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Abstract : The biodiversity strategy of companies is part of their financial and social performance. Urban, 

Industrial and Linear Transport Infrastructures (UILTI) integrate green spaces. For these, managers are asking 

for tools to assess and monitor their biodiversity. RENATU is a potential biodiversity indicator. It is composed 

of several indices that concern ecosystem features. The more complex the environment, the greater the 

taxonomic diversity. The complexity of the ecological components, measured by the indices, is indicative of 

the potential for hosting plant and animal species (insects, arthropods, butterflies, birds, mammals, etc.). A 

total of 96 sites were used to test this indicator. The results demonstrate the homogeneity of the ecological 

indices. An evaluation by means of a user questionnaire was used to confirm its relevance as a potential 

biodiversity management tool. Such an indicator is part of the corporate social responsibility strategy. It 

enhances both financial and social performance. 
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RENATU : un outil d'évaluation du potentiel écologique d'un site industriel ou 

urbain pour des utilisateurs non spécialisés 

Résumé : La stratégie de biodiversité des entreprises fait partie de leur performance financière et sociale. Les 

infrastructures de transport urbaines, industrielles et linéaires (ITUIL) intègrent des espaces verts. Pour ceux- 

ci, les gestionnaires sont demandeurs d'outils d'évaluation et de suivi de leur biodiversité. RENATU est un 

indicateur de biodiversité potentielle. Il est composé de plusieurs indices qui concernent les caractéristiques 

des écosystèmes. Plus l'environnement est complexe, plus la diversité taxonomique est importante. La 

complexité des composantes écologiques, mesurée par les indices, est révélatrice du potentiel d'accueil des 

espèces végétales et animales (insectes, arthropodes, papillons, oiseaux, mammifères etc.). Au total, 96 sites 

ont été utilisés pour tester cet indicateur. Les résultats démontrent l'homogénéité des indices écologiques.  
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Une évaluation par le biais d'un questionnaire adressé aux utilisateurs a permis de confirmer sa pertinence en 

tant qu'outil potentiel de gestion de la biodiversité. Un tel indicateur s'inscrit dans la stratégie de responsabilité 

sociale des entreprises. Il permet d'améliorer les performances financières et sociales. 

 

Mots clés : Indicateur de biodiversité potentielle ; outil d'évaluation ; outil de gestion ; emprise verte.   
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1. INTRODUCTION 

1.1 Why evaluate and manage industrial and 

urban green rights-of-way? 

Today’s global economy requires companies to be 

able to synergise the ability to take biodiversity into 

account with business models (Carbone et al. 2013; 

Bara et al. 2021; Farza et al. 2021). Urban, Industrial 

and Linear Transport Infrastructures (UILTI) 

integrate green spaces. These are considered by the 

managers of these infrastructures, public 

authorities and public or private organisations, as 

spaces of the urban green network (Vandermeulen 

et al. 2011). Following the recommendations of 

scientists, public authorities and managers are 

attempting to reduce the negative effects of UILTI 

on biodiversity (Brown et al. 2006; Jackson & Fahrig 

2011; Foures & Pech, 2015; Opoku, 2019) and to 

renature cities (Connop et al. 2016; Matsler 2019). 

The Industrial and Urban Green Spaces (IUGS) which 

correspond to the green spaces of the UILTI play a 

role in the strategies of public authorities and 

companies (Guetté et al. 2017; Opoku 2019; 

Suppakittpaisarn et al. 2019). These UILTI are 

attracting the attention of managers, scientists and 

public authorities because they impact on the status 

of biodiversity (Vergnes et al. 2013; Redon De et al. 

2015; Guetté et al. 2017) and the services provided 

by nature to people in cities but also in compagnies 

(Bomans et al. 2010; Tzoulas and James 2010; Van 

Oudenhoven et al. 2012; Zhang et al. 2014; Connop 

et al. 2016). 

The biodiversity strategy of companies is part of 

their financial and social performance. It enhances 

financial performance and social performance (Wolf 

et al. 2018; Krause et al. 2019). It is recognised that 

green rights-of-way of UILTI have positive effects on 

biodiversity (Ranta 2008; Penone et al. 2012; 

Vergnes et al. 2013; Foures & Pech, 2015; Clevenot 

et al. 2017). For example, for Linear Transport 

Infrastructures (LTI), they provide corridors 

favouring the proliferation of both plant and animal 

species (Penone et al. 2012; Foures & Pech, 2015; 

Redon De et al. 2015). Compared to industrial 

agricultural areas or dense urban spaces, LTI rights-

of-way are considered highly attractive areas for 

fauna and flora (Ranta 2008; Ascensao et al. 2012; 

Penone et al. 2012; Foster 2014; Foures & Pech 

2015; Redon De et al. 2015; Mimet et al. 2016). 

These refuges serve plant species (Redon De et al. 

2008; Penone et al. 2012), pollinating insects 

(Hopwood 2008), amphibians (Le Viol et al. 2009; 

Clevenot et al. 2018), birds (Guetté et al. 2017) and 

small mammals (Bellamy et al. 2000; Ascensao et al. 

2012). For managers, it is increasingly a question of 

considering, protecting, and making UILTI even 

more attractive for biodiversity. However, Kok et al. 

(2020) note that there are few operational tools that 

can be easily used by operators to assess 

biodiversity. The indicators proposed by scientists, 

particularly ecologists, are ecologically robust but 

often difficult for use by public or private business 

operators (Battista et al. 2016; Broszeit et al. 2017; 

Bezombes et al. 2018). This paper presents a tool 

consisting of an indicator that is both ecologically 

robust and simple to use. It aims to address the 

challenges of producing science-based indicators 

that can be applied as a management tool. 

1.2 Issues and objectives of an indicator 

An indicator measures the state and evolution of 

biodiversity or a natural environment, its 

composition and anthropogenic impacts (Bowers 

and Boutin 2008; Burrascano et al. 2011; Di Battista 

et al. 2016; Liquete et al. 2016; Guetté et al. 2017). 

It may consist of a set of precise physical, chemical 

or biological measurements, such as the number of 

individuals or the number of taxa in a given area. 

The European Environment Agency (EEA) defines an 

indicator as “a measure, usually quantitative, that 

can be used to illustrate and report in a simple way 

on complex phenomena related to biodiversity, 

including trends and progress over time” (European 

Environment Agency 2005). 

