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INTRODUCTION

To put things simply, we may consider that environ-
mental issues have been addressed, successively over 
time or simultaneously, on the basis of three different 
approaches (Boudouresque et al. 2020). (i) The earliest 
is the ‘human-centered’ approach; this was characterized 
by the dichotomy between ‘useful’ species (for man) and 
pests (competitors of humans). The concept of ecosystem 
goods and services can be considered as a modern form of 
this approach (Balmford & Bond 2005, Pesche et al. 2013, 
Nordlund et al. 2016, Paoli et al. 2017). (ii) The species-
centered approach (or species-by-species approach) was 
characteristic of the 20th century and remains the most 
common approach adopted in many countries and by sev-
eral international agencies; it is supported by groups of 
experts working on a given taxon (‘taxonomic lobbies’). 
It is based upon outstanding species (a fuzzy concept, 

including iconic species), which are designated as deserv-
ing appropriate management for a variety of reasons 
(attractive in appearance, rare, emblematic, threatened, 
etc.), in contrast to ‘ordinary’ species. (iii) Finally, the 21st 
century ecosystem-based approach, although still rarely 
used, is the one that can best embrace the challenges driv-
en by global change and ensure the proper management 
of natural habitats (see below).

In order to assess the quality of the natural environ-
ment, the measurement of the physical-chemical param-
eters is necessary, but very insufficient and often mean-
ingless: it is not the content in the water of a contaminant 
(e.g., mercury) which is important per se, but its possible 
impact on individuals, populations or ecosystems (Alava 
et al. 2018, Outridge et al. 2018). It is for this reason that 
biological indicators, describing the state of environmen-
tal health on the basis of species, have been developed. 
In addition, the species integrate the characteristics of the 
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ABsTrAcT. – Environmental issues have been addressed on the basis of three different 
approaches. (i) The earliest is the ‘Human-centered’ approach; it was characterized by the 
dichotomy between ‘useful’ species (for man) and pests (competitors of humans). (ii) The spe-
cies-centered approach was characteristic of the 20th century and remains the most common 
approach adopted in many countries and by several international agencies. It is based upon the 
notion of outstanding species, which are designated as deserving appropriate management, in 
contrast to ‘ordinary’ species. (iii) Finally, the 21st century ecosystem-based approach is the one 
that can best meet the challenges driven by global change and ensure the proper management of 
natural habitats. In contrast with indices based upon a species, or a group of species belonging 
to a given taxon, that may not detect a strong impact on the ecosystem, and even erroneously 
suggest a ‘good ecological status’, indices based on the functioning of the entire ecosystem, 
from primary producers to top predators, such as Ecosystem-Based quality Indices (EBqIs), 
provide a realistic assessment of the ecological status. EBqIs have already been established for 
northwestern mediterranean marine ecosystems: the Posidonia oceanica seagrass meadow, 
underwater marine caves and infralittoral reef macroalgal forests. They are currently being 
developed for coralligenous habitats, saltmarshes and circalittoral coastal detritic bottoms. The 
ecosystem-based approach can be applied to all types of ecosystem and it is important now to 
extend this approach to other ecosystems and regions. Ecosystem-based management and 
EBqIs are not incompatible with specific management measures based upon certain iconic spe-
cies, which are also part of an ecosystem. The interest of ecosystem-based management is that it 
is not limited to the accumulation of specific management measures for iconic species, which 
can be mutually incompatible.
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environment over their entire lifespan (from a few months 
to several decades); their presence or absence is therefore 
easier to interpret, and less costly in terms of time and 
money, than physical-chemical measurements which are 
extraordinarily variable from one hour to the next, from 
one day to the next, etc. (e.g., Pergent 1991, casazza et al. 
2002, dauvin et al. 2010, romero et al. 2015).

Ideally, a biological indicator should be (i) sufficiently 
sensitive to provide an early warning of change, (ii) based 
on species distributed over a broad geographical area, 
(iii) capable of providing a continuous assessment over a 
wide range of stress, (iv) relatively independent of sample 
size, (v) easy and cost-effective to measure, (vi) able to 
differentiate natural cycles or trends from those induced 
by humans, and (vii) relevant to ecologically significant 
phenomena (Noss 1990, rombouts et al. 2013).

Here, we retrace the history of biological indicators, 
based on one or more taxa (taxon-based indicators), or on 
all of the taxa and their interactions in the framework of 
the ecosystem (ecosystem-based indicators) in the medi-
terranean. Without questioning the usefulness of indica-
tors based on a single taxon, which perfectly meet the 
objective assigned to them, we show the leap forward rep-
resented by indicators based on the ecosystem, in terms 
of management of natural environments and particularly 
coastal marine habitats.

