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Taxonomic or species diversity
Not sufficient to develop a more proactive approach of conservation biogeography

Uninformative about functional and evolutive differences among species or populations
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BIODIVERSITY

The need to get an integrative view of biodiversity



The key role of biogeography for biodiversity conservation

Sardinia Corsica

Owing to its uniqueness and fragility, the
Mediterranean region urgently need some
integrated conservation planning, notably within
the biodiversity hotspots, for the long-term
preservation of this outstanding biological
heritage.

Sicily (Salina island) Cyprus



Importance of integrative species-based approaches



Importance of evolutionary approach

Phylogeography, a determinant tool for conservation biogeography

Importance of phylogeography
- To predict refugia / hotspots of endemism

- To distinguish cryptic diversity

- To search of independently evolving lineages
- To define ESUs (Evolutionary Significant Units)

Comparative phylogeography
The clues needed to define areas having a pivotal
role for persistence (refugia), diversification 
(evolutionary cradles) or dispersal (large scale
barriers or corridors) for several species / various
taxonomic groups
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Using phylogeography to define conservation priorities: The case of narrow
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A B S T R A C T

Rare and vulnerable narrow endemic species represent distinct evolutionary units emerging from various tem-
poral processes, and the preservation of such species is a key issue in biological conservation. Phylogeography
has proven to be a relevant tool for distinguishing evolutionary units within species resulting from contrasted
biogeographical events, and it can be leveraged to obtain historical and evolutionary perspectives. Yet, despite
its usefulness, it is curiously underutilized in plant conservation genetics. Here we provide a comprehensive
review of the available case studies on the structure of genetic diversity in the Mediterranean narrow endemic
plants (MNEs) of the Mediterranean Basin hotspot. The use of genetic diversity structure for phylogeographical
inference and for defining conservation units was examined in eighty-four studies dealing with eighty-three
distinct taxa, most of which are perennial herbs occupying a narrow ecological niche. In addition, some 91.5% of
the analyzed MNEs are located in the north-western part of the Mediterranean region, and this results in a
geographical coverage that is heavily biased. Half of the studied species have moderate to high genetic diversity,
and genetic differentiation is geographically structured in 56% of the case studies, indicating that MNEs are not
“evolutionary dead-ends,” but rather represent species that have a strong evolutionary legacy. Taken at face
value, this would imply conservation planning at the population level. However, it was only a minority of the
studies that used these genetic structures to define conservation units. The main insight of the present review is
that phylogeography is generally overlooked in conservation genetics. In fact, the design of conservation units
has not often been the main goal of these studies, which more commonly is simply to enhance the scope of
genetic diversity analyses of rare plants. Nevertheless, the strong phylogeographic structure revealed by several
studies of MNEs underlines the relevance of phylogeography. We argue that comparative phylogeography across
several co-occurring taxa could greatly improve the proactive conservation planning for threatened endemic
plants within biodiversity hotspots.

1. Introduction

When facing rapid environmental and biodiversity changes, it is
necessary to look beyond taxonomic diversity and begin to consider
other facets of biodiversity, such as evolutionary diversity and func-
tional diversity (Pollock et al., 2017). Though there is now increasing
interest in using these metrics in community ecology, biogeography,
and conservation (Devictor et al., 2010; Mouquet et al., 2012; Jarzyna
and Jetz, 2016), the following gaps exist in this otherwise fruitful ap-
proach.

First, the dimension of evolutionary diversity or evolutionary rarity
is quasi-exclusively considered by the phylogenetic attributes of species
because of the facilitated use of phylogenetic trees in conservation
prioritization (Tucker et al., 2012; Pollock et al., 2015). This is the
domain of ecophylogenetics that merges ecology, biogeography, and

macroevolution (Mouquet et al., 2012). However, this macroevolutive
perspective masks the need to also consider evolutionary diversity at
finer regional or local spatial scales, as well as at the level of entire
species or populations. Filling this gap between multispecies phyloge-
netic studies and intraspecific phylogeography will make it possible to
better take into account the evolutionary continuum when it comes to
conservation prioritization (Lexer et al., 2013; Carvalho et al., 2017)
(Fig. 1).

Second, most of the studies of evolutionary conservation have fo-
cused on large datasets of species irrespective of their relative degree of
rarity (see, however, Cadotte and Davies, 2010). However, the con-
tribution of rare species to predictions of the impact of biodiversity loss
is crucial, as rare species are often the first to go extinct (Gaston, 1994,
2012). Furthermore, rare species that are often characterized by low
functional redundancy are likely to support the most vulnerable
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based on only one marker, 26.5% on two markers, 8% on three markers
and 2% on four markers. When more than one molecular method was
applied, the most common association was AFLP and plastid DNA
markers. Interestingly, SSR markers, which were the most common
markers for population genetics in the 1990s and the 2000s, were
hardly used (7%) and they are based on a low number of markers (a
median of 5); this pattern was mainly due to transfer of previously
designed SSR loci from a related species and not specific development
of SSR markers. About analytical methods, almost all studies were
based on statistics describing genetic variance (Fst, AMOVA), often
complemented by multivariate analyses (PCO, clustering) and Bayesian
clustering (STRUCTURE or BAPS). Recently-designed analytical
methods were rarely used: coalescent methods were used only three
times (Blanco-Pastor et al., 2013; Christe et al., 2014; Jiménez-Mejías
et al., 2015), ancestral area modelling was performed only one time
(Pouget et al., 2013), and Approximate Bayesian Computation (ABC)
methods were not used at all.