Infrastructure managers need indicators that are 

user-friendly, efficient, scientifically reliable, and 

simple to use (Levrel 2007; Shakel 2009; 

Vandermeulen et al. 2011). The existing indicators 

are made up of various criteria leading to an index 

(Vergnes et al. 2013; Moreno Pires et al. 2014; 

Haaland & Van den Bosch 2015). There is 

simplification, but for many researchers it is well 

known that the state of a habitat or the presence of 

certain structural indicators of the ecosystem are 

representative of greater complexity (Lavorel & 

Garnier 2002; Garnier et al. 2004; Shipley et al. 

2006; Levrel, 2007; King 2016; Liquete et al. 2016; 
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Guetté et al. 2017). This indicator brings together a 

number of ecological features relating to an 

environment or space (Garnier et al. 2004; 

Geijzendorffer and Roche 2013; Di Battista et al. 

2016). This complexity is significant for biodiversity 

due to the variety of functions within the ecosystem 

and its evolutionary capacities (Elmqvist et al. 2003; 

Chillo et al. 2011; Arponen 2012). Biodiversity 

provides also ecosystem services, which benefit 

human societies and compagnies (Anton et al. 2010; 

Feld et al. 2010; Liquete et al. 2016). 

An indicator thus makes it possible to simplify the 

reality of biodiversity by selecting criteria that make 

it understandable. It can also be composed of 

management elements that are favourable to 

biodiversity, such as the late mowing of lawns to 

encourage nesting by certain birds. It is thus a tool 

for synthesis, evaluation but also for 

communication, as it enables the elements 

collected in the field to be transformed into a set of 

scores (King 2016). An indicator of potential 

biodiversity also makes it possible to take stock of 

the state of an area, and as such can also serve as a 

benchmark for assessing the effectiveness of a 

certain type of management (Gosselin & Larrieu 

2020). Thus, it allows a diagnosis to be made for a 

given area and for management actions to be 

planned (Smyth et al. 2007; Fürst et al. 2010). It also 

facilitates communication, on the one hand towards 

the general public. It can be used as a management 

tool in sustainable development strategies of the 

compagnies (Smyth et al. 2007; Jégou et al. 2012; 

Brunbjerg et al. 2018). 

The indicator RENATU – as in RENATUration of UILTI 

- presented in this article is the result of work carried 

out by scientific laboratories in ecology and 

geography and by the operational, managerial and 

construction personnel of the UILTI within the 

framework of the ITTECOP programme 

(http://www.ittecop.fr/en/ ) and others firms, and 

especially SNCF, Eiffage, PSA and Lidl. This indicator 

is not a scientific ecological indicator but it aims to 

meet the needs of professionals who want to have 

a tool that is easy to use but ecologically valid. This 

indicator does not replace the scientific indicators 

that can be used in addition. In this article we first 

present the way to implement RENATU indicator; 

Then it is presented how the RENATU indicator is 

valid as an ecological assessment tool and as an 

environmental management tool in companies; 

finally, these results are discussed before the 

conclusion. 

2. HOW TO IMPLEMENT RENATU? 

Two conditions are sought for the RENATU 

indicator: it must be ecologically relevant and it 

must be ergonomic for professionals (Shakel 1991; 

Diapan et al. 2019). In order to develop the RENATU 

indicator and validate it (Fig.1), a review of the 

scientific literature was conducted on indicators. 

RENATU consists of several indices concerning 

ecological structures and management elements for 

plant species, generally based on the recognition of 

plant physiognomy, and ecological structural 

components of the site. For this study it was tested 

on the rights-of-way of UILTI in France, mainly in the 

Île-de-France region and in other parts of France in 

relation to industrial sites (Fig. 2). The validation of 

the indicator is based on ecological data collected at 

the same time from eleven sites and on a RENATU 

ergonomics survey of users. 

2.1 Fields of study and choices of patches 

 A green space, a right-of-way bordering a linear 

transportation infrastructure or within an industrial 

area, is composed of several landscape elements, 

from different sectors. They are by definition 

habitats: they are made up of plants (grass, shrubs, 

trees), aquatic elements (pond, river, ditch) and are 

likely to shelter a variety of flora and fauna. The 

objective is to carry out a study design of the 

characteristics of this green space. This design 

allows one to identify the sites where surveys are 

being out using RENATU. It also shows the efforts 

made in terms of ecological management by 

comparing the results of the surveys carried out 

with RENATU. It is a tool for monitoring and tracking 

the ecological status of a green space. 

First, one must take the time to look at and observe 

the green space: what is it made of, are there 

several habitats: they are made up of plants (grass, 

shrubs, trees), aquatic elements (pond, river, ditch) 

and are likely to shelter a variety of flora and fauna. 
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Figure 1: methodological approach to develop and validate the RENATU indicator 

First, one must take time to look at and observe the 

green space: what is it made of, are there several 

habitats (grass, grove, wood, hedge, pond, etc.)? If 

nuances in plant composition and landscape form 

are detected, then it is advisable to separate them 

and decide that there are two or three habitats 

rather than just one: this analysis is part of a 

landscape ecology approach (Forman & Godron 

1981; Fahrig et al. 2011). There is no standard 

dimension to conducting a survey. It can be carried 

out over an area of a few m² or over much larger 

areas if the habitat is homogeneous. As shown in 

Fig. 1, in order to assess RENATU, with three kinds 

of process were applied. 

For this study and to test RENATU, 96 surveys were 

carried out on the right-of-way of an LTI, the 

tramway line 2 located in the eastern part of the 

Greater Paris Metropolis (Metropole du Grand Paris, 

or MGP) (Figs. 2 and 3), a survey along the SNCF line 

at the Sèvre-Ville d'Avray station in the west of Paris 

and industrial sites belonging to the company PSA 

(Fig.3). The choice of the survey patch depends on 

the site, but the size of the 10 x 10 m quadrat was 

taken as a basis for analysis to make our 

comparative study more scientifically robust. The 

only exception is the small 1 m x 1 m survey patches 

used for species surveys to calculate the Shannon 

Indicator, used because it is easy for comparisons 

with RENATU and easy to be used by managers. 