THE AGE OF TAXON-BASED INDICATORS

In the framework of European union (Eu) directives, 
mainly the Habitats directive of 1992 (Hd: 92/43/Ecc), 
the Water Framework directive of 2000 (WFd: 2000/60/
Ec) and the marine strategy Framework directive of 
2008 (msFd: 2008/56/Ec), a number of biological indi-
ces have been developed. Their aim is to assess the water 
quality, at local scale or at the scale of large water bod-
ies. some of them are particularly efficient and are today 
widely used to monitor the water quality and to assess its 
required improvement at the scale of the Eu coastline and 
that of some neighboring countries. They can be grouped 
into three main categories. (i) Indices based on morpho-
functional groups of macroalgae; the EEI (Ecological 
Evaluation Index) compares opportunistic (r) vs K strate-
gist groups; it has been developed and steadily improved 
by Orfanidis et al. (2001, 2003, 2011) and simboura et al. 
(2005) (but see Iveša et al. 2009). (ii) The cArlIT index 
is based upon a dozen species and groups of species thriv-
ing in the upper infralittoral and in the midlittoral stages 
(stages sensu Pérès & Picard 1964), e.g., Cystoseira spp. 
(brown algae), ulva sp. (green algae), articulated coral-
lines (red algae) and the mussel mytilus galloprovincialis. 
The very shallow or above sea level habitat of the taxa 
taken into account enables the exhaustive mapping of the 
coastline over hundreds and even thousands of kilometers 
(Ballesteros et al. 2007, Bermejo et al. 2013, Nikolić et 

al. 2013, Blanfuné et al. 2016, Torras et al. 2016, Blan-
funé et al. 2017, de la Fuente et al. 2018). (iii) A number 
of biological indices are based on the seagrass Posidonia 
oceanica (linnaeus) delile, which plays a pivotal role 
in the functioning of mediterranean coastal areas, and is 
sensitive to a wide range of human impacts (molinier & 
Picard 1952, Boudouresque et al. 2006, 2009, 2012, Bon-
homme et al. 2013, giakoumi et al. 2015, Boudouresque 
et al. 2016). The BiPo index (Biotic Index based on Posi-
donia oceanica) combines four metrics: maximum depth 
of the meadow, declining or progressing trend of the depth 
limit, shoot density and leaf surface area at 15 m depth 
(lopez y royo et al. 2010). The PrEI index (Posidonia 
oceanica rapid Easy Index) includes the same metrics 
plus a fifth, the ratio between epiphyte biomass and leaf 
biomass (gobert et al. 2009). The POmI index (Posidonia 
oceanica multivariate Index) combines 11 metrics at the 
physiological level (e.g., nitrogen, phosphorus and carbo-
hydrate content in rhizomes), the individual level (e.g., 
leaf surface area per shoot), the population level (shoot 
density, % of plagiotropic rhizomes, meadow cover) and 
the contamination level (nitrogen content of leaf epibionts 
and trace metals) (romero et al. 2007). These indices are 
robust, with congruent results when compared with each 
over (Bennett et al. 2011, lopez y royo et al. 2011, mas-
caró et al. 2012, gerakaris et al. 2017). Other taxon-based 
indicators have been proposed: conservation Index (cI) 
(moreno et al. 2001), substitution Index (sI) (montefal-
cone et al. 2007a), Phase shift Index (PsI) (montefal-
cone et al. 2007b, montefalcone 2009, rigo et al. 2019). 
According to Boudouresque et al. (2012), cI, sI and PsI 
can be relevant to assess changes over time in P. oceani-
ca seagrass meadows linked to global change (warming, 
anthropogenic impact, community shift, etc.). Finally, the 
content in phenolic compounds increases with stress and 
represents a generic indicator of different environmental 
stressors (mannino & micheli 2020).

The relevance of these biological indices has been 
validated by putting them in correlation with some of the 
anthropogenic pressures impacting the study area (e.g., 
land area covered by urbanization, industrial and agri-
cultural activities, particulate organic matter and nitro-
gen input), via pressure indices such as lusI (land use 
simplified Index) and HAPI (Human Activities and Pres-
sure Index) (Flo et al. 2011, Bacci et al. 2013, Blanfuné 
et al. 2017). The mcAI (multi-criteria Anchoring Index) 
measures the impact of anchoring on Posidonia oceanica 
meadows (rouanet et al. 2013, schohn et al. 2019). The 
relevance of these biological indices has also been validat-
ed through their ability to detect changes over time; these 
changes reflect the effectiveness of the Eu water quality 
improvement policy (establishment of sewage treatment 
plants, reduction of air pollution, a major source of sea 
water contamination, etc.) (Blanfuné et al. 2017, de la 
Fuente et al. 2018, shin et al. 2018).
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THE AGE OF ECOSYSTEM-BASED INDICATORS

