecosystem services. The levels of biodiversity
are different among neighborhoods, the mean diversity values were generally medium-
high, and the evenness values were high. Furthermore, the degree of similarity among
neighborhoods was calculated with Jaccard index and Bray-Curtis index. The study
suggested planning guidelines for selecting in which Turin neigborhoods the
improvement of biodiversity is a priority. The future green areas planning activities
must consider these results, aiming at increasing the number of woody species and the
related level of biodiversity in the neighborhoods of Turin.
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INTRODUCTION

Urban green areas are important for sustainable and healthy cities’ development,
supplying several ecosystem services. In dense urbanised cities, biodiversity, that belongs to
the supporting ecosystem services, can be improved with correct urban green infrastructure
planning (Capotorti et al., 2019). Trees have an important role in increasing biodiversity and
ecosystem provision in cities (Morgenroth et al., 2016), but also shrubs, that not always are
considered, can give a contribute in this sense. According with Carrus et al. (2015) the level of
biodiversity in urban or peri-urban green spaces influences positively the human wellbeing.

Battisti et al. (2019a) reported that Turin neighborhoods are different themselves for
the ecosystem services provision and socio-demographic conditions. Particularly, they
observed that the biggest need of ecosystem services improvement is in neighborhoods
located in the central and southern part of the city.

In this context, the present research proposed a methodology for identify the level of
biodiversity in the different Turin neighborhoods. Like proposed by Hurley and Emery (2018)
the study was focused not only on trees but also on shrubs.

Research aim

The aim of the research was to assess supporting ecosystem services (ES) in Turin city
provided by woody species at neighborhood’s scale. For this reason, the level of biodiversity
related to the woody species was analysed with some ecological indices.
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MATERIALS AND METHODS

Study area

Turin is an Italian city located in the West Po Valley in Piedmont close to the Alps and is
characterized by a low air circulation and high air pollution (European Environmental Agency,
2018). It is the Turin’s Metropolitan City’s capital, characterised by 312 municipalities,
covering 6,827 km? with about 2,270,000 inhabitants. Turin extents over 130 km? where
nearly 883,000 people are living in.

Turin public geoportal contains the main cartographic information about the city.
Relatively to the woody species, they were censed into a web application used for trees
management called Albera.TO. Like shown in Figure 1, in Albera.TO 63 701 trees and shrubs
are mapped. Cartographic analysis was carried out with QGIS 2.18.1 software (Open Source
Geospatial Foundation, Beaverton, OR, USA). Data was provided by Albera.TO in March 2019
(Albera.TO, 2019).

@ Woody species
[] Turin neighborhoods

Figure 1. Woody species censed on Turin’s Albera.TO system. Data for neighborhoods 21 and
22 are not available. Turin neighborhoods: Centro (1), San Salvario (2), Crocetta
(3), San Paolo (4), Cenisia (5), San Donato (6), Aurora (7), Vanchiglia (8), Nizza
Millefonti (9), Mercati Generali (10), Santa Rita (11), Mirafiori Nord (12), Pozzo
Strada (13), Parella (14), Le Vallette (15), Madonna di Campagna (16), Borgata
Vittoria (17), Barriera di Milano (18), Falchera (19), Regio Parco (20), Madonna del
Pilone (21), Borgo Po e Cavoretto (22), Mirafiori Sud (23).
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Assessment method

In order to assess supporting ecosystem services provided by Turin’s woody species’
biodiversity, ecological analyses were performed. Statistical data were processed using Past
3.14 (Hammer et al, 2001). Ecological analysis considered the species diversity among
neighborhoods, based on Simpson diversity index and the Buzas and Gibson’s evenness
(Simpson, 1949; Buzas and Gibson, 1969) and the degree of similarity among the woody
species in the neighborhoods, performing the Jaccard and the Bray-Curtis indexes (Chao et al,,
20006).

Species diversity
At neighborhoods scale, all the individual trees and shrubs were summed, and the
number of species was calculated. Cartographical analyses were made with QGIS software.
Simpson diversity index represents the probability that two trees randomly selected
from a sample will belong to different species. The value ranges between 0 and 1. The greater
the value, the greater the sample diversity. The index was obtained with the following formula:

Simpson index = 1-D

where D is the Dominance (Hammer et al., 2001).

Buzas and Gibson'’s evenness index assumes a value between 0 (communities with only
a single taxon) and 1 (communities with many taxa), with 1 being complete evenness. It was
obtained with the following formula:

Buzas and Gibson’s evenness = eH/s
where H is the Shannon index and S the number of taxa (Hammer et al., 2001).

Degree of similarity among neighborhoods

The degree of woody species abundance between neighborhoods was performed using
Jaccard and Bray-Curtis similarity indices.