The tramway 2 right-of-way was chosen as an 

example of an urban LTI. It crosses various types of 

urban fabric: very dense urban spaces, made up of 

parks, socioeconomically rich and poor 

neighbourhoods, and housing and business districts 

- particularly La Défense business district (48°53'36'' 

N - 2°14'18'' E). The T2 tramway line was put into 

service in 1997. It extends over 17.9 km and mainly 

serves the business district of La Défense. The 

average density of the urban population is around 

10,000 inhabitants per km² but the line crosses 

sectors of the MGP where urban parks are located 

(Fig.3).  

 
Figure 2: location map of the 6 studied in France 

43 RENATU surveys were carried out in 2017 along 

this urban tramway line, which has green rights-of-

way whose landscape varies along the route. Of the 

43 surveys, 20 corresponded to the stations 

themselves and 23 were carried out between 

stations. In 2019, we carried out analyses of the 
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floristic composition on certain tramway 2 sites 

where analyses were carried out with RENATU. A 

survey was carried out along the SNCF line at the 

Sèvre-Ville d'Avray station west of Paris (48°49'39''N 

- 2°12'03'' E). The other surveys were carried out on 

industrial sites belonging to the PSA group: in the 

Paris region, 13 surveys were carried out at 

Carrières-sous-Poissy (48°56'55''N - 2°02'22''E) and 

10 at the Poissy Expertise Centre (48°55'46''N - 

2°02'44''E); there were 21 surveys at Sochaux in the 

Bourgogne-Franche Comté Region (47°30'55''N - 

6°49'55''E) and 8 at Tremery-Metz (49°14'33''N - 

6°12'53''E), in eastern France (Fig. 2). All these sites 

are located in an urban context with contrasts in 

density, with the highest density at the tramway 2 

stations serving the La Défense district in the 

Greater Paris Metropolitan area. The 

biogeographical regions are comparable, in France, 

with ecological environments characteristic of 

plains in a temperate oceanic climate. 

 
Figure 3: map of the Paris Region with the two 

sectors studied (1.gey lines: rivers and river 

waterways; 2. Dashed grey line: boundary of the 

municipality of Paris; 3. Green area: main Parisian 

green spaces; 4. Pink line: Tramway 2 route; 5. 

Yellow dashed line: railway line 

2.2 The RENATU indicator 

The RENATU indicator provides information on the 

potential for potential biodiversity that would 

develop in the environment under study. It consists 

of 11 indices that assess the state of biodiversity 

estimated by ecological structural components 

(Poorter et al. 2010) and descriptors that provide 

information on the ecological management of green 

rights-of-way. This indicator has been constructed 

from the analysis of various existing indicators that 

make it possible to estimate a site's ecological 

potential and biodiversity carrying capacity (Larrieu 

& Gonin 2008; Fürst et al. 2010; Parks & Mulligan 

2010; Hjort & Luoto 2012; Moreno Pires et al. 2014; 

Clevenot et al. 2017; Gosselin & Larrieu 2020). 

This indicator is composite, as proposed by H.Levrel 

(2007): 11 indices describe stratification, woody 

species richness, trees bearing micro-habitats, the 

herbaceous stratum and its management, leaves 

and flowers of herbaceous species, fences, walls and 

hedges (when present on the site), the presence of 

invasive alien species, the presence of biodiversity 

facilities and the proximity of biodiversity reservoirs. 

Like other indicators (Fürst et al. 2010; Parks & 

Mulligan 2010; Hjort & Luoto 2012; Moreno Pires et 

al. 2014; Clevenot et al. 2017; Gosselin & Larrieu 

2020), RENATU estimates ecological structures and 

potential biodiversity using indices that are 

descriptors of the environment (Mc Donnell & Hahs 

2008). This ecological state of the environment can 

be interpreted by ecological structures concerning 

potential biodiversity as others indicators such as 

Gosselin and Larrieu (2020) proposed for forests. 

For example, the presence of dead wood on the 

ground indicates that it is an ancient woodland and 

therefore of the site and allows us to consider the 

presence of insects, larvae and decomposing worms 

that feed but also serve as prey for other insects or 

birds. The indicator is constructed in such a way that 

it will pick up on this complexity (Mc Donnell & Hahs 

2008). All indices are rated using a scale of 0 to 5. 

The 11 indices are as follows, with 3 indices for 

rating species in the herbaceous stratum. 

2.2.1 Stratification 

The more complex and varied the landscape of the 

study site, the more likely it is to be biologically 

diverse (Burrascano et al. 2011). The diversity of 

strata (large trees, medium trees, shrubs, thickets, 

herbaceous strata, etc.) influences the diversity of 

plant species, habitats (and therefore resources) 

and shelters for fauna. The more complex the 

environment, the greater the taxonomic diversity 

(insects, birds, arthropods, butterflies, mammals 

including bats and squirrels) (Fahrig et al. 2011; 

Gosselin & Larrieu 2020). The floristic composition 

and the microclimatic and light characteristics vary 

according to strata, providing a diversity of habitats, 
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resources and refuges for species (Burrascano et al. 

2011; Gosselin& Gonin 2020). A study conducted in 

the Binjiang Forest Park in Shanghai shows that 

vegetation complexity and structure have a positive 

effect on the compositions (richness and 

abundance) of bird communities (Yang et al. 2015). 

For example, more species are found on lawns and 

in woodlands where shrubs are present than in 

those without (Yang et al. 2015). A stratum is 

considered to be present if it occupies a significant 

area set at least 20% of the space (1/5th) (Gosselin 

& Gonin 2020). Stratification is scored as follows: 

Artificial bare soil (pavement, concrete, etc.): 

Artificial bare ground (bitumen, concrete ...): 0; bare 

soil without vegetation: 1; 1 vegetation stratum: 2; 

2 strata: 3; 3 strata: 4; > 4 strata: 5. Bare soil can be 

colonized by pioneer plants and shelter a specific 

fauna, the pedofauna, which is why it does not get a 

zero score. 

2.2.2 Lignified and woody species richness 

The biodiversity associated with each woody species 

is different and increases globally with the number 

of species (Burrascano et al. 2011; Moser et al. 

2015; Gosselin & Gonin 2020). A greater number of 

species increases the number of ecological niches 

available for fauna (Burrascano et al. 2011; Gosselin 

& Gonin 2020). Woody plant richness also increases 

the vegetation richness of other plant strata 

(Larjavaara 2008). Gamfeldt et al. (2013) show that 

the vegetation richness of the other strata was 31% 

higher with 5 tree species as compared to only one. 

