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ABSTRACT

 

There is general agreement among scientists that biodiversity is under assault on a
global basis and that species are being lost at a greatly enhanced rate. This article
examines the role played by biogeographical science in the emergence of conservation
guidance and makes the case for the recognition of Conservation Biogeography as a
key subfield of conservation biology delimited as: 

 

the application of biogeographical
principles, theories, and analyses, being those concerned with the distributional dynamics
of taxa individually and collectively, to problems concerning the conservation of bio-
diversity.

 

 Conservation biogeography thus encompasses both a substantial body of
theory and analysis, and some of the most prominent planning frameworks used in
conservation. Considerable advances in conservation guidelines have been made over
the last few decades by applying biogeographical methods and principles. Herein we
provide a critical review focussed on the sensitivity to assumptions inherent in the
applications we examine. In particular, we focus on four inter-related factors: (i) scale
dependency (both spatial and temporal); (ii) inadequacies in taxonomic and distri-
butional data (the so-called Linnean and Wallacean shortfalls); (iii) effects of model
structure and parameterisation; and (iv) inadequacies of theory. These generic problems
are illustrated by reference to studies ranging from the application of historical bio-
geography, through island biogeography, and complementarity analyses to bioclimatic
envelope modelling. There is a great deal of uncertainty inherent in predictive analyses in
conservation biogeography and this area in particular presents considerable challenges.

Protected area planning frameworks and their resulting map outputs are amongst
the most powerful and influential applications within conservation biogeography,
and at the global scale are characterised by the production, by a small number of
prominent NGOs, of bespoke schemes, which serve both to mobilise funds and
channel efforts in a highly targeted fashion. We provide a simple typology of pro-
tected area planning frameworks, with particular reference to the global scale, and
provide a brief critique of some of their strengths and weaknesses. Finally, we discuss
the importance, especially at regional scales, of developing more responsive analyses
and models that integrate pattern (the compositionalist approach) and processes
(the functionalist approach) such as range collapse and climate change, again noting
the sensitivity of outcomes to starting assumptions. We make the case for the greater
engagement of the biogeographical community in a programme of evaluation and
refinement of all such schemes to test their robustness and their sensitivity to alter-
native conservation priorities and goals.

 

Keywords

 

Conservation biogeography, models, protected area frameworks, scale, sensitivity

 

analysis, uncertainty.

 

Biodiversity Research Group, School of 

Geography and the Environment, University of 

Oxford, Mansfield Road, Oxford, OX1 3TB, UK 

 

*Correspondence: Robert J. Whittaker, 
Biodiversity Research Group, School of 
Geography and the Environment, University of 
Oxford, Mansfield Road, Oxford, OX1 3TB, UK. 
E-mail: robert.whittaker@ouce.ox.ac.uk 
Order of co-authors arranged alphabetically.

 

Blackwell Publishing, Ltd.

 

Conservation Biogeography: assessment 
and prospect

 

Robert J. Whittaker*, Miguel B. Araújo, Paul Jepson, Richard J. Ladle, 

 

James E. M. Watson and Katherine J. Willis

 

INTRODUCTION

 

Although biogeographical science has played its part alongside
other subfields of biology in the emergence of current scientific

guidance for biodiversity conservation (e.g. Dasmann, 1972,
1973; Diamond, 1975), in our view it has done so as something
of a poor relation — a Cinderella within Conservation Biology. In
the present article, we argue that biogeography can now cast



Conservation Biogeography
Application of biogeographical
principles, theories, and analyses, being
those concerned with the distributional
dynamics of taxa individually and 
collectively, to problems concerning the 
conservation 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 and biogeographical conservation
planning (notably within the biodiversity
hotspots) for the long-term preservation of this
outstanding biological heritage.

Sicily (Salina island)



Mid Eocene Mid Miocene

Messinien Early Pliocene

Importance of historical biogeography

Suc J.-P. in Noble V. & Diadema K., 2011. La flore des Alpes-Maritimes et de la Principauté de Monaco. Naturalia Publications.



The key role of glacial / interglacials episodes

Last Glacial Maximum (Würm)

Trichophorum pumilum

Juncus arcticus

Carex bicolor

Quézel P. & Médail F., 2003. Ecologie et biogéographie des forêts du bassin méditerranéen. Elsevier, Paris.

Importance of historical biogeography



Major areas of plant endemism in the Mediterranean

D’après Médail F. & Quézel P., 1997. 
Annals of the Missouri Botanical Garden.

Onosma (Albanie) Genista corsica (Corse) Iris planifolia (Andalousie) Rosularia libanotica (Liban)



Médail F. & Diadema K., 2009. 
Journal of Biogeography, 36.

www.sprintsicilia.it

Major phylogeographical refugia of plants in the Mediterranean



The challenges of Conservation Biogeography

The knowledge shortfalls

- The Linnean shortfall

- The evolutionary shortfall*

- The Wallacean shortfall

- The Flahautian shortfall*

- The climate change shortfall*

- The functional shortfall*

- The extinction estimate shortfall

From Ladle & Whittaker 2011, completed (*F. Médail, this communication)



The Linnean shortfall

Strong discrepancy between the number of species that have been formally

described by taxonomists and the total number of species that are thought

to exist Brown & Lomolino (1998) 
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script of Koutecký (2015). Morphological characters for clas-
sificatory discriminant analyses were selected based on the 
results of corresponding CDAs.

The determination key was largely constructed on the basis 
of the discriminant analyses, using characters most tightly 
correlated with canonical axes separating the target species. 
Characters that can be easily measured or observed in the field 
were selected preferentially. Due to the high intraindividual 
plasticity of morphological characters on trees, minima, max-
ima, and first and third quartiles of measured characters were 
used to construct the determination key (for basic statistics of 
all taxa and important morphological characters, see Electr. 
Suppl.: Table S1).

RESULTS

Flow cytometry. — Several individuals (21 diploids, 19 
tetraploids) from 14 populations were additionally collected 
to determine DNA ploidy levels using DAPI flow cytometry. 
The average sample-to-standard ratio of analysed samples 
± S.D. was 0.316 ± 0.004 and 0.637 ± 0.004 for diploids and 
tetraploids, respectively (mean coefficients of variation of the 

sample and internal standard were 2.50 ± 0.61 and 1.65 ± 0.23, 
respectively). These values fit the interval of diploids and tetra-
ploids measured in a previous study, which were calibrated 
against chromosome counts used in the study of Mandák & al. 
(2016a). No other ploidy levels were observed. The cytotype 
distribution of populations used in this study is presented in 
Fig. 1.

Multivariate morphometrics. — Principal component anal-
ysis (PCA) of all individuals (Fig. 2) has supported the clear 
delimitation of two extremely morphologically distinct groups. 
The first is represented by A. incana, and the second consists 
of diploid A. glutinosa and the tetraploid species A. lusitan-
ica and A. rohlenae. Presence of hair floccules in lateral vein 
axils (HF), ventral lamina hairiness (VH), shape of lamina 
apex (LS), number of pairs of lateral veins (PV), presence of 
leaf lobation (LO) and catkin stalk length (CS) are the char-
acters most tightly correlated with the first component axis, 
which explains 40.01% of variation in the whole dataset (for 
correlation coefficients of measured characters, see Table 1). 
The first PCA axis also indicated a non-random distribution 
of states of morphological characters among A. glutinosa and 
two tetraploid species. Principal coordinate analysis (PCoA) 
of all species using Gower’s coefficient resulted in almost the 

Fig. 1. Geographical locations of 
populations of Alnus glutinosa, 
A. incana, A. lusitanica and 
A. rohlenae and across the entire 
study area. Diploid A. glutinosa 
accessions are in red, diploid 
A. incana in yellow, tetraploid 
A. rohlenae in green and tetra-
ploid A. lusitanica in blue.

0 200 400 600 km

A. incana 2x
A. glutinosa 2x
A. rohlenae 4x
A. lusitanica 4x
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Fig. 5. Holotype of Alnus lusitanica.