Jaccard index (d]) measures similarity using presence/absence data and was calculated
with the following formula:

dj = M/(M + N)

where M is the number of matches and N is the total number of columns with a presence in
just one row (Battisti at al., 2019b).

Instead, Bray-Curtis index (dBC) measures similarity using abundance data and was
calculated with the following formula:
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where Xj; is the entry in the ith row and jth column of the data matrix, Xy is the count for the
ith species in the kth sample (Battisti et al.,, 2019b).

Both indices assume values from 0 to 1 where 1 means that the two compared
communities share all their species, while a value of 0 means they share none.

RESULTS AND DISCUSSION

In Table 1 species diversity indices are reported. The values obtained from Simpson
index are particularly high, always higher than 0.8, indicating a great diversity in terms of
woody species. This result is particularly evident in neighborhoods 2 and 16 where the values
are the closest to 1. Conversely, the results of the Buzas and Gibson’s evenness index are
always very low, indicating a low evenness value in every Turin neighborhoods, especially in
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neighborhood 1 that has the closest value to 0. This could be due to the fact that the large
avenues, with lot of trees, are mainly made up of only one or few species, such as Platanus
orientalis L., Celtis australis L. and Tilia x europaea L.

Table 1. Species richness, Simpson diversity index and Buzas and Gibson’s evenness index of
trees in Turin neighborhoods (modified by Battisti et al, 2019a). Data for
neighborhoods 21 and 22 are not available.

Neighborhoods Individuals §pecies . Sim.pspn Ellbals sty G.ibson’s
richness diversity index evenness index
1. Centro 3961 75 0.86 0.18
2. San Salvario 2860 81 0.95 0.39
3. Crocetta 3924 42 0.78 0.21
4. San Paolo 2036 52 0.88 0.26
5. Cenisia 2374 " 0.88 0.21
6. San Donato 2469 56 0.88 0.25
7. Aurora 2616 53 0.87 0.25
8. Vanchiglia 3261 59 0.89 0.26
9. Nizza Millefonti 1299 52 0.89 0.32
10. Mercati generali 3056 70 0.92 0.31
11. Santa Rita 4247 78 0.86 0.21
12. Mirafiori Nord 4699 74 0.91 0.28
13. Pozzo Strada 4692 73 0.88 0.21
14. Parella 4003 98 0.92 0.24
15. Le Vallette 3673 68 0.91 0.25
16. Madonna di Campagna 2089 81 0.93 0.30
17. Borgata Vittoria 1371 55 0.90 0.31
18. Barriera di Milano 1435 52 0.88 0.29
19. Falchera 2268 66 0.89 0.26
20. Regio Parco 2203 69 0.92 0.32
23. Mirafiori Sud 5165 77 0.89 0.23

Table 2 reports Jaccard index and Bray-Curtis index values of Turin’ neighborhoods.
Generally, it is not possible to state that there are high levels of similarity between
neighborhoods. However, it is possible to observe how the Jaccard index identifies a good
similarity in terms of species presence between neighborhoods 9-23,10-11, 10-12, 10-23 and
12-23. On the other hand, the Bray-Curtis index identifies a good similarity in terms of species
abundance between neighborhoods 3-1, 8-5, 12-8, 12-11, 23-11, 14-12, 23-12, 23-13, 15-14,
15-19 and 15-23.

Therefore, data showed that the level of biodiversity in Turin is medium-high. This level
needs to be improved with correct policies choices. However, primary overarching issues for
biodiversity planning and management are gaps between science and policy, local
government access to research findings, and communication of research to stakeholders. To
conserve biodiversity diverse stakeholders - including ecologists, managers, developers,
students, and citizens - should be encouraged to join in collaborative networks to share data,
engage in interdisciplinary research, and discuss urban biodiversity management, design, and
planning. (Aronson et al,, 2017). Turin needs an urban green areas management plan that
takes into consideration woody species. The mapping of trees and above all shrubs must be
improved. Future goal is to increase biodiversity and, consequently, the level of
neighborhoods’ equitability.
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E(@ Table 2. Jaccard index (italic) and Bray-Curtis index values of Turin neighborhoods. Data for neighborhoods 21 and 22 are not available.
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CONCLUSIONS

The following preliminary conclusions can be drawn from the study:

- Woody species can contribute to increase the biodiversity in urban cities and improve
the supporting ecosystem services supply;

- In Turin there are neighborhoods characterised by higher or lower biodiversity level
and more or less similar themselves. Where the biodiversity level is high, similarity
among neighborhoods is a positive aspect;

- For future planning policies the objective is choose woody species (trees and shrubs)
capable of provide ecosystem services and limit potential disservices.

Literature cited

Albera.TO.  (2019).  http://www.comune.torino.it/verdepubblico/2016/alberi16/nascealberatoapplicativo-
gestione-patrimonio-arboreo.shtml (accessed March 4, 2019).