In urban areas, Yang et al. (2015), show that a 

diversity of woody species supports a larger bird 

community. A study in the Greater Paris Metropolis 

shows that the specific richness of birds is related to 

the abundance and diversity of trees and shrubs 

(Husté et al. 2006). A diversity of woody plants 

favours the diversity and abundance of pollinating 

insects (Ebeling et al. 2008; Henning & Ghazoul 

2012). 

To calculate this index, it is necessary to cover the 

area studied and count the different woody species 

(trees and shrubs) present. A score is then 

attributed according to the following scale: 0 

ligneous species: score 0; 1 ligneous species: 1; 2 

ligneous species: 2; 3 ligneous species: 3; 4 and > 4 

ligneous species: 5. Invasive and horticultural 

species are counted, because even if they are of less 

interest for biodiversity, they can be useful for 

certain species, especially in urban areas where 

nature is not very present, such as Buddleia davidii. 

The threshold of 4 species was selected by referring 

to the one used in the PBI (Gosselin & Larrieu 2020). 

In the PBI, the threshold is 5 species, however, it is 

used for forest stands that are often richer in species 

than the UILTIs green rights-of-way. The threshold 

of 4 species was selected with reference to the one 

used in PBI (Gosselin & Larrieu 2020). 

2.2.3 Trees supporting microhabitats 

Trees may have small habitats, known as 

microhabitats, on their branches and trunks 

(Burrascano et al. 2011). They allow different 

species to complete their life cycle and increase the 

carrying capacity of biodiversity on a site (Gosselin 

& Larrieu 2020). Its autumnal flowering provides 

insects with a food resource when pollen and nectar 

are scarce. Birds feed on its fruit and its foliage 

provides a place of refuge and nesting for them. 

Gosselin and Larrieu (2020) list the microhabitats 

that can be found on a tree. It is also on this list that 

the indicator is based, to which are added standing 

dead trees. In order to calculate this indicator, the 

area studied must be covered by identifying and 

counting the microhabitats on the trees. The rating 

scale is based on the one used in PBI, which is based 

on forest stand management boards. The greater 

the number of trees affected by micro-habitats, the 

greater the potential biodiversity. A maximum score 

is given to stands with at least 6 microhabitats per 

hectare (Gosselin & Larrieu 2020), as described in 

the scoring table (Table 1). 

Table 1: RENATU index score on microhabitats 

Surface 
studied 

Score = 0 Score = 2 Score = 5 

< 1000 m² 0 tree 1 tree > 1 tree 

1000 to 
1999 m² 

0 tree > 1 tree > 2 trees 

2000 to 
4999 m² 

0 tree > 2 trees > 3 trees 

> 5000 m² 0 tree 2 to 5 
trees 

> 6 trees 

2.2.4 Herbaceous stratum and its management 

With regard to herbaceous stratum, two indices 

should be considered: the physiognomy of the 

landscape of the area (maintenance, nature and 

frequency of mowing or cutting) and the variety of 
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species, considered in the following indices. Here 

we consider the maintenance of the herbaceous 

stratum with the practice of mowing, cutting, or 

grazing. The later and more widely spaced the 

mowing, or cutting, the more it promotes 

pollination and the presence of wildlife – such as 

insects, butterflies, mammals, and birds - for 

reproduction (egg-laying, nesting) or nutrition 

(Bowers and Boutin 2008). The spacing of mowing 

or reduced grazing increases the variety of species 

in the herbaceous stratum. In Germany, Haenke et 

al. (2009) observed that the diversity of Syrphideae 

was positively correlated with the density and 

diversity of the floral resource. 

A diversity of plants in a variety of shapes provides 

pollinating insects with resources adapted to their 

morphology. Finally, diverse plants will have 

different flowering dates offering a continuously 

available resource for pollinators (Muratet et al. 

2007; Allsopp et al. 2008). In turn, increasing 

pollinator abundance increases the reproductive 

success of plants (Fontaine et al. 2005; Albrecht et 

al. 2012) and the number of insectivorous and 

granivorous birds. Late-mown grasslands have 

higher specific richness and average butterfly 

abundance than grasslands mown early or several 

times (Dover et al. 2000; Hunter & Hunter 2008; 

Huang et al. 2015). Differentiation mowing on the 

same site, such as mosaic mowing, makes it possible 

to create different environmental conditions, such 

as a varied floral procession, and to meet the needs 

of various species (Haynes & Cronin 2003; 

Prevedello & Viera 2010). A point bonus is therefore 

awarded if mosaic mowing is used. Scoring is based 

on the type of management with: 0 if use of plant 

protection products and frequent mowing; 1 if more 

than 3 mowings per year; 2 if more than 2 mowings 

per year; 3 if late mowing between mid-June and 

mid-July (for temperate regions); 4 if 1 late mowing 

from September to mid-November or grazing; and, 

5 if mosaic mowing. 

2.2.5 Species of herbaceous stratum (three 

indices) 

The variety of plant characteristics is representative 

of specific diversity (Shipley et al. 2006) and makes 

the system more resilient to disturbances (Diaz & 

Cabido 2001). The indicator here is therefore based 

on the determination of simple criteria to 

distinguish flower types into three categories: 

flower shape, leaf shape (Reich et al. 2007) and 

flower colour. These plant characteristics are easy 

to assess and some are considered an attractive 

criterion for pollinators and are therefore 

representative of floral diversity. The more different 

characteristics there are, the more varied the 

species, the more biodiversity the environment 

carries, and the more attractive the environment is 

for pollinating insects. The observation makes it 

possible to count, from spring onwards, the flowers 

of different colours: white, red, pink, purple, blue, 

pink, yellow, or green and to attribute a score: 0 if 

no coloured flowers; 1 if one colour; 2 if 2 colours; 3 

if 3 colours; 5 if more than 4 colours. The equivalent 

approach is applied for leaf shapes (thin, wide, cut, 

compound, etc.) with the following scores: 0 if no 

leaf shape; 1 if 1 shape; 2 if 2 shapes; 3 if 4 if 3 

shapes; and 5 if more than 4 shapes. Flower shapes 

are also counted: umbel, flower head, cluster, with 

more or less petals. The following score is given: 0 if 

0 flower shapes; 1 if 1 shape; 2 if 2 shapes; 3 if 3 

shapes and 5 if more than 4 shapes. 