??

? ?

In well-studied groups like vascular plants: often morphologically cryptic species

Alnus lusitanica Alnus rohlenae (Montenegro)

Two new polyploid species related to Alnus glutinosa (Vit et al., 2017. Taxon)

How many plants in the Mediterranean Biogeographic Region ?



The Linnean shortfall

PLANT BIOSYSTEMS  AN INTERNATIONAL JOURNAL DEALING WITH ALL ASPECTS OF PLANT BIOLOGY, 2018
VOL. 152, NO. 2, 179303
https://doi.org/10.1080/11263504.2017.1419996

An updated checklist of the vascular flora native to Italy

F. Bartoluccia‡  , L. Peruzzib‡  , G. Galassoc‡  , A. Albanod  , A. Alessandrinie, N. M. G. Ardenghif  , G. Astutib  ,  
G. Bacchettag  , S. Ballellih, E. Banfic, G. Barberisi, L. Bernardoj, D. Bouvetk, M. Boviol, L. Cecchim  , R. Di Pietron, 
G. Dominao  , S. Fascettip, G. Fenug  , F. Festiq, B. Foggir  , L. Gallos, G. Gottschlicht, L. Gubelliniu, D. Iamonicon  , 
M. Iberitev, P. Jiménez-Mejíasw, E. Lattanziv, D. Marchettix, E. Martinettoy  , R. R. Masinz, P. Medaglid, N. G. Passalacquaaa, 
S. Pecceninii, R. Pennesiab  , B. Pierinib, L. Poldiniab, F. Prosserq, F. M. Raimondoac, F. Roma-Marziob  , L. Rosatip, 
A. Santangeload  , A. Scoppolaae  , S. Scortegagnaaf, A. Selvaggiag, F. Selviah  , A. Soldanoai, A. Stincaaj  ,  
R. P. Wagensommerak  , T. Wilhalmal and F. Contia‡ 
aScuola di Bioscienze e Medicina Veterinaria, Università di Camerino – Centro Ricerche Floristiche dell’Appennino, Parco Nazionale del Gran Sasso e 
Monti della Laga, L’Aquila, Italy; bDipartimento di Biologia, Unità di Botanica, Università di Pisa, Pisa, Italy; cSezione di Botanica, Museo di Storia Naturale 
di Milano, Milano, Italy; dDipartimento di Scienze e Tecnologie Biologiche ed Ambientali, Università del Salento, Lecce, Italy; eIstituto Beni Culturali 
Regione Emilia–Romagna, Bologna, Italy; fDipartimento di Scienze della Terra e dell’Ambiente, Università di Pavia, Pavia, Italy; gCentro Conservazione 
Biodiversità (CCB), Dipartimento di Scienze della Vita e dell’Ambiente (DISVA), Università degli Studi di Cagliari, Cagliari, Italy; hScuola di Bioscienze e 
Medicina Veterinaria, Università di Camerino, Camerino, Italy; iDipartimento di Scienze della Terra, dell’Ambiente e della Vita, Università di Genova, 
Genova, Italy; jDipartimento DiBEST, Università della Calabria, Cosenza, Italy; kDipartimento di Scienze della Vita e Biologia dei Sistemi (DBIOS), 
Università di Torino, Torino, Italy; lComitato Scientifico, Museo Regionale di Scienze Naturali “Efisio Noussan”, Aosta, Italy; mSezione di Botanica “Filippo 
Parlatore”, Università degli Studi di Firenze, Museo di Storia Naturale, Firenze, Italy; nDipartimento PDTA, Università di Roma “La Sapienza”, Roma, 
Italy; oDipartimento di Scienze Agrarie, Alimentari e Forestali, Università di Palermo, Palermo, Italy; pScuola di Scienze Agrarie, Forestali, Alimentari ed 
Ambientali, Università della Basilicata, Potenza, Italy; qFondazione Museo Civico di Rovereto, Trento, Italy; rDipartimento di Biologia, Università di Firenze, 
Firenze, Italy; sStrada Val San Martino sup., Torino, Italy; tHermann-Kurz Strasse, Tübingen, Germany; uCentro Ricerche Floristiche Marche, Pesaro, Italy; 
vDipartimento di Biologia ambientale, Università di Roma “La Sapienza”, Roma, Italy; wNational Museum of Natural History, Smithsonian Institution, 
Washington, DC, USA; xVia Isonzo, Massa, Italy; yDipartimento di Scienze della Terra, Università di Torino, Torino, Italy; zVia Regazzoni Bassa, Padova, Italy; 
aaMuseo di Storia Naturale della Calabria ed Orto Botanico, Università della Calabria, Cosenza, Italy; abDipartimento di Scienze della Vita, Università di 
Trieste, Trieste, Italy; acDipartimento STEBICEF/Sezione di Botanica ed Ecologia vegetale, Università di Palermo, Palermo, Italy; adDiparimento di Biologia, 
Università degli Studi di Napoli Federico II, Napoli, Italy; aeDipartimento di Scienze Agrarie e Forestali (DAFNE), Università della Tuscia, Viterbo, Italy; 
afVia Europa Unita, Schio, Italy; agIstituto per le Piante da Legno e l’Ambiente (IPLA), Torino, Italy; ahLaboratori di Botanica, Dipartimento di Scienze 
delle Produzioni Agroalimentari e dell’Ambiente, Università di Firenze, Firenze, Italy; aiLargo Brigata Cagliari, Vercelli, Italy; ajDipartimento di Scienze 
e Tecnologie Ambientali, Biologiche e Farmaceutiche, Università della Campania Luigi Vanvitelli, Caserta, Italy; akDipartimento di Chimica, Biologia e 
Biotecnologie, Università di Perugia, Perugia, Italy; alMuseo di Scienze Naturali dell’Alto Adige, Bolzano, Italy

ABSTRACT
An updated inventory of the native vascular flora of Italy, providing details on the occurrence at regional 
level, is presented. The checklist includes 8195 taxa (6417 species and 1778 subspecies), distributed in 
1092 genera and 152 families; 23 taxa are lycophytes, 108 ferns and fern allies, 30 gymnosperms and 8034 
angiosperms. The taxa currently occurring in Italy are 7483, while 568 taxa have not been confirmed in 
recent times, 99 are doubtfully occurring in the country and 19 are data deficient. Out of the 568 not 
confirmed taxa, 26 are considered extinct or possibly extinct.

Introduction

The last comprehensive checklist of the Italian vascular flora of 
native (including archaeophytes) and non-native established 
taxa was published 12  years ago, and included 7634 specific 
and subspecific taxa, of which 782 non-native (Conti et al. 
2005), albeit these numbers were slightly modified by Conti  
et al. (2007). More recently, an inventory of alien (casual, natu-
ralized and invasive taxa) and cryptogenic vascular flora to Italy, 
including archaeophytes and neophytes, listed 1023 species 

and subspecies, of which 103 archaeophytes and 920 neophytes 
(Celesti-Grapow et al. 2009).

However, in the last years, there has been substantial progress 
in systematics, taxonomy, nomenclature and alien plant invasion 
research. Several new floristic and taxonomic data for Italy have 
been published in regional floras, local floristic contributions, 
taxonomic reviews and in the scientific reports published by the 
working group for Floristics, Systematics and Evolution of the 
Italian Botanical Society (e.g. Alessandrini et al. 2017; Bartolucci et 
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The distribution data (see Appendix S2 in supplementary 
material for detailed information about the regional distribu-
tion) given for each of the 20 administrative regions of Italy (not 
considering the two enclave-countries Republic of San Marino 
and Vatican City State) are coded as follows: Valle d’Aosta, VDA; 
Piemonte, PIE; Lombardia, LOM; Trentino-Alto Adige, TAA; Veneto, 
VEN; Friuli Venezia Giulia, FVG; Liguria, LIG; Emilia-Romagna, EMR; 
Toscana, TOS; Marche, MAR; Umbria, UMB; Lazio, LAZ; Abruzzo, 
ABR; Molise, MOL; Puglia, PUG; Campania, CAM; Basilicata, BAS; 
Calabria, CAL; Sicilia, SIC; Sardegna, SAR. In the Appendix S2, when 
the information concerning the distribution of a given subspecies 
for a region is missing, only the occurrence at species level was 
reported.