Aronson, M.E].,, Lepczyk, C.A.,, Evans, K.L.,, Goddard, M.A,, Lerman, S.B., Maclvor, ].S., Nilon, C.H., and Vargo, T. (2017).
Biodiversity in the city: key challenges for urban green space management. Front. Ecol. Environ. 15 (4), 189-196
https://doi.org/10.1002/fee.1480.

Battisti, L., Pomatto, E., and Larcher, F. (2019a). Assessment and Mapping Green Areas Ecosystem Services and
Socio-Demographic Characteristics in Turin Neighborhoods (Italy: Forest). https://doi.org/10.3390/f11010025.

Battisti, L., Pille, L., Wachtel, T, Larcher, F, and Saumel, 1. (2019b). Residential greenery: state of the art and health-
related ecosystem services and disservices in the city of Berlin. Sustainability 11 (6), 1815 https://doi.org/10.
3390/su11061815.

Buzas, M.A., and Gibson, T.G. (1969). Species diversity: benthonic foraminifera in Western North Atlantic. Science
163 (3862), 72-75 https://doi.org/10.1126/science.163.3862.72. PubMed

Capotorti, G., Alos Orti, M.M,, Copiz, R, Fusaro, L., Mollo, B., Salvatori, E., and Zavattero, L. (2019). Biodiversity and
ecosystem serivces in urban green infrastructure planning: a case study from metropolitan area of Rome (Italy).
Urban For. Urban Green. 37, 87-96 https://doi.org/10.1016/j.ufug.2017.12.014.

Carrus, G., Scopelliti, M., Lafortezza, R., Colangelo, G., Ferrini, F, Salbitano, F, Agrimi, M., Portoghesi, L., Semenzato,
P, and Sanesi, G. (2015). Go greener, feel better? The positive effects of biodiversity on the well-being of individuals
visiting urban and peri-urban green areas. Landsc. Urban Plan. 134, 221-228 https://doi.org/10.1016/
jlandurbplan.2014.10.022.

Chao, A, Chazdon, R.L., Colwell, R.K, and Shen, TJ. (2006). Abundance-based similarity indices and their estimation
when there are unseen species in samples. Biometrics 62 (2), 361-371 https://doi.org/10.1111/j.1541-
0420.2005.00489.x. PubMed

European Environmental Agency. (2018). Copernicus Land Monitoring Service. https://www.eea.europa.eu/data-
and-maps/data/copernicus-land-monitoring-service-urban-atlas (accessed April 14, 2019).

Hammer, O., Harper, D.A.T, and Ryan, P.D. (2001). PAST: paleontological statistics software package for education
and data analysis. Palaeontol. Electronica 4, 1-9.

Hurley, P.T, and Emery, M.R. (2018). Locating provisioning ecosystem services in urban forests: forageable woody
species in New York City, USA. Landsc. Urban Plan. 170, 266-275 https://doi.org/10.1016/j.Jandurbplan.2017.
09.025.

Morgenroth, I., Ostberg, I, Konijnendijk van den Bosch, C,, Nielsen, A.B., Hauer, R,, Sjoman, H., Chen, W,, and Jansson,
M. (2016). Urban tree diversity - taking stock and looking ahead. Urban For. Urban Green. 15, 1-5
https://doi.org/10.1016/j.ufug.2015.11.003.

Simpson, E. (1949). Measurement of diversity. Nature 163 (4148), 688 https://doi.org/10.1038/163688a0.

186


https://doi.org/10.1002/fee.1480
https://doi.org/10.3390/f11010025
https://doi.org/10.3390/su11061815
https://doi.org/10.3390/su11061815
https://doi.org/10.1126/science.163.3862.72
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17780177&dopt=Abstract
https://doi.org/10.1016/j.ufug.2017.12.014
https://doi.org/10.1016/j.landurbplan.2014.10.022
https://doi.org/10.1016/j.landurbplan.2014.10.022
https://doi.org/10.1111/j.1541-0420.2005.00489.x
https://doi.org/10.1111/j.1541-0420.2005.00489.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16918900&dopt=Abstract
https://doi.org/10.1016/j.landurbplan.2017.09.025
https://doi.org/10.1016/j.landurbplan.2017.09.025
https://doi.org/10.1016/j.ufug.2015.11.003
https://doi.org/10.1038/163688a0

	Woody species and supporting ecosystem services: the case study of the city of Turin (Italy)
	Abstract
	INTRODUCTION
	Research aim

	MATERIALS AND METHODS
	Study area
	Assessment method
	Species diversity
	Degree of similarity among neighborhoods

	RESULTS AND DISCUSSION
	CONCLUSIONS
	Literature cited