2.2.6 Fences, walls and hedges 

Many natural areas of industrial sites are 

surrounded by fences. Fences and walls (Huang et 

al. 2019), if vegetated or made of stone, serve as 

refuges, nesting sites and resources. All these 

elements are therefore positive for potential 

biodiversity (Poschlod et al. 2017; Assandri et al. 

2018). If they are made up of plant hedges, their role 

is even more important (Baudry et al. 2000; Lecq et 

al. 2017). Fences play the role of plant support and 

this in turn promotes biodiversity. A separation 

consisting of continuous vegetation without fences 

allows animals to take refuge and cross them. This 

index is characterised by the following scores: 0: 

isolated environment, fence without vegetation, 

mesh, smooth wall; 1: fence supporting 1 or 2 plant 

species; 3: fence with more than 2 plant species or 

wall with crevices; 4: continuous vegetation without 

fence; 5: complex vegetation hedge. 

2.2.7 Alien Invasive Species (AIS) 

Allien Invasive Species (AIS) are unfavourable to 

biodiversity when they are highly competitive and 

hinder the development of diverse and local flora 

and/or fauna. AIS are the second leading cause of 
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biodiversity loss worldwide (Richardson et al. 2000; 

Williamson 2006; Keller et al. 2011; Lampinen et al. 

2015). AIS are most likely to settle in disturbed and 

fragmented environments (Hansen & Clevenger 

2005) or in wastelands (Muratet et al. 2007). LTI 

alter the environment and its conditions and in turn 

promote their establishment and dispersal (Hansen 

& Clevenger 2005; Mortensen et al. 2009; Lampinen 

et al. 2015). The rating of this index is based on the 

premise that the more AIS depend on these green 

spaces, the more they will compete with and take 

the place of native flora, decreasing the floristic 

diversity of the site (Richardson et al. 2000). These 

AIS are also likely to colonise and impoverish the 

surrounding environment. On the other hand, 

pollinators are more adapted to the native flora 

with which they have co-evolved (Frankie et al. 

2005; Hopwood 2008). One study showed that 

roadsides restored by planting native flora had 

twice the abundance and richness of wild bees than 

those dominated by exotic species (Hopwood 2008). 

In California, Frankie et al. (2005) found that Apis 

mellifera L. and wild bees were more attracted to 

native rather than exotic flora. The score is as 

follows: 5: if no AIS; -1: if rare individuals (1 to 3) 

isolated; -4: if small groups of individuals (< 5); -5: if 

large groups of individuals. 

2.2.8 Facilities for biodiversity 

Insect hotels, piles of dead wood, dry stone walls, 

ponds, nesting boxes, and gardens are all facilities 

for biodiversity. Many small infrastructures 

(Poschlod & Braun-Reichert 2017) promote 

biodiversity because they increase the capacity of 

reception, refuge and nesting and thus serve at the 

same time as resource sites for certain species: a 

dry-stone heap favours the presence of reptiles such 

as the wall lizard, Podacris muralis; piles of dead 

wood on the ground favour saproxylic insects, fungi, 

and lichens. Care must be taken to leave this wood 

in place. Dead wood of different sizes and species 

provide more interesting habitats, so the greater 

the volume of dead wood, the higher its value for 

biodiversity (Humphrey & Bailey 2012). If the site 

does not contain facilities, the index is removed. If 

there is one facility a score of 4 is given, if there are 

more than 2 facilities a score of 5 is given. 

2.2.9 Proximity of a biodiversity reservoir 

Reservoirs of biodiversity are sites labelled for their 

natural value, protected areas such as Natura 2000 

sites in Europe, natural reserves, etc. They may be 

parks and gardens, woods, forests, various natural 

areas. Their proximity favours the movement of 

certain species, amphibians for example moving a 

few hundred metres. These movements are 

favoured if there are environments that facilitate 

connections, such as corridors or vegetation 

elements that are not very far away, known as 

“Japanese footsteps”, green spaces, gardens, 

footpaths, allowing the link between the 

biodiversity reservoir and the sampled site (Correa 

Ayram et al. 2016; Albert et al. 2017). Bergès et al. 

(2020) have developed methods for assessing the 

effects of proximity or remoteness of biodiversity 

patches. 

The proximity of biodiversity reservoirs has an 

impact on the richness of neighbouring ordinary 

environments with border effects (Brudvig et al. 

2009; Bergès et al. 2020). According to Correa 

Ayram et al. (2016), the distance of dispersal of 

species, whether fauna or flora, is the main factor 

recognised as a criterion for promoting connectivity. 

This distance is also accompanied by the presence 

of ecological corridors that allow connectivity 

(Correa Ayram et al. 2016; Albert et al. 2017). 

Scoring is done as follows: 0: if the distance to a 

biodiversity reservoir is greater than 2 km; 1: if the 

distance is between 1 and 2 km with ecological 

corridors; 3: if the distance is between 500 m and 1 

km with ecological corridors; 4: if the distance is 

between 100 and 500 m with ecological corridors; 5: 

if the distance is less than 100 m with ecological 

corridors; the presence of infrastructure that 

intercepts travel, such as a wall or highway are 

scored 0 even if the proximity is significant. 
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Table 2: Table of indices making up the RENATU indicator with their respective values. The final score 

corresponds to the average of all the values 

Index Scoring system 

Stratification Artificial bare ground (bitumen, concrete ...): 0; Bare soil without vegetation: 1; 1 
vegetation stratum: 2; 2 strata: 3; 3 strata: 4; > 4 strata: 5 

Lignified and woody species 
richness 

0 ligneous species: score 0; 1 ligneous species: 1; 2 ligneous species: 2; 3 ligneous 
species: 3; 4 and > 4 ligneous species: 5 

Trees supporting micro-
habitats 

The count and score depend on the size of the site under study. See Table 1 

The herbaceous stratum and 
its management 

0 if use of plant protection products and frequent mowing; 1 if more than 3 mowings 
per year; 2 if more than 2 mowings per year; 3 if late mowing between mid-June and 
mid-July (for temperate regions); 4 if 1 late mowing from September to mid-November 
or grazing and 5 if mosaic mowing 

Species of 
herbaceou
s stratum 

Colours of the 
flowers 

0 if no coloured flowers; 1 if one colour; 2 if 2 colours; 3 if 3 colours; 5 if more than 4 
colours 