For each region, the occurrence status of each taxon is pro-
vided using the following categories:

•  Occurring: “P”;
•  Doubtfully occurring: “D”;
•  No longer recorded (reliable historical record): “NC”;
•  Extinct or possibly extinct: “EX”;
•  Recorded by mistake: “NP”;
•  Alien at regional level: “A” [“CAS” (Casual), “NAT” 

(Naturalized), “INV” (Invasive)].
•  Other abbreviations or symbols used in the list before the 

species/subspecies name are as follows:
•  Italian endemic: “E”;
•  Cryptogenic: “C”, i.e. a doubtfully native taxon, whose origin 

of occurrence in Italy is unknown;
•  Taxonomically doubtful: “T”;
•  Data deficient at national level: “DD”.

The families in the checklist are systematically ordered and, within 
them, the genera, species and subspecies are alphabetically 
listed. The taxa doubtfully occurring in Italy are indicated in italics 
only (not in bold italics). Taxonomic references concerning gen-
era are added below the families. Notes on taxonomy, nomen-
clature and distribution are included in the list after each taxon. 
The lists of synonyms, misapplied and included names (Appendix 
S3), along with the list of taxa to be excluded at national level 
(Appendix S4), are available as supplementary material.

Results

The checklist includes 8195 taxa (6417 species and 1778 subspe-
cies), belonging to 1092 genera and 152 families (Table 1). The 
lycophytes are represented by 3 families, 6 genera, 23 taxa and 
ferns and fern allies by 17 families, 34 genera and 108 taxa. The 
gymnosperms are represented by 4 families, 7 genera and 30 
taxa. The angiosperms consist of 8034 taxa grouped in 128 fam-
ilies and 1045 genera. The most represented families (>300 taxa) 
and genera (>100 taxa) are, respectively: Asteraceae, Poaceae, 
Fabaceae, Caryophyllaceae, Brassicaceae and Rosaceae; 

Table 3. Most represented genera for each category of distribution data: P (≥60 taxa), NC (≥2), EX (≥1), D (≥2) and DD (≥1).

Genera P Genera NC Genera EX Genera D Genera DD
Hieracium 686 Hieracium 460 Ranunculus 5 Hieracium 21 Taraxacum 5
Taraxacum 135 Taraxacum 12 Limonium 3 Polygala 3 Cotoneaster 2
Carex 122 Pilosella 10 Anthyllis 2 Alchemilla 2 Arenaria 1
Centaurea 115 Alchemilla 6 Aldrovanda 1 Alyssum 2 Bromopsis 1
Limonium 108 Atriplex 3 Bromus 1 Carex 2 Camelina 1
Ranunculus 103 Carduus 3 Bulbostylis 1 Juncus 2 Crataegus 1
Ophrys 101 Carex 2 Caldesia 1 Malva 2 Deschampsia 1
Pilosella 90 Dianthus 2 Camelina 1 Ophrys 2 Dryopteris 1
Alchemilla 87 Isolepis 2 Carlina 1 Paeonia 2 Helianthemum 1
Silene 84 Lythrum 2 Castroviejoa 1 Potentilla 2 Noccaea 1
Festuca 82 Onosma 2 Clematis 1 Saxifraga 2 Persicaria 1
Trifolium 78 Polycnemum 2 Helianthemum 1 Spergularia 2 Phlomis 1
Allium 68 Silene 2 Helosciadium 1 Taraxacum 2 Scorpiurus 1
Saxifraga 64 Herniaria 1 Trifolium 2 Sesamoides 1
Euphorbia 62 Launaea 1

Puccinellia 1
Sonchus 1
Stratiotes 1
Suaeda 1

Table 4. Number of taxa occurring in each of the 20 administrative regions.

Notes: No. of taxa (native “N” + cryptogenic “C”), No. of taxa A (native “N” + cryp-
togenic “C” + regionally non-native “A [NAT, INV]”), No. of taxa T (native “N” + 
cryptogenic “C” + regionally non-native “A [CAS, NAT, INV]”). Valle d’Aosta, VDA; 
Piemonte, PIE; Lombardia, LOM; Trentino-Alto Adige, TAA; Veneto, VEN; Friuli Ven-
ezia Giulia, FVG; Liguria, LIG; Emilia-Romagna, EMR; Toscana, TOS; Marche, MAR; 
Umbria, UMB; Lazio, LAZ; Abruzzo, ABR; Molise, MOL; Puglia, PUG; Campania, 
CAM; Basilicata, BAS; Calabria, CAL; Sicilia, SIC; Sardegna, SAR. CAS: Casual, NAT: 
Naturalized, INV: Invasive.

(N + C)

No. of taxa
T (N + C + A 

[CAS, NAT, INV])
A (N + C + A 
[NAT, INV])

PIE 3464 3508 3535
TOS 3370 3391 3400
LOM 3272 3303 3429
ABR 3190 3207 3216
VEN 3169 3268 3338
TAA 3116 3238 3504
LAZ 3003 3028 3047
LIG 3002 3050 3080
FVG 2975 3134 3147
CAM 2813 2826 2828
EMR 2798 2827 2843
CAL 2768 2788 2799
SIC 2763 2782 2787
BAS 2598 2606 2607
PUG 2552 2568 2577
MAR 2497 2535 2540
UMB 2364 2400 2406
MOL 2305 2324 2327
SAR 2301 2378 2441
VDA 2289 2322 2333

« The native flora of Italy include 8195 species and
subspecies taxa. It is the highest number in Europe
and, at the Mediterranean region level, only Turkey
hosts a higher number of native plant taxa »

« An updated checklist is a fundamental tool in
floristic, taxonomic and particularly in conservation
research »

A strong discrepancy / other European & Mediterranean floras or checklists…



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

Taxonomic
diversity

Evolutive
diversity

Functional
diversity

BIODIVERSITY

The need to get an integrative view of biodiversity



The evolutionary shortfall

Phylogeography, a determinant tool for conservation biogeography

“Phylogeography is a field of study
concerned with the principles and

processes governing the geographic

distributions of genealogical lineages,
especially those within and among closely

related species”
John C. Avise, 2000



The evolutionary shortfall

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 is the clues needed
to define areas having a pivotal role for persistence
(refugia), diversification (evolutionary cradles) or 
dispersal (large scale barriers or corridors)



The evolutionary shortfall

Marseille

La Ciotat

Cassis

Aubagne

Distribution of the 29 cpADN haplotypes

Pouget M., Youssef S., Migliore J.,  Juin M., Médail F. & Baumel A., 2013.  Annals of Botany, 112. 
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The case of a narrow endemic plant with a 
strong population distinctiveness and a high 
level of nucleotide variation of cpDNA

Arenaria provincialis
(Caryophyllaceae)

(6-FAM)-AAGG/MseI-CCAG; and EcoRI (6-FAM)-AACG/
MseI-CAAG. Selective amplification was performed in 20 mL
volumes with 5 pmol of each primer, 0.65 mM of MgCl2,
0.5 mM of dNTPs, 1 unit of Taq DNA polymerase (Q-Biogen)
and 5 mL of 100× diluted preamplification. The selective

amplification thermocycle profile was 94 8C for 2 min, 10
cycles of 94 8C for 30 s, 65 8C for 30 s (step –0.7 8C per
cycle), 72 8C for 1 min, followed by 20 cycles at 94 8C for
30 s, 56 8C for 30 s, 72 8C for 1 min and 72 8C for 5 min. PCR
products were separated and quantified on an ABI 3730xl
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FI G. 1. (A) Geographical distribution in south-eastern France of the 28 haplotypesdetected for the 94 individuals of A. provincialis by combining fourcpDNA regions
(internal part of matK, trnK intron plus the 5′ part of matK, trnL-trnF and trnT-trnL intergenic spacer; total of 2150 bp). Haplotypes are clustered by geographic groups
(A–E). For population codes see Table 1. Crosses represent the 156 occurrences of A. provincialis used in Youssef et al. (2011). (B) Abundance of A. provincialis
estimated by an isotropic Gaussian kernel function. The 591 occurrences used were at least 100 m apart (see Materials and methods for more details). The

maximum abundance was 17 occurrences within a 500 × 500 metre plot.
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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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functions, even in highly diverse ecosystems (Mouillot et al., 2013).
Third, very few studies examining biodiversity facets concern plants

(Forest et al., 2007; Thuiller et al., 2014), which are not governed by
the same spatio-temporal processes that concern, for example, most of
the vertebrates. Indeed, the key role of local persistence of plants –
notably in severe environmental conditions – must be specifically
considered (García and Zamora, 2003).