The msFd is considered to be the environmental pil-
lar of the Integrated maritime Policy adopted in 2010 by 
the European commission (ImP: 2010/477/Eu). This 
directive established eleven criteria, to determine ‘good 
environmental status’ (gEs): (i) biological diversity is 
maintained; (ii) introduced species are at levels that do 
not adversely alter the ecosystems; (iii) populations of all 
exploited fish and shellfish are safely within biological 
limits; (iv) all elements of the food webs are maintained 
at adequate levels to ensure the long-term abundance 
of the species; (v) human-induced eutrophication is at a 
minimum; (vi) sea-floor integrity is at a level that ensures 
that the structure and functions of the ecosystems are 
safeguarded; (vii) permanent alteration of hydrographical 
conditions does not adversely affect marine ecosystems; 
(viii) concentrations of contaminants are at levels that 
do not give rise to pollution effects; (ix) contaminants in 
fish and other seafood do not exceed levels established by 
community legislation; (x) properties and quantities of 
marine litter do not cause harm to the coastal and marine 
environment; and (xi) inputs of energy are at levels that 
do not adversely affect the marine environment.

The msFd includes a major innovation: the ecosys-
tem-based approach (laffoley et al. 2004, Bryhn 2020); 
it appears in particular in criteria ii, iv, vi and vii. This 
approach is not to the taste of supporters of the species-
by-species approach nor of the taxonomic lobbies, who 
seek to promote their beloved taxon (marine mammals, 
sea turtles, etc.), confuse habitat and ecosystem, and find 
it difficult to reflect at the level of the ecosystem. Howev-
er, taxon-based indicators and ecosystem-based indicators 
are neither mutually exclusive, nor in opposition to each 
over, but simply complementary: they just do not measure 
the same thing (see below).

Fisheries managers were the pioneers of the ecosys-
tem-based approach, under the names of EAF (Ecosystem 
Approach to Fisheries), EAFm (Ecosystem Approach to 

Fisheries management) and EBFm (Ecosystem-Based 
Fishery management) – Hereafter EBFm (Ward & 
Hegerl 2003, Pikitch et al. 2004, Turrell 2004, rice 2005, 
Tudela & short 2005). According to Turrell (2004), “1. 
all aspects of the ocean are interrelated and should be 
treated as an integral whole. 2. in order to achieve a more 
rational management of resources and thus to improve 
the environment, states should adopt an integrated and 
co-ordinated approach to their development planning so 
as to ensure that development is compatible with the need 
to protect and improve environment for the benefit of their 
population”. But in fact, the real pioneers and promoters 
of the ecosystem-based approach were the authors of the 
Ecopath, the Ecopath with Ecosim and the Osmose mod-
els and their subsequent users (e.g., christensen & Pauly 
1992, 1993, Polovina 1993, Opitz 1996, Walters et al. 
1997, Bănaru et al. 2013, coll et al. 2015, Piroddi et al. 
2017, Bănaru et al. 2019, Hermosillo-Núñez 2020).

The taxon-based indicators do not provide information 
on the quality of the ecosystem, but on the quality of the 
water bodies: water transparency, nutrient and contami-
nant content, etc. It is, moreover, for this latter objective 
that they were designed. The quality of the ecosystem 
naturally depends on the quality of the water, but other 
parameters can be more important: habitat destruction, 
overfishing, biological invasions, etc. This obvious point 
was illustrated in a diagram, in a somewhat caricatural 
way, by Boudouresque et al. (2015) (Fig. 1).

MEDITERRANEAN ECOSYSTEM-BASED 
INDICATORS

The rationale governing the EBqIs (Ecosystem-Based 
quality Indices) is based on (i) attempting to quantify and 
assess some compartments (e.g., boxes 1 through 13 for 
the Posidonia oceanica ecosystem – EBqI/Pos; Fig. 2) 
of the conceptual model by means of a set of parameters, 
(ii) determining their relative weight and (iii) by using a 