3.3. Genetic diversity summary

Our review of the data indicates that in general MNEs are not de-
pleted of genetic diversity, since only 25% possess genetic diver-
sities < 9.5%, and 50% of the studies reported a mean population
genetic diversity > 17% (all markers and AFLP median Table 1); this
value is in agreement with a previous review of some 17 narrow en-
demic case studies reporting a majority of “moderate to high genetic
diversity” cases (Jiménez-Mejías et al., 2015). The range of genetic
differentiation was rather large with a first quartile at 9% and a third
quartile at 35% (Table 1). Gene flow is most often limited in MNEs,
with half of the studies reporting a moderate or high differentiation (i.e.
Fst or Gst median=0.16 for isozyme and 0.25 for AFLP; Table 1).
However, genetic differentiation is not always geographically struc-
tured, with only 56% of the studies reporting even a weak geographical
pattern. Bivariate or multivariate analyses (not shown) failed to reveal
any significant statistical correlations between genetic indices (diversity
and differentiation, computed for all markers or by separating isozyme
markers from AFLP markers, with any of the variables used to describe
the studies).

3.4. Design of conservation units

Only 27% of the case studies showing a geographical structure of
populations explicitly used this information to set conservation prio-
rities, and finally, only 15 studies (18%) (for a total of 16 MNEs) in-
ferred CUs, MUs, ESUs or Relevant genetic units for conservation (RGUCs)
(Pérez-Collazos et al., 2008). Interestingly, 12 of these 15 studies were
based on AFLP. Consequently, we observed a strong association be-
tween AFLP, geographical structure and the design of CUs.

4. Discussion

4.1. Phylogeographical and genetic structures of Mediterranean narrow
endemics (MNEs)

4.1.1. Insights of the data review
An exhaustive literature survey of within-species phylogeographical

works based on the Mediterranean Basin hotspot ultimately yielded 83
MNEs, which are covered in 84 papers published between 1996 and
2017 (References A1). We fail to detect a significant increase in the
number of publications over the years, because of an idiosyncratic
publication rhythm (Fig. 2). The 83 MNEs considered here represent
only 0.75% of the ca. 11,000 MNEs (see Introduction); i.e. a tiny
fraction of the complete Mediterranean plant endemism. This lack of
intraspecific phylogeographical studies on plants is by no means pe-
culiar to the Mediterranean Basin: other global biodiversity hotspots
such as the Cape Floristic Region – which is actually of a much smaller
size (< 90,000 km2) – include even fewer studies, with a total of only 5
having been carried out as of 2013 (see Lexer et al., 2013). The geo-
graphical coverage of these studies is also heavily biased, as some
91.5% of the analyzed MNEs are located in the northwestern Medi-
terranean Basin, namely the Iberian Peninsula, whereas 60% occur on
the continent and 40% on Mediterranean islands. Concerning the eco-
logical traits of MNEs (Lavergne et al., 2003), the studied taxa exhibit a
high habitat specialization with 80% of the taxa mainly found on cal-
careous rocky outcrops or cliffs. Pure calcicolous taxa represent the
major contingent (41% of the taxa), but it remains less important than
the analogous group (60%) occurring within the endemic flora of a
region like southeastern France which about half-covered in limestone
rocks (Médail and Verlaque 1997). The studied MNEs are almost
completely characterized by perennial growth forms (94% of the taxa),
and this is similar to the percentages obtained in various endemic flora
of the MBR, where annual taxa are scarce and comprise between 6 and
15% overall (Médail and Verlaque 1997; Melendo et al., 2003). Recent
(55% of neoendemics) and ancient lineages (40% of palaeoendemics)
are roughly in balance, while diploid MNEs predominate (70%).
However, the evolutionary legacy of these narrow endemics is correctly
taken into account even though this panel is slightly unbalanced: pa-
laeoendemics are indeed less frequent in various Mediterranean floras
(15–17% of the endemic floras in the East, 28–32% in the West: see
Verlaque et al., 1997).

Despite this strong eco-geographical discrepancy, the conservation
biogeography framework (Ladle and Whittaker, 2011) is still rather
relevant since 65% of these MNEs occur in one of the 10 regional
biodiversity hotspots for plants (Médail and Quézel, 1997), and 75% of
the MNEs are included in one (or more) of the 52 identified glacial
refuge areas (Médail and Diadema, 2009). Nevertheless, 24 of these
refugias (i.e. 46%) do not include any of the studied MNEs; these

Fig. 2. Annual records of publications reporting the use of genetic data for Mediterranean narrow endemic plants (total number of studies= 84, corresponding to 83
studied taxa).

F. Médail, A. Baumel

Annual records of publications using genetic data for
Mediterranean narrow endemic plants (MNEs)

- Total number of studies = 84
- Total number of taxa = 83

Importance of evolutionary approach

91.5%54% 
(n = 45 MNEs)

6% (n = 5 MNEs)

8% (n = 7 MNEs)



2/3 of these 83 MNEs are threatened taxa sensu IUCN
       (CR: n = 16; EN: n = 20; VU = 19)

The conservation biogeography framework is relevant:
- 65% of MNEs included in one of the 10 regional biodiversity hotspots
- 75% of the MNEs included in one (or more) of the 52 main glacial refugia 

sensu Médail & Diadema (2009)

The design of conservation units is generally overlooked and was not a priority
issue, rather a way to enhance the scope of genetic diversity analyses.
Most of the analyzed studies have focused on the long-lived MNEs occurring
on stable ecosystems, notably cliffs and other rocky habitats.