Within the framework of conservation genetics, the aim of phylo-
geography as a method for setting Conservation Units (CUs) is to in-
clude the evolutionary legacy within species as it relates to isolation
processes and historical biogeographical events (Ryder, 1986; Moritz,
1994; Moritz and Potter, 2013). To date, this particular approach has
been applied almost exclusively to vertebrate species and almost never
to plants (e.g. Swarts et al., 2014; Pouget et al., 2017). This has resulted
in a surprising dichotomy, with conservation genetics approaches being
applied on the one hand, and numerous insights being derived from
phylogeographic studies of plants on the other. Indeed, approaches to
multiple facets of rarity for conservation need to consider not only
phylogenetic diversity but also the evolutionary structures of the po-
pulations of rare and threatened taxa. This will undoubtedly lead to
better conservation prioritization efforts for rare and endangered taxa
that are applied according to their biogeographical structure, and this is
particularly important when it comes to biodiversity hotspots.

Among plants that are naturally restricted in terms of global dis-
tribution range, narrow endemic species (see Materials and methods for
definition) are the target of considerable conservation attention

because of their often reduced, isolated and threatened populations
(e.g. López-Pujol et al., 2013; Jiménez-Mejías et al., 2015). Then again,
few studies have defined and taken into account CUs for an effective
conservation biogeography (Ladle and Whittaker, 2011) for these
range-restricted plants and the centres of endemism they mainly define,
which at the same time constitute areas of high conservation concern.
The distribution of abnormally high concentrations of narrow endemics
can be linked to the local accumulation of palaeoendemic or neoen-
demic plant species, with the predominant role, respectively, of long-
term stable environments or high topographical heterogeneity (Molina-
Venegas et al., 2017). Centres of endemism often combine these two
environmental drivers and they are indicative of refuge areas that have
experienced long-term stability of climate and habitats on a reduced
spatial scale (e.g. Jetz et al., 2004; Ohlemüller et al., 2008; Médail and
Diadema, 2009; Sandel et al., 2011; Harrison and Noss, 2017).

In the present review, we examine the contributions of phylogeo-
graphy to the conservation prioritization of narrow endemic plants
within the Mediterranean Biogeographic Region (MBR) (see Materials
and methods), one of the 36 biodiversity hotspots of the world (Médail
and Myers, 2004). This important plant diversity (ca. 30,000 species
and subspecies= taxa) is mainly concentrated within the 10 regional
biodiversity hotspots (Médail and Quézel, 1997), within which we can
distinguish additional smaller ones (Cañadas et al., 2014). These areas
are characterized by an exceptional concentration of endemic species,
notably range-restricted taxa. As quoted by Thompson (2005), narrow
endemism represents ‘the cornerstone of Mediterranean plant

Fig. 1. Conceptual position of phylogeography sensu lato and implications for conservation genetics (inspired by Diniz-Filho et al., 2008, Avise, 2009).
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Conceptual position of phylogeography sensu lato 
and implications for conservation genetics

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).
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Annual records of publications reporting the use of
genetic data for Mediterranean narrow endemic plants
(MNEs):

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



The evolutionary shortfall

These 83 MNEs represent only 0.75% of the 11,000 MNEs of the Mediterranean region

60% occur on the continent and 40% on some large Mediterranean islands
(The Balearic Islands: n = 15; Sardinia: n = 7; Sicily: n = 6)

91.5% of the analyzed MNEs are located in the NW part of the Mediterranean region

91.5%54% 
(n = 45 MNEs)

6% (n = 5 MNEs)

8% (n = 7 MNEs)

Médail & Baumel 2018. Biological Conservation, 224. 

Recent (55% of neoendemics) and ancient lineages (40% of palaeoendemics) are in balance

MNEs are not “evolutionary dead-ends”: 50% of the studied species have moderate to high
genetic diversity, and genetic differentiation is geographically structured in 56% of the case
studies



The evolutionary shortfall

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

The conservation biogeography framework is quite relevant:
- 65% of these MNEs occur in one of the 10 regional biodiversity hotspots for   

plants
- 75% of the MNEs are included in one (or more) of the 52 identified glacial 

refuge areas 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 showing a 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)



TheWallacean shortfall

Inadequate knowledge of the geographical (global, regional, and even

local) distribution of species Lomolino (2004) 
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Aristolochia clematitis
Somewhat damp, shady places in de-
ciduous woodland, ravines, grassy 
streambanks, roadsides and hedges, 
0-800(-1300) m. Fl. Apr.-Aug.(-Nov).
   Rather common in N & NE mainland. 
-- Most of Europe from France & NE 
Spain eastwards to N Anatolia and 
Caucasia; also planted & naturalized.

Phoenix theophrasti
Sandy beaches, inlets and stream- 
banks, 0-20(-100) m. Fl. March-April
(with ripe fruits from previous year).
   A single large population at Vai in
NE Kriti and several small ones in Kriti
and elsewhere in the S Aegean area. 
-- Also in at least three localities in SW
Anatolia.

?

Hedera helix
Deciduous woodland, shady rock faces
in ravines, stone walls between ter-
raced fields, archaeological sites, etc., 
0-1100(-1500) m. Fl. August-October.
   Throughout Greece, but lacking on 
small and dry islands. -- Most of Eu-
rope, common in Atlantic parts, east-
wards to Caucasus.

Dracunculus vulgaris
Ravines, rocky places, olive groves,
scrub, mostly in seasonally damp, 
somewhat nitrified habitats, 0-700 m 
(occasionally to 1400 m in Kriti). Fl. 
end of March to mid-June.
   Most of Greece, although rare in the
west; the largest of the native Greek 
Araceae. -- C & E Mediterranean area.
  

Angiosperms: Araceae, Araliaceae, Arecaceae, Aristolochiaceae

349

351

350

352

Atlas Flora Europaea (1965-)
17 volumes, 5054 maps for 4664 species and subspecies
Only 25% of the vascular plants of Europe

Arne Strid

Atlas of the Aegean Flora

Part 1: Text & Plates

Arne Strid

Atlas of the Aegean Flora

Part 2: Maps

The Aegean archipelago of Greece is floristically rich and of 
great biogeographical interest, with a high degree of ende-
mism. It provides a model area for studies of evolution and 
speciation.
For the first time in more than 70 years a complete survey of 
the Aegean flora is now presented, with detailed distribution 
maps for all species, as well as keys, descriptions, photo-
graphic colour plates and extensive references. Atlas of the 
Aegean Flora covers all species and subspecies of native and 
naturalized vascular plants with reliable records from at least 
one Aegean island.
The work comprises two parts in A4 hardcover format: part 
1 with identification keys, descriptions and notes for 3316 
species, references, and 48 colour plates with photographs 

of 16 habitats and 421 
species; part 2 with 3362 
colour distribution maps, 
mounted four to a page. 
In both volumes taxa have 
been arranged alphabeti-
cally according to family, 
genus and species. With 
few exceptions taxonomy 
and nomenclature follow 
Vascular plants of Greece: 
an annotated checklist (Di-
mopoulos & al. in Englera 
31. 2013).
The text volume provides 
keys to species and, in 
some cases, subspecies. 