Fig. 1. – left. A pristine Posido-
nia oceanica ecosystem, with 
species belonging to all function-
al compartments (for compart-
ment numbers, see Fig. 2). right. 
A P. oceanica meadow deprived 
of most of its functional compart-
ments (e.g., via overfishing), 
which could be considered as 
healthy on the basis of taxon-
based indicators, based upon 
metrics such as shoot density and 
meadow coverage. From Boud-
ouresque et al. (2015), modified 
and redrawn).
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simple algorithm, calculating a rank for the ecosystem 
status within a given area, matching the five classes of 
the ecological status of the Eu Water Framework direc-
tive (WFd), from bad to high. In addition, (iv) it should 
be based on metrics that are easy to measure, species that 
do not require great taxonomic expertise for determina-
tion, and therefore able to be implemented routinely by 
managers; this implementation may require that a train-
ing course be organized for managers. EBqIs are a com-
promise between the completeness of the assessment and 
the need for an approach that is not too time-consuming 
(e.g., less than one day for 4 divers per site for EBqI/Pos) 
(ruitton et al. 2013, Personnic et al. 2014, Boudouresque 
et al. 2015, ruitton et al. 2017).

The status of each functional compartment (box) is 
assessed by means of a semi-quantitative scale (4 through 
0), from very good (4) to very bad (0). calibration of the 
scale is based upon the available literature. compart-
ments are weighted according to their relative importance 
in the ecosystem functioning, from 5 (highest weighting) 
to 1 (lowest weighting). The grade for each compartment 
is determined by its status (0 through 4), multiplied by its 
weighting (1 through 5), and is therefore graded from 0 to 
4 and 0 to 20 (depending upon the weighting of the con-
sidered compartment). The grades of all compartments 
are added up to give the final grade for the ecosystem 
status (EBqI) at a given site. For practical purposes, the 
EBqI is converted to a scale from 0 to 10 (e.g., Table I for 
EBqI/Pos) (Personnic et al. 2014, Boudouresque et al. 
2015, ruitton et al. 2017). In the case of the EBqI/Pos, 
which considers 13 functional compartments:

where: Wi is the weighting of the box i, si the status of the 
box i, smax the highest possible grade (= 4) for a box and i 
is the number of the box (1 through 13).

For each box, each value of the box status and each 
site, a confidence Index (cI) is proposed (Table II). The 
reason for the cI is (i) that data for one or several com-
partments may be missing or of poor quality at some 
sites, (ii) the reliability of available data may be different 
between boxes and sites, and (iii) it is worth drawing the 
attention of managers and scientists to those boxes (com-
partments) that are poorly known and which merit further 
field studies. The grade of each considered box is given 
by its cI (0 through 4) and by its weighting (1 through 
5), and they are therefore graded from 0 through 20 (for 
EBqI/Pos). The grades of all considered boxes are added 
up, which gives the final grade for the cI at a given site. 
For practical purposes, the cI was converted to a scale 
from 0 to 4 (Personnic et al. 2014, ruitton et al. 2017). In 
the case of the EBqI/Pos, which considers 13 functional 
compartments:

where Wi is the weighting of the box i, cIi the confidence 
Index of the box i, cImax the highest possible confidence 
Index (= 4) for a compartment (box) and i is the number 
of the box (1 through 13).

The first attempt to build an EBqI concerned the Posi-
donia oceanica ecosystem (EBqI/Pos) (Personnic et al. 
2014, Boudouresque et al. 2015, ruitton et al. 2017), one 
of the mediterranean ecosystems for which the data avail-
able on the functioning and the different compartments are 
the most extensive (e.g., Bell & Harmelin-vivien 1983, 
mazzella et al. 1992, Pergent et al. 1994, 1997, Boudour-

Fig. 2. – A conceptual model of 
the functioning of the Posidonia 
oceanica seagrass ecosystem. 
F u n c t i o n a l  c o m p a r t m e n t s 
(boxes): primary producers are in 
green; filter feeders, suspension 
feeders, litter, detritus feeders, 
dissolved organic carbon (dOc) 
and microbial  loops are in 
orange; predators (including her-
bivores) are in yellow. POm: par-
ticulate organic carbon. BAFHs 
(bacteria, archaea, fungi and het-
erotrophic stramenopiles) are 
involved in the litter degradation. 
The width of the arrows roughly 
represents the volume of the car-
bon flow. The P. oceanica eco-
system properly speaking is 
included within the red rectangle. 
Boxes 1 through 13 correspond 
to the compartments (boxes) 
taken into account by the EBqI/
Pos. From Boudouresque et al. 
(2015), adapted.
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esque et al. 2006, 2012, deudero et al. 2014, giakoumi et 
al. 2015, Ourgaud 2015, Ourgaud et al. 2015, Boudour-
esque et al. 2016).

subsequently, the concept of EBqI was generalized 
and theorized (ruitton et al., 2013, 2017): (i) construction 
of a conceptual model of the ecosystem on the basis of 
existing literature; (ii) evaluation of carbon and/or nutri-
ent flows between compartments, with weighting of their 
volume when possible (Fig. 3); (iii) choice of compart-
ments that can be taken into account routinely (minimi-
zation of the sampling effort); (iv) weighting of these 
compartments (on a scale of 1 to 5) (Fig. 3); (v) assess-
ment of the ecological status of the compartments taken 
into account (Fig. 4); (vi) calculation of the EBqI and cI 
for each locality. The decisions concerning all these steps 
are made through an expert meeting and a delphi process 
(see dalkey & Helmer 1963 for the delphi process).