Daphne rodriguezii (Menorca)

Cytisus aeolicus (Stromboli, Eolie)

BUT 
Ø 24 of these refugias (i.e. 46%) do not include any of the studied

MNEs
Ø Only 27% of the studies of genetic structure of populations explicitly

used this information to set conservation priorities
Ø Only 18% of the studies (i.e. 16 MNEs) inferred genetic units for 

conservation (ESUs, CUs, MUs)

Importance of evolutionary approach



How to preserve the evolutionary and ecological
legacy of a endangered plant?

The use of genetic and ecological distinctiveness to delineate
conservation units

Haplotype + ecological group = Unit

A B CPopulations

Environnements

Conservation 
Units

Integrating evolution and ecology to define plant microreserves



Acis nicaeensis, The Riviera snowflake (Amaryllidaceae)

Narrow endemic geophyte from the Maritime Alps (distribution:12 x 35 km)

Calcareous rocky grassland from thermo-mediterranean to upper meso-
Mediterranean vegetation levels (from 5 m to 970 m in elevation)

Highly thretatened by human activities (EN in the French IUCN Red List) 

Nice

Menton

Vence
Monaco

France
Italy

Integrating evolution and ecology to define plant microreserves



Integrating evolution and ecology to define plant microreserves

3 ecological groups detected
3 cpDNA haplotypes detected

Phylogeographical structure Ecological structure

Pouget M. et al., 2017. Biodiversity and Conservation, 26.



Integrating evolution and ecology to define plant microreserves
Journal for Nature Conservation 61 (2021) 125980

Available online 27 February 2021
1617-1381/© 2021 Elsevier GmbH. All rights reserved.

Identification of plant micro-reserves using conservation units and 
population vulnerability: The case of an endangered endemic Snowflake 
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A B S T R A C T   

Erosion of natural habitats due to urban sprawl constitutes a major threat to biodiversity. The development of the 
Plant Micro-Reserve (PMR) is an efficient concept for the in situ conservation of rare plants with narrow 
ecological niche and threatened by human impacts. We provide a framework for initiating site selection of PMRs, 
including evolutionary and ecological uniqueness. The proposed cross-analysis is based on (i) the estimate of 
population vulnerability, (ii) the contribution of each population to the evolutionary originality of the species by 
designating conservation units, and (iii) the gap analysis of the current protection status of the populations. As a 
case study, we apply this framework to the Nice Snowflake Acis nicaeensis, a narrow Mediterranean endemic 
plant of the French-Italian Riviera which, being caught in the turmoil of urban sprawl, is threatened by 
tremendous anthropogenic pressures. On the basis of historical data (past land-use and herbarium data) we show 
that over the last 150 years, the impact of urbanization has been severe for 70 % of the populations and has 
caused the disappearance of at least 11 of them, i.e. 20 % of the known populations. Similar levels of urban 
sprawl are observed between the most vulnerable and already extinct populations. In this context of biodiversity 
decline, our cross-analysis highlights that two of the five conservation units call for a rapid setting up of PMRs 
because of their high originality and their great risk of extinction: one unit including the populations of the 
Principality of Monaco and one unit that includes the populations of Nice and its surroundings. This study 
demonstrates the importance of integrating population vulnerability and conservation units. In a context of huge 
urbanization our approach makes a clear case for the design of PMRs.   

1. Introduction 

In the context of the severe biodiversity crisis of the Anthropocene, 
urbanization and habitat destruction or degradation of natural ecosys-
tems are the primary drivers of plant extinctions worldwide, notably in 
biodiversity hotspots where they represent 39 % of the deleterious 
drivers vs 25 % for the coldspots (Le Roux et al., 2019). Urban expansion 
is occurring at an unprecedented scale, and today more than 50 % of the 
global human population live in urban environments (United Nations, 
2018). The urban ecological footprint extends beyond city boundaries 
and drives severe environmental and biological changes (e.g. Grimm 
et al., 2008; Hahs et al., 2009; Wenzel et al., 2020). Indeed, urban areas 
threaten ecosystems as a result of direct habitat conversion (McKinney, 

2002) and through various indirect effects, e.g. land-use changes, frag-
mentation by linear infrastructures such as roads, waste generation 
disturbances associated with recreational activities and diverse pollu-
tion (e.g. DeFries et al., 2007; Mcdonald et al., 2008). Urbanization 
changes the biological integrity of habitats and the nature of food webs 
between species. High levels of urban densification (above 50 %) has 
largely led to pollinator declines and loss of pollination services (Wenzel 
et al., 2020). Another impact is related to the frequent invasion by exotic 
species in natural areas adjacent to urbanized sectors, since habitat 
invasiveness is associated with disturbed landscapes (With, 2002). 

As important biodiversity hotspots, Mediterranean-type ecosystems 
are particularly threatened by the increase of population density and 
urban areas (Garciá-Nieto et al., 2018; Egidi et al., 2020; UNEP/MAP & 
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Predictions of the impact of ongoing climate change on the distribution of a species
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Role of microrefugia for plant conservation faced with climatic change

Microrefugia are small areas characterized by favorable environmental conditions for 
the survival of populations outside their main distribution. 

These microsites are less subject to climate change because they would benefit from
microclimatic conditions disconnected from the regional climate.