For each taxon there is a brief description (usually 60 – 120 
words) with emphasis on diagnostic characters, and there 
are frequently also notes on taxonomy, nomenclature, ety-

mology, variation and other relevant features. Some 780 
titles are listed in the references. The first two colour plates 
comprise 16 photographs of landscapes and vegetation; the 
remaining 46 show plant portraits, with nine photographs 
per page and insets showing details; altogether 421 species 
are illustrated. Photographs have been selected to include 
common and characteristic species as well as many Aegean 
endemics or taxa that are otherwise of special taxonomic, 
biogeographical or ecological interest.

The maps have been 
generated from the Flora 
Hellenica Database, which 
comprises some 917 000 
records based on several 
major herbaria as well 
as all relevant literature 
records. A text box on 
each map gives the name 
of the taxon as well as 
brief notes on ecology, 
total distribution, etc.
Strid A. 2016: Atlas of the 
Aegean Flora. Part 1: Text 
& Plates. Part 2: Maps. 
– Berlin: Botanic Garden 
and Botanical Museum 

Berlin, Freie Universität Berlin. – Englera 33 (1 & 2). – ISBN 
978-3-921800-97-3 (part 1); 978-3-921800-98-0 (part 2). – 
Hardcover, 21 × 29.7 cm; part 1 (700 pages): introduction 
with 3 figures; identification keys, descriptions and notes for 
3316 species; references; 48 colour plates with 16 habitats 
and 421 species; index; part 2 (878 pages): 3362 colour dis-
tribution maps, index.

Published by the Botanic Garden and Botanical Museum Berlin, this is the first 
comprehensive Flora of the Aegean region since Rechinger’s Flora Aegaea of 1944. 
In two parts with 1578 pages, it includes identification keys and descriptions for 
3316 species, colour photographs of 421 species and 3362 distribution maps.

Hymenonema graecum
Dry pastures, roadsides, rocky slopes
with garigue, on various substrates, 
0-200(-700) m. Fl. mid-April to June.
   A showy Aegean endemic; reported
from W Kriti by Raulin (1869: 493) and 
confirmed by Zaffran (1990: 331). A 
closely related species occurs in Pelo-
ponnisos.

603

Price: 120 EUR (both parts together). To order, please visit: www.bgbm.org/englera

Atlas
of the Aegean

Flora
by Arne Strid



TheWallacean shortfall

No yet comprehensive biogeographical analysis and maps

allowing the precise sectorization of the whole Mediterranean region

Rivas-Martinez et al. (2004)



TheWallacean shortfall

?

Mediterranean-European tree taxa

How has tree biodiversity been shaped?

How do different facets of biodiversity 
complement each other?

245 tree taxa (210 species 
and 35 subspecies)

46 endemic tree taxa
44 “cryptic trees“, i.e. 
21% of the total
19 threatened tree taxa 
(15 CR + EN + VU)

Médail F. et al. What is a tree in the Mediterranean Basin hotspot? A critical analysis. In prep.

Distribution by biogeographical provinces sensu Rivas-Martinez et al. (2004)

Distribution of occurrences by grid cells (50x50 km)
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Important Plant Areas 35

 Adverse forest management practices are the second 
major threat; this includes both habitat destruction through 
deforestation, and habitat conversion through afforestation, 
typically for commercial timber and other wood products. The 
third major threat is agricultural intensification and expansion, 
particularly in North Africa and the Middle East where increased 
grazing pressure from domestic herds is the primary threat 
category, with 67% of IPAs impacted[3]. Conversely, the species-
rich hay meadows of Eastern Europe are well represented in 
the IPA network – for example in Croatia. Human intervention, 
through community-led restoration of traditional farming, is 
being practised in some areas in order to restore the plants 
(see Box 3). The opposite situation occurs in the tropics, where 
species-rich rainforests are of greatest conservation value[9] and 
land abandonment can lead to rapid and marked increases in 
species diversity, with benefits obtained from these secondary 
forests for both biodiversity and effective carbon storage[11]. 
Hence, threat categories for IPAs are very region-specific 
and highlight the importance of understanding the historical 
context and baseline biodiversity for each site. 
 In summary, the preliminary assessment carried out for 
this year’s State of the World’s Plants reveals good levels 

THREAT  
CATEGORY

NUMBER 
OF IPAS 
IMPACTED

% OF  
IPAS 
IMPACTED*

% OF 
TOTAL 
THREATS 
TO IPAS

NUMBER 
OF IPAS 
IMPACTED 
AT HIGH 
LEVEL

COUNTRIES WHERE THREAT IS  
MOST SIGNIFICANT AS % OF  
TOTAL NATIONAL THREATS**

Development & construction 
(recreation/tourism)

595 40.2 9.7 136 Ukraine, Slovenia, Montenegro, Estonia, 
Lebanon, Romania

Land abandonment/  
reduced management

426 28.8 6.9 152 Croatia, Ukraine, Estonia, Slovenia, 
United Kingdom, Slovakia

Agricultural intensification/ 
expansion (grazing)

402 27.2 6.5 65 Morocco, Albania, Syria, Algeria,  
Tunisia, Israel

Inappropriate forest 
management (intensified 
forest management)

310 20.9 5.0 71 Macedonia, Estonia, Slovakia, Poland, 
Bulgaria, Czech Republic

Inappropriate forest 
management (deforestation)

269 18.2 4.4 67 Morocco, Albania, Montenegro, 
Macedonia, Lebanon, Romania

Development & construction 
(urbanisation)

265 17.9 4.3 46 Israel, Lebanon, Slovenia, Montenegro, 
Croatia, Poland 

Habitat fragmentation 264 17.8 4.3 71 Israel, Slovakia, United Kingdom, 
Albania, Czech Republic, Macedonia

Development & construction 
(infrastructure/transport)

251 17.0 4.1 40 Poland, Montenegro, Slovenia, Estonia, 
Egypt, Macedonia

Invasive species (plants) 251 17.0 4.1 55 United Kingdom, Czech Republic, 
Slovakia, Ukraine, Montenegro, Croatia

Inappropriate forest 
management (afforestation)

248 16.8 4.0 41 Ukraine, Slovakia, Estonia, Turkey, 
Romania, Czech Republic

 

of success with the designation and formal protection 
of IPAs in Europe and the Mediterranean region. Hence 
there is, on a regional basis at least, cause for some 
optimism for plant conservation and achieving GSPC Target 
5, although it remains to be seen if this pattern is similar 
across the other global sites, including the Kew-led Tropical 
Important Plant Areas. An ongoing issue, however, is the 
lack of congruence between different formal protection 
initiatives and their effective management. Despite plants 
driving the ecosystems that support faunal assemblages, 
most protected areas were not originally established with 
plant conservation as a focus. Consequently, many are 
not managed for their plants, and the key challenge is to 
ensure protected area initiatives enable better management 
for the species and habitats highlighted in the IPA 
assessments[1,4]. A further pressing need is to increase the 
connectivity of natural habitat in the landscape between 
these important sites, in order to increase resilience to 
biodiversity loss in the face of climate change; this is 
particularly challenging in fragmented and transformed 
landscapes, where maintaining biodiversity corridors is 
essential to reducing the risk of plant diversity loss.[14].