EBqIs were proposed for the mediterra-
nean undersea cave ecosystem, EBqI/caves 
(rastorgueff et al. 2015, ruitton et al. 2017) 
(Fig. 5) and for shallow rocky reefs dominat-
ed by macroalgae, EBqI/reefs (ruitton et 
al. 2017, Thibaut et al. 2017) (Fig. 6). under-
sea caves are remarkable infralittoral and 
circalittoral habitats widespread throughout 
the mediterranean sea (e.g., marseille area, 
croatia) (chevaldonné & lejeusne 2003; 
Surić et al. 2010). They often originate from 

the marine flooding of karstic networks during the post-
glacial maximum transgression; they harbor specialized 
species, which are often mediterranean endemics; some 
of them are regular bathyal and abyssal dwellers, which 
find in these caves environmental conditions similar to 
those of the deep sea (Harmelin et al. 1985, vacelet et 
al. 1994, Bianchi et al. 1996, Janssen et al. 2013, ras-
torgueff et al. 2015). shallow rocky reefs dominated by 
macroalgae are also an infralittoral ecosystem. The eco-
system is characterized by Cystoseira (long-living brown 
algae – stramenopiles; Cystoseira sensu lato) forests 
which can shift to barren grounds when herbivorous sea 
urchins (such as Paracentrotus lividus (lamarck, 1816) 
proliferate; this proliferation is related to a disturbance 
of the ecosystem, such as overfishing of fish predators of 
sea urchins and organic pollution (sala & Zabala 1996, 
Bonaviri et al. 2011, Boudouresque & verlaque 2013, 
ling et al. 2015, Thibaut et al. 2017).

Table I. – conservation status of the Posidonia oceanica ecosystem (EBqI/Pos) in Balearic Islands, spanish and French catalonia, 
West and East Provence, French riviera and corsica. For each compartment (see Fig. 2): the weighting (1 through 5) and the status 
grade (0 through 4) at the 17 studied localities. EBqI ranges from 0 to 10. srdI: specific relative diversity Index of fish. Ecological 
status classes: high (deep blue), good (light blue), moderate (green), poor (orange) and bad (red). From Boudouresque et al. (2015), 
adapted.

Compartment 1 2 3-4 5 6 7 8 9 10 11 12 SRDI 13 EBQI.Pos

Weight 3 5 4 2 2 2 2 5 5 5 3 3 1

Espardell (Balearic Islands) 4 4 3 3 3 3 3 3 1 1 1 3 2 6.4

Sitges (Spanish Catalonia) 2 0 0 0 2 2 2 3.5 0 0 1 0 0 2.3

Tossa de Mar (Spanish Catalonia) 2 3 4 0 2 2 4 3 2 0 2 3 1 5.6

L Medes Islands (Spanish Catalonia) 2 3.5 4 3 2 2 2 2.5 4 4 3 4 2 7.9

O Peyrefite Bay (French Catalonia) 2 3.5 2 4 2 2 2 2 3 1 1.5 4 0 5.8

C Niolon (West Provence) 2 2.5 2 0 1.5 1 3 2 1 0 2 2 1 3.9

A Prado Bay (West Provence) 2 2.5 2 0 2.5 2 3 2.5 3 1 1.5 3 2 5.3

L Plateau des Chèvres (West Provence) 2 2.5 4 0 1.5 2 3 2.5 2 1 0.5 2 2 5.0

I Saint-Cyr Bay (East Provence) 1 3 2 1 2 2 2 2 2 2 2 2 0.5 4.9

T Gulf of Giens (East Provence) 3 4 2 2 2 1 3 1.5 1 0 1 1 0.5 4.3

I Porquerolles North (East Provence) 3 2 3 2 2 0 1 1.5 1 1 2 2 1 4.3

E Porquerolles South (East Provence) 3 4 4 3 3 3 2 2 2 2 3 3 1 6.9

S Bagaud Pass (East Provence) 4 3 2 4 3 4 4 3 3 2 3 4 1 7.6

Port-Cros South (East Provence) 4 4 4 4 3 4 3 3.5 4 4 3 4 1.5 9.3

Villefranche Bay (French Riviera) 2 1.5 2 1 3 0 0 2 3 2 1.5 4 0 4.8

Elbu Bay, Scàndula (Corsica) 4 3 1 4 3 2 2 2 2 1 1.5 3 4 5.7

Valincu Gulf (Corsica) 4 3 2 2 2 2 3 2 2 2 2 2 1 5.4

Table II. – criteria to assess the confidence Index (cI) of the status of a com-
partment.
CI Criteria