These climatic "havens" represent a solution limiting the migratory needs of species
and allowing the flora to recolonize the landscape quicker if environmental conditions 
become more favourable.

MICROMED project aims to identify species threatened by climate change 
and model their potential microrefuges in the Sud-PACA region, in order to 
better understand and quantify the links between landscape heterogeneity, 
forest characteristics and microclimate.

Hypotheses



 

3 
 

 Nous nous sommes basés sur les valeurs indicatrices écologiques (EIV) des espèces végétales selon 
la classification de S. Pignatti (Guarino et al. 2012) pour étudier si, et comment, les communautés végétales 
se différenciaient entre le microrefuge et le témoin avoisinant. Ces EIV sont des scores reflétant les 
optimums écologiques de chaque espèce sur plusieurs gradients environnementaux, dont la température, 
l’humidité et la lumière, tous trois considérés dans cette étude. En calculant des moyennes des EIVs 
pondérées par les fréquences relatives de chaque espèce pour chaque site*traitement, nous avons pu 
comparer les affinités écologiques des communautés entre microrefuges et témoin. Cela permet 
également de vérifier si les communautés végétales répondent aux variations climatiques décrites ci-
dessus. Les résultats indiquent que les communautés végétales présentes dans les microrefuges ont des 
optimums de température et d’humidité plus froids et plus humides, respectivement, que les 
communautés présentes dans les sites témoins avoisinants (modèles à effets mixtes prenant en compte 
l’effet site, p<0,05, Figure 3). Ces résultats démontrent que la végétation répond significativement à ces 
variations de 0,7°C et 0,3°C estimées en moyenne dans l’air et dans le sol. Ces variations sont donc 
importantes pour les organismes biologiques concernés. 
 Enfin, nous avons également tenté de caractériser la topographie des microrefuges étudiés par 
rapport à celle des sites avoisinants. Nous avons comparé les microrefuges avec quatre sites avoisinants 
situés à une distance de 100 m. Ces sites témoins sont disposés aux quatre directions cardinales du 
microrefuge. Les résultats, issus d’une analyse multivariée intra-site, suggèrent que les microrefuges sont 
situés dans des dépressions topographiques, souvent le long de cours d’eau. Ce résultat est d'autant plus 
intéressant que l’espèce-modèle Oxalis acetosella n’a pas d’affinité particulière pour les milieux humides 
au centre de son aire de répartition. Les microrefuges se situent également systématiquement dans des 
milieux forestiers plus fermés que les sites témoins avoisinants. Ces résultats corroborent les données de 
la littérature qui font état de découplages climatiques dans les sites encaissés et en forêt dense (De Frenne 
et al. 2019, Lenoir et al. 2017). 

Figure 1: Populations d’Oxalis acetosella bénéficiant d’un suivi floristique et climatique sélectionnées lors du projet. Les suivies sont 
toujours en place et les données seront utilisées pour la thèse de M. Finnocchiaro. 

Analysis of Oxalis acetosella populations 
located in southern microrefugia of S.E. France

Italy

France

Role of microrefugia for plant conservation faced with climatic change

How can persist a cold-adapted plant into constrained limited surfaces and 
under the regional Mediterranean climate? 



Daily data recorded
at 1.5 m in height

and 5 cm below ground



approach. The aim here is to study whether, and to what extent, the climate encountered 

within these existing microrefuges is disconnected from the regional climate, as the literature 

suggests  (De Frenne et al. 2019; Lenoir, Hattab, and Pierre 2017). For this, we have started to 

set up micro-climatic monitoring of populations of Oxalis acetosella and wish to continue with 

Arabis alpina populations. 

 Temperature records are made every 15 minutes in microrefuges and their 

neighbourhoods (50-100m)  to  quantify and model the degree of climate decoupling based on 

landscape characteristics: relative elevation to the rest of the   landscape, density of canopy 

cover, proximity to streams or water bodies  (Lenoir, Hattab, and Pierre 2017). 

 

  

In practical terms, the approach adopted is to install four temperature loggers per population:   

two loggers within the population, and two others in the nearby vicinity (Figure 2). Preliminary 

results for Oxalis acetosella are very encouraging; they suggest consistently colder temperatures 

in microrefuges compared to near-neighbours, and communities with colder, moist ecological 

affinities (Finocchiaro et al 2021). 

 

 

Figure 2: Protocol put in place 

 

Role of microrefugia for plant conservation faced with climatic change

Temperature records are made every 15 minutes in microrefugia and their
controls (50-100m) to quantify and model the degree of climate decoupling
based on landscape characteristics (relative elevation to the rest of the
landscape, density of canopy cover, proximity to streams or water bodies)



Next steps
Detection of microrefugia with the aim of their
preservation at the very fine scale (ca. 25 m):
confrontation / regional network of protected
areas
Integrative approach including soil functioning
and phylogeography?

Role of microrefugia for plant conservation faced with climatic change

Systematic fine scale variations in temperature
with cooler and more stable conditions
within microrefugia compared to its immediate
surroundings landscape.
These contrasts were larger during the growing
season.

Plant communities present in micro-refugia
have cooler temperature and wetter humidity
optima than communities present in the control
sites
(mixed effects models taking into account the site effect, p
<0.05).

Verdon Gorges



Importance of ecosystem-based approaches



The ecology and conservation biology of the 20th century was
based on concepts that are now considered a bit naïve: 

From a species-centred approach to an ecosystem-based approach

(i) Ecosystems were considered to be in equilibrium, while their
functioning is today considered to be partly and naturally chaotic.