Leaf shapes 0 if no leaf shape; 1 if 1 shape; 2 if 2 shapes; 3 if 4 if 3 shapes; and 5 if more than 4 
shapes 

Flowers 
shapes 

0 if 0 flower shapes; 1 if 1 shape; 2 if 2 shapes; 3 if 3 shapes and 5 if more than 4 shapes 

Fences, walls and hedges 0: isolated environment, fence without vegetation, mesh, smooth wall; 1: fence 
supporting 1 or 2 plant species; 3: fence with more than 2 plant species or wall with 
crevices; 4: continuous vegetation without fence; 5: complex vegetation hedge 

Alien Invasive Species, AIS 5: if no IAS; -1: if rare individuals (1 to 3) isolated; -4: if small groups of individuals (< 5); -
5: if large groups of individuals 

Facilities for biodiversity If the site does not contain facilities, the index is removed. If there is one facility a score 
of 4 is given, if there are more than 2 facilities a score of 5 is given 

Proximity of reservoir 0: if the distance to a protected area is greater than 2 km; 1: if the distance is between 1 
and 2 km with ecological corridors; 3: if the distance is between 500 m and 1 km with 
ecological corridors; 4: if the distance is between 100 and 500 m with ecological 
corridors; 5: if the distance is less than 100 m with ecological corridors 

3. RESULTS 

Table 2 shows all the indices making up the RENATU 

indicator with their respective values. The final 

score is the average of all values considering only 

the indices used: some sites do not have some of the 

parameters such as AIS, a fence or a protected area 

nearby. These data correspond to scores 

established by a score for each index. The RENATU 

indicator is therefore composite. It can be 

summarised by an average of the index values and 

this average varies according to the presence or 

absence of biodiversity facilities, which represent a 

bonus. We calculated the standard deviation of the 

values taken for each index and for each location. 

The values fluctuate between 0.7 and 1.5. This 

indicates a low dispersion between values. No value 

outweighs the others. The optimal value is therefore 

5, which means that the RENATU user can compare 

the values of the indicator spatially and 

chronologically. A map or a distribution scheme of 

the sites of a UILTI makes it possible to visualise the 

more or less rich sectors and those on which 

managers can focus their ecological management 

efforts. The effects of this management can be 

visualized over time by comparing changes in 

scores. 

3.1 Statistical validation 

The data are made up of variables which are the 

indices evaluated between 0 and 5. We assess the 

homogeneity of these data using the standard 

deviation, which is used to measure the amount of 

variation or dispersion of a set of values (Skouloudis 

et al. 2019). A low standard deviation indicates that 

the values tend to be close the expected value. The 

smaller the standard deviation, the more 

homogeneous the population. 

However, as it is done frequently in research on this 

type of data (Burrascano et al. 2011; Guetté et al. 

2017; Assandri et al. 2018), we also calculated the p-
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values and the correlation coefficient r for each 

variable or index. 

For the 96 sites studied with the RENATU tool, the 

study of the relationship between the parameters 

and the means makes it possible to suggest an 

equivalent contribution of the indices that make up 

RENATU (Table 3). These comparisons are carried 

out using the scatterplot and the calculation of r for 

the 96 values compared, and the p-value.  

 

 

Table 3: Comparison between rated indices and the values of RENATU indices, using the standard deviation 

, the correlation coefficient r, and the p-value 

Indices statistically compared with the average of 
the values of the 96 measurements of the sites with 
RENATU 

 r p-values 

Stratification 1.04 0.55 0.10 

Lignified and woody species richness 1.58 0.51 0.01 

Trees supporting micro-habitats 2.24 0.61 0.06 

The herbaceous stratum and its management 1.58 0.29 0.01 

Colours of flowers 1.19 0.33 0.01 

Leaf shapes 1.26 0.56 0.01 

Flowers shapes 1.15 0.43 0.01 

Alien Invasive Species 3.20 0.33 0.01 

 

In order to ensure that each index that makes up 

RENATU contributes approximately the same 

amount, statistical tests (calculation of standard 

deviation, simple linear Pearson correlation 

coefficients, calculation of p-value) were carried out 

for the 96 sites studied. According to these tests, a 

significant positive correlation of the RENATU 

indices was found, with a correlation coefficient r 

between 0.3 and 0.5. The p-values are all well below 

0.05. However, as this difference is quite small and 

in order to meet one of the main objectives of 

RENATU (i.e., a simple calculation for use by 

managers who are not necessarily familiar with 

more complex calculation methods), it was decided 

not to weigh the indices considered in the 

development of RENATU. The RENATU indicator can 

therefore be considered as a balanced tool whose 

varied scoring makes it possible to strengthen the 

estimation of potential biodiversity. 

3.2 Ecological validation 

The ecological validation of the indicator is based on 

the comparison between the averages obtained by 

the RENATU indicator and ecological analyses (Table 

4).  

 

Table 4: RENATU and Shannon Index values for 11 

study sites, the Shannon’s index was calculated 

only for plants 

Tramway 2 sites RENATU Shannon index 

Meudon-sur-Seine 3.75 2.93 

Jacques Henri Lartigue 
3.875 3.01 

Brimborion 2.75 2.78 

Musée de Sèvres 4.25 3.01 

Parc de Saint-Cloud 3.375 2.80 

Les Milons       3.5 2.98 

Les Coteaux 4.625 3.01 

Suresnes Longchamp 4.25 3.01 

Puteaux 2 2,49 

Faubourg de l’Arche 2,25 2,82 

Les Fauvelles 1,875 2,54 
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For this purpose, we carried out surveys of the 

species present at 44 plots studied on 11 sites along 

tramway line 2 because only these sites could be 

accessed for plant quadrat analysis. Security 

constraints did not allow surveys to be carried out 

at the other sites. However, the statistical results 

show that the data are sufficiently redundant with 

respect to the other 96 sites to consider the analysis 

of the 11 sites with 44 plots as relevant. They 

present heterogeneous results with RENATU 

indicator and it is useful to compare these results 

with those obtained with the species analysis. These 

surveys were carried out on 1 m x 1 m quadrats on 

which the number of species present was counted. 