4 Field data available, recent and suitable with the recommended methods

3 Field data recent, partially completed with expert judgment

2 No quantitative field data but recent expert judgment

1 No quantitative field data, but non-recent expert judgment

0 No quantitative field data and no suitable expert judgment
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EBqIs are being developed for the coralligenous 
ecosystem (EBqI/cor) (ruitton et al. 2014, 2017), salt 
marshes and coastal lagoons (EBqI/sm) (massinelli et al. 
2017, Astruch et al. 2019a) and circalittoral coastal detri-
tal sandy bottoms (EBqI/cd) (Astruch et al. 2019b). They 
are at the conceptual model development stage, choosing 
the compartments that can be used routinely and testing 
the metrics. The EBqI/cor is even ready for publication 
(ruitton et al. 2017).

certain works, although they do not lead to the calcu-
lation of an EBqI, can clearly be referred to as exempli-
fying an ecosystem-based approach. For example, Bănaru 
et al. (2010) show in the Black sea the switch from a 
complex top-down and bottom up functioning pattern of 
the coastal ecosystem (1965-1970) to a bottom-up pat-

tern (2001-2005). The end-to-end model of the gulf of 
lions ecosystem (NW mediterranean) is also referable 
to an ecosystem-based approach (Bănaru et al. 2019). 
They explicitly detail trophic flows between food web 
compartments, highlight the main primary producers and 
successive consumers as well as dominant and key spe-
cies. Fisheries pressure on food web compartments and 
their direct and indirect effects may also be highlighted 
(Bănaru et al. 2013). These models allow depiction the 
combined effects of both climate and fisheries on the sys-
tem functioning (Bănaru et al. 2019, diaz et al. 2019). 
Astruch et al. (2019a) highlighted the need for an EBA 
within the saltmarshes of Hyères (Provence, France) as a 
way to make the management system more appropriate, 
evolving from a previous species-centered approach (e.g., 

Fig. 3. – conceptual model of a 
theoretical ecosystem (fictitious 
data). compartments 1 through 
12 are taken into account for 
designing the EBqI.  Their 
weight (numbers in red circles) is 
established via expert judgement 
by means of a delphi process. 
Primary producers are in green; 
filter feeders, suspension feeders, 
litter, detritus feeders, dissolved 
organic carbon (dOc) and 
microbial loops are in orange; 
predators (including herbivores) 
are in yellow. POm: Particulate 
Organic matter). BAFHs: bacte-
ria, archaea, fungi and het-
e r o t r o p h i c  s t r a m e n o p i l e s 
involved in the litter degradation. 
The width of the arrows roughly 
represents the volume of the car-
bon flow. The ecosystem proper-
ly speaking is included within the 
red rectangle. From ruitton et al. 
(2017), adapted and redrawn.

Fig. 4. – conceptual model of a 
theoretical ecosystem (fictitious 
data). Assessment of the ecologi-
cal status of the compartments 
taken into account: high (deep 
blue), good (light blue), moder-
ate (green), poor (orange) and 
bad (red). From ruitton et al. 
2017, adapted and redrawn.
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waterfowl enhancement, fight against so-called ‘harmful 
species’ such as the red fox Vulpes vulpes, etc.).

ECOSYSTEM-BASED INDICATORS: VALUABLE 
TOOLS FOR COASTAL MANAGEMENT

Environmental management is often perceived by 
managers and the general public as ‘firefighter’s work’, 
which consists of putting out fires, running from one fire 
to another. A ‘fire’ is a species of which the abundance 
increases, or on the contrary decreases, a changing land-
scape, etc. This management approach is also deeply 
biased by taxonomic lobbies: a species of dolphin or bird, 
even if nothing indicates a decline, is the subject of mul-

tiple management programs, while a species of insect or 
macroalga, seriously threatened or even on the brink of 
extinction, is of little interest to NgOs and the general 
public (Boudouresque 2002, Thibaut et al. 2016, ver-
laque et al. 2019). It is significant that (since 1992) 46 % 
of the European programs intended for the protection of 
the environment are dedicated to birds, against 26 % to 
mammals, 8 % to ‘invertebrates’ 8 % to flowering plants 
and 6 % to ‘fish’; insects and macroalgae are not even 
mentioned (Tempier 2018, mammides 2019). members 
of a taxonomic lobby are not aware of this, because they 
are really attached to their preferred taxon, but manage-
ment based on taxa is sometimes akin to a millefeuille (a 
French multi-layered cake): a layering of taxon-focused 
protection measures, the addition of measures to enhance 