(ii) After a disturbance, ecosystems returned to a stage of equilibrium,
the climax, via a well-defined ecological succession.

(iii) Disturbances were thought to only negative (decrease of species
richness, but cf. Intermediate Disturbance Hypothesis, IDH;
importance for the regeneration niche).

(iv) Biodiversity was reduced to species diversity, while the number of
species is only one descriptor of biodiversity.

(v) The species-by-species approach was the rule, with a strong
(unique) focus on ’remarkable’ / ‘iconic’ species.



The ecosystem-centred approach has several strong points: 

From a species-centred approach to an ecosystem-based approach

(i) It allows the inclusion of humans in the functioning of the
ecosystem, in a natural way, thus evolving from the notion of
ecosystem to that of socio-ecological system.

(ii) It requires the construction of a framework corresponding to a
conceptual model of the ecosystem, including even the unremarkable
species that often play an important role in the functioning of
ecosystems.

(iii) Building a conceptual model makes it possible to link the species
together, following a network of interactions and to better interpret the
possible fluctuations in their abundance.

Boudouresque et al., 2020. Life Environment, 70 & Diversity, submitted. 



The ecosystem-centred approach has several strong points: 

From a species-centred approach to an ecosystem-based approach

(iv) The conceptual model can be a stepping stone towards analytical or
numerical modelling, where flows (e.g. C, N, P) between compartments
are quantified.

(v) It also highlights the importance of tackling the coupling between
adjacent ecosystems (e.g. including terrestrial and marine ecosystems).

(vi) This approach enables the development of environmental quality
indices (e.g. Ecosystem-Based Quality Index, EBQI) that are much
more significant and reliable than indices based on one or a few species.

Boudouresque et al., 2020. Life Environment, 70 
& Diversity, submitted. 

Guidelines for the application of 
IUCN Red List of Ecosystems
Categories and Criteria 

INTERNATIONAL UNION FOR CONSERVATION OF NATURE

Lucie M. Bland, David A. Keith, Rebecca M. Miller, 
Nicholas J. Murray and Jon Paul Rodríguez (eds)

Version 1.0

Importance to develop some integrative
approaches of IUCN Red Lists of 
ecosystems / various taxonomic groups
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Vie Milieu, 2020, 70 (3-4)

siders a collection of remarkable taxa, the EBA requires 
the construction of a framework corresponding to a con-
ceptual model of the ecosystem. In this model, there are 
grounds for including even the unremarkable species 
(i.e., species that are not rare, or threatened, or iconic). 
(iii) The conceptual model makes it possible to link the 
species together, following a network of interactions (pre-
dation, parasitism, mutualism), and to better interpret the 
possible fluctuations in their numbers. (iv) The concep-
tual model can be a stepping-stone towards analytical or 
numerical modeling, where flows (e.g., C, N, P) between 
compartments are quantified. (v) The EBA also highlights 
the importance of tackling the coupling between adjacent 
ecosystems (including benthic and pelagic, terrestrial and 
marine ecosystems). (vi) The EBA enables the develop-
ment of environmental quality indices that are much 
more significant and reliable than indices based on one 
or a few species: see e.g., the Ecosystem-Based Quality 
Index (EBQI) for the Posidonia oceanica seagrass eco-
system (Personnic et al. 2014, Boudouresque et al. 2015). 
(vii) Invasive species constitute one of the most worry-
ing aspects of global change, and the Mediterranean Sea 
is the area worldwide most hit by non-indigenous spe-
cies (Galil 2008, Katsanevakis et al. 2013, Maxwell et 
al. 2016, Boudouresque et al. 2017a). Invasion issues are 
usually studied and managed in a single-species context: 
the interaction between an invasive species and a native 

one, the impact of an invasive species on point or alpha 
species diversity, etc. In fact, invasive species rarely act 
in isolation, but in packs; invasive species rarely have 
an impact on a species alone, but on entire communities; 
therefore, understanding their role and impact can only be 
achieved in the context of the whole ecosystem (Boud-
ouresque et al. 2005a, 2011). (viii) Human activities (e.g., 
fisheries, contamination) do have an impact on particu-
lar species; however, it is only within the framework of 
the whole ecosystem, and within its functional compart-
ments, that these effects can be understood, managed and 
if possible mitigated (e.g., Halpern et al. 2010, Cresson et 
al. 2014, Giakoumi et al. 2015, Ourgaud et al. 2015, Kin-
caid et al. 2017). Ecosystem-Based Fishery Management 
(EBFM) is obviously part of the EBA (e.g., Rice 2005, 
Tudela & Short 2005). 

The Port-Cros National Park (PCNP, Provence, France, 
Mediterranean) was established in December 1963 (Augi-
er & Boudouresque 1973, Boudouresque 1976, Bougeant 
1990). It encompassed the Island of Port-Cros and the 
neighboring island and islets (Bagaud Island, La Gabi-
nière Islet and Le Rascas Islet), i.e., the Port-Cros Archi-
pelago, situated about 8 km off the continental coast of 
eastern Provence (Fig. 1). Together with the land areas 
of the island and islets, the PCNP included a 600-m wide 
belt of sea, corresponding to 1300 ha in surface area, sur-
rounding the archipelago (Boudouresque et al. 2013). The 

Fig. 1. – Map of the new Port-Cros National Park (N-PCNP), established in 2016. The initial PCNP, established in 
1963, was restricted to the Archipelago of Port-Cros.