TOURISM IS ONE OF THE GREATEST THREATS TO IMPORTANT 
PLANT AREAS IN EUROPE AND THE MEDITERRANEAN REGION

Important Plant Areas
Important Bird Areas

FIGURE 2: OVERLAP BETWEEN IMPORTANT 
PLANT AREAS AND IMPORTANT BIRD 
AREAS ACROSS EUROPE AND THE 
MEDITERRANEAN REGION

Overlap and gaps between Important Plant Areas (IPAS)
and Important Bird Areas (IBAs) in the Mediterranean Basin

Very strong spatial heterogeneity in the delineation of IPAs
in the Mediterranean Region

?
?

? ?
?

Darbyshire I. et al. 2017. Important Plant areas., https://stateoftheworldsplants.org/2017/areas-important-for-plants.html

?

?



Chardon noirâtre

Administrative geographical
limits
"Arbitrary, irrational, 
determined by external
considerations to science".

Ch. Flahault, 1897

Charles Flahault (1852-1935)

The Flahautian shortfall

Much of distributional data and many of compilations
pertain to political geographical units (states) lacking
biological meaning, which have gone their own ways
historically in gathering botanical and zoological data, and
which vary hugely in area: factors liable to produce
serious artefacts when data are combined for analysis
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Regional projections of relative sea-level change are more uncer-
tain than global projections because of the reduced skills of global 
models and how the interaction between the Atlantic Ocean and 
the Mediterranean Sea is taken into account24. For Mediterranean 
coasts, regional changes in river runoff, the resultant salinity 
changes and significant land movements in the eastern parts of the 
basin need to be considered. It has been suggested that in the future 
Mediterranean sea-level change will be dominated by global sea-
level change, but circulation patterns in the Mediterranean could 
still be modified, thus changing the regional sea-level patterns25. 
This would induce local differences in sea-surface height of up to 
10 cm. In Southern Italy, substantial coastal inundation is expected 
by 210026. Significant shoreline modifications are also expected else-
where, such as in the Balearic Islands27. Globally, CO2 uptake by the 
oceans is expected to lead, by 2100, to acidification of 0.15–0.41 pH 
units below 1870–1899 levels28 — similar rates must be expected for 
the Mediterranean9,29.

The impacts of climate change on people, infrastructure and eco-
systems occur in combination with other trends of environmental 
change. The population of countries in the Middle East and North 

Africa (MENA) has quadrupled between 1960 and 2015, and the 
degree of urbanization has risen from 35 to 64% during the same 
period30. Agricultural land management is intensifying, particu-
larly through enhanced irrigation — as many southern and east-
ern land systems seem to have the potential for further increase in 
yields, agricultural management is likely to change further31, with 
consequences for water resources, biodiversity and landscape func-
tioning. Air and water pollution, despite local improvements from 
wastewater treatment, increase as a consequence of growing urban-
ization, transport and other factors. Political conflicts impact the 
environment dramatically and migration pressure continues, affect-
ing resource-poor economies and reducing their capacity to adapt 
to environmental change.

Five interconnected impact domains
The combined risks arising from these forcings can be grouped into 
five major interconnected domains: water resources, ecosystems, 
food safety and security, health and human security. Impacts and 
expected risks differ for each of them. However, the risk posed by 
their combination demands further attention. Owing to the limita-
tions in resources, the vulnerability to combined risks is unlikely 
to be a sum of the vulnerability to each separate risk. Instead, their 
combination may exacerbate the magnitude of the impact or may 
produce successive, more frequent stress periods, which the least 
resilient countries will find difficult to cope with.

Water resources. Among Mediterranean countries, water resources 
are unevenly distributed with critical limitations in the southern 
and eastern part of the basin (Fig. 3). Mediterranean societies will 
face the double challenge of meeting higher water demands from all 
sectors with less available freshwater water resources.

Owing to climate change (enhanced evapotranspiration and 
reduced rainfall) alone, fresh water availability is likely to decrease 
substantially (by 2–15% for 2 °C of warming), among the largest 
decreases in the world32, with significant increases in the length of 
meteorological dry spells16,33 and droughts34. River flow will gener-
ally be reduced, particularly in the south and the east where water is 
in critically short supply15. The median reduction in runoff almost 
doubles16 from about 9% (likely range: 4.5–15.5%) at 1.5 °C to 17% 
(8–28%) at 2 °C. Water levels in lakes and reservoirs will probably 
decline. For example, the largest Mediterranean lake, Beyşehir in 
Turkey, may dry out by the 2040s if its outflow regime is not modi-
fied35. The seasonality of stream flows is very likely to change, with 
earlier declines of high flows from snow melt in spring, intensi-
fication of low flows in summer and greater and more irregular  
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Fig. 1 | Historic warming of the atmosphere globally and in the Mediterranean Basin. Annual mean air temperature anomalies are shown with respect 
to the period 1880–1899, with the Mediterranean Basin (blue) and the globe (green) presented with (light curves) and without (dark curves) smoothing. 
Data from http://berkeleyearth.org/
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and drier conditions. The trajectory of evolution (red line) describes the 
ensemble mean as function of global mean temperature change, indicated 
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simulations, each represented by a grey line. All values are anomalies with 
respect to the corresponding 1971–2000 mean. Data from ref. 10.

NATURE CLIMATE CHANGE | www.nature.com/natureclimatechange

REVIEW ARTICLE
https://doi.org/10.1038/s41558-018-0299-2

1IMBE, Aix Marseille University, CNRS, IRD, Avignon University, Aix-en-Provence, France. 2Aix Marseille University, CNRS, IRD, INRA, College de France, 
CEREGE, Aix-en-Provence, France. 3International Centre for Water Resources and Global Change, UNESCO, Federal Institute of Hydrology, Koblenz, 
Germany. 4Institut Ciències del Mar, CSIC, Barcelona, Spain. 5Aix Marseille University, Université de Toulon, CNRS, IRD, MIO, Marseille, France. 6Sorbonne 
Université, CNRS, Laboratoire d’Océanographie de Villefranche, Villefranche-sur-mer, France. 7Institute for Sustainable Development and International 
Relations, Sciences Po, Paris, France. 8Department of Agricultural Economics, Universidad Politécnica de Madrid, Madrid, Spain. 9Energy, Environment 
and Water Research Center, Cyprus Institute, Nicosia, Cyprus. 10DiSTeBA, University of Salento, Lecce, Italy. 11CMCC, Lecce, Italy. 12Department of 
Applied Physics, University of Barcelona, Barcelona, Spain. 13Department of Geography and Environmental Studies, University of Haifa, Haifa, Israel. 
14Global Ecology Unit, CREAF-CSIC-UAB, Barcelona, Spain. 15CREAF, Barcelona, Spain. 16Faculté des Sciences, Université. Mohammed V, Rabat, Morocco. 
17European Commission, Joint Research Centre, Ispra, Italy. 18School of Law, Hong Kong City University, Kowloon Tong, Hong Kong. 19Climatology, Climate 
Dynamics and Climate Change, Department of Geography, Justus-Liebig Universität Gießen, Gießen, Germany. *e-mail: wolfgang.cramer@imbe.fr

In the Mediterranean Basin, human society and the natural envi-
ronment have co-evolved over several millennia, experiencing 
significant climatic variations and laying the ground for diverse 

and culturally rich communities. The region currently lies in a 
transition zone between mid-latitude and sub-tropical atmospheric 
circulation regimes. It is characterized by a complex morphol-
ogy of mountain chains and strong land–sea contrasts, a dense 
and growing human population and various environmental pres-
sures. Observed rates of climate change in the Mediterranean Basin 
exceed global trends for most variables. Basin-wide, annual mean 
temperatures are now 1.4 °C above late-nineteenth-century levels 
(Fig. 1), particularly during the summer months. Heat waves now 
occur more frequently, and the frequency and intensity of droughts 
have increased since 19501–3. For each of the most recent decades, 
the surface of the Mediterranean Sea has warmed by around 0.4 °C4. 
During the past two decades, sea level has risen by about 3 cm per 
decade5 — comparable to global trends, but in part due to decadal 
variability related to the North Atlantic Oscillation (NAO). This is 
a sharp increase when compared to the period 1945–2000 (of 0.7± 
0.2 mm yr−1)6 and to 1970–2006 when it increased to 1.1 mm yr−1  
(ref. 7). Mediterranean seawater pH currently decreases by 0.018 to 
0.028 pH units per decade8,9.