Fig. 5. – conceptual model of 
structure and functioning of the 
mediterranean undersea cave 
ecosystem. compartments 1 
through 8 are taken into account 
for designing the EBqI/caves. 
Their weight is indicated by 
numbers in red circles. Primary 
producers are in green; filter 
feeders, suspension feeders, lit-
ter, detritus feeders, dissolved 
organic carbon (dOc) and 
microbial loops are in orange; 
predators (including herbivores) 
a re  in  ye l low.  dis t inc t ion 
between semi-dark and dark 
caves appears in the bottom of 
concerned compartments. Arrows 
represent the intensity of the flux 
of organic matter between com-
partments  (wide vs  narrow 
arrows). From rastorgueff et al. 
(2015) and ruitton et al. (2017). 
Adapted and redrawn.

Fig. 6. – conceptual model of 
structure and functioning of the 
mediterranean shallow rocky 
reefs dominated by macroalgae. 
compartments 1 through 10 are 
taken into account for designing 
the EBqI/reefs. Their weight is 
indicated by numbers in red cir-
cles. Primary producers are in 
green; filter feeders, suspension 
feeders, litter, detritus feeders, 
dissolved organic carbon (dOc) 
and microbial  loops are in 
orange; predators (including her-
bivores) are in yellow. The eco-
system properly speaking is 
included within the red rectangle. 
Arrows represent the flux of 
organic matter between compart-
ments. From Thibaut et al. (2017) 
and ruitton et al. (2017). Adapt-
ed and redrawn. 
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a declining species or to hinder another species which is 
proliferating, regardless of the fact that the latter may be 
the predator of the former. The indices based on a taxon 
were not designed to manage taxa, but to assess the qual-
ity of a water body, and the effectiveness of measures 
intended to improve this quality, for example the estab-
lishment of sewage treatment plants. But for many stake-
holders, if the indices based on Posidonia oceanica show 
positive results, it means that P. oceanica is fine, and if 
P. oceanica, an ecosystem engineer, is fine, the whole 
environment is fine. However, this is not always the case, 
as shown in Fig. 1: P. oceanica can thrive in a highly 
degraded ecosystem.

There is no significant correlation between taxon-based 
indices and ecosystem-based indices, as shown by the 
comparison between the EBqI/Pos and taxon-based indi-
ces (PrEI, POmI, BiPo) for the same localities (Table III) 
(Personnic et al. 2014, Boudouresque et al. 2015). This 
is logical, since the two categories of indicators were 
designed to highlight different things, respectively the 
quality of the functioning of an ecosystem and the quality 
of a water body, but it is important to emphasize it again. 
The contrasting ranking of Porquerolles Island (north 
coast) from EBqI (poor) to PrEI (high, first rank) (Table 
III), together with those of the gulf of giens, may be due 
to impacts other than the water quality, such as artisanal 
and recreational overfishing.

Ecosystem-based management and EBqIs are not 
incompatible with specific management measures based 
upon certain iconic species, which are also part of an eco-
system. The interest of ecosystem-based management is 
that it is not limited to the accumulation of specific man-

agement measures for iconic species, which can be mutu-
ally incompatible when, for example, an iconic species 
proliferates at the expense of other iconic species in the 
same habitat.

The spread of invasive species is considered as one of 
the most worrying environmental issues in the 21st cen-
tury (schmitz & simberloff 1997, canning-clode 2015, 
maxwell et al. 2016). The mediterranean sea is the 
region worldwide most severely hit by invasive species, 
with more than 800 non-indigenous species (verlaque et 
al. 2015, Zenetos et al. 2017, galil et al. 2018). Invasive 
species can deeply alter the food webs and the function-
ing of marine ecosystems (vitousek et al. 1996, Boudour-
esque et al. 2005, Thomsen et al. 2016, Boudouresque et 
al. 2017a; david et al. 2017). Although an index account-
ing for invasive species has been proposed (AlEX – 
Alien Biotic Index) (Piazzi et al. 2015, 2018), food web 
approach (see e.g., david et al. 2017) and EBqIs are the 
most effective tools for tracking their overall impact on 
the ecosystem.