Map of the new Port-Cros National Park (PCNP), established in 2016
The initial PCNP, established in 1963, was restricted to the archipelago of Port-Cros 
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resource, nocturnal insects (e.g., the Tyrrhenian painted 
frog Discoglossus sardus, shrew, the European leaf-toed 
gecko Euleptes europaea, birds, etc.) (Table I, T15). It is 
difficult to explain to the general public, and to journalists 
who have almost always a literary rather than scientific 
culture, that national parks are neither botanical gardens 
nor zoos, and that a natural ecosystem can be poor in spe-
cies. The general public and journalists are often confused 
and incredulous when they are told that the most effective 
way to increase the number of species is to open paths and 
agricultural plots in the forest, to create garbage dumps 
and to spread fertilizer (see e.g., Landrieu & Gilg 2010, 
Boudouresque 2014).

In an admirable outburst of anger against taxonomic 
lobbies and their simplistic view of biodiversity, Landrieu 
& Gilg (2010) wrote: ‘To make us believe that we must cut 
down forests to open the environment to more species of 
birds, flowers and butterflies and that, by doing so, we are 
helping to increase biodiversity, there no, I do not agree! 
If we let ourselves be guided by the sole objective of the 
maximum number of species, which leads to increasing 
the ‘species richness’ of a site and not its ‘biodiversity’, 
the ultimate destiny of the manager could be the mainte-
nance of botanical gardens and zoos! When the environ-
ment is naturally forest, it is forest species that constitute 
biodiversity. Our role is to improve if necessary the func-
tionality of this environment, its ‘state of conservation’. 
It’s the ecosystem that decides its biodiversity, based on 
ecological potential, resources, colonization, dispersal of 
species. We must beware of ‘overselling’ biodiversity, by 
trying, for example, to change a forest environment that 
is naturally ‘poor’ in species, into an environment that is 
artificially rich’ (translated from French by the authors) 
(see also Pavé 2019). It is worth noting that the so-called 

species poverty of the ‘closed’ natural forest environ-
ments is an idea propagated by the lobby of flowering 
plant taxonomists; for insect specialists, the closed for-
est environments exhibit on the contrary an incredible 
species richness: saprophagous, saproxylophagous, phy-
tophagous, predators of litter, old wood, old bark, mosses, 
tree cavities, etc.

Supporters of the species-by-species approach some-
times claim that they are also thinking at ecosystem level, 
because they consider the habitat of the species. Habitat is 
generally defined on a descriptive basis, the composition 
in species, phytosociological in terrestrial environment, 
fauna and flora in marine environment (e.g., Molinier 
1960, Pérès & Picard 1964, Corine 2020). So it is a kind 
of vicious circle. Of course, habitat is not the ecosystem; 
habitat and ecosystem are completely different concepts; 
the habitat is a descriptive concept (physical-chemical 
characteristics, lists of species), while the ecosystem is 
a functional concept (the interactions of species between 
them and with the environment).

Doing nothing is often the best management response, 
although sometimes difficult to explain to the public at 
large and policy makers avid for visible actions (Pont 
2003, Schnitzler et al. 2008). Unfortunately, national 
authorities, in particular in France (Ministry of the Envi-
ronment, Agence de l’Eau), often favor visible actions 
(artificial reefs, transplantation, artificial restoration, 
etc.), excessively expensive, generally ineffective and 
even seriously destructive of the natural environment, 
while the use of the budgets for the reduction of impact 
would have been one or two orders of magnitude more 
effective.

With the exception of an initial ‘teething phase’, and 
of the Island of Porquerolles before it officially became 

Fig. 9. – Mean number of man-
agement actions, species-by-spe-
cies and possibly inappropriate 
and ecosystem-based and possi-
bly appropriate, over time. Data 
from Tables I and II. Many man-
agement actions, both appropri-
ate (e.g., T21 and M1) and inap-
propriate (e.g., T16 and M7), are 
long-lasting and therefore appear 
over several time periods.

Mean number of management actions, species-by-species and possibly inappropriate
and ecosystem-based and possibly appropriate, over time in the Port-Cros NP
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Boudouresque et al., 2020. Life Environment, 70. 



Schematic zonation of the vegetation on coastal sand in contact with a rocky hill
Original drawing © Guilhan Paradis and Carole Piazza in Boudouresque et al., submitted
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The Mediterranean beach ecosystem harbours six ‘habitats of community interest’,
under the European Habitat Directive, with their characteristic flora and fauna

Sandy beaches and dunes provide worldwide a wide range of ecosystem services
and values that cannot be supplied by any other ecosystem
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Banquette / beach /dune
a pivotal role in land-sea coupling and functioning of coastal systems

— 41 —

Figure 15. Left to right: Trachyscelis aphodioides, Ammobius rufus, Brindalus porcicollis 
and Xenonychus tridens. Bar scale = 1 mm. Photos © Philippe Ponel. 