Future warming in the Mediterranean region is expected to 
exceed global rates by 25%, notably with summer warming at a 
pace 40% larger than the global mean10. Even for a ‘Paris-compliant’ 
global warming of 1.5 °C, a 2.2 °C increase in regional daytime 
maxima is likely11. This increase is expected to be associated with 
more frequent high-temperature events and heatwaves12. In the 

eastern Mediterranean, heatwave return periods may change from 
once every two years to multiple occurrences per year13. A global 
atmospheric temperature increase of 2 °C will probably be accom-
panied by a reduction in summer precipitation of around 10–15% 
in Southern France, Northwestern Spain and the Balkans, and up 
to 30% in Turkey and Portugal14. Scenarios with 2–4 °C tempera-
ture increases in the 2080s for Southern Europe would imply wide-
spread decreases in precipitation of up to 30% (especially in spring 
and summer months) and a switch to a lack of a frost season in the 
Balkans15. For each 1 °C of global warming, mean rainfall will prob-
ably decrease by about 4% in much of the region10 (Fig. 2), particu-
larly in the south, lengthening dry spells by 7% for average global 
warming16 of 1.5 °C. Heavy rainfall events are likely to intensify by 
10–20%, in all seasons except summer17,18.

Global sea-level trends, estimated by the IPCC Fifth Assessment 
Report (AR5) to be between 52 and 98 cm above present levels by 
210019, and between 75 and 190 cm by a semi-empirical model20 
will largely influence the Mediterranean Sea through the transport 
of water through the Strait of Gibraltar21, although the precise con-
tribution is still uncertain due to a lack of knowledge of specific 
processes. Recent studies of Antarctic ice-sheet dynamics indicate 
that estimates from process-based models may have to be adjusted 
upwards by one metre or more for 210022. In addition, the estimated 
uncertainties in global sea-level projections rely heavily on assump-
tions concerning the degree of interdependence of the various 
contributing factors. Model analyses indicate that the difference in 
the estimated uncertainty range between 20 cm for Representative 
Concentration Pathway RCP4.5 and 67 cm for RCP8.5 scenarios23. 

Climate change and interconnected risks to 
sustainable development in the Mediterranean
Wolfgang Cramer1*, Joël Guiot2, Marianela Fader3, Joaquim Garrabou4,5, Jean-Pierre Gattuso6,7, 
Ana Iglesias8, Manfred A. Lange9, Piero Lionello10,11, Maria Carmen Llasat12, Shlomit Paz13, 
Josep Peñuelas14,15, Maria Snoussi16, Andrea Toreti17, Michael N. Tsimplis18 and Elena Xoplaki19

Recent accelerated climate change has exacerbated existing environmental problems in the Mediterranean Basin that are 
caused by the combination of changes in land use, increasing pollution and declining biodiversity. For five broad and intercon-
nected impact domains (water, ecosystems, food, health and security), current change and future scenarios consistently point 
to significant and increasing risks during the coming decades. Policies for the sustainable development of Mediterranean coun-
tries need to mitigate these risks and consider adaptation options, but currently lack adequate information — particularly for 
the most vulnerable southern Mediterranean societies, where fewer systematic observations schemes and impact models are 
based. A dedicated effort to synthesize existing scientific knowledge across disciplines is underway and aims to provide a bet-
ter understanding of the combined risks posed.
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Historic warming of the atmosphere globally and in the Mediterranean Basin
Annual mean air temperature anomalies are shown with respect to the period 1880–1899, 
with (light curves) and without (dark curves) smoothing. Data from http://berkeleyearth.org/

Observed rates of climate change in the Mediterranean
Basin exceed global trends for most variables. Annual mean
temperatures are now 1.4 °C above late 19th century levels
particularly during the summer months. 

Future warming in the Mediterranean region is expected to
exceed global rates by 25%, notably with summer warming
at a pace 40% larger than the global mean.
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The climate change shortfall

Existence of numerous simplifying assumptions that may bias the 
projections of future biodiversity patterns in response to climate change

GLOBAL SCALE

Equilibrium postulate / environment

No influence of past climate and 
biogeographical history

Spatial homogeneity of climate change

Geographic homogeneity in plant -
environment relationships

No (or reduced) influence of other
drivers of global-change

LOCAL SCALE

No individualistic (evolutive) response of 
individuals or populations

Simplifying patterns of plant dispersal

No consideration of demographic
processes

No inclusion of persistance patterns

No influence of biological interactions



The climate change shortfall

Mediterranean plants are generally able
to overcome very severe climatic
variations (both intra and inter-annuals)

But what will be the changes as a result of
modifications in the species composition
and new biotic interactions at the
community and ecosystem levels?

Deep inter-annual fluctuation in the life cycle of a 
geophyte: Colchicum filifolium in S. France

Photos D. Pavon / IMBE

October 2017

October 2018

Local or total extinction?

Persistance with or without local adaptation?

Migration and modification of species range?
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Imprisoned in the Cretan mountains: How relict Zelkova abelicea
(Ulmaceae) trees cope with Mediterranean climate
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H I G H L I G H T S

• We established the first ever centennial
chronology for a broadleaved tree on
Crete.

• Zelkova abelicea is most sensitive to pre-
cipitation and drought in May–June.

• No growth change can be related to the
increase in dry conditions of the past
decades.

• Z. abelicea has a high capacity to with-
stand changing environmental condi-
tions.
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We investigate the sensitivity of the relict, endemic Cretan tree species Zelkova abelicea (Lam.) Boiss. (Ulmaceae)
to several climate variables (temperature, precipitation and drought). For this purpose,we establish the first cen-
tennial tree-ring chronology for the species, and the first ever tree-ring chronology for a broadleaved species on
Crete. We demonstrate the strong sensitivity of Z. abelicea towards precipitation and drought in late spring to
early summer and the absence of a significant response to abundant precipitation occurring during winter or
early spring. Whereas the late spring sensitivity is strong and consistent through time, the species seems to be
experiencing a loss of signal towards early summer conditions since the 1970s, interpreted as an earlier cessation
of cambial activity due to the increase in summer drought conditions on Crete. However, despite a reduced veg-
etative period, no significant decrease in radial growth of Z. abelicea was observed in the tree-ring series for the
last decades, thus highlighting the capacity of Z. abelicea to withstand changing environmental conditions.

© 2017 Elsevier B.V. All rights reserved.

Keywords:
Dendroclimatology
Dendroecology
Drought stress
Relict endangered tree
Zelkova abelicea
Crete

1. Introduction

The genus Zelkova (Ulmaceae) comprises 6 extant tree species
(Kozlowski andGratzfeld, 2013). The taxonwas an important component
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Zelkova abelicea is most sensitive to pre-
cipitation and drought in May–June

The climatic sensitivity of the species is
stable throughout the 20th century for
most of the climatic parameters

No growth change can be related to the
increase in dry conditions of the past
decades

Zelkova abelicea has a high capacity to
withstand changing environmental
conditions

The case of Zelkova abelicea, a narrow
endemic of the Cretan mountains



The functional biogeography shortfall

To understand, model, and predict the 
impact of global change on 
ecosystem functioning across
biogeographical gradients

Study of the geographic distribution 
of trait diversity across organizational
levels

PNAS, 2014



The functional biogeography shortfall

The ca. 1500 geophytes of the Mediterranean Basin 
are mostly rare and narrow endemic species; their 
persistence by longevity through seeds and storage 
organs often reduces their local extinction.

Plant persistence along biogeographical gradients?