Overfishing is also one of the major environmental 
pressures that affect marine ecosystems, via extirpation 
of target species, reducing the top predators compart-
ment, reducing the mean trophic level (‘fishing down the 
food web’) and increasing the abundance of herbivorous 
sea urchins (Pauly et al. 1998, sala et al. 1998, Pauly & 
Palomares 2005, myers et al. 2007, sala et al. 2012, Bou-
douresque & verlaque 2013, Boudouresque et al. 2017a, 
Bryhn et al. 2020). Obviously, EBqIs tackle fishery pres-
sure better than taxon-based indices in coastal areas. On 
a larger scale, offshore ecosystem functioning indices are 
proposed to highlight the state of ecosystems and relate it 

Table III. – comparison between EBqI/Pos (from Personnic et al., 2014) with taxon-based indices based mainly upon Posidonia oce-
anica (the organism itself) and aimed at establishing the ecological status of a seawater body. Ecological status: high (deep blue), good 
(light blue), moderate (green), poor (orange) and bad (red). From Personnic et al. (2014) and Boudouresque et al. (2015), adapted. 
EBqI/Pos ranges from 0 (lowest ecological status) to 10 (highest ecological status. PrEI, POmI and BiPo indices, based upon distinct 
but similar metrics, range from 0 (lowest ecological status) to 1 (highest ecological status). * see text for the metrics of PrEI, POmI 
and BiPo.

Locality (region) EBQI/Pos
Taxon-based 

index
Type of taxon-based 

index
Reference

Port-Cros Island, south (East Provence) 9.3 0.80 PREI* Gobert et al. (2009)

Medes Islands (Spanish Catalonia) 7.9 0.75 POMI* Romero et al. (2007)

Elbu Bay, Scàndula (Corsica) 5.7 0.80 BiPo* Lopez y Royo et al. (2010)

Tossa de Mar (Spanish Catalonia) 5.6 0.68 POMI Romero et al. (2007)

Valincu Gulf (Corsica) 5.4 0.39 PREI Gobert et al. (2009)

5.4 0.73 BiPo Lopez y Royo et al. (2010)

Prado Bay, Marseilles (West Provence) 5.3 0.64 PREI Gobert et al. (2009)

Plateau des Chèvres, Marseille (West Provence) 5.0 0.48 PREI Gobert et al. (2009)

Saint-Cyr Bay (East Provence) 4.9 0.68 PREI Gobert et al. (2009)

Villefranche-sur-Mer Bay (French Riviera) 4.8 0.28 PREI Gobert et al. (2009)

Gulf of Giens (East Provence) 4.3 0.71 PREI Gobert et al. (2009)

Porquerolles North (East Provence) 4.3 0.82 PREI Gobert et al. (2009)

Niolon, Côte Bleue (West Provence) 3.9 0.47 PREI Gobert et al. (2009)

Sitges (Spanish Catalonia) 2.3 0.24 POMI Romero et al. (2007)
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to the pressure of fisheries (coll et al. 2016, www.indis-
eas.org).

The ecosystem-based approach can be applied to all 
types of ecosystems and it is important now to extend this 
approach to the pelagic ecosystems and their coupling 
with benthic ecosystems, infralittoral sandy bottoms, the 
beach-dune-Posidonia oceanica banquette ecosystem 
(see Boudouresque et al. 2017b, Otero et al. 2018), the 
deep sea and terrestrial ecosystems. Obviously, applica-
tion perspectives of the EBA must reach areas away from 
the northwestern mediterranean: eastern, central and 
southern mediterranean, and worldwide coastal areas. 

CONCLUSIONS

Ecosystem-based indices are the natural tools required 
for ecosystem-based management. They allow a compre-
hensive approach to the management of natural coastal 
areas, in particular marine Protected Areas. They provide 
answers to different questions compared to taxon-based 
indices and are therefore not in opposition to them. It is 
obvious that the management of an ecosystem is much 
more complex than that of a single species or group of 
species. However, ecosystem-based management, and 
therefore ecosystem-based indices, represents the future. 
It will take time for stakeholders and the general public to 
understand that the complexity of the functioning of eco-
systems can lead to responses which, at times, are coun-
ter-intuitive, but much more realistic and effective.

There is ever-increasing evidence of global change 
occurring. For example, in the eastern mediterranean sea, 
community-shift is dramatically altering ecosystem func-
tions and services, leading to new ecosystems, most often 
less effective than the native ones. monitoring and com-
bating these major challenges must be undertaken at eco-
system scale, taking into account the whole functioning 
of the impacted ecosystems.
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