Box 3 (by Philippe Ponel)
More about banquette coleopterans

The community of Coleoptera associated with Posidonia oceanica 
banquettes is very rich in species (Fig. 16). This community is relatively 
poorly known due to the small size and the difficulty of identification of 
many species. Finding these small insects in the thick accumulations of 
dead leaves of P. oceanica is like looking for a needle in a haystack, and it is 
appropriate to use an entomological sieve (Winkler apparatus) to separate 
the smaller beetles from the larger vegetal fragments. Investigations on 
the shores of the Giens Peninsula, Les Embiez Island (eastern Provence, 
France) and Saint-Honorat Island (French Riviera), reveal that almost 20 
beetle species are regularly found in this habitat, and most of them are 
exclusively associated with it.
By far the dominant family is the Staphylinidae, with at least 11 species, all 
of them being predatory and feeding upon very small arthropods:
Omalium riparium impar Mulsant & Rey 1861
Cafius xantholoma (Gravenhorst, 1806)
Remus filum (Kiesenwetter 1849)
Remus sericeus Holme 1837
Heterothops binotatus (Gravenhorst 1802)
Halobrecta cf. algae Hardy 1851
Myrmecopora boehmi Bernhauer 1910
Myrmecopora laesa (Erichson 1839)
Myrmecopora sulcata (Kiesenwetter 1850)
Heterota plumbea (Waterhouse 1858)
Pseudopasilia testacea (Brisout 1863) 

Several small species of psammophilous
Coleoptera spend their whole life cycle 
deeply buried in the substratum

Minaccia Bay, Corsica. Pl: Pistacia lentiscus thicket. ©  G. Paradis

Trachyscelis aphodioides, Ammobius rufus, Brindalus porcicollis
and Xenonychus tridens. 
Bar scale = 1 mm. Photos © Philippe Ponel



Boxes in green: primary producers. Yellow: detritus. Ochre: detritus-feeders. Blue: 
herbivores. Red: predators. Red rectangle: Dune-Beach-Banquette ecosystem

Boudouresque et al., submitted

Ecosystem-based approaches on a threatened habitat
Conceptual model of the functioning of the Dune-Beach-Banquette ecosystem



Example of an extreme
change of a coastal
landscape between
1953 and 2017
(sector D, beach of La Favière
and construction of the 
harbour of Bormes-les-
Mimosas)
Maps : BD ORTHO® Historique 1953 50 
cm DEPT 83 & BD ORTHO® 2017 50 cm 
en RVB.
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Analysis of the evolution of the coastline (a) and the width of the dune ecosystem between
1953 (L1953) and 2017 (L2017) along a transect (dotted lines)

Changes in the position (a) and the width of the dune ecosystem (b) of the coastline in meters
between 1953 and 2020; estimates of dune surface losses between 1953 and 2017 (c)



Diachronic evolution
of	some main	
vegetation types	of	
the	Giens	peninsula
(Hyères,	Var)	
between 1953	/	2019
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thermophiles littoraux à Myrtus communis et Pistacia lentiscus. Les dunes du tombolo 

occidental sont à présent en majorité des plages de sable sans végétation. 

 

Figure 8 : localisation des végétations des dunes blanches en 1953 (a) et en 2019 (b) sur la presqu’île de 
Giens. 

 

Tableau IV : occupations actuelles du sol sur les zones où les végétations de dunes blanches cartographiées 
1953 ont disparu. Les occupations du sol présentant un pourcentage inférieur ou égal à 3 ont été 
regroupées dans la catégorie « Autres ». 

Occupations du sol Pourcentages 
Immergé 34 
Plage de sable sans végétation 32 
Urbain 20 
Fourré thermophile littoral à Myrtus communis et Pistacia lentiscus 6 
Autres 7 

Evolution de la pelouse à Plantago crassifolia 

La pelouse à Plantago crassifolia se développe en théorie entre les dunes et les lagunes 

saumâtres, au niveau de dépressions légèrement saumâtres. En 1953, cette pelouse s’étendait 

en une bande continue sur le tombolo occidental et étaient présente sur une petite zone plus à 

l’est, sur le tombolo oriental, couvrant au total 7.9 ha environ. En 2019, il n’en reste 

qu’environ 0.04 ha : la pelouse a subit une réduction de plus de 99% en 66 ans. Par ailleurs, la 

zone de 2019 se situe hors de la zone occupée en 1953 par cette pelouse : la zone 

cartographiée par Molinier en 1953 a donc entièrement disparue. Le tableau V montre qu’elle 

a été remplacée principalement par des plages de sable sans végétation (20 %), des pelouses 

de dunes blanches (20 %)  et des voies de circulations goudronnées (19 %).  
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Tableau V : occupations actuelles du sol sur les anciennes pelouses à Plantago crassifolia cartographiées 
1953. Les occupations du sol présentant un pourcentage inférieur ou égal à 3 ont été regroupées dans la 
catégorie « Autres ». 

Occupations du sol Pourcentages 
Plage de sable sans végétation 20 
Voie de circulation goudronnée 19 
Pelouse des dunes blanches 20 
Voie de circulation non goudronnée 8 
Pinède thermophile des dunes à Pinus pinea 6 
Pré salé mésohygrophile à Puccinellia festuciformis et Juncus maritimus 6 
Pelouse annuelle nitrophile des dunes surpiétinées à Cynodon dactylon 6 
Autres 15 

Evolution de la pinède thermophile des dunes 

En 1953, la pinède thermophile des dunes à Pistacia lentiscus et Pinus halepensis 

couvrait environ 20.2 ha, en 2019 elle n’en couvre plus que 7.7 ha, elle a donc subit une 

réduction d’environ 62% de sa surface. Cependant, comme le montre la figure 9, la pinède de 

2019 ne se superpose pas partout à celle de 1953. Ainsi, 84% (17 ha) des 20.2 ha de la pinède 

thermophile des dunes à Pistacia lentiscus et Pinus halepensis cartographiée par Molinier en 

1953 ont disparu. Celle-ci a était remplacée à 81% par des zones artificialisées et 6% 

correspondent aujourd’hui au fourré thermophile littoral à Myrtus communis et Pistacia 

lentiscus (tab. VI), stade dégradé de la pinède thermophile. Elle a aussi été remplacée à 4% 

par de la pinède thermophile des dunes à Pinus pinea. En plus de l’urbanisation qui touche 

fortement les quatre zones (fig. 9), le nord de la zone 1 été remplacé par de la pinède 

thermophile des dunes à Pinus pinea, et le sud de la zone 4 présente des zones où le fourré 

thermophile littoral à Myrtus communis et Pistacia lentiscus se développe. 