Samples of herbaceous stratum were chosen for 

comparison: the Shannon index was calculated only 

for plants. The Shannon index is an index of species 

diversity comparing the population of each species 

with the total population of the sample. Four 

quadrats were sampled on each of the 11 selected. 

The analysis was then applied using the Shannon 

index (Burrascano et al. 2011; Di Battista et al. 

2016), which gives optimal values approaching 1. 

These values, calculated using the Shannon index, 

are multiplied by 5 to compare them with the 

RENATU indicator. A trend curve and the Pearson 

correlation coefficient r were calculated. 

According to Table 4 and Fig. 4, the statistical 

comparison of the RENATU (ordinates) and Shannon 

index (abscissa) values shows a strong relationship 

between the two values for the 11 study sites with 

an r = 0.8939498. The Shannon index supports the 

relevance of the RENATU indicator. 

The RENATU indicator can therefore be considered 

as a balanced tool whose varied scoring strengthens 

the estimate of potential biodiversity. Moreover, it 

is relevant from an ecological point of view since its 

estimate of biodiversity corresponds to that of 

biodiversity measured using the Shannon 

biodiversity index. 

 

 
Figure 4: scatterplot representing RENATU indicator 

values and Shannon index values for the 11 stations 

in the sample of 96 sites studied with correlation 

coefficient r 

3.3 Ergonomic validation 

Our objective here is to assess the qualities of 

RENATU as a tool to assist in the evaluation of UILTI 

green areas and its ergonomics (Shakel 1991; 

Dempsey et al. 2005; Lowe et al. 2019; Shakel 2009). 

RENATU should enable UILTI managers to 

autonomously assess the potential for biodiversity 

to be hosted on portions of the infrastructure right-

of-way. Ergonomics is assessed using criteria that 

measure the tool's functionalities. According to the 

literature (Shakel 1991; Djapan et al. 2019), these 

criteria are defined in table 5. 

A questionnaire survey (Lowe et al., 2019) was sent 

to 36 RENATU users to evaluate the tool using 

criteria that they rated on a scale of 0 to 5, 

depending on the degree of satisfaction: 

effectiveness, reliability, ease and quality of 

learning, satisfaction, flexibility and cost. 5 is the 

maximum score given. Means and standard 

deviations are calculated in order to interpret these 

results. 

According to the table 6 and the questionnaire 

survey of RENATU users, the  values indicate that 

the dispersion is low overall: this shows that users 

have a fairly homogeneous opinion. The mean value 

of the tool's rating is as follows, for a potential 

maximum rating of 5: 4.7 for efficiency, 4.2 for 

reliability, 4.2 for ease and quality of learning, 4.3 

for satisfaction, 3.8 for flexibility, 3.8 for cost. 

However, the RENATU indicator is free of charge. 
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Table 5: criteria making up the definition of ergonomics (adapted from the literature for RENATU) 

Ergonomic criteria Definition (from technical and scientific literature) 

Efficiency Efficiency is the criterion for assessing the operational relevance of the results 
obtained by the tool. Is it an effective tool for the intended use? Does it lead to 
results that allow for process improvements? (Shakel 2009; Djapan et al. 2019) 

Reliability Are the results obtained useful, comparable to others obtained by the same or 
comparable methods and do they allow for action that is operationally 
effective? The reverse would be that they are flawed and do not allow, for 
example, the monitoring of biodiversity quality at the study site (Shakel 1991; 
Shakel 2009; Djapan et al. 2019). 

Ease and quality of 
learning 

Is the tool easy to understand, use and interpret? Does it lead to improved user 
skills? (Houé & Guimaraes 2014; Decaro & Stokes 2013; Miles 2017; Djapan et 
al. 2019) 

Satisfaction Is the tool pleasant to use, does the user feel satisfaction in using it and getting 
the results? The criterion is important to help improve workforce efficiency at 
work (Armitage et al. 2008; Burns 2015; Rosson & Caroll 2020). 

Flexibility Is the tool adaptable, capable of being adapted to a variety of situations while 
maintaining its effectiveness? (Shakel 1991; Shakel 2009) 

Cost What is the cost of the tool and is it cost-effective and commensurate with the 
investment? Given that the RENATU tool is free, it is the marginal cost that is 
questioned, first of all that of the personnel who use it: is the tool economically 
profitable enough for the organisation to justify devoting human time to it? 
Does it correspond to a saving on marginal costs (environmental financial risks, 
brand image, other)? (Vazquez & Carmelo 2004; Vandermeulen et al. 2011) 

 

Table 6: table of mean values and standard deviations of the scores of ergonomics assessments carried out 

by RENATU users in several compagnies 

  Efficiency Reliability 

Ease and quality 

of learning Satisfaction Flexibility Cost 

Average 4.7 4.2 4.2 4.3 3.8 3.8 

 = STANDARD 

DEVIATION 0.44 0.55 0.55 0.44 0.55 0.56 

 

Some quotes from RENATU users helped to 

qualitatively clarify the assessment. Concerning 

efficiency, one of the users specified that “The 

results obtained following the use of the indicator 

allow for the review of management methods and 

improve them if necessary. It therefore makes it 

possible to improve the processes after an in-depth 

study and analysis of the readings”. Concerning 

reliability, another notes that: “RENATU is a tool 

that allows us to assess and monitor the quality of 

biodiversity at a site over time". On the ease and 

quality of learning, one user wrote: “The tool will 

also help to understand the importance of adapting 

a management method that is beneficial for the 

environment and for the company. In addition, the 

tool may also help to raise users' awareness of 

biodiversity”. Concerning the flexibility and 

adaptability of the tool to needs, one user explains: 

“It is also possible to use it upstream, i.e., in 

anticipation of a future project (to take biodiversity 

into account from the very beginning of the project, 

not only as a marketing tool or obligation) but also 

as a tool for monitoring biodiversity over a longer 

period of time. It is therefore adaptable to different 

sites and adaptable over time”. Finally, concerning 

costs, several users evoked interests in terms of 

brand image. 

4. DISCUSSION 

From a statistical and ecological point of view, the 

limitations of this tool are related to the difference 
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in scoring between the criteria. For example, the 

assessment of AIS differs from other scoring 

modalities. It constitutes a lower weight to the 

contribution of the overall RENATU score, but it is 

very useful to strengthen the conditions for 

assessing biodiversity. It also helps to better identify 

opportunities for improving the biodiversity of sites 

by applying management strategies. The indicator 

makes it possible to consider the biodiversity 

present on the site, particularly plant biodiversity. 