Patterns induced by several selective force that shape 
the evolution of plant reproductive traits such as 
resprouting ability and propagule persistence in soil

Representation of multiple demographic strategies
of persistence and regeneration of a long-lived species, 
and the biological traits promoting them
L = Longevity
VR = Vegetative Reproduction    
S = Seeding

Garcia & Zamora, 2003. Journal of Vegetation Science, 14.
Acis nicaeensis (Maritime Alps)



The extinction estimate shortfall

Plant extinctions for biodiversity hotspots
(red lines), coldspots (blue lines), hot- and
coldspots combined (black lines) since 1700

J.J. Le Roux et al., in prep. 

6 coldspots vs 9 hotspots

Contribution of the different drivers inducing
plant extinctions in coldspots vs. hotspots

Coldspots Hotspots

Cumulative number 
of extinction events

Annual extinction rate 

N = 316



The extinction estimate shortfall

37 Mediterranean plants presumed
totally extinct, i.e. an extinction rate of
0.13% of the native flora
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During the Anthropocene, human agency has changed the Earth system in ways that will be 30 
detectable for millennia to come (Waters et al. 2016). Biologically, these changes include 31 
homogenization, increased species invasions, and accelerated extinctions (Winter et al. 2009). 32 
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by Greuter (1994), i.e. only 30% of the taxa
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26 Mediterranean plants probably
extinct within the Mediterranean
biogeographic region, i.e. an extinction
rate of 0.10% (F. Médail & J.M. Iriondo, inéd.)

Typus of Jacobaea
mouterdei (Asteraceae), 
extinct taxon from Lebanon
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a b s t r a c t

Detecting smaller hotspots within larger hotspots could be an essential tool to focus conservation efforts.
In this study, we identified hotspots at two scales of analysis within the Mediterranean overall hotspot.
Particularly, based on the distribution of endemic-vascular-plant richness (EVPR), we identified micro-
hotspots, among the richest floristic territories of the Sardinian and Baetic regions, and nano-hotspots,
among the richest 1-km2 grid cells of Sierra Nevada and Gennargentu massifs, located within these
regions. In addition, we explored environmental drivers of EVPR, performing both simple- and multi-
ple-regression models. Our results showed that even in areas previously defined as hotspots, the ende-
mic-plant richness was not uniformly distributed, but rather depended largely on environmental
conditions. Relationships between environmental drivers and EVPR have been poorly studied in the Med-
iterranean context, where we found patterns consistent among scales and regions. Specifically, EVPR was
positively linked to altitude and precipitation, particularly in the driest period. Hence, the different levels
of hotspots nested in hotspots were organized in a hierarchy. This downscaling approach may help to
focus conservation efforts within a given hotspot, e.g. the identification of narrow hotspots could be use-
ful to find gaps in the protected-area networks. Specifically, the identified nano-hotspots are certainly
priority sites for plant conservation, since the whole of the nano-hotspots in each region represented less
than 1% of the surface area but contained more than 19% of the regional EVPR. Moreover, an examination
of both where hotspots are and under what environmental conditions they appear, would enable the
detection of specific threats.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

A central issue in conservation today is to identify biodiversity-
rich areas. In this regard, Myers (1988) defined the concept of a
biodiversity hotspot. Worldwide, as many as 44% of all vascular
plant species and 35% of all species in four vertebrate groups are
confined to 25 hotspots comprising only 1.4% of the land surface
of the Earth (Myers et al., 2000), a number that was raised to 34
by Mittermeier et al. (2005). As these authors stated, to identify
biodiversity hotspots constitutes an effective tool to preserve the
most species at the least cost. However, resources are usually
scarce, making conservation of an entire global hotspot untenable,
and therefore strategies must focus on small areas that represent a
maximum diversity and/or endemicity (Murray-Smith et al., 2009).

In addition, identifying priorities at finer scales is an essential way
to maximize the effectiveness of conservation investment (Brooks
et al., 2006).

In this sense, smaller hotspots within larger hotspots at differ-
ent scales have been proposed on the basis of plant richness and
endemicity (e.g. Murray-Smith et al., 2009; Raes et al., 2009; Kraft
et al., 2010). Hotspots have also been identified based on faunal
data (e.g. López-López et al., 2011), or combining data on several
biological groups (e.g. Schouten et al., 2010). For this hotspot-
within-hotspot phenomenon, Fenu et al. (2010) proposed the
terms ‘‘micro-hotspots’’ (i.e. endemism-rich areas analogous to
biogeographic units) and ‘‘nano-hotspots’’ (i.e. areas lesser than
3 km2 with an exceptional concentration of endemic species),
studying endemic-vascular plants for the Mediterranean island of
Sardinia. The ‘‘micro-hotspot’’ term has been also used by Grant
and Samways (2011), to identify local hotspots for Odonata, in
Kogelberg Biosphere Reserve (Western Cape Province, South
Africa).

Most studies identifying hotspots do not use the same criteria
proposed at the global scale (Myers et al., 2000), and the
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been confirmed that rapid increases in temperature are driving
migrations of species to higher elevations (Le Roux and McGeoch,
2008); however, high-mountain endemic species cannot adopt
the strategy of vertical migration (La Sorte and Jetz, 2010). Specif-
ically, in Sierra Nevada the models performed by Benito et al.
(2011) predict a potential loss of suitable high-mountain habitats
before the middle of the century, even under the most optimistic
scenarios simulating climatic changes. The model predictions have
been supported by empirical evidence. For example, Pauli et al.
(2012) studying recent changes in vascular-plant richness across
Europe’s major mountain ranges, showed that species moved ups-
lope on average, with the loss of endemic species being particularly
severe in Mediterranean mountains. Therefore, Mediterranean
nano-hotspots, and consequently micro-hotspots, are probably los-
ing biodiversity. Similar patterns have also been found or predicted
in other mountains beyond the European context (Pickering et al.,
2008; Williams et al., 2003). Apart from climate change, other
threats could be detected by identifying the narrow hotspots for
EVPR (human intrusions and disturbance, invasive alien species,
agricultural intensification, etc.), on which to focus economical
resources and monitoring efforts.

4.3. Conclusions

Our results showed that even in areas that are noted for their
high biodiversity (hotspots), the endemic-plant richness is not uni-
formly distributed, as we expected, but depends largely on envi-
ronmental conditions. Specifically, we found that drivers such as
altitude and precipitation, and particularly precipitation of the dri-
est period, favor EVPR in the Mediterranean Basin. Consequently, it
was possible to identify hotspots within hotspots, which can be
organized in a hierarchy. This downscaling approach may help to
focus conservation efforts at different scales within a given
hotspot, with the identification of hotspots corresponding to nar-
rowest levels being particularly relevant for conservation.
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The need to fill the conservation shortfalls in the Mediterranean

- The Linnean shortfall
Need of a consensual and modern taxonomic DB across

the whole Mediterranean Biogeographic Region (MBR)

- The evolutionary shortfall
Need to develop conservation genetics studies on plants of poorly

investigated areas (N. Africa, E. Mediterranean) and to strongly
develop the ESU approach

- The Wallacean shortfall
Need to develop a commun DB of species occurrences by

aggregation of robust and verified data, and to perform a
comprehensive biogeographical sectorisation at the MBR scale

- The Flahautian shortfall
Need to overcome the administrative limits as much as possible

and consider the territories to preserve with a biogeographical
perspective



The need to fill the conservation shortfalls in the Mediterranean

- The climate change shortfall
Need to develop a network of long-term surveys at local and

regional scales to better estimation the projections of future
biodiversity patterns (species and habitats)

- The functional shortfall
Need to focus on diverse plant functional groups, especially on

short-lived plants (annuals and biennials) localized in other habitats
(notably coastal areas, grasslands, wetlands) than the rupicolous ones

- The extinction estimate shortfall
Need to examine the processes leading to local and regional

extinctions of populations and taxa and to confront these patterns
with the different drivers of extinction (evolutive/functional,
environment/human impacts)



Cedrus libani forest in Lebanon
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