 

Figure 9 : localisation de la pinède thermophile des dunes à Pistacia lentiscus et Pinus halepensis sur la 
presqu’île de Giens en 1953 (a) et 2019 (b). Les numéros (1, 2, 3 et 4) identifient les quatre zones de la 
pinède cartographiées par Molinier. 
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Tableau VI : occupations actuelles du sol sur les zones perdues de la pinède thermophile des dunes à 
Pistacia lentiscus et Pinus halepensis cartographiée sur la presqu’île de Giens en 1953. Les occupations du 
sol présentant un pourcentage inférieur ou égal à 3 ont été regroupées dans la catégorie « Autres ». 

Occupations du sol Pourcentages 
Zone artificialisée 81 
Fourré thermophile littoral à Myrtus communis et Pistacia lentiscus 6 
Pinède thermophile des dunes à Pinus pinea 4 
Autres 9 

Evolution d’une série édaphoxérophile depuis 1953 : la chênaie verte acidiphile  

En 1953, la série de la chênaie acidiphile de chênes verts (CVA) couvrait 140.9 ha 

contre 80.8 ha en 2019, soit une diminution de surface d’environ 43%. La figure 10 montre 

qu’en 2019 la série se situe parfois sur des zones qui n’étaient pas cartographiées comme 

appartenant à cette série par Molinier (1953). C’est le cas par exemple de la zone sud-est 

cartographiée comme appartenant à la série du chêne liège en 1953. La série de la chênaie 

acidiphile de chênes verts (CVA) cartographiée en 1953 a subit une réduction d’environ 79% 

de sa zone puisque 113.5 ha ont été perdus. Ces pertes sont en majeure partie liées à 

l’urbanisation puisque les zones artificialisées représentent environ 76% des pertes (tab. VII). 

12% des pertes correspondent actuellement à une pinède thermophile des dunes à Pinus 

pinea. Cependant, Molinier indiquait la présence de peuplements de Pinus pinea sur cette 

zone mais les classait dans cette série alors que nous les avons situés, en 2019, dans la 

variante psammophile de la série de la pinède littorale (PL).  

 

Figure 10 : localisation de la série édaphoxérophile acidiphile de la chênaie à Quercus ilex et Arisarum 
vulgare en 1953 (a) et 2019 (b) sur la presqu’île de Giens. 

 

Active	dunes:	
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Specific richness and percentages of locally extinct plant species over the 2000-
2020 period (red), for the entire study area (TOT) and by sectors (A, B, C, D, E, F)

Catapodium hemipoa Eryngium maritimum Silene nicaeensis Ammophila arenaria
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Morando &	Noble, 2019
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Network of interactions of bee species with plant species in the
Port-Cros National Park

-  278  -

Figure 8. Réseau d’interactions des espèces d’abeilles (colonne de droite) avec les 
espèces végétales (colonne de gauche) inventoriées sur le territoire du Parc national 
de Port-cros en 2016-2017. Les nœuds épais représentent des abeilles généralistes qui 
butinent de nombreuses espèces de plantes ou les espèces de plantes qui sont butinées 
par de nombreuses espèces d’abeilles. Colletes collaris est citée en rouge pour souligner 
son appartenance au groupe des espèces en danger de la liste rouge de l’UICN et les 
espèces en orangé pour leur appartenance au groupe des espèces quasi menacées. Les 
espèces végétales en rouge sont patrimoniales.

The thick nodes represent generalist
bees that forage on many species of
plants, or plant species that are
foraged by many species of bees

Gombaut et al., 2021. Sci. Rep. Port-Cros Natl. Park, 35.



1. Perform a « state of the art » of the current
knowledge on taxonomic groups

2. Define a scientic strategy dedicated to the 
definition of ecosystem-based management 
objectives

3. Inventory of the little-known biodiversity
(lichens, bryophytes, fungi, invertebrates)

4. Share the knowledge acquired, and 
establish fruitful research and expertise 
partnerships

5. Transform this knowledge into
recommendations towards an ecosystem-
based management

Program 2021-2025



Importance of evolutionary and ecosystem-based approaches

A protected area is neither a botanical garden nor a zoo, that
its role is not to favour certain species at the expense of
others.

Nature often does things better than humans and that doing
nothing sometimes constitutes the best management action.

The overall ‘non-interventionism’ approach in the management
of some protected areas ultimately allows much more effective
and less expansive ecosystem conservation than naïve ad hoc
operations.

Evolutionary aspects are still too little considered for the in situ
conservation of plants, especially in the south and east of the
Mediterranean basin.

Today, the ecosystem-based approach should be
developped, by integrating ecosystem dynamics and
species interactions.
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Phoenix theophrasti forest, Vai (E. Crete), January 2011