The objective is to carry out a study design of the 

characteristics of this green space. This design 

allows one to identify the sites where surveys are 

being out using RENATU. It also shows the efforts 

made in terms of ecological management by 

comparing the results of the surveys carried out 

with RENATU. It is a tool for monitoring and tracking 

the ecological status of a green space. A plan can be 

drawn up, for example, in the form of a photo that 

can be integrated into a drawing software on which 

the different units of the landscape corresponding 

to the places where the surveys are carried out are 

delimited. This plan can also be mapped and 

represented with GIS and requires GPS surveys of 

the sites. It makes it possible to return over time to 

the same sites where the measurement of the 

RENATU indicator indices is carried out and thus to 

map evolution, for example by highlighting the 

benefits of good management practices. 

However, the RENATU indicator is only a means of 

estimating biodiversity and does not replace a fauna 

and flora inventory that effectively reflects the 

reality of the state of biodiversity. RENATU is 

inexpensive because it is designed by scientists who 

offer it to users free of charge. However, according 

to the table of standard deviations and means of the 

cost evaluation by users, the cost does not seem to 

be totally satisfactory because of the investment of 

time spent to appropriate the tool and to use it in 

the field. 

Managers of industrial green spaces and of linear 

transport infrastructures have the ambition to 

promote biodiversity (Huste et al. 2006; McKinney 

2008; Pickett et al. 2011). Scientific studies in 

ecology concerning these green rights-of-way in the 

UILTI show that they have an interesting biodiversity 

with a wealth of different animal and plant species 

(Muratet et al. 2007; McKinney 2008). 

5. CONCLUSION 

The green spaces of the UILTI can fill this role 

provided that they are enhanced and their 

biodiversity carrying capacity is improved. However, 

managers need tools to assess these biodiversity 

carrying capacities. However, as Skouloudis et al. 

(2019) write: “All business entities are dependent to 

biological diversity and the planetary spectrum of 

ecosystem services either directly or indirectly”. 

Businesses are integrating biodiversity 

considerations into the economy (Karlsson-

Vinkhuyzen et al. 2017; Opoku 2019). Biodiversity 

valuation is part of the assessment of public policies 

and business strategies (Vandermeulen et al. 2011; 

King 2016). For Di Battista et al. (2016) the 

evaluation of biodiversity is even a good indicator of 

the environmental quality of a place: it is easy to 

understand why public policies value urban 

biodiversity (Shwartz et al. 2014; Guetté et al. 2017). 

Operators and managers of public spaces, industrial 

green rights-of-way and UILTI need tools to assess 

and monitor actual or potential biodiversity relevant 

to these green rights-of-way. The objective of these 

tools is to monitor the effectiveness of management 

measures taken and to contribute to eco-innovation 

(Fernando et al. 2019). Most often they are 

composite indicators (Machado 2004; Garcia-Garcia 

et al. 2016). 

The RENATU indicator makes it possible to estimate 

the potential for hosting biodiversity in UILTI rights-

of-way. It is used to guide management practices to 

preserve and improve biodiversity on the sites. The 

RENATU tool is designed as a means of assessing 

potential biodiversity (Gosselin & Larrieu 2020) and 

allows monitoring over time.  The indicator is 

flexible and adaptable and can be modified 

according to the type of UILTI, field observations 

and the means available to the company. Elements 

can be added or removed. Its ergonomics make it 

possible to raise awareness of biodiversity among 

managers. It also makes it possible to encourage 

management measures that promote the 

improvement of biodiversity. Like many approaches 

related to the natural environments, RENATU 

develops an interest in the workplace and an 

attachment to the environment being maintained 

(Brown & Raymon 2007): the responses to 
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RENATU's ergonomics questionnaire attest to this 

interest in green rights-of-way. It contributes to 

raising biodiversity awareness and motivating 

employees to improve the biodiversity of their sites 

(Couvet et al. 2008; Dempsey et al. 2005; Cosquer et 

al. 2012; Colleony et al. 2017). 

The question here is part of a reflection on 

performance (Sirola & Pitesa 2018): is the cost of 

outsourcing to a consultancy firm no doubt capable 

of providing more robust fauna and flora inventory 

results more profitable than that of internalising 

increased capacity and data production by 

employees? Improving the work behaviour and 

well-being of employees is the result of complex 

systems (Burns 2015; Silva et al. 2019) in which 

numerous experiments have shown the beneficial 

role of the practice of biodiversity assessment and 

management (Petersen et al. 2019) since the 

Millennium Ecosystem Assessment (2005). Overall 

benefits include the quality of work and the well-

being of employees (Chin & Chou 2013). 

This approach is part of the efforts to develop 

indicators that make it possible to interpret various 

data concerning biodiversity and also to 

communicate these data easily: many scientific 

publications report on these efforts. In particular, 

several authors question the relationships between 

biodiversity indicators and ecosystem services (Feld 

et al. 2010; Geijzendorffer and Roche 2013; Broszeit 

et al. 2017).  Di Battista et al. (2016) and Broszeit et 

al. (2017) question the relationship between 

indicators of the environmental status of natural 

environments and knowledge of ecosystem 

services. For Geijzendorffer and Roche (2013), 

biodiversity indicators provide indisputable 

information on ecosystem services. Tulloch et al 

(2011) propose to use indicators of ecological 

status, such as RENATU, to measure management 

effectiveness. The question posed above concerns 

the cost-effectiveness of the company or 

organization's investment in ecological monitoring 

and management with the integration of knowledge 

objectives for improved environmental 

management (Raymond et al. 2010; Broszeit et al. 

2017; Heshmatol Vaezin et al. 2022). The level of 

results expected in biodiversity analysis and their 

frequency must be assessed economically, as there 

is an economic interest of taking biodiversity into 

account (Béné 2008; Nunes & VandDerBergh 2011; 

Tulloch et al. 2011; Fernando et al. 2019). The 

RENATU indicator is therefore designed as a 

potential solution that is ecologically reliable 

enough to respond to management challenges. 

Such an indicator is part of the corporate social 

responsibility strategy (Kabeche & Vergotte, 2013; 

Bonet-Fernandez et el. 2014). It enhances both 

financial and social performance. It contributes to 

the enhancement of land capital. 